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Preface

This compendium of Alaskan wild
life diseases has been written to 
serve several purposes. It is an at
tempt to condense published informa
tion on diseases of wildlife species 
found in Alaska so that the wildlife 
student, the biologist, the wildlife 
manager and the wildlife disease in
vestigator may easily obtain basic 
information. Hopefully, it defines 
the symptoms and lesions of each 
disease and helps clarify the sig
nificance of the condition in wild
life populations with special 
reference to Alaska. We use a broad 
definition of the word "disease" to 
include any condition in which bodily 
health is impaired. Such conditions 
as starvation, stress, accidental 
death, chemical and physical trauma 
play an all important role in the 
bodily health of our state's wildlife 
population. This compendium is not 
meant to serve as a publication of 
original results or observations, but 
many of the writers have included 
experimental results and comments 
that have not previously been 
reported. Readers should realize 
that this is not an attempt to cover 
all possible diseases of Alaskan 
wildlife, but rather to clarify and 
place in context the major disease 
ent i t i e s .

Alaska is currently experiencing 
strong interest by a large number of 
residents in the development of a 
domestic animal industry. The in
teraction of wildlife and domestic 
animals has raised many questions as 
to the potential transmission of 
disease from 1 group to the other. 
This compendium will hopefully serve 
as an information source that

presents the current "state of the 
art" relating to diseases of Alaskan 
wildlife to aid in the decision 
making process regarding domestic and 
wild animal interactions.

The expertise of the writers of 
A1askan W i 1dlife Di seases covers a 
broad area of science including 
veterinary medicine, bacteriology, 
virology, parasitology, physiology, 
biochemistry and pathology. They 
each gave freely their time without 
compensation because of a basic 
desire to share their knowledge, 
observations and experiences. These 
writers are all professional wildlife 
disease investigators who have worked 
in Alaska. Their dealings with wild
life in Alaska total more than 70 
years of experience. Hopefully, this 
joint effort will serve to bring 
people in this area of interest 
together so that they may each ex
press their opinions and receive com
ments in a continuing effort to share 
and expand knowledge of wildlife 
d i sease.

We invite comments on this first 
edition of A1askan W i1d 1 ife D i seases 
so that sometime in the future we may 
be able to smooth out our roughness, 
correct our errors, and improve what 
we hope is a worthwhile and useable 
publication. Perhaps this compendium 
will stimulate individuals with 
expertise concerning various wildlife 
diseases to volunteer additional 
material for a future edition.

ROBERT A. DIETERICH
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Part I 

MAMMALS



Chapter I. 

VIRAL DISEASES



Introduction

Randa11 L . Zarnke

The significance of most wildlife 
diseases is hard to assess. In many 
cases, even such an elementary compo
nent of the epizootiology as the in
cidence of the disease in the host 
population(s) may be unknown. In 
cases where such information is 
available, we may attempt to evaluate 
the significance of the disease based 
upon it's impact on: ( 1 ) the wild
life resource (2 ) the domestic animal 
resource and (3 ) public health. 
Given these 3 parameters, certainly 
the most significant viral disease of 
wildlife in Alaska is rabies. Compo
nents of the epizootiology and con
trol of rabies which lead to this 
ranking include: direct wildlife
mortality (primarily foxes, V u 1pes 
and A1opex spp.), domestic dog (Can i s 
fami1iar i s ) and cat (Felis catus) 
mortality (and the attempted pre
vention thereof), and human and 
public health considerations. The 
significance of the other diseases in 
the first portion of this section 
(contagious ecthyma, canine dis
temper, infectious canine hepatitis, 
San Miguel sea lion virus, respira
tory viruses, feline panleukopenia 
and arboviruses) is not as clear. 
Based upon virus isolation and/or se
rologic techniques, we are aware of 
the presence of these agents in 
Alaska. In some cases (such as con
tagious ecthyma) there have been out

breaks of the disease which have 
prompted specific research projects 
that have provided necessary data to 
assess the significance of the 
disease. It appears that although 
ecthyma is present in muskox (Ovibos 
moschatus) and Dali sheep (Ovi s dal - 
1 i) populations, it is not a signif
icant mortality factor except under 
unusual conditions. More commonly, 
however, little is known of the scope 
of diseases on a state-wide basis, or 
the impact of certain diseases on in
dividuals or specific populations of 
wild animals. More research is 
needed before the significance of 
many diseases can be evaluated.

The diseases included in the 
second portion of this section (Aleu
tian diseases of mink, mink virus en
teritis, transmissible mink enceph
alopathy, vesicular stomatitis, foot 
and mouth disease, epizootic hemor
rhagic disease, bluetongue, pseudo
rabies and lymphocytic choriomeningi
tis) are not known to be present in 
Alaska at this time. They have been 
diagnosed in other parts of the world 
in species which are also found in 
Alaska. The possibility of trans
mission of these diseases to Alaska 
(however immediate or remote that 
possibility may be) warrants their 
i nc 1 us i o n .
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Rabies

D. Ritter

H i story

Rabies is one of the oldest 
diseases known to mankind. Sellers 
described what appears to be the 
first documentation of a quarantine 
in the Pre-Mosaic Eshnunna Code. 
This code predates the better known 
Code of Hammurabi of ancient Babylon 
of 2300 B.C. (Sellers 1954).

It is thought that rabies virus 
reported to be present in northern 
Asia, may have gained access to 
Alaska via the Bering Land Bridge 
30,000 to 75,000 years ago (Williams 
1949). Singleton pointed out that 
pre-European folklore of the Canadian 
Eskimo has many stories of a fox 
disease resembling rabies, which was 
transmitted to both the Eskimo and 
their dogs (Can i s fami 1 iar i s ) 
(Singleton 1969). The first documen
tation of rabies in the arctic areas 
was during the 1 9 th century when 
Nelson reported rabies, "a disease in 
sledge dogs of Greenland... to the 
Bering Sea" (Nelson 18 8 7)-

A disease of dogs resembling 
rabies was reported in 1859 and 1866 
in northern Greenland. The causative 
agent was never isolated and clinical 
descriptions varied: "extreme ex
haustion, hydrophobia, and weakness 
of the hindquarters... the affected 
dogs died without sign of excitation" 
(Wamberg 19 6 0).

In 1907, Murie (1944) reported the 
outbreak of rabies in foxes (V u 1pes 
v u 1pes) along the lower Kuskokwim 
River during the spring, "several" 
dogs bitten by the foxes died.

Ferenbaugh (1 9 1 6 ) investigated a 
number of cases of hydrophobia that

had occurred among foxes of the Yukon 
Delta during the spring of 1915- 
These foxes (referred to as "crazy 
foxes") came into the village, their 
mouths were hanging down and were 
dripping with foam and they attacked 
dogs. The dogs attacked by these 
foxes died 2 to 3 weeks later. 
Ferenbaugh also cited the first case 
of human rabies in Alaska in which a 
man was attacked by a sledge dog near 
Candle in February of 1914.

Epizootics also occurred in sledge 
dogs in the Canadian arctic, and were 
described by Elton from records sup
plied by the Hudson Bay Company in an 
effort by the company to ascertain 
the cause of the dog and fox disease. 
Elton described not only rabies, but 
also what later investigators felt to 
be canine distemper and infectious 
canine hepatitis (Elton 1931).

Williams was the first to demon
strate the presence of rabies virus 
in Alaska during the 1945-1947 epizo
otic. The disease was later found 
widely distributed over a major por
tion of Interior Alaska. Later, 
reports were received from along the 
Yukon, Kuskokwim, Porcupine and Black 
Rivers, at Salmon Fork, Old Crow, 
Central, Circle Hot Springs, Crooked 
Creek and Alatna. Subsequent spread 
westward occurred with reports from 
the Seward Peninsula and northward 
along the arctic coast to Kobuk 
during 1946-1947 (Williams 1949). 
There were 2 other human cases of 
rabies (Newcomb 1944).

Rausch summarized rabies distribu
tion from 1949~1957 - There was a 
residual rabies focus in the dogs re
siding in the Yukon River drainage as 
a result of the 1945-1947 epizootic.

6



Prime areas of involvement were the 
western arctic coastal regions, and a 
focus within arctic fox (A1opex 
laqopus) at and around Nome during 
195^. This epizootic then spread 
northward to Barrow. He also noted 
that in regions further south on the 
Alaska Peninsula, although also tree
less, rabies was infrequent. Rabies 
was present on the Peninsula but as 
sporadic cases. This sporadic pre
lude culminated in an epizootic which 
began in the upper Peninsula in 
February 1969 at Egegik (Rausch 
1972). Subsequent reports of mixed 
red fox and dog rabies were received 
from Naknek, Pilot Point and thence 
southward to Cold Bay. During 1971 , 
there were scattered reports of 
rabies in red fox over the entire 
Peninsula with a northern extension 
to Nondalton. There was 1 case of 
rabies in a land otter (Lutra 
canadens is), at Port Heiden and 
represents the 1 and, presently, only 
documented case in an Alaskan 
mustelid.

A rabies epizootic developed with
in the arctic fox population during
1972-197^5 with reports from Barrow, 
Barter Island, Little Diomede, Point 
Hope, Nome, Deadhorse, Prudhoe Bay, 
Franklin Bluffs and Toolik Camp. As 
this arctic coast epizootic was de
clining, a number of red foxes and 
dogs were found rabid in the lower 
Kuskokwim drainage area centered 
around Bethel, and also at Shageluk 
on the Yukon River system. There was 
a single report of a positive red fox 
taken near the Air Force site at 
Takotna. As a result of the ex
tensive outbreak at Bethel, a quaran
tine was declared March 197^ and re
mained in effect until July 197^*

Sporadic cases of rabies were re
ported from the Alaska Peninsula. 
During 1976, the epizootic expanded 
with many positive red foxes, i.e. 45

in 1976 versus 6 in 1975 (based upon 
virus isolation). A second quaran
tine was requested by the Bristol Bay 
Corporat i o n .

Red fox constituted the majority 
of all rabid animals assayed during 
1976 with 80%; dogs 13%; and a rare 
single case in cat (the second to 
date for Alaska) at Adak Island, an 
apparently introduced case. Con
versely, the principal means of 
transmission to humans was the dog 
which was responsible for 8 7% of the 
human exposures. There were 70 human 
exposures: 65 were due to 7 dogs, b
to 1 cat, (Felis catus) and 1 to a 
red fox.

The rabies epizootic peaked in 
April 1977 on the North Slope with 
virus isolation from 22 of 59 (37%)
arctic fox. Three wolves and 2 dogs 
were also positive. Ninety-three 
percent of the total positives were 
due to wild animals and ~J% of the 
total were dogs; conversely, 11% of 
the human exposures were due to arc
tic fox and 89% of the exposures were 
due to dogs. The dogs were im
properly vaccinated, not vaccinated 
at all, or vaccinated with an im
proper vaccine which induced rabies.

During the summer of 1977, Chapman 
(1978) documented the rare occurrence 
of rabies in a wolf pack that he was 
observing. Prior to this epizootic 
in wolves, Rausch (1972, 1975) had 
documented 5 cases of rabies in 
Alaskan wolves. Two of the individu
als from the 3 documented human cases 
of rabies in Alaska were bitten by 
wolves.

During 1978, there was a single 
positive red fox at Platinum and a 
caribou (Ranqifer tarandus) south of 
Deadhorse. The observations of 
rabies in Rang i fer is rare, with 2 
cases in caribou (Barrow and Anak-

7



tuvuk) and 1 in domestic reindeer 
(St. Lawrence Island). Sporadic 
cases of rabies occurred in dogs and 
arctic foxes on the North Slope. 
Alaska Department of Fish and Game 
wolf studies in northwestern Alaska 
revealed a 4-year-old male in poor 
nutritional condition. The wolf was 
rabi d.

Through April of 1979, there have 
been positive arctic foxes at Barrow 
and Wainwright; 2 red foxes and 1 dog 
from Naknek and Egegik respectively. 
Public Health Service sanitarians and 
local people of the Bristol Bay com
munity initiated a program of vac
cination of dogs, elimination of 
stray dogs and reduction of carnivore 
attractants. Subsequent to this in
tense effort, there have not been any 
additional cases reported.

Transmi ss ion

Virus-laden saliva of a rabid 
animal may be introduced by a bite, 
scratch or other fresh break in the
skin. Airborne spread to man has
been demonstrated in caves near Frio, 
Texas but this is very rare. 
Roosting bats shed virus which was 
present in aerosols. Transmission 
from infected vampire bats to domes
tic animals is common in South and
Central America, but in the United
States the role of indigenous bats in 
transmission of rabies to other 
animals in the wild has not been 
established (Rausch 1977).

S i gns and Symptoms

The incubation period in humans is 
usually 2 to 8 weeks and depends on 
the following: the extent of lacera
tion, site of the wound, amount of 
virus introduced into the wound, ab
sorption of viral material by pro

tective clothing, etc. In dogs and 
foxes the time ranges from 2 to 12 
weeks. Exceptions in Alaska have 
been as long as 6 months and as short 
as 5 days.

Clinical manifestations in dogs, 
arctic fox and red fox consist of be
havioral changes; i.e. they may ap
pear to be tame or unafraid (so 
called "dumb rabies"), or they may 
become overly aggressive and attack 
dogs, man or any moving inanimate ob
ject (so called "furious" or mad 
rabies"). Pica, the eating of wood 
and stones, is sometimes encountered. 
Auto or self-mutilation is a rare 
occurrence in the fox, but neuritis 
is frequent, and the fox or dog will 
lick and chew on the affected part of 
the body. Other symptoms consist of 
voice modification, paralysis of the 
jaw muscles with loss of motor con
trol of the lower jaw (hang-jaw), and 
salivation. These may be followed by 
lingual and facial paralysis. If the 
virus is introduced into an ex
tremity, there may be a loss of motor 
control of the hindquarters which 
progresses until all 4 limbs are 
paralyzed. Death usually results 
from respiratory arrest.

Pathoqenes i s

Rabies virus enters somatic muscle 
tissue and absorption occurs. In 
experimental infections, Murphy noted 
that an early invasion of the site of 
entry takes place in striated muscle 
and upon the plasma membranes of 
muscle cells. The virus then ad
vances to the peripheral and central 
nervous system (Murphy et a l . 1973). 
Previous work had indicated virus 
presence in the peripheral nervous 
tissue as the only method of in
fection. Presently it appears that 
muscle is the likely source of virus 
for invasion of the peripheral ner-
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vous system. Intramuscular harborage 
or extra-neural infection may account 
for long incubation periods with 
rabies, whereas relatively short 
incubation periods would indicate 
direct infection of peripheral ner
vous tissue. The virus replicates in 
muscle, connective tissue, or in 
nerves at the site of exposure, and 
may remain undetectable within in
fected tissue for weeks or months 
before moving up the associated 
nerve.

There is presently no information 
available as to what form the virus 
assumes during these long periods nor 
its relation to adjacent tissue. 
This characteristic, i.e. viral in
fection of muscle tissue, is of im
portance in post exposure rabies pro
phylaxis, since efficacy of treatment 
depends on accessibility to the virus 
by the host's immune system before it 
enters the nervous system. Once in 
the nervous system, the virus is not 
affected by humoral antibody and is 
free to move either passively through 
associated spaces of the nerve or via 
interstitial nerve spaces. The 
spread of rabies infection within the 
central nervous system (CNS) appears 
to take place by several routes.

A. Active spread--viral multiplica
tion in brain, spinal cord and 
cel 1s of the CNS.

B. Passive spread--transport of the 
virus in the cerebral spinal 
f l u i d .

This multiple route provides more 
than 1 pathway to the brain, and ul
timately to the point of excretion 
for further passage to other hosts. 
The viral pathway via the trigeminal 
nerves that originate near vital 
centers provide a viral pathway to 
the salivary glands. As the virus 
makes this outward passage, the host

becomes irritable and aggressive. 
The correlation of these 2 functions 
creates the precise conditions neces
sary for rabies infection to cycle 
successfully through the centuries,
i.e. virus replication in the brain 
results in altered behavior, such as 
unprovoked attacks. Presence of the 
virus in saliva during this period of 
altered behavior, allows transmission 
to a new host. The many CNS pathways 
available for rabies virus makes it 
difficult to stop the infection once 
the virus has reached the brain or 
spinal cord. Antibody or other viral 
inhibiting agents presently available 
cannot stop the intracelluar virus 
replication without also stopping 
vital cell function, i.e. they are 
unable to kill the virus without 
killing the host cells as well. The 
only present control of the infection 
is while the virus is present and 
multiplying outside of the CNS. This 
may be accomplished by induction of 
interferon together with vaccination 
and administration of hyperimmune 
serum.

D i aqnos i s

Prior to the availability of
biological, histochemica 1 and
fluorescent antibody techniques, the 
necropsied stomachs of animals 
suspected of having rabies were 
checked for wood, stones and
inanimate objects. Later, nervous 
tissue was harvested from suspect 
animals and introduced into 
laboratory animals (biological test). 
In 1903, Negri reported the unique 
presence of inclusion bodies in ner
vous material of rabid animals, and
another diagnostic tool was obtained 
in the detection of rabies virus. 
This technique was widely used until 
the advent of fluorescent antibody 
methods by Coons in 19^1-
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The use of direct fluorescent an
tibody technique as a diagnostic tool 
occurred during the 1960s. This 
technique, briefly, consists of 
chemically linking the fluorochrome 
(a compound capable of fluorescing 
when properly stimulated) to an an
tibody developed against rabies 
virus. Impression smears taken of 
the CNS are mixed with the 
fluorochrome. An ultraviolet source 
of light provides the energy to ex
cite the fluorochrome. When viewed 
through a microscope, the complex 
between rabies virus and the 
antibody-f1uorochrome emits light.

S i qn i f i cance and Control

Rabies is a viral disease which 
affects the central nervous system 
and can infect all warm-blooded 
animals including man. In Alaska, 
rabies is always present in a small 
number of arctic and red fox and 
periodically, as the fox population 
increases, rabies becomes widespread 
within coastal regions of northern 
and western Alaska and the Alaska 
Peninsula. The virus is most fre
quently transmitted through the bite 
of a rabid animal, but can also be 
transmitted through exposure of an 
open cut or scratch to virus-laden 
saliva. Once clinical symptoms ap
pear, the disease is almost always 
fatal .

Rabies infections in arctic and 
red foxes are seasonal with higher 
frequencies during the months of 
November through March. Younger 
animals and male foxes, who range 
further for food, are most frequently 
infected. Periodic population in
creases in the numbers of foxes occur 
in 3 to 4 year cycles. Rabies may 
cause declines in fox populations.

The arctic fox is the enzootic 
host for rabies, and distribution is 
presently along the north and west

coasts of Alaska. The red fox per
petuates rabies along the lower 
Kuskokwim River drainage, Bristol Bay 
region and along the Alaska Penin
sula, southward to Cold Bay.

Control measures via population 
reduction, as employed in Europe and 
the United States, when applied to a 
land area the size of Alaska, would 
be a massive undertaking. Population 
reduction employs trapping, shooting, 
gassing and poison baits. To be ef
fective, 65-75% of the animals must 
be removed in order to control the 
disease for more than 1 generation or 
season (Crandell 1975)- Disease con
trol via population reduction must 
also consider the obvious economic 
importance of the furbearer.

Control measures by use of a 
"wildlife" vaccine may in the future, 
offer an alternative. This technique 
employs a "bait vaccine." To be 
practical, the vaccine must be safe 
for all animals; it must provide 
immunological protection for the 
"target" animal; it must attract the 
fox; must be stable and potent while 
in the field locale; and must not 
cause disease in non-target species 
which accidentally consume the bait 
(Winkler and Baer 1976, Winkler et 
al. 1975, 1976). Vaccines of this
type are presently undergoing exten
sive testing and have resulted in the 
infection of 1 microbiologist. If 
this type of vaccine, after extensive 
testing, is proven to be safe, it 
might provide a future answer to the 
control of fox rabies.

Control measures, which are 
presently available, reside in the 
care of domestic animals owned by 
man. Interruption of virus trans
mission from fox to dog and dog to 
man is possible by vaccination of the 
dog, elimination of stray animals, 
restraint of owned animals and the 
elimination of carnivore attractants.
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The State of Alaska, formerly the 
Alaska Division of Natural Resources, 
and presently the Alaska Division of 
Public Health, routinely utilize a 
modified live-virus vaccine, High Egg 
Passage (HEP) which is produced by 
Norden Laboratories (Endural1-R). 
This further attenuated vaccine has 
been found to be very potent and safe 
for dogs and cats. Vaccine of this 
type is very effective. It should be 
noted that dogs vaccinated before 6 
to 6.5 months of age must be revac
cinated at 12 months. Alternate vac
cine choices where doubt is involved 
are the inactivated vaccines.

Where questions arise concerning 
proper vaccines, consult a licensed, 
practicing veterinarian, or refer to 
the National Association of State 
Public Health Veterinarians, Inc., 
Compendium of Animal Vaccine in the 
United States.
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Contagious Ecthyma

Randa11 L . Zarnke

Introduct i on

Contagious ecthyma is caused by a 
virus which is a member of the para
vaccinia subgroup of pox-viruses. 
Hosts known to be susceptible to in
fection under natural conditions in
clude: domestic sheep (Ovis aries)
(Erickson et al. 1974), domestic 
goats (Capra hi reus) (Linnabary et 
al. 1976), Dali sheep (Ovi s da 11i), 
bighorn sheep (Ovi s canadens i s ) 
(Blood 1971, Connell 1954, Samuel et 
al. 1975), mountain goat (Oreamnos 
americanus) (Carr 1968, Hebert et al.
1977, Samuel et al. 1975), chamois 
(Rup i capra rup i capra) (Daniel and 
Christie 1963), thar (Hemitragus jem- 
1 aicus) (Daniel and Christie 1963, 
Hebert et al. 1977), feral goats 
(Capra hircus) (Daniel and Christie 
1963), muskox (Ovi bos moschatus) 
(Bell 1931, Falk 1978, Palmer and 
Rouse 1963), domestic dog (Can i s 
fami1 iar i s ) (Wilkinson et al. 1970), 
domestic cat (F e 1 is catus) (Grishaev 
and Shchepetova 1970), Merino sheep 
(Ovi s ar ies) (Kumar et al. 1974), 
reindeer (Ranqifer tarandus) (Samuel 
et al. 1975) and humans (Homo 
sapiens) (Beck and Taylor 1974, Carr 
1968, Erickson et al. 1974, Falk
1978, Moore 1973)* Moose (Alces 
a 1ces) and caribou (Rang i fer taran
dus) have been experimentally in
fected (unpublished data, University 
of Alaska and Alaska Department of 
Fish and Game).

H i story

Infection of domestic sheep and 
goats by contagious ecthyma virus is 
common worldwide (Beck and Taylor
1974). Overt disease is most common 
and severe in younger animals (Ah-

luwalia et al. 1974, Blood 1971, Falk
1978). Mortality as a result of in
fection is low unless complicated by 
secondary bacterial infection (Falke 
1978). The disease was first diag
nosed in wildlife by Connell in 1953 
when lesions were observed on the 
lips and muzzles of bighorn sheep in 
western Canada (Connell 1964). Prior 
to this time, lesions resembling 
those of ecthyma were observed in 
captive muskox and Dali sheep in 
Alaska during 1930 (Bell 1931)- 
There were no deaths. A lamb Dali 
sheep with similar lesions was found 
dead near Healy, Alaska in 1964 by 
personnel of the Alaska Department of 
Fish and Game. Whether the animal 
died of ecthyma infection is not 
known. Epizootics of the disease oc
curred among captive Dali sheep near 
Fairbanks and captive muskox at Fair
banks and Unalakleet in 1976 and 
1977. Two Dali sheep lambs were
euthanatized because of severe le
sions. Two other lambs in the same
pen had only minor lesions. No 
losses occurred in the muskox at 
Fairbanks. Six of 39 infected muskox 
died at Unalakleet.

An unconfirmed case of the disease 
was reported in a man in southeastern 
Alaska following a hunting expedition 
during which he dressed and skinned 2 
mountain goats (Carr 19 6 8).

Transmi ss ion

Contact with contaminated articles 
is believed to be the most common 
means by which ecthyma is transmitted 
(Falk 1978). Virus is often present 
in the scab-like lesions which are 
present late in the course of the 
disease. As the lesions heal, this

13



scab material is shed. The virus is 
quite stable when thus protected, and 
can contaminate the surrounding area 
(food, pasture and structures such as 
trees or fences) (Falk 1978). The 
portal of entry for the virus may be 
any mucous membrane or abraded area 
and is most commonly the oral mucosa 
(Falke 1978). V irus can be trans
mitted from mother to offspring, or 
vice versa, during nursing.

S i qns, Symptoms and 
Pathoqenes i s

In most species, visible lesions 
follow this established sequence:

1. Macule (discolored spot), not 
elevated, usually 1-3 mm in 
diameter.

2. Papule (red bump), elevated, 
usually 1-5 mm in diameter.

3. Vesicle (blister), size varies.

b . Pustule (pus-filled blister),
size varies.

5. Crust (scab), 1-100 mm, usually
darkly pigmented.

incubation period is 3 to 7 days in 
sheep (Falk 1978).

Because of the size and prolifera
tive appearance, the most often 
recognized stage of the above se
quence is the crust or scab. Lesions 
may occur on the lips, muzzle, udder, 
coronary band of the foot, or around 
the eyes (Blood 1971, Samuel et al. 
1975). They may be present for 1 to 
k weeks and usually heal without 
leaving scars (Falk 1978). The af
fected area becomes sensitive to 
touch, and lesions in the area of the 
mouth may prevent an animal from 
eating (Samuel et al. 1975). This is

especially serious in the young 
animals. Lesions on the feet may 
result in lameness (Blood 1971).

D i aqnos i s

Preliminary diagnosis is usually 
based upon gross observation of the 
scab-like lesions. Laboratory con
firmation can be provided by:

1. Transmission of the disease to
susceptible hosts (usually
domestic sheep) (Connell 195^, 
Samuel et a l . 1975)•

2. Isolation of the virus in tissue 
culture systems (Falk 1978).

3. Electron microscopic observation 
of the virus in host tissue 
(Falke 1978, Harkness et al. 
1977).

4. Histopathologic examination of 
affected tissue (Samuel et al.
1975).

5. Demonstration of a significant 
rise in serum antibody levels to 
ecthyma virus (Falk 1978).

Suggested specimen collection 
procedures for the field worker in
clude: (1) freeze a portion of a le
sion for transmission and/or isola
tion tests, and (2) preserve a por
tion of a lesion in 10% formalin for 
histopathologic investigation.

Siqnificance and Control

High serum antibody prevalence in 
Dali sheep in the Dry Creek (near 
Healy) and Sheep Creek (near Tok) 
areas indicates that these popu
lations have ample exposure to, and 
transmission of the disease. There 
was low prevalence in domestic sheep
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and goats along the Alaska Highway. 
These results fuel questions as to 
which species represent threatening 
reservoirs of infection for other 
species. Based upon presently 
available data, it is not possible to 
satisfactorily answer such questions.

Given the very low incidence of 
observations of diseased animals in 
the wild, it is tempting to assume 
that this disease is not a sig
nificant source of mortality in Dali 
sheep. On the other hand, the death 
of 2 captive Dali sheep lambs shows 
that mortality can occur. This 
latter occurrence may have been a 
result of the animals being held in 
captivity and being underweight at 
bi rth.

Serum samples from animals with a 
known history of CE exposure are only 
available for 5 Dali sheep. All of 
these animals had been infected
approximately 10 months prior to the 
time of sampling. For 4 of the
sheep, antibody titers had fallen to 
undetectable levels. The other 
however, remained high (1:256).
Based upon these limited data, im
munity in Dali sheep appears to be 
variable as is the case in domestic 
sheep.

An equally complicated situation 
may exist in relation to muskox. Of 
5 wild muskox collected by sport 
hunters on Nunivak Island, none had 
serologic evidence of past infection 
with ecthyma. Of 9 animals held cap
tive at Unalakleet, none showed 
serologic evidence of past infection, 
although 4 of the 9 were known to 
have been infected within 2 years
prior to the time of sampling, 3 of 
these within 1 year. This suggests 
that immunity is short-lived in this 
species. There have also been 2 
epizootics of the disease in a cap
tive herd in Fairbanks. It does not

seem likely that the outbreaks in 
captive animals (either Dali sheep or 
muskox) were a result of increased 
density. Both of these species are 
herd animals, and live in close prox
imity to other members of the herd. 
Such densities could be expected to 
exacerbate symptoms of the disease if 
density were the sole determining 
factor. Other predisposing factors 
may have been of greater importance 
than density. The 2 lamb Dali sheep 
which died in captivity at Fairbanks 
were underweight. Two normal weight 
lambs in the same pen had only minor 
lesions. The muskox facilities at 
Unalakleet were substandard. The 
pens were muddy and had areas of 
standing water. It may be
hypothesized that normal, healthy 
animals in favorable surroundings ex
perience only mild lesions when ex
posed to the disease. On the other 
hand, animals which have been sub
jected to influences which are in op
position to ideal husbandry practices 
(malnutrition, poor sanitary condi
tions) may experience more severe 
cases of the disease. Careful visual 
examination for signs of disease of 
captive animals is to be encouraged.

In order to determine the suscep
tibility of moose and caribou to the 
disease, a single individual of each 
species was inoculated with the 
virus. A domestic sheep served as a 
control. All 3 animals developed 
typical lesions and diagnostic levels 
of serum antibody. In lieu of data 
on an adequate number of experimental 
animals, the significance of these 
findings to the natural situation are 
unknown. Serologic surveys of these 
species in the wild and larger scale 
experiments will hopefully clarify 
the importance of CE in wild popula- 
t i o n s .

To reduce the possibility of 
transmission between domestic sheep
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or goats and mountain goats or Dali 
sheep, it is prudent to curtail the 
practice of allowing domestic species 
in high elevations or any area where 
contact with game species may occur.

The reported case of ecthyma in a 
hunter, derived from a mountain goat 
which he had shot, indicates that the 
disease does occur in these species 
in Alaska (Carr 1968). Because more 
extensive data are not available, any 
further comments are unwarranted 
other than to suggest that a l 1 per
sons who handle animals be aware of 
the possibility of contracting this 
and other diseases, and provide them
selves with adequate protection 
(physical and/or immunological). Im
munity in humans is believed to be 
long-lasting (Carr 1968).

In all cases of disease (whether 
human or animal), the only treatment 
is to prevent or combat secondary in
fection of the ecthyma lesions. Le
sions usually heal without leaving a 
scar, and therefore traditionally it 
has been suggested not to lance the 
proliferative scabs (Beck and Taylor 
1974). A recent article contradicts 
this belief, and suggests lancing of 
all lesions (Falk 1978).
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Canine Distemper

Randal 1 L. Zarnke

Introduct i on

Canine distemper (CD) is an acute, 
febrile, highly contagious viral 
disease (Budd 1970). It may occur in 
members of the Canidae, Mustelidae, 
Procyonidae, and Viverridae (Gorham 
1966). The causative agent of the 
disease is a myxovirus which is 
closely related to the viruses which 
cause measles and rinderpest (Budd 
1970). In a population of
susceptible hosts, the disease may 
exhibit both high morbidity and high 
mortality (Gorham 196 6).

H i story

Based upon a layman's description 
of signs of the disease, canine 
distemper is believed to have been 
present in Europe since early times 
(Budd 1970). The disease is 
presently distributed worldwide in 
domestic dogs (Can i s fami 1i ar i s ) 
(Budd 1970). The Alaska State- 
Federal Laboratory which is located 
in Palmer reported 122 cases of CD in 
domestic dogs during 1977, 119 cases 
during 1978 and 190 cases during 1979 
(R. Barrett, pers. comm.). These
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diagnoses were based upon clinical 
signs of the disease and were in some 
cases substantiated by isolation of 
the CD virus. The disease was first 
described in the wolf (Can i s 1upus) 
in 1904, coyote (Can i s 1 at rans) Tn 
1916, red fox (Vul pes f u 1 va~) fn f921, 
and arctic fox (Alopex laqopus) in 
1945 (Budd 1970). Diagnosis based 
upon clinical signs revealed that CD 
killed approximately one-half of 1000 
dogs at Barrow in 1951-52 (Reinhard 
et al. 1955). Arctic foxes also died 
of CD during this epizootic (Rausch 
1953). During the 1970s in Alaska, 
CD has been diagnosed in 2 wolves 
from the Kenai National Moose Range, 
a red fox from the Solomon area, 
another red fox from Tetlin village, 
a domestic dog from Northway (D. 
Ritter, pers. comm.) and ranch fox 
from Fairbanks (R. Dieterich, pers. 
comm.). These diagnoses were based 
on fluorescent antibody tests and/or 
direct isolation of the CD virus. 
Tissue culture neutralization tests 
revealed CD infection during the 
mid-1970s in 2 / 3 1  wolves from the 
Tanana Flats area located south of 
Fairbanks, 2/16 wolves from the Nel- 
china River basin, and 0/5 wolves 
from the northwestern portion of 
Alaska (Ritter and Stephenson, ms. in 
prep.). Canine distemper neutral
izing antibody was found in 2 of 86 
wolves which were collected in the 
Mackenzie District, Northwest Ter
ritories, Canada (Choquette and Kuyt 
1974). Three of five wolf pups held 
captive at Alaskaland in Fairbanks 
were clinically diagnosed as having 
died of CD in 1977 (R. Dieterich, 
pers. comm.).

Transm i ss i on

In an infected individual, the 
virus often localizes in mucous mem
branes of the gastrointestinal and/or 
urogenital tracts (Budd 1970). Nasal 
and conjunctival exudates often con
tain virus, whereas the virus has not

been shown to be shed in urine or 
feces (Budd 1970). Natural transmis
sion of the virus commonly occurs via 
direct contact or aerosols (Budd 
1970). Transplacental transmission 
of the virus has been documented in 
domestic dogs (Krakowka et al. 1977)- 
Increased fox population densities 
are believed to result in increased 
transmission of CD (Parker et al.
1961).

S i gns, Symptoms and 
Pathoqenes i s

The red fox is the only wild 
animal for which adequate information 
concerning signs, symptoms and 
pathogenesis is available. The fol
lowing description is derived
primarily from this species (Budd
1970). Unfortunately, signs, symp
toms and pathogenesis are variable in 
the fox. Fever often begins as early 
as the third day after infection, 
lasts 1 to 3 days, and may exhibit a 
diphasic character. During the acute 
stage of the disease, an animal may 
exhibit photophobia, aimless wan
dering, loss of fear, thirst, list
lessness, labored breathing (dyspnea) 
and loss of appetite (anorexia). 
Such signs may lead to a mistaken 
preliminary diagnosis of rabies. 
Other signs include redness (hyper
emia) around the lips and eyes, pus- 
filled (purulent) discharge from the 
eyes and nose, diarrhea, cough and 
emaciation. The animal may succumb 
at the height of clinical signs. 
Another individual may appear to 
recover, only to die later with a 
sudden onset of convulsions. The 
course of the disease may be short 
and result in either recovery or 
death, or may be prolonged for months 
with periods of abatement followed by 
relapse. Although CD causes no 
distinctive lesions, post mortem ex
amination may reveal an enlarged 
spleen and/or congestion of the lungs 
(Anonymous 1973, Pinkerton et al.
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1945). Intramuscular, acidophilic 
inclusion bodies in the central ner
vous system (Gillespie and Rickard 
1956) and demyelinating encephalitis 
(Pinkerton 1940) have been observed. 
Mortality rates for juveniles appear 
to be higher than those for adults 
(Gier and Ameel 1959).

D i agnos i s

Perhaps the easiest and most 
reliable means of diagnosis is the 
fluorescent antibody test, which 
detects viral particles in tissue or 
blood (Anonymous 1973). Another ef
fective technique is to test acute 
and convalescent sera by means of the 
neutralization (Appel and Robson 
1973) or complement fixation tests 
(Anonymous 1973). A significant in
crease in antibody titer is con
sidered diagnostic. Inclusion bodies 
may be observed in blood smears and 
epithelial cells from tongue and 
conjunctivae when stained with 
Schorr's hematoxilin and eosin (Budd 
1970). Clinical signs may be helpful 
in diagnosis, but (as mentioned 
above) may be confused with those of 
other d i seases.

Another diagnostic method involves 
maceration of lung and/or spleen tis
sue from the animal suspected of 
distemper, followed by inoculation of 
a susceptible ferret (Mustela 
putor i u s ) with the homogenate. If 
after 30 days the ferret exhibits no 
gross or histologic signs of CD, the 
suspect animal may be declared free 
of the disease (Budd 1970).

T reatment

An effective vaccine is available 
for ranch mink (Mustela vison) (Budd 
1970). The standard canine vaccine 
is safe and effective in protecting 
fox and wolves from CD. Hyperimmune 
canine antiserum is also available, 
but its effectiveness in combating

the disease in wild species is 
unknown. In addition, both of these 
methods are of questionable value 
once clinical signs appear. For in
dividual animals, one can only treat 
the symptoms of the disease, since 
(as is the situation with any viral 
disease) no drug is effective in 
killing the CD virus. Such treatment 
may include: (1) administration of
antibiotics to limit secondary bac
terial infection, (2) administration 
of electrolyte solutions to coun
teract fluid imbalance, (3) ad
ministration of antispasmodic drugs 
and/or dietary supplements to control 
nervous manifestations of the 
disease, and (4) provision of nursing 
care to minimize the animal's discom
fort (Anonymous 1973).

Effective treatment of CD in wild 
populations is generally considered 
unfeasible. Possible means of con
trolling this disease in wild species 
include: (1) removal of carcasses of
animals which have succumbed to CD 
and which thus serve as sources of 
infection for other susceptible 
members of the population, (2) vac
cination of susceptible domestic 
species which will decrease the 
number of susceptible hosts and (3) 
reduction of wildlife populations 
which also reduces the number of 
potential hosts (Budd 1970).

S i qn i f icance

Once infected, ranch-raised mink 
and fox experience mortality ranging 
from 20-90% (Budd 1970). In captive 
ferrets, the disease is almost in
variably fatal (Budd 1970). Ten of 
10 captive coyote pups died of CD 
(Gier and Ameel 1959). It is 
suspected that CD takes a high toll 
of pups in the wild (Gier et al.
1978). However, the outcome of 
natural infection in wild species is 
largely unknown (Trainer and Knowlton 
1 9 68).
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Infectious Canine Hepatitis

Randal 1 L. Zarnke

Introduct i on

Infectious canine hepatitis ( ICH) 
is a contagious disease which is of 
primary importance in members of the 
Canidae including the domestic dog 
(Can i s fami1iar i s ) (Cabasso 1962), 
coyote (Ĉ . latrans) (Chaddock and 
Carlson 1950, Green 1925, Parker et
a l . 1961), wolf (C. 1upus) (Choquette
and Kuyt 197*0 and foxes (Vulpes ful- 
v a ) (Cabasso 1962) and members of the 
Mustelidae including mink (Mustela 
vi son) and ferrets (Mustela putor i us) 
(Cabasso 1962). Infectious canine 
hepatitis has also been described 
(but not confirmed) in Ursidae 
(Camenzind 1978). The disease is 
caused by an adenovirus (Cabasso 
1962). It is found worldwide in 
foxes and domestic dogs (Cabasso 
1962, Love 1972). Animals of all 
ages are susceptible (Anonymous
1973). Symptoms range from a slight 
fever accompanied by congestion of 
the mucous membranes to severe
depression and/or encephalitis
(Anonymous 1973) •

H i story

An epizootic with central nervous 
system signs and symptoms occurred in 
foxes in Europe during 1925 (Rubarth 
1947). The disease was thus named 
fox encephalitis. Central nervous 
system signs of the disease are 
usually absent in the domestic dog 
(Cabasso 1970). In what has come to 
be considered a classic study and 
report, Rubarth described his 20 
years of research on the natural 
occurrence of the disease in domestic 
dogs in Sweden (Siedentopf and Car
lson 1949). These diseases (fox en
cephalitis and canine hepatitis) were 
originally considered to be separate

entities, but subsequent studies 
revealed that the causative agent was 
the same in both cases (Trainer and 
Knowlton 196 8) .

The Alaska State-Federal Labora
tory which is located in Palmer 
reported 2 cases of ICH in domestic 
dogs during 1977, 18 cases during
1978 and 29 cases during 1979 (R. 
Barrett, pers. comm.). These diag
noses were based upon clinical signs 
of the disease, and were in some 
cases substantiated by isolation of 
the ICH virus. A recent serologic 
survey has provided evidence of ICH 
infection in 31 of 31 wolves from the 
Tanana Flats area south of Fairbanks, 
16 of 16 from the Nelchina River 
basin, and 5 of 5 from northwestern 
Alaska (Ritter and Stephenson, ms. 
in prep.). The effect of ICH on the 
wolves is unknown.

Transmi ssion

Infectious canine hepatitis is 
highly contagious (Cabasso 1970). In 
dogs, the virus is shed in all secre
tions and excretions during the acute 
stage of the disease (Anonymous
1973). The infection often localizes 
in the kidney and may become chronic,
i.e. long-lasting (Marler et al. 
1976). Infectious virus may be shed 
in the urine for many months 
(Anonymous 1973, Cabasso 1962, Gocke 
et al. 1970). Exposure of 
susceptible individuals usually oc
curs by ingestion (Anonymous 1973), 
or direct contact with contaminated 
exudates (Cabasso 1962, 1970) or con
taminated fomites (Cabasso 1962, 
1970). Airborne transmission is not 
believed to be important (Cabasso 
1970). Transplacental transmission 
of ICH has been proposed (Marler et
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al. 1976). If transplacental trans
mission is indeed possible, a female 
with a chronic ICH infection could 
serve as a continual source of infec
tion for subsequent litters (Marler 
et a l . 1976).

S i qns, Symptoms and 
Pathoqenes i s

In foxes, the period between ex
posure and the onset of symptoms 
ranges from 2 to 6 days. The disease 
often has a sudden onset (Parker et 
al. 1961). Infected individuals ex
hibit loss of appetite, inflammation 
of oral and nasal mucous membranes, a 
period of hyperexcitement and oc
casional convulsions, prolonged 
clotting time of blood, a diphasic 
rise in temperature and mucous-fi11ed 
or blood-filled feces. In nonfatal 
cases, opacity of the cornea of 1 or 
both eyes (sometimes referred to as 
"blue eyes") may occur. In fatal 
cases, the eyes usually remain clear 
and no loss of body weight occurs. 
This lack of symptoms reflects a 
rapid, fulminating course of the 
disease (Cabasso 1970).

In foxes, ICH infection probably 
occurs via the oropharynx. The virus 
spreads to the viscera and central 
nervous system via the blood. At 
necropsy, many organs exhibit general 
congestion (Cabasso 1970). Hemor
rhages may be observed in the lining 
of the gastrointestinal tract, lymph 
nodes and around the eyes (Cabasso 
1970). Necrosis of the liver results 
in various changes in color (Cabasso 
1970, Gier et al. 1978). The liver 
may also appear swollen and have 
rounded edges (Cabasso 1970). Blood
stained fluid may be present in the 
peritoneal cavity (Cabasso 1962). 
The gall bladder may be thickened and 
swollen (Cabasso 1962).

D i aqnos i s

Diagnosis based upon signs and
symptoms is difficult because 
clinical signs of ICH are variable 
and nonspecific. The most conclusive 
evidence is isolation of ICH virus
from affected tissues. Serologic
tests to detect evidence of past ICH 
infection are available. Also of 
value as diagnostic aids are: (]) the
presence of intranuclear inclusion 
bodies in formalin-preserved liver 
cells, (2) increased clotting time 
and, (3) tests which determine the 
level of glutamic pyruvic tran
saminase in the serum (elevated
levels indicate liver damage) (Cabas
so 1970).

Treatment

Treatment of a large wildlife 
population would be virtually im
possible. For individuals, treatment 
similar to that for domestic dogs may 
be effective:

1. Daily blood transfusions.

2. Daily intravenous administration 
of 5% dextrose in a balanced salt 
solution plus 5% protein hy
drolysate.

3. Hyper-immune gamma-globulin (ser
um) as required.

4. Antibiotics to combat secondary 
bacterial infection.

5. Topical eye ointment for corneal 
opacity (Anonymous 1973)-

Procedures 1 to k may be com- 
plicated by the increased clotting 
time of the blood.
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Immun i ty

For foxes and perhaps wolves, 
recovery from natural infection 
usually results in complete and long- 
lasting immunity (Cabasso 1962, 1970, 
Choquette and Kuyt 1974). For these 
species, the wide dissemination of 
(and thus constant exposure to) ICH 
provides frequent "boosters" (Cabasso
1962). Pups may acquire passive im
munity from passage of maternal an
tibody (Cabasso 1962). Virus may 
persist in (and presumably be shed 
by) animals which have recovered from 
acute infection and developed an
tibody (Cabasso 1962).

Prophy1axi s

Vaccines are available for 
domestic dogs but are not recommended 
for use in foxes (Cabasso 1970). In 
dogs, passage of maternal antibody to 
pups may interfere with vaccination. 
For this reason, vaccination of pups 
prior to 9 weeks of age may not be 
effective (Cabasso 1970). Certain 
authorities recommend vaccination in 
order to ensure protection for those 
individuals which do not receive 
maternal antibody. If a vaccine is 
approved for wild canids, a similar 
recommendation will likely apply. In 
dogs, infectious virus has been shed 
following vaccination with attenuated 
live virus (Cabasso 1962). Hence, 
safer vaccines should be developed 
before being used in wild species.

S i gn i f i cance

Under natural conditions, the mor
tality rate for a fox population may 
range from 10-25% (Cabasso 1962, 
1970). Mortality rate of pups is 
generally greater than that for 
adults. In pups less than 6 months 
of age, mortality may reach 80%. As 
host population levels increase, the 
chance of exposure also increases

(Cabasso 1970). There may be minimum
host population level necessary for 
maintenance of the transmission of
ICH (Love 1972). The effect of ICH 
on wild canid populations in Alaska 
is unknown. Humans are not
susceptible to infection with ICH
v i rus.
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San Miguel Sea Lion Virus

Howard Gel berg

Introduct i on

Abortions among the California sea 
lion (Z a 1ophus c a 1i forn i anus)
population on San Miguel Island, 
California reaches epizootic propor
tions. In 1972, a virus was isolated 
from an affected sea lion (Gilmartin 
et al. 1976). Subsequently, similar 
viruses were isolated from northern 
fur seals (C a 11orh i nus urs i nus) and 
northern elephant seals (Mi rounqa 
anqust i rostr i s ) (Smith et a l . 1979?
1978b). Serologic surveys revealed 
the presence of antibody (suggesting 
prior infection) to these viruses in 
a variety of mammalian species in
cluding:. California sea lion
(Zalophus c a 1i forn ianus) , northern 
fur seal (Callorhi nus urs i nus), 
Stellar sea lion (Eumetop i as 
jubatus), northern elephant seal 
(Mi rounqa anqust i rostr is), gray whale

(Eschr icht i us robustus), sperm whale 
(Physeter catodon), fin whale
(Balaenoptera physalus) , Sei whale 
(Ba1aenoptera borealis), feral sheep 
(Ovi s ar ies), feral donkey (Equis
as i nus), gray fox (Urocyon c i nereo- 
argenteus) and bison (B i son b i son) 
(Akers et al. 1974, Madin et al.
1976, Prato et al. 1977, Smith and
Akers 1976, Smith et al. 1979, Smith 
and Latham 1978).

H i story

The history of San Miguel sea lion 
virus (SMSV) begins not in 1972 with 
the discovery of the agent, but 40 
years earlier in 1932, when a vesicle 
(blister) forming disease appeared in 
California swine. This disease was 
clinically similar to diseases 
produced by other vesicle causing
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viruses such as foot-and-mouth 
disease. Subsequent investigations 
revealed that this agent was a unique 
and previously undescribed virus and 
that the disease was specific for 
swine. It was named vesicular exan
thema of swine (VES). The virus is 
highly contagious among pigs. The
disease was confined to California 
for 20 years, but then spread to 43 
states and the District of Columbia 
within 1 year.

The federal government embarked on 
an intense slaughter and disinfection 
program after the disease crossed 
state lines in 1952. By 1956, VES
had been eradicated from the United 
States' swine population. Until the
discovery of SMSV in 1972, it was 
believed that VES virus was unique in 
the history of veterinary virology in 
that it apparently arose c[e novo in 
an animal population and was subse
quently eradicated through the ef
forts of humans (Madin 1975). 
However, characterization of the 
virus isolated from seal lions and 
later fur seals showed that it was 
identical to the "eradicated" agent 
which causes VES (Burroughs and Brown
1976). Lesions identical to those of
VES were produced when SMSV was
inoculated into swine. It is cur
rently believed that the apparent de 
novo appearance of VESV in 1932 was 
in fact due to the feeding of raw 
marine-source garbage to swine. 
Enactment of federal and state 
garbage-cooking laws in 1956 
prohibits this practice.

The naturally-occurring disease in 
wildlife is currently believed to be 
limited to sea lions and fur seals
off the southern California coast and 
to fur seals on the Pribilof Islands, 
Alaska. In this latter closely 
monitored environment, the incidence 
of observed lesions in harvested 
animals varies between 1 and 2% an
nually (Sawyer 1976). The far
ranging migrations of fur seals and

other marine mammals pose a threat of 
disease spread on a global basis.

Transmi ssion

Transmission of the disease among 
swine is by direct contact with viral 
contaminated foodstuffs and by 
horizontal (pig to pig) spr'ead. The 
viruses have also been implicated in 
swine abortion indicating possible 
vertical (parent to offspring) 
spread.

Transmission of the naturally- 
occurring disease in marine mammals 
is somewhat different than in swine 
in that direct inoculation of 
experimental animals does not consis
tently produce visible disease (Gel- 
berg 1980).

It is currently hypothesized that 
natural infection of marine mammals 
occurs through a food-fish inter
mediary. Virus has been isolated 
from a shallow water fish, G i rel1 a 
n i qr i cans (Smith and Latham 1978). 
The isolation of SMSV from mammalian 
species that also frequent shallow 
waters (both whales and seals), and a 
detection of SMSV antibody in these 
same species lends credence to such a 
theory. Additionally, virus has been 
isolated from the sea lion lung worm 
(Paraf i1aro i des decorum) (Smith and 
Latham 1978) which has an inter
mediary stage in this fish. This 
parasite may also be important in 
disease transmission.

Transmission to terrestrial mam
mals presumably occurs at the land- 
sea interface where scavengers and 
possible insect transmitters (vec
tors) come in contact with virus con
taminated carcasses and animal 
wastes. Additionally, carcasses from 
the Pribilof Island fur seal harvest 
have been fed to mink and swine on 
ranches in Utah. Such operations are 
also capable of transmitting disease,
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and negate the natural geographical 
isolation of these species from one 
another.

S i qns, Symptoms and 
Pathogenes i s

In swine, the natural and 
experimental disease is characterized 
by the appearance of vesicles on non
haired portions of the skin and
tongue (Madin 1975)- This is accom
panied by a febrile response (in
creased body temperature). After 
rupture of the vesicles at 24 to 48
hours post infection, the fever sub
sides. One to 2 days later, secon
dary vesicles appear again accom
panied by fever, inappetence and
difficulty in walking. Recovery is 
generally complete and prompt in the 
absence of bacterial contamination of 
the lesion. Occasionally, vesicles 
forming in the coronary bands 
(nailbeds) of the feet result in hoof 
wall separation. Such animals have a 
prolonged recovery. Major losses in 
swine are due to weight loss, poor 
feed efficiency, stillbirth, agalac
tia (lack of milk production) and 
abortions. The disease is not fatal.

The natural disease in otarid 
seals differs somewhat from that of 
swine in that vesicles appear only on 
non-haired regions of the flippers 
(color Fig. 5). Infected animals do 
not appear debilitated. Experimen
tally, lesions can be induced on the 
tongue following inoculation. The 
disease is milder in seals than in 
swi ne.

In phocid seals, viral isolations 
in naturally-occurring cases have not 
been accompanied by visible lesions. 
The virus has been isolated from or
phaned pups and normal animals (Smith 
et al. 1978b, Smith and Skilling
1979)* Experimentally, lesions can 
be produced in the tongue and skin. 
These are small, mild and self- 
limiting. Immunity is short lived.

The virus has not been isolated 
from cetaceans although neutralizing 
antibodies have been detected (Akers 
et al. 1974). Experimental work with 
these viruses has not been conducted 
on any whale species.

D i aqnos i s

In otarid seals, diagnosis is 
based primarily on the gross ap
pearance of skin (flipper) lesions 
and should be verified by isolation 
of virus. Laboratory confirmation of 
virus (contained within intact 
vesicles) that has been frozen in dry 
ice is recommended. These samples 
should be shipped to the Plum Island 
Animal Disease Center of the U.S. 
Department of Agriculture in New 
York. Prior arrangements for 
packing, shipping, and receiving such 
specimens must be made through the 
state and/or federal veterinarian in 
charge who will obtain the necessary 
federal approval to receive, ship and 
examine the material. The virus 
should not be handled outside of the 
Plum Island Animal Disease Laboratory 
due to its exotic nature and poten
tial danger for domestic livestock. 
Serologic diagnosis can also be per
formed at the same institution.

Siqnificance and Control

San Miguel sea lion virus has been 
isolated from various pinnipeds on 
numerous occasions. The disease ap
parently does not influence popula
tion dynamics in these marine mam
mals. The discovery of the virus in 
association with aborting sea lions 
has not as yet been shown to have a 
cause and effect relationship 
(Gilmartin et al. 1976). Because of 
the difficulty of capture and the 
wide migrations of marine species, 
eradication of this disease agent is 
impractical. Since the virus has not
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been isolated from cetaceans, special 
effort should be made to identify the 
naturally occurring disease in these 
species. Additionally, the discovery 
of virus in fish opens new horizons 
in both virology and ecology.

Effort is being directed at
preventing the spread of disease to 
domestic livestock populations. Such 
prevention primarily involves the 
physical separation of marine mammals 
and their carcasses from susceptible 
scavenging animals and domestic 
swine. Suspected vesicular disease 
outbreaks in swine should be promptly 
reported to state and federal
author i t ies.

Antibody to these agents has been 
detected in the sera of laboratory 
workers. Direct evidence for disease 
production in man is lacking (Smith
et al. 1978a). Apparently, SMSV and
VES pose no public health threat.
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Respiratory Viruses

Robert A. Dieterich

Introduct i on and H i story

A number of viruses which were
originally isolated from cattle (Bos 
spp.) have been grouped together and
called bovine respiratory disease
viruses. This disease complex con
stitutes the most costly and
troublesome disease problem in the 
cattle industry (Mohanty 1978). It 
has worldwide prevalence and many 
times is associated with other 
disease agents such as bacteria,
mycoplasma, rickettsiae and chlamy- 
d i ae.

Recently, a small herd of reindeer 
(Ranqifer tarandus) held at Fairbanks 
were found to be positive, that is, 
to have serologic evidence of past 
exposure to 3 viruses belonging to 
the bovine respiratory disease group. 
Seven of 18 were positive for infec
tious bovine rhinotracheitis (IBR), 
18 of 18 were positive for bovine 
virus diarrhea (BVD) and 1 of 18 was 
positive for parainfluenza type 3 
(PI —3) (Univ. of Alaska, unpub. 
data). Subsequent tests performed on 
specimens from reindeer in the Nome
area have yielded further serologic 
evidence of exposure to 1 or more of 
these viruses (Univ. of Alaska, un
pub. data). A group of 18 reindeer 
located in a New York area zoo were 
tested in 1962 after having been in 
captivity for several years. No 
evidence of respiratory virus infec
tion was found (Bolton and Murray 
1964).

After the initial positive 
serologic results for respiratory 
viruses were found in reindeer, 
serologic evidence of exposure to BVD 
was found in Alaskan caribou 
(Ranqifer tarandus), Dali sheep (Ov i s

da 11i), moose (Alces a 1ces) and ad- 
ditional reindeer (Univ. of Alaska, 
unpub. data). Evidence of exposure 
to PI-3 was found in caribou, Dali 
sheep, moose and in a limited number 
of reindeer (Univ. of Alaska, unpub. 
data). Members of a cattle herd in 
the Matanuska Valley of Alaska were 
found to have elevated titers to PI-3 
virus (Univ. of Alaska, unpub. data). 
Several reindeer from the Seward 
Peninsula and moose from the Kenai 
Peninsula were serologically positive 
for IBR (Univ. of Alaska, unpub. 
data).

Transmission and 
Pathoqenes i s

By definition, the bovine 
respiratory disease viruses commonly 
cause respiratory tract infections. 
In cattle, they may also cause a 
number of other conditions including 
genital infection, diarrhea, conjunc
tivitis, abortion and encephalitis. 
These viruses are usually spread by 
aerosol droplets or by contact with 
infectious exudates from diseased 
an ima1s .

Little is known about the effects 
of these viral agents in wildlife. 
Under certain conditions they can be 
highly pathogenic. Ten Rocky Moun
tain bighorn sheep (Ovis canadensis) 
at the Sybille Big Game Research Unit 
near Laramie, Wyoming died from 
respiratory disease (Parks et al. 
1972). Serologic titers to PI-3 were 
found to have increased markedly 
during their illness. Parainfluenza 
Type 3 virus was isolated from nasal 
washings from 3 of the 10 sheep 
tested during the course of the 
disease. Other investigators have
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found evidence of respiratory viruses 
in moose in Canada, mule deer 
(Odocoileus hemionus) in Colorado, 
pronghorns (Antilocapra americana) in 
Canada plus numerous other species in 
various parts of the world (Barrett 
and Chalmers 1975? Chow and Davis 
1964, Parks and England 1974, Thorsen 
and Henderson 1971? Thorsen et al.
1977).

Siqnificance and Control

It is now known that serologic
evidence of IBR, BVD, and PI-3
viruses is present in many species of 
domestic and wild animals in Alaska. 
The significance of these findings is 
not known. In cattle, it is known 
that actual field cases of these
diseases are normally a mixture of 
the virus and other agents of which
the most common is Pasteurel1 a spp. 
bacteria. Such mixed infections are 
often more severe than single virus 
experimental laboratory infections 
and present an identifiable clinical 
picture (Mohanty 1978). Before the 
causes of such symptoms were known, 
the disease was given the common name 
of "shipping fever." This same type 
of clinical pattern has been seen in 
the field in reindeer and caribou but 
not all of the organisms causing the 
syndrome have been isolated. The 
severity of disease in Alaskan wild
life caused by these viruses either 
in pure form or as mixed infections 
is unknown at this time. A 
preliminary experiment was recently 
carried out at the University of
Alaska. Two reindeer yearlings and 1
bovine calf were exposed to BVD
virus. Only minimal lesions and
symptoms were observed under care
fully controlled experimental condi
tions in isolation facilities. The 
bovine calf developed lesions within 
the nostrils and 1 reindeer had a 
nasal discharge. The questions of

incidence, pathogenesis and transmis
sion must be addressed in the future 
in order to assess the impact of 
these agents on wildlife in Alaska. 
As the domestic cattle and reindeer 
herds increase in Alaska, the in
teraction of these species with wild
life species will increase. The 
importance of such interaction in 
relation to the spread of the 
respiratory viruses remains to be 
determi ned.

Many of the bovine respiratory 
diseases can be controlled in cattle 
through the use of specially 
developed vaccines. The effective
ness of these vaccines in wildlife is 
not known other than from observa
tions in zoo animals where there are 
apparently some beneficial results.
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Feline Panleukopenia

Randal 1 L. Zarnke

Feline pan 1eukopenia (FP) is an 
acute viral enteritis of members of 
the Felidae, plus mink (Mustela 
vi son) and raccoons (Procyon lotor). 
The disease was first described in 
1925 in domestic cats (Felis catus) 
from England. It is believed to be 
distributed worldwide. There are 
several strains of the FP virus. 
There is a close morphologic, an
tigenic and epizootiologic relation
ship between FP, mink virus en
teritis, and the parvovirus of canine 
which causes enteritis.

Feline panleukopenia is highly 
contagious. Experimentally, FP can 
be transmitted via the intramuscular, 
intravenous, intraperitoneal, subcu
taneous, intracerebral, oral and 
intranasal routes. The virus is shed 
in all secretions and excretions of 
diseased animals. Transmission oc
curs via direct contact or via con
taminated fomites.

Feline pan 1eukopenia has a sudden 
onset. Signs of the disease include 
depression, loss of appetite,

diphasic elevation in body tempera
ture, vomiting and diarrhea. The 
latter 2 signs lead to a severe dehy
dration. Tenderness of the abdomen 
may be observed.

Common necropsy findings include 
an empty gastrointestinal tract, 
hemorrhage in the small intestine, 
swollen lymph nodes, and a fluid ap
pearance of the marrow of long bones. 
Case fatality rates (for acute cases) 
may reach 90%. This may vary 
depending on the virulence of the 
strain of FP virus involved in a par
ticular outbreak.

Maternal antibody provides short
term protection for the young. 
Recovery from clinical infection 
results in life-long protection.

Diagnosis may be based upon 
clinical signs of the disease, 
decreased white blood cell count, or 
a significant rise in antibody titer 
2 to 3 weeks post infection.
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As with other viral diseases, 
there is no drug treatment which can 
safely and effectively eliminate the 
causative virus. Antibiotics may be 
helpful in preventing secondary bac
terial infection. Additional suppor
tive treatment which may help al
leviate symptoms includes administra
tion of electrolytic solutions to 
combat fluid loss and kaolin to coun
teract the diarrhea. Although vac
cines are safe and effective in 
domestic species, there is no known 
means of control for FP in wildlife 
populations. The Alaska State- 
Federal Laboratory which is located 
in Palmer reported 25 cases of FP in 
domestic cats during 1 9 7 7 , 58 cases

during 1978 and 35 cases during 1979 
(R. Barrett, pers. comm.). These 
diagnoses were based upon clinical 
signs of the disease, and were in 
some cases substantiated by isolation 
of the FP virus. The significance of 
FP for Alaskan wildlife is unknown.

References

BITTLE, J. L. 1970. Feline panleu
kopenia. pp. 8 5-8 9. In: 
Infectious Diseases of Wild Mam- 
mals. J. W. DAVIS, L. H. KARSTAD 
and D. 0. TRAINER, eds. Iowa 
State Univ. Press, Ames, IA.

Arboviruses

Randa11 L . Zarnke

The term "arbovirus" refers to 
viruses which are transmitted by 
arthropods (ARthropod BOrne = ARBO). 
By definition, these viruses must be 
able to: 1) infect and replicate in
a vertebrate host, 2) infect and 
replicate in an arthropod vector, and 
3) be transmitted from 1 vertebrate 
host to another by an infected ar
thropod. There has been substantial 
evidence of various arboviruses in 
arthropods and/or vertebrates (in
cluding humans) in Alaska and the 
neighboring Yukon and Northwest Ter
ritories of Canada. To date, there 
has been no evidence of clinical 
disease in any of the vertebrates. 
Such absence of overt disease is not 
the case in other areas of North 
America. For example, members of the 
California encephalitis virus complex

(one of which, namely the snowshoe 
hare subtype, has been isolated from 
Alaskan mosquitoes) were implicated 
in 280 cases of illness in humans in 
the contiguous United States from 
1964 through 1 9 6 8. Encephalitis 
(inflammation of the brain and/or 
spinal cord) is not uncommon. This 
may be evidenced by abnormal behavior 
in animals such as trembling, stag
gering and/or loss of fear of humans. 
Two of the so-called equine en- 
cepha1 itides, namely St. Louis en
cephalitis and western quine en
cephalitis, are of potential threat 
to Alaskan vertebrates. Human and 
equine mortality as a result of in
fection by these viruses have 
periodically erupted in widespread 
epizootics. Fortunately for Alaska, 
these outbreaks have traditionally



been limited to the contiguous United 
States and the lower half of the 
western Canadian provinces. It is 
presently believed that these viruses 
are carried long distances by 
migratory birds. Some of the avian 
species which have been implicated 
are common residents of Alaska during 
summer months. The possibility of 
these viruses infecting Alaskan wild
life cannot be ignored.
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Aleutian Disease of Mink

Randa11 L . Zarnke

Aleutian disease (AD) is a slowly 
progressive parvovirus infection of 
mink (Mustela vison). The disease is 
primarily of importance in ranch- 
raised mink. Wild mink and perhaps 
other species are also susceptible. 
The disease has not been diagnosed in 
Alaska. The name of the disease is 
derived from the fact that the infec
tion is invariably fatal in those 
mink which are homozygous for a par
ticular gene, namely the "Aleutian" 
gene which determines blue fur color. 
All mink appear to be susceptible to 
the disease, but mortality rates are 
highest in the homozygous Aleutian 
animals. Stressful conditions such 
as handling or cold weather are often 
followed by large die-offs in in
fected populations.

Signs of the disease include loss 
of appetite, loss of weight, loss of 
strength and increased thirst. At 
necropsy, the following alterations 
may be observed: 1) spleen several
times normal size with rounded edges, 
2) white focal lesions in kidney 
(kidney may be enlarged and fluid- 
filled, or shrunken and granular 
depending on stage of disease), 3) 
liver 2-3 times normal size, white 
focal lesions may or may not be 
present and 4) lymph nodes several 
times normal size.

Virus is shed in urine, feces and 
saliva. Transmission is believed to 
occur via ingestion of materials con
taminated by these excretions or via 
inhalation of aerosolized AD virus.
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As with other viral diseases, 
there are no drugs which can safely 
and effectively inactivate the virus 
once an animal becomes infected. An
tibiotics may be administered to com
bat secondary bacterial infection.

The iodine agglutination test is 
an inexpensive, accurate and simple 
diagnostic test. Present recommenda
tions call for sacrificing all mink 
which exhibit evidence of infection. 
By eliminating homozygous Aleutian 
mink from a ranch, a substantial 
decrease in the mortality due to AD 
may be achieved.

Based upon present knowledge, the 
significance of AD on wild mink
populations is unknown.
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Mink Virus Enteritis

Randa11 L . Zarnke

Mink virus enteritis is a highly 
contagious viral disease of mink 
(Mustela vi son). The causative 
agent, signs of disease, and epizo- 
otiology are similar (if not iden
tical) to those of feline panleu
kopenia. The disease was first 
described during a major epizootic at 
Fort William, Ontario, Canada during 
1947. It has since occurred in all 
major mink raising areas of North 
America and northern Europe.

The disease exhibits a strong 
seasonality, with most outbreaks oc
curring from July through September. 
The disease is transmitted primarily 
via direct contact or fomites such as 
contaminated gloves of mink handlers. 
Neither food-borne nor aerosol trans
mission appear to be of major sig
nificance. Infection localizes in 
the gastrointestinal tract. Overt 
disease occurs in both kits and 
adults, although kits are more

severely affected. Loss of appetite 
and profuse diarrhea are observed 
initially 4 to 7 days post infection. 
Sluggishness and vomiting may also be 
observed. Affected individuals 
usually either recover within 4 to 5 
days of the onset of symptoms, or 
succumb.

At necropsy, necrosis of the in
testinal epithelium is often ob
served, accompanied by shedding of 
the intestinal mucosa. Intestinal 
contents are quite fluid and may ap
pear yellow or red in color. The 
spleen may be enlarged, dark and 
mottled. Lymph nodes are often en
larged and fluid-filled (edematous).

Maternal antibody protects newborn 
mink until at least 6 weeks of age. 
Safe and effective vaccines are 
available. The case fatality rate in 
an outbreak may range from 20-80%. 
As with other viral diseases, there
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is no safe and effective drug treat
ment which can kill the virus. There 
have been no documented reports of 
the disease in Alaska. Its sig
nificance for Alaskan wildlife is 
unknown.
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Transmissable Mink Encephalopathy

Randa11 L . Zarnke

Transmissible mink encephalopathy 
(TME) is a disease of ranch mink 
(Mustela vison) which was first iden
tified in Wisconsin during 1947. 
Transmissible mink encephalopathy has 
never been reported in wild mink. 
The causative agent is a member of a 
group known as "slow" viruses. These 
agents closely resemble more common 
viruses in certain characteristics. 
In other characteristics they are 
vastly different. Final charac
terization of these agents remains to 
be determined. There have been 
sporadic outbreaks of TME in certain 
locations of North America but it has 
never occurred in Alaska. Evidence 
suggests that in the initial outbreak 
the disease agent was introduced in 
the mink's diet, and that the oral 
route of transmission was most impor
tant. Incubation time is variable 
and may be as long as several months 
to a few years. Transmissible mink 
encephalopathy is a progressive, in
variably fatal disease. It affects 
the central nervous system, where it 
causes a spongiform degeneration of 
the gray matter. As might be ex
pected, one of the major signs of the

disease is a change in behavior. 
This change may take any of several 
forms, such as increased aggression,
timidity, friendliness, etc. There
is often some locomotor dysfunction. 
Transmissible mink encephalopathy may 
be diagnosed histopathologica11y or 
via virus isolation. The latter is 
costly and time-consuming. As in 
other viral diseases, there is no 
drug treatment which is both safe and 
effective. Because of the lack of
evidence of the presence of TME in
Alaska, and the lack of evidence of 
TME infection in wild mink worldwide, 
it is felt that this disease poses 
little threat to wildlife in Alaska.
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Vesicular Stomatitis

Randa11 L . Zarnke

Vesicular stomatitis virus (VSV) 
is a rhabdovirus which can infect 
horses (Equus spp.), cattle (Bos 
spp.), domestic swine (Sus spp.), 
humans (Homo sapiens) and wild 
animals such as deer (Odocoi1eus 
spp.), raccoons (Procyon 1otor) and 
bobcats (Lynx rufus). Vesicular 
stomatitis is found in North, Central 
and South America. There have been 
no reports of the disease in Alaska. 
The disease in ungulates is charac
terized by blisters (vesicles) on the 
mucous membranes of the mouth, 
muzzle, udder and on the coronary 
band of the hoof.

Traditionally, the disease has 
been maintained in a low-level (en
zootic) manner interspersed with 
dramatic epizootics. During the en
zootic periods, transmission occurs 
via direct contact or contaminated 
fomites. During epizootics, biting 
arthropods are believed to be the 
primary vectors of VSV. Neither the 
reservoir mammalian host, nor the 
means by which the virus over-winters 
are known.

In infected deer, a febrile 
response (fever) is observed 1 to 2 
days post exposure. This is followed 
closely by the formation of blisters

on the tongue, hard palate, teats 
and/or hooves. These lesions are 
quite painful and often interrupt 
normal feeding and movement. Thus, 
the primary detrimental effect of VSV 
to an individual animal is a general 
loss of health and vigor. The le
sions heal within 10 days, and 
recovery is usually uneventful. As 
with other viral diseases, there is 
no drug which can safely and effec
tively kill the virus. Diagnosis may 
be accomplished via serologic tests, 
isolation of the causative virus or 
identification of the signs of the 
disease. Because signs and symptoms 
of VSV may be confused with those of 
foot and mouth disease, virus isola
tion is preferred.

Based upon the past absence of the 
disease in Alaska, VSV is not felt to 
be a major threat to wild animals in 
the state.
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Foot and Mouth Disease

Randa11 L . Zarnke

Foot and mouth disease (FMD) is a 
viral disease of cloven-footed 
(artiodactyl) domestic and wild 
animals. Humans are also
susceptible. Susceptible wildlife 
species in Alaska include black
tailed deer (Odocoi1eus hemionus) , 
elk (Cervus elaphus), moose (Alces 
alces), caribou (Ranqifer tarandus) 
and bison (Bison bison). The disease 
is characterized by blisters 
(vesicles) of the oral mucosa and on 
the coronary band of the hoof. The 
most common means of transmission of 
FMD virus is via the oral route on 
contaminated feed. Fomites and con
taminated animal products are also 
important. The first sign of the 
disease is a high body temperature 
often accompanied by depression and 
loss of appetite. As the fever sub
sides, inflammation of the oral 
mucosa occurs. Blisters appear in 
and around the mouth and on the 
hooves. The blisters rupture and 
release virus-contaminated fluid 
within 2 days. Virus may also be 
found in urine, feces, saliva, milk 
and semen. Once an outbreak erupts, 
transmission to other susceptible 
animals is usually rapid. The le
sions heal in 7 to 10 days. The le
sions are quite painful and interfere 
with normal feeding and movement. 
Thus, the primary detrimental effect 
on an individual is a general loss of 
health and vigor. Convalesence may 
take up to 6 months.

Foot and mouth disease became 
established in cattle (Bos spp.), and 
in a deer herd in California during 
1924. It was deemed necessary to 
kill over 22,000 deer in order to 
eliminate this reservoir of the
vi rus.

As with other viral diseases,
there is no drug treatment which can
safely and effectively kill the FMD 
virus. Diagnosis may be accomplished 
by serologic tests, isolation of the 
virus, or by signs of the disease. 
Because of the possibility of con
fusing the signs of FMD with those of 
vesicular stomatitis and vesicular
exanthema, isolation of the virus or 
serology is preferred.

Although FMD has never been diag
nosed in Alaska, its highly conta
gious nature warrants continued 
surveillance, especially in view of 
the ever increasing cattle industry 
in the state.
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Epizootic Hemorrhagic Disease

Randal 1 L. Zarnke

Epizootic hemorrhagic disease 
(EHD) is caused by an orbivirus (aka 
diplornavirus). The natural host
range appears to be strictly limited
to wild ruminants white-tailed deer 
(Odocoi1eus vi rqi n i anus), mule deer 
((). hemionus) and pronghorn antelope 
(Ant i1ocapra amer i cana) . The
disease was first formally described 
when an outbreak occurred in New Jer
sey during 1955. Seven hundred 
white-tailed deer died during the 
outbreak. Documented epizootics have 
subsequently occurred in Michigan, 
South Dakota, Alberta, North Dakota 
and Wyoming. Suspected outbreaks 
have occurred in Missouri, Washing
ton, British Columbia, Nebraska and 
I o w a .

...outbreaks involving large 
numbers of deer--as in Michigan, 
New Jersey, and Alberta--...are
single epizootics which do not 
reoccur. Die-offs involving small 
numbers of deer--as in South 
Dakota and Nebraska--occur almost 
annually, and the disease appears 
to be enzootic. All documented 
outbreaks of EHD have occurred 
during late summer and early fall 
(August-October) and have ceased 
abruptly with the onset of frost 
[see reference].

The seasonality of the outbreaks and 
the long-term viremia (4 to 5 days) 
lend credence to the belief that EHD 
may be transmitted by arthropods. 
When inoculated via the subcutaneous, 
intramuscular or intravenous routes, 
a susceptible deer population may ex
perience 80-90% mortality. When in
fected via the oral route, deer ex
hibit a marked antibody rise, and are 
subsequently resistant to intra
muscular challenge. The period

between infection and the onset of 
clinical symptoms usually lasts 5 to 
10 days. Deer may have an elevated 
body temperature from day 3 to 5 post 
infection. Symptoms include loss of 
appetite, loss of fear of humans, 
loss of strength, excess salivation, 
rapid heart beat, and labored 
breathing. Hemorrhages may appear in 
orbital and/or oral mucosa. Blood 
may appear in saliva, feces, and/or 
urine. From 8 to 36 hours after the 
onset of symptoms, deer enter shock, 
become prostrate and then die. It is 
believed that deer which are exposed 
via the oral route or small rodents 
may serve as a reservoir wherein EHD 
is maintained. Epizootic hemorrhagic 
disease virus is transmitted to 
susceptible deer when an appropriate 
vector population reaches a threshold 
level of abundance and an epizootic 
occurs.

Petechial to massive hemorrhages 
may be found in many tissues and or
gans including heart, liver, spleen, 
kidney, lung and the gastrointestinal 
tract at necropsy. No visceral or
gans are exempt from hemorrhage. 
Hemorrhages arise as a result of a 
derangement of the clotting mechanism 
and a degeneration of the vessel 
walls. Clots may form inside the 
vessels. When all clotting factors 
are exhausted, blood leaks out of the 
damaged vessels. There may also be 
pleural edema, pulmonary edema, sub
cutaneous edema, intramuscular edema 
and an increase in the pericardial 
f l u i d .

Diagnosis may be based on case 
history, signs of the disease and the 
epizootic nature and seasonality of 
an outbreak. Because of the 
similarity of the lesions to those of
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bluetongue and malignant catarrhal 
fever, isolation and identification 
of the EHD virus is necesasary for a 
conclusive diagnosis.

It was originally thought that the 
case fatality rate was inevitably 
very high because of the epizootic 
nature of the disease. Recently, 
studies have revealed many deer with 
high levels of antibody, which in
dicates recovery following infection. 
These may be animals which were ex
posed orally, and suggests the pos
sibility of an oral vaccine. At 
present, there is no method of treat
ment or control. Epizootic hemor

rhagic disease has not been diagnosed 
in Alaska, but its severity and 
importance in other areas of North 
America should be borne in mind by 
Alaska wildlife biologists.
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Bluetongue

Randal 1 L. Zarnke

Bluetongue (BT) is an acute or- 
bivirus (aka diplornavirus) disease 
of wild and domestic animals. The 
virus (of which there are several 
strains) is closely related, if not 
identical, to the virus of epizootic 
hemorrhagic disease. The disease is 
of primary importance in domestic 
sheep (Ov i s ar i e s ) . Domestic cattle 
(Bos taurus) are also susceptible, 
but the infection is usually inap- 
parent. Bighorn sheep (Ovis canaden
sis) and white-tailed deer 
(Odocoi1eus vi rq i n i anus) are also 
susceptible to the disease. The 
susceptibility of Alaskan wildlife 
species is unknown. Serologic sur
veys indicate that elk (Cervus 
elaphus) may be naturally exposed. 
Bluetongue virus was isolated from 
pronghorn antelope (Ant i1ocapra 
amer i cana) from Missouri, Nebraska 
and Wyoming during a 1978 epizootic 
(J. Morton, pers. comm.). There

have been unsubstantiated reports of 
virus isolation from wild rodents.

The disease was first recorded in 
South Africa in 18 7 6. It was not un
til 19^8 that the first case was 
documented in the United States when 
it was found in a domestic sheep from 
Texas. As of 19 6 8, the disease had 
been documented in livestock in 23 of 
the 48 contiguous United States.

Culicoi des spp. gnats are 
biological vectors of the disease and 
serve as the major means of transmis
sion. Disease incidence peaks in 
late summer and early autumn when the 
vector population is most abundant. 
Warm and wet weather favors increased 
Culi co i des population levels and 
therefore results in an increase in 
disease transmission. The disease 
disappears with the onset of colder
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weather in an area. The disease has 
also been experimentally transmitted 
via the oral route.

Signs in white-tailed deer are 
similar to those in domestic sheep 
but vary between individuals. An in
crease in body temperature begins 4 
to 6 days post infection (PI) and
peaks at 106°F 6 to 7 days PI. An 
increase in the respiration rate and 
loss of appetite parallel the in
crease in body temperature. The
muzzle, lips and ears may appear red
dened. Erosive lesions occur in the 
mouth accompanied by excess saliva
tion and a swollen and discolored 
tongue ("bluetongue") which hangs 
from the side of the mouth. Oc
casionally, conjunctivitis may occur. 
A nasal exudate which forms a dried
crust on the nose is found in all
fatal cases. Bloody diarrhea is com
mon in severe cases. In prolonged 
cases, hemorrhage of the coronary 
band of the hoof is common and
results in lameness. Animals may ex
hibit photophobia and loss of fear. 
Death occurs 7 to 8 days PI.

Post mortem signs are quite 
variable. The lining of the stomachs 
may be reddened and hemorrhagic.
Inflammation of the intestines is 
common. Liver, spleen and lymph
nodes may be enlarged, congested and 
hemorrhagic. Kidneys may be reddened 
and fluid-filled. The heart muscle 
and some striated muscles may be 
hemorrhagic. Clots may be found in
side blood vessels.

Both sheep and deer which have
recovered from the disease are 
solidly resistant to reinfection by 
the same strain of virus. Therefore,
vaccination of domestic species is
feasible. Use of a polyvalent vac
cine is recommended because of the 
existence of several strains of BT 
virus. Research has been conducted 
on the potential of vaccinating wild 
species. It is presently felt that 
large-scale vaccination programs are 
logistically unfeasible.

Diagnosis of BT may be based upon 
clinical signs of the disease. 
Confirmation via isolation of the 
virus is recommended. As with other 
viral diseases, there is no drug 
treatment which is safe and effective 
for killing the virus once infection 
occurs. Insect control and quaran
tine of diseased individuals may 
decrease the severity of an outbreak. 
Bluetongue has never been diagnosed 
in Alaska. Its potential sig
nificance in the state is unknown.
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Pseudorabies

Randa11 L . Zarnke

Pseudorabies is an acute in
fectious disease of mammals caused by 
a herpesvirus. Domestic swine (Sus 
spp.) are the primary reservoir of 
the disease. Ranch mink (Mustela 
vi son), ranch fox (Vulpes v u 1pes) and 
adult swine rarely die from the 
disease. In most other species and 
in young pigs the disease is often 
fatal. The disease has never been 
documented in wildlife in Alaska. 
The disease has been identified in 
other parts of the world in arctic 
fox (Alopex laqopus), red fox (Vulpes 
vulpes) and mink (Mustela vi son) 
which are also common in Alaska.

The disease was first described in 
1902 in Hungary in the ox (Bos 
taurus), dog (Can i s fami1iar i s ) and 
cat (Felis catus). It has since been 
reported from North America, South 
America, Africa, Asia and many areas 
of Europe.

Infection may occur via abraded 
skin or intact nasal mucosa. The 
virus may also be transmitted 
venereally or via contaminated milk. 
In fur farm mink, the primary sign of 
disease is marked localized itching. 
This often leads to excess 
scratching, which may reach the stage 
of self-mutilation. Other symptoms 
may include loss of appetite, excess 
salivation, alternate excitement and 
depression, impaired equilibrium and 
spasms. The severity of symptoms in

creases with the length of the in
cubation period. Virus is often 
present in nasal discharges. It may 
also persist in a carcass for many 
days. As is the case with other 
viral diseases, there is no drug 
which can safely and effectively kill 
the virus.

Necropsy findings may include in
flamed mucous membranes, hemorrhagic 
heart tissue and congested, fluid- 
filled or hemorrhagic lungs. None of 
these symptoms are considered to be 
diagnostic of pseudorabies infection.

Isolation of the causative virus 
is the only conclusive means of diag
nosis. Nervous manifestations of the 
disease (especially self-muti1 ization 
in response to incessant itching) may 
be helpful in diagnosis.

Based upon the historical absence 
of any evidence of the disease in 
Alaska, pseudorabies is not felt to 
pose a major threat to wild animals 
in the state.

Suggested Reference

FRIEND, M. and D. 0. TRAINER. 1970. 
Pseudorabies. pp. 90-96. In: 
I nfect i ous D i seases of Wild Mam- 
mals. J. W. DAVIS, L. H. KARSTAD 
and D. 0. TRAINER, eds. Iowa 
State Univ. Press, Ames, IA.

40



Lymphocytic Choriomeningitis

Randal 1 L. Zarnke

Lymphocytic choriomeningitis (LCM) 
is a viral disease of mice (Mus spp.) 
and perhaps certain other rodents. 
In humans, it may cause a non-fatal 
meningitis. Transmission to humans 
is not common. The virus has been 
isolated from wild mice virtually 
worldwide. Although significant 
disease and mortality may result from 
experimental infection, it is 
believed that natural infection is 
asymptomatic and not harmful to mice. 
Transmission of LCM virus occurs via 
many routes. It is believed that in 
utero transmission is necessary for 
maintenance of the virus in nature. 
Multiplication and excretion of in
fectious virus often continues for 
the life of naturally- infected mice. 
Isolation of the virus is the 
preferred method of diagnosis. In 
order to prevent the possibility of

LCM transmission, humans should avoid 
handling mice. It is advisable to 
wear rubber gloves and to wash one's 
hands after handling mice. There is 
no drug treatment which can safely 
and effectively kill the virus. Due 
to the lack of evidence of LCM in 
Alaska, and because of the absence of 
symptoms in LCM-infected mice 
elsewhere, it is felt that LCM poses 
no threat to wildlife in Alaska.
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Chapter 2. 

BACTERIAL DISEASES



Introduction

Jamie K. Morton

Bacteria are a normal part of our 
existence. Various species are found 
in the soil, air, fresh and saltwater 
and in and on our bodies. Essen
tially where there is life, there are 
bacteria. Many are necessary for 
normal functioning. For instance, 
bacteria are responsible for ruminant 
digestion, the production of certain 
foods (cheese, yogurt, pickles, 
vinegar, etc.), decay of organic 
matter, sewage processing, nitrogen 
fixation in the soil and production 
of s i1 age.

Bacteria are single-celled or
ganisms. Their nucleus is not 
separated from the cytoplasm by any 
membrane. They contain DNA but no 
individual chromosomes. Division is 
by binary fission. No membrane bound 
organelles such as mitochondria are 
found in the cytoplasm, and bacteria 
are capable of carrying out respira
tion, fermentation or photosynthesis 
by other means.

Shapes are round (cocci), cylin
drical (rods) or helical (spirilla). 
Some are motile by means of 1 or more 
tail-like appendages called flagella. 
Certain bacteria produce endospores 
within the vegetative cell which are 
liberated when the vegetative part 
dies. Spores may be dormant for 
years and then germinate under 
favorable conditions. This survival 
tactic is used by the organisms of 
tetanus and botulism.

Gram staining a smear of bacteria 
on a microscope slide is a tool used

to separate bacteria into 2 broad 
taxonomic groups. Differences are 
based on structural, chemical and 
physical properties. Those staining 
blue are called Gram positive, and 
those staining red are Gram negative.

Many organisms are part of the 
normal flora of the human or animal 
body and may be found on the skin, in 
the nose and throat, intestinal 
tract, urinary tract and genital 
tract. They are not normally present 
in blood or other tissues. Non
disease-causing bacteria are called 
non-pathogens, and those causing 
disease are called pathogens.

Skin and mucous membranes provide 
the first line of defense against 
pathogens. If the organisms break 
these barriers, the body's immune 
system must take over either by 
producing antibodies, engulfing the 
invader or producing toxic sub
stances. Antibodies are found in the 
serum portion of the blood and may be 
detected by laboratory tests 
(serology). Immune responses are 
quite specific, and immunity to 1 
disease does not protect against 
another.

To name a specific bacteria (or 
virus or parasite or other agent) as 
being the cause of a disease is 
usually an oversimplified approach. 
Physiology of the animal, environ
mental conditions, characteristics of 
the organism(s) and other factors can 
all interact to contribute to the 
disease state.
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Tularemia

Jamie K. Morton

I ntroduct ion

Tularemia is a bacterial disease 
of animals and humans caused by 
Francisella tularensis. The organism 
is a short, non-motile, nonencap
sulated, non-sporeforming, Gram nega
tive rod. It usually takes 2 to 10 
days to grow on laboratory media and 
will not grow at all without enrich
ment (Davis et al. 1974). Two sub
species of Franc i sel1 a are now recog
nized based on acid production from 
sucrose, serologic tests and patho
genicity. Franc i sel1 a tu 1 arens i s 
var. tularens i s is the more virulent 
form, and £. tularens i s var. 
palaertica, the usual rodent form, is 
the less virulent (Buchanan and Gib
bons 1974).

Rabbits (Leporidae), hares (Lepus 
spp.), muskrats (Ondatra z i beth i c a ), 
voles (Mi crotus spp.) and numerous 
small rodents are the usual hosts. 
Infections have also been reported in 
fox (Vulpes vulpes and Alopex 
1aqopus), coyotes (Can i s 1atrans), 
beavers (Castor canadensis), bobcats 
(F e 1 is rufus), dogs (Can i s 
fami 1 i ar i s ), cats (F e 1 is catus), 
sheep (Ovi s spp.), calves (Bos spp.), 
goats (Capra hircus), horses (Equus 
spp.), birds, mule deer (Odocoi1eus 
hemionus) and bears (UrsuT spp.) 
(Binninger et al. 1980, Buchanan and 
Gibbons 1974, Emmons et al. 1976). 
The disease is now found in North 
America, Europe (except the British 
Isles, Spain and Portugal), the 
Soviet Union, Turkey and Japan. The 
organism is also found in natural 
waters (Buchanan and Gibbons 1974).

H i story

McCoy and Chapin first isolated 
the organism in 1912 from ground

squirrels (Citellus spp.) in Califor
nia following reports of a new 
"plague-like" disease. They called 
the organism Bacter i um tularense 
after Tulare County, California, 
where it was found. About 2 years
later, the same organism was isolated 
from cottontail rabbits (S y 1v i 1aqus 
flor i danus) in southern Indiana, and 
the disease was described in humans. 
Cottontail and jack rabbits (Lepus 
spp.) have been recognized as impor
tant sources of human infections 
since before 1920 (Davis et al.
1974). Recently a human case as
sociated with bears was reported 
(Center for Disease Control 1979).

Franc i se11 a tularens i s was first 
recorded in Alaska in 1937 when it
was isolated from a hare tick,
Haemaphysa1 i s 1epor i spa 1ustr i s , by 
Philip and Parker. Williams reported 
the first serologically confirmed 
human case of u 1cero-glandu1ar tular
emia in Alaska in 1946 in a man from 
Northway in central Alaska who had 
trapped muskrats prior to his ill
ness. Three cases acquired from
snowshoe hares (Lepus amer i canus 
Erxleben) were reported in 1949, 1950 
and 1954 in white residents in cen
tral Alaska (Miller 1974). In August 
1979, a Fairbanks man was diagnosed 
as having tularemia after he became 
ill 3 days after dressing a snowshoe 
hare killed by his dog (Center for 
Disease Control 1979).

A serologic survey of 20 villages 
in central Alaska in 1954 revealed 4% 
of 592 humans tested had tularemia
titers greater than or equal to 40. 
In 1960, 793 Eskimos and Indians in 
the National Guard representing vil
lages on the offshore islands in the 
Bering Sea and along the coast from 
Bristol Bay to Point Barrow were 
serologically tested for tularemia.
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Seven percent of those tested from 
the offshore islands were positive 
while 39% of those from the Yukon 
River delta where there are numerous 
ponds and lakes with abundant aquatic 
mammals and wild fowl were positive. 
None of the preceding serologic reac
tors demonstrated clinical signs of 
the disease (Philip et al. 1962).

Rausch isolated £_. tul arens i s from 
a tundra vole (Microtus oeconomus
Pallus) from Ugashik Lake on the 
upper Alaska Peninsula in 1969
(Rausch et al. 1969). Eight isolates 
of the organism were recovered from 
snowshoe hares and ticks in 1971 and 
again in 1980 following significant 
mortalities in hares near Fairbanks 
(R. Zarnke, pers. comm.). Also in 
1980, 3 domestic dogs each having a 
history of bringing home hares were 
found serologically positive for 
tularemia, and others with similar 
clinical signs were treated by a 
Fairbanks veterinarian (L. Winterer, 
pers. comm.). A wolverine (Gu 1 o
gulo) live-trapped near Driftwood, 
Alaska and a raven collected near 
Fairbanks, Alaska in 1980 were found 
to be serologically positive for 
tularemia with titers of 1:400 and
1:40 respectively (R. Zarnke, pers. 
comm.).

Transmi ss i on

Tularemia is transmitted among 
animal populations by biting insects 
such as flies (Chrysops), ticks 
(Dermacentor spp. and Haemaphysa1i s 
lepor i spalustr i s ) and a rabbit louse 
(Haemodipsus ventricosus) (Jawetz et 
a l . 1976, Rei1ly 1970) (Fig. 1). The 
organism is transmitted in aquatic 
environments by rodents or other 
animals that die and contaminate the 
water (Fig. 2). Tularemia is trans

mitted to humans by many animals in
cluding rabbits, hares, muskrats, 
beavers, squirrels (Sciuridae) or 
biting insects including ticks, flies 
and mosquitoes. Man becomes infected 
by handling infected carcasses, 
ingesting contaminated water or im
properly cooked meat, inhaling ail 
born organisms in dust or by being 
bitten by an animal whose mouthparts 
have been contaminated from eating 
another infected animal (Weaver and 
Hollis 1980) (Figs. 1 and 2).

S igns, Symptoms and 
Pathoqenes i s

After the causative organism gains 
access to the body or bloodstream, it 
moves from the vascular endothelium 
to the superficial lymphatics. 
Lymphadenitis or a transitory bac
teremia follows, resulting in 
necrosis in the spleen, liver, lungs, 
lymph nodes and bone marrow. Al
veolar epithelium, hepatic cells, and 
reticuloendothelial cells of the 
spleen and lymph nodes may be in
vaded. Bacterial and cellular debris 
enhance the production of thrombi 
which in turn leads to necrotic foci 
in the spleen, liver and lymph nodes. 
Clinical signs in animals are not al
ways readily apparent. Moreover, in
fected wildlife species are usually 
not found until they are moribund or 
dead. Infected hares and rabbits 
have been observed to behave oddly, 
run slowly or to be easily captured. 
Infected rabbits do not raise their 
heads or carry their front feet well. 
They may rub their noses or forefeet 
into the ground and have recurrent 
tonic spasms with intermittent stag
gering. Infected mink and fox are 
reported to have anorexia and las
situde (Reilly 1970). Signs in 
domestic dogs include an elevated
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S now s hoe  h a r e  is in fec ted  with b a c te r ia .  
T ic k s  be c om e  in fe c te d  fe e d i n g  on the  
hare .  T i c k s  d ro p  o f f  th e  h a re  to c o m p le te  
a s ta g e  in t h e i r  l i f e  cy c le ,  or  b e c a u s e  
th e  hare  dies  o f  t u l a r e m ia .

T i c k
h a r e

f e e d s  on  a n o t h e r  
a n d  b a c t e r i a  a r e  t r a n s f e r r e d .

T i c k s  drop o f f  the h a re  to  c o m p le te  
a s ta g e  In th e i r  l i fe  cy c le ,  or b e c a u s e  
the  h a re  dies.

T i c k  f e e d s  on a n o t h e r  h a r e  
a n d  b a c t e r i a  a r e  t r a n s f e r r e d .

Human shoots  or t r a p s  h a re  and  
b e c o m e s  I n fe c te d  " d r e s s i n g "  hare  
or e a t i n g  u n d e r c o o k e d  m e a t .

Figure I. Terrestrial Cycle of Tularemia.
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Figure 2. Aquatic Cycle of Tularemia.
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temperature (104-106°F), severe ul
cerations of the oral mucosa, 
halotosis, tonsilitis, and enlarge
ment of the mandibular lymph nodes to 
10 times their normal size (L. Win
terer, pers. comm.).

Gross lesions in general include 
tubercle like nodules ranging from 
pinpoint size to large irregular foci 
several millimeters in diameter scat
tered throughout the liver, spleen 
and lymph nodes. The spleen and 
liver may appear dark bluish-red and 
enlarged, and small necrotic foci or 
white plaques may be seen on the 
lungs (Reilly 1970). Lesions in 
hares examined for tularemia in Fair
banks in 1980 included an enlarged 
spleen or liver, tiny white spots on 
the liver or spleen and hemorrhages 
in the lung or kidney. Typically 
only 1 or 2 types of lesions were 
seen in each animal (R. Zarnke, pers. 
comm.). Enlarged spleens were found 
in both culture-negative and culture- 
positive hares examined for tularemia 
in Alaska in 1971 (Miller 1974).

Pathology in beavers includes gray 
and white pinpoint lesions in the 
liver, spleen, kidneys and mesenteric 
lymph nodes; excess peritoneal, 
thoracic and pericardial fluid; and 
hemorrhagic gastritis and catarrhal 
enteritis. Lesions in muskrats in
clude excess dark serous fluid in the 
body cavities; petechiae in the sub
cutaneous fat; and congestion in the 
lungs, liver and spleen (Reilly 
1970). Rausch reported only an en
larged spleen in the vole from which 
he isolated _F. tul arens i s (Rausch et 
al. 1969).

Histologically, focal or diffuse 
caseous necrosis with intense nuclear 
destruction is seen (Reilly 1970).

The disease in humans is charac
terized by an ulcerating papule

(solid elevation of the skin) at the 
site of infection which may progress 
to tularemic pneumonia or fatal sep
ticemia if untreated. Other signs in 
humans include weakness, headache, 
chills, nausea and vomiting. 
Streptomycin can be used to treat 
human infections (Weaver and Hollis 
1 9 8 0).

D i aqnos i s

Diagnosis of tularemia in animals 
is based on characteristic gross and 
microscopic lesions and the isolation 
of the organism on enriched media. 
As an alternative to cultural isola
tion, a homogenate of suspicious 
material can be inoculated intra- 
peritoneally into guinea pigs which 
should die in 5 to 10 days if 
tularens i s is present. A slide ag
glutination test may also aid in the 
diagnosis (Reilly 1970). Cultural 
and virulence characteristics of the 
organism are presented in Table 1.

Diagnosis in humans is based on 
isolation of the organism from fluid 
in the lesion or on serologic titers 
(Weaver and Hollis 198 0).

Siqnif icance and Control

Experimental work conducted by 
Rausch on the organism he isolated 
from a vole indicated it was equally 
virulent for mice (Mus spp.), brown 
lemmings (Lemmus s i ber i cus Kerr) and 
collared lemmings (D i crostonyx tor- 
quatus Pall us). The organism was 
moderately virulent for voles but 
relatively avirulent for guinea pigs 
(Cavia spp.) and rabbits. Rausch et 
al. (1969) felt that the presence of 
serologic titers in Alaskan natives 
not showing clinical signs might in
dicate they were infected with a less 
virulent strain of the organism.
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Virulence studies conducted by Miller 
also indicated Rausch's vole isolate 
did not kill guinea pigs or hares, 
but that the organism isolated from 
hares and ticks was fatal for guinea 
pigs, hares, rabbits and mice. He 
concluded that there are 2 distinct 
strains of F_. tu 1 arens i s in Alaska: 
the virulent strain from hares and 
the avirulent strain from rodents 
(Miller 1974). The Alaskan vole 
isolate differs from F . tularens i s 
var. pa 1earct ica in that the former 
is avirulent for rabbits and guinea 
pigs, while the latter is moderately 
virulent for rabbits and virulent for 
guinea pigs (Buchanan and Gibbons 
1974, Rausch et al. 1969)* Thus, the 
Alaskan hare isolate appears to be 
conspecific with _F. tularens i s var. 
tularens i s , but the vole isolate does 
not seem to fit existing species 
descr i pt i o n s .

Rabbits infected with virulent or
ganisms rarely live more than 1 week 
and invariably die. There is no 
evidence that jack rabbits survive
infection, and it may be the same for 
beavers and muskrats (Reilly 1970). 
Diagnosis of tularemia in hares and 
dogs near Fairbanks is significant 
not only for mortalities in the hare 
populations, but also for transmis
sion to domestic animals and possibly 
man.

Human tularemia associated with
hares in Alaska is well documented. 
Recent serologic evidence of the 
disease in black bears (Ursus
amer i canus) in Idaho and an as
sociated human infection indicate 
these and other species might pose a 
public health hazard in Alaska also.

Large-scale poisoning of voles and 
mice has been used in the Soviet 
Union and may be indicated in massive 
outbreaks, but it is doubtful the

disease could be eradicated by these 
means. Control of interstate ship
ment of lagomorphs for food or 
stocking purposes might reduce the 
incidence of the disease in man. 
Hunters should be advised to wear 
gloves when handling hares, rabbits 
and bears, and to cook the meat 
thoroughly. In addition, natural 
waters in enzootic areas should not 
be drunk and ticks and fleas should 
be avoided (Reilly 1970).
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+
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Brucellosis

Robert A. Dieterich

Introduct ion

Brucellosis is a bacterial disease 
caused by a small, Gram negative non- 
sporeforming coccobaci11 us. Several 
different species of this organism
are recognized including Brucel1 a 
abortus, ]3. su i s , B̂. me! i tens i s , B^
can i s , j3. neotomae, IB. ov i s and j3. 
su i s type 4. The disease has several 
synonyms of which Bang's disease, 
contagious abortion and undulant 
fever (in humans) are the more com
mon. Brucellosis occurs in domestic 
cattle (Bos spp.), sheep (Ov i s spp.), 
goats (Capra spp.), swine (Sus spp.), 
horses (Equus spp.) and dogs (Can i s 
fami 1iar i s ). It also infects a 
variety of wild animals such as elk
(Cervus e 1aphus), bison (B i son
bi son), caribou and reindeer 
(Rang i fer tarandus), wolves (Can i s
1upus), red and arctic fox (V u 1pes

vu 1pes and A1opex 1agopus) and bears 
(Ursus spp.l (Ne i1 and 1970). In 
Alaska, the disease is of primary 
concern in reindeer and caribou which 
are infected by the species su i s 
type b . It has been suggested that 
this species of Brucel1 a should ac
tually be named B̂. rangi fer i in 
reference to its usual host.

H i story

The disease organism was first 
isolated from humans dead of "gastric 
fever" in 1887 by David Bruce, whose 
name is the basis for the term 
brucellosis. In 1897, Frederick Bang 
isolated and identified Brucel1 a 
abortus from aborted bovine fetuses. 
As time passed, more was learned of 
the organism, and it was found in the
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wide range of hosts mentioned ear
lier. Important sources of infection 
for humans were found to be milk, 
aborted fetuses or slaughtered cattle 
carcasses. Symptoms in humans in
clude malaise, fever, weakness, 
aches, sweats, gastrointestinal and 
nervous disturbances, hepatitis and 
osteomyeli t i s.

Brucel1 a has been known to infect 
reindeer and caribou in the Soviet 
Union for a number of years (Davidov 
1974, Gorban 1977). The disease was 
identified in Alaska in humans with 
49 cases being recorded between 1939 
and 1953* During that period, it was 
believed that these cases were at
tributable to unpasteurized milk or 
contact with cattle or swine.
However, epidemiologic evidence sug
gested that caribou might have been 
the source of infection in some
cases. Brucel1 a was isolated from
caribou in Alaska in 19 6 3» which
established the actual source of most 
recent infections (Huntley et a l . 
1963). It is not known whether the 
disease was introduced into Alaska 
with the importation of reindeer from 
Siberia in the late 1800s or if it
has been present since prehistoric 
times. The species of Brucel1 a
isolated from caribou was found to be 
identical to human isolates obtained 
from several Native patients in rural 
Alaska (Meyer 1966). In 1964, 
approximately 20% of the residents of 
Fort Yukon and Arctic Village had
positive titers for brucellosis as 
determined by the rapid slide test. 
In a serologic study of 7 villages 
from 1962-1964, 11% of 763 in
dividuals tested had evidence of past 
Brucel1 a infection (Brody et al. 
1966). It was also reported that 8 
clinical cases occurred from 
1962-1964 in Eskimos having frequent 
contact with reindeer or caribou in 
northern Alaska. No cases were diag
nosed at that time among individuals

living outside that area. Seventeen 
cases of brucellosis in humans were 
reported in Alaska between 1966 and
1975- Authors point out that there 
is little doubt that many cases do 
not come to the attention of medical 
personnel. Physicians in Alaskan 
bush communities are frequently tran
sient and many cases of brucellosis 
may go undiagnosed because medical 
personnel are not alerted to the mul
tiple symptoms of the disease.

Following the detection of brucel
losis in Alaskan reindeer and 
caribou, evidence of the disease was 
also found in Alaskan grizzly bears 
(Ursus arctos), wolves, red foxes, 
sled dogs and arctic ground squirrels 
(Spermophi1 us parryii) that come into 
contact or feed upon tissues of rein
deer and caribou (Neiland 1970,
1975). Serologic testing of caribou 
and reindeer for brucellosis was car
ried out during the early 1960s and
1970s (Neiland et al. 1968). The
highest prevalence of animals having 
a positive blood test at various 
times was 30% for the Arctic Caribou 
Herd, 6.5% for the Nelchina Caribou 
Herd and up to 15% for some of the
reindeer herds on the Seward Penin
sula. Recently, renewed testing of 
reindeer on the Seward Peninsula in
dicates that the disease has spread 
into herds located on the northern 
portion with incidence of serolo
gically positive animals reaching 
20%. Lesions and symptoms of brucel
losis are commonly seen in these in
fected reindeer herds when the 
animals are closely observed.

Brucellosis is also recognized as 
a health problem in elk and bison 
herds in North America. The disease 
is currently under study in these 
populations by several different in
vestigative teams (Thorne and Morton 
1978, Thorne et al. 1978).
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Transmi ss ion and 
Pathoqenes i s

Brucel1 a have an affinity for the 
male and female reproductive organs, 
and the major impact on herd health 
occurs because of abortion and 
sterility. Brucellosis causes abor
tion, retained placentae and impaired 
health in female reindeer and 
caribou. In males, infection of the 
seminal vesicles, ampullae, testicles 
and epididymides is seen. In both 
males and females there can be 
swelling of the joints with as
sociated lameness (Zhigunov 1961). 
It is believed that the primary 
spread of the disease is by contact 
with infective uterine discharges 
following abortion. Abortion in 
reindeer appears to occur 1 to 2 
months before normal calving time in 
early May (Rausch 1978). Calves may 
also be born alive but weak and die 
within a few days. Other calves born 
to infected females can survive, but 
remain infected as carriers of the 
disease. In domestic cattle, females 
commonly abort when initially in
fected. They may abort the next 
year, but thereafter they can produce 
viable calves. This same pattern ap
pears to be true for reindeer, but 
osteoarthritis, abscesses, and other 
chronic symptoms of the disease ap
pear as the infection progresses. 
The exact pathogenesis and impact of 
brucellosis on reindeer and caribou 
herds in Alaska has yet to be deter
mined. The role of male animals in 
the sexual transmission of the 
disease is not fully understood.

It should be stressed that the 
primary population impact of brucel
losis is reduced reproductive suc
cess. Clinically visible symptoms in 
reindeer or caribou herds represent 
only a small portion of the overall 
effect of the disease. When a herd 
containing infected reindeer or

caribou is observed, one can commonly 
see lame animals. Infected in
dividuals will most often have en
larged carpal (knee) or fetlock 
(hoof) joints and will only use the 
affected limb when being chased. 
These animals will be particularly 
lame when they first move after 
resting. Careful examination of 
males will reveal enlarged testicles, 
some as large as 12-20 cm in 
diameter. Others may only have a 
swollen epididymis which can only be 
detected by palpation or necropsy.

Abscesses containing an odorless, 
thick, light-green purulent material 
are found in Brucel1 a infected rein
deer and caribou. These are most 
commonly located in the mammary gland 
but can be found in the reproductive 
organs, liver, kidney, abdominal 
cavity or as subcutaneous enlarge
ments.

D i aqnos i s

Diagnosis of brucellosis in wild
life can be made by serologic testing 
or by actual isolation of the causa
tive organism (£. su i s type ^ in 
Alaska) in the laboratory. In rein
deer, it has been found that the com
monly used field tests (rapid card 
test and standard plate test) will 
not identify all chronically infected 
carrier animals. These tests do ac
curately identify acutely infected 
animals. Research is underway at the 
University of Alaska to determine 
which type of serologic test will 
identify chronically infected
animals, and at this time the comple
ment fixation test is the most 
promising. Unfortunately, this is a 
complex procedure and can not 
presently be performed in the field.

The actual isolation of the or
ganism in the laboratory constitutes
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a positive diagnosis, but this 
procedure depends on providing the 
laboratory with suitable tissues for 
culture. Tissues (lesions, lymph 
nodes, organs, bone marrow) must be 
submitted within a few hours of asep
tic collection, or can be frozen im
mediately and submitted at a later 
time. Isolation of the organism is 
dependent on the proper collection of 
infected tissues. Brucel1 a infected 
tissues may not be visibly altered. 
Handling diseased animals should be 
done with extreme care using aseptic 
procedures to reduce the possibility 
of human infection.

Significance and Control

The importance of brucellosis in 
reindeer appears to be substantial. 
In December 1979? the Reindeer 
Herders Association named the control 
of brucellosis and warble fly in
festation as its highest research 
pr ior i t i es.

It should be emphasized that 
brucellosis in reindeer and caribou 
is a disease of low mortality for 
adult animals and of moderate mor
bidity. That is, it causes rela
tively few deaths in adults as a 
direct result but does infect many 
animals chronically. Of course, it 
does cause death of unborn young and 
greater loss through predation and 
weather related mortality because of 
debilitation. Therefore, the oc
casional observer of a herd will not
be impressed with the impact of the 
disease because they will not see
animals lying about dead nor many 
obviously ill. The actual impact 
will be seen in herd reproductive 
success which is difficult to assess 
in wild populations. Other factors 
such as climate, nutrition, preda
tors, etc. all affect population 
numbers, but it is difficult to as

sess the influence of each factor in 
groups of animals that are only oc
casionally observed. In domestic
animals that are herded closely or 
confined to pens, the owner will 
easily notice a retained placenta, 
dead calf or more importantly, a cow 
that is barren.

It is not known if the predators 
of reindeer and caribou serve as end 
hosts for the disease, or if they are 
capable of spreading the disease back
to uninfected reindeer or caribou.
Also unknown are the effects of the 
disease on the predator itself or its 
reproductive success. Grizzly bears 
harbor the disease for a prolonged
period after being experimentally in
fected (pers. obs.).

Brucellosis has rarely been 
reported in moose (Alces alces) even 
in areas of overlap with reindeer or 
caribou range. Moose are highly 
susceptible to Brucella, and it has 
been postulated that infected moose 
may die in a short period of time and 
thus, are removed from any population 
being sampled (Corner and Connell 
1958, Jellison et al. 1953)* Further 
research is needed before any conclu
sion can be reached.

Brucellosis is a zoonotic disease, 
that is, a disease that can spread 
from animals to man. Some Alaskans 
that handle reindeer or caribou tis
sues are infected each year. The 
number of infections is not great and 
the degree of illness varies between 
individuals. Some humans with 
serologic evidence of brucellosis 
report few or no symptoms. Others 
are severely ill and require 
hospitalization. If brucellosis is 
recognized early, it can be treated 
successfully with antibiotics. The 
chronic cases are more difficult to 
cure. Brucel1 a organisms rarely in
fect muscle tissue, so most meat from
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infected animals is safe to eat. 
Reproductive organs, internal organs, 
lymph nodes and bone marrow should be 
handled with care, preferably with 
protective gloves. Thorough cooking 
kills the organism but freezing does 
not. Extreme care should be exer
cised in handling any fetal membranes 
or aborted tissues.

Two methods of control are cur
rently being developed for reindeer. 
First, with the aid of an accurate 
blood test, infected animals could be 
detected and subsequently removed 
from the herd. This removal would 
have to be linked to the economics of 
herding because many animals would be 
involved. However, it is difficult 
if not unfeasible to round up all the 
reindeer at 1 time for testing. 
Therefore, the possibility would 
exist of reinfection of "clean" herds 
by non-tested reindeer or by infected 
migratory caribou or predators. 
Therefore, development of a suitable 
vaccine which would protect the 
animals from infection and thus pre
vent abortion is a major long-term 
goal (Dieterich et al. 1980). Such a 
vaccine would not only increase herd 
productivity, but would also reduce 
the main source of transmission. 
Costs associated with the destruction 
of infected animals would be greatly 
reduced. Information gained from 
reindeer control programs may even
tually lead to attempts to control 
brucellosis in other wildlife 
spec i e s .

Newly developed drug delivery 
methods such as the Ballistic Implant 
System could make vaccination or 
treatment of some free-ranging 
species possible. This system is 
based on an air powered rifle that 
delivers a biodegradable implant pel
let containing a vaccine or drug, 
plus a dye marker ball that stains 
and identifies animals as they are 
treated.
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Leptospirosis

Jamie K. Morton

Introduct ion

Leptospirosis is caused by a group 
of antigenica11y distinct serologic 
groups or serotypes of the genus 
Leptospi ra. Two complexes are cur
rently recognized: J.. i nter roqans,
the parasitic or pathogenic group; 
and j.. b i f 1 exa, the free-living or 
water forms (Buchanan and Gibbons 
1974). Nomenclature in the older 
literature actually refers to genus 
and serotype rather than to genus and 
species. Leptosp i ra i nterroqans
serovar icterohaemorrhagiae is most 
commonly found in rats (Rattus spp.), 
L . i nterroqans serovar can i col a in
dogs (Can i s f ami 1 i ar i s ), and _L.
i nterroqans serovar pomona in swine 
(Sus spp.) and cattle (Bos spp.).

The leptospires are extremely 
small, coiled, motile spirochete bac
teria. They are easily killed by

heat, drying and most disinfectants. 
Leptospires do not survive in 
alkaline or acidic extremes and do 
best in the pH range of 6.0 to 8.0 
(Alexander 1970).

Numerous species have been 
described as susceptible, but those 
indigenous or related to species 
found in Alaska include raccoon 
(Procyon 1otor), beaver (Castor 
canadens i s ), red fox (Vulpes vulpes), 
muskrat (Ondatra z i beth i c a ), bobcat 
(Lynx rufus), woodchuck (Marmota 
monax) and voles (Mi crotus spp.) 
(Roth 1970). Leptospira interrogans 
serovars b a 11 urn and gr i ppotyphosa 
were isolated from muskrats in cen
tral Illinois in 1972 (Paul et al. 
1972). Leptosp i ra i nterroqans
serovar b a 11 urn was isolated from a 
vole on the Kenai peninsula in 1966 
(Woods 1974). Serologic evidence of 
leptospirosis in Alaska has been
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detected in a wolf (Canis lupus) (L. 
Schultz, pers. comm.). It is likely 
that other species yet unreported are 
also susceptible.

California sea lions (Z a 1ophus 
c a 1 i forn i anus cali forn i anus) (Schef- 
fer 1958) and northern fur seals 
(Callorhinus ursinus) are susceptible 
to leptospirosis and may be infected 
with serotypes can i col a , i cterohemor- 
rhaqiae, autumnali s or pomona, the 
latter being the most predominant.

Leptospirosis in terrestrial wild
life is important primarily because 
of the potential of serving as a 
reservoir for human infections and 
domestic animals. In marine mammals 
it may also cause mortality of adults 
and pups, and may be a contributing 
factor or causative agent of abor
tion.

Because manifestations of the 
disease in Alaska differ between ter
restrial wildlife and marine mammals, 
the following discussion will be 
divided into two parts.

Terrestrial Wildlife

H i story

Noguchi ascribed the name
Leptosp i ra to the spirochete group of 
bacteria obtained from Japanese 
workers in 1917 (Roth 1970). By 1954 
over 50 serotypes had been named, and 
there are currently over 13 0
serotypes listed in Bergey's Manual 
of Determi nat i ve Bacter ioloqy 
(Buchanan and Gibbons 1974). The or
ganism was first cultured from cattle 
in the 1940s, and most of the know
ledge of the disease in wildlife has 
been gained since the 1950s. Most of 
the leptospirosis research in wild 
species has been done east of the 
Mississippi River. Infections in

domestic and wild animals are 
reported worldwide (Roth 1970).

Transmi ss ion

Leptospire bacteria tend to 
localize in the kidneys and may be 
excreted in the urine. Excretion of 
the organisms usually appears 10 to 
12 days post infection and may last 
from 1 day to 2 years. Mice and rats 
excrete leptospires for the remainder 
of their lives following infection. 
Leptospires may persist for weeks in 
moist, neutral or slightly alkaline 
soil (Gillespie et al. 1957)- 
Animals and humans may be infected by 
contact with or ingestion of con
taminated water or food (when moist). 
People are commonly exposed by 
swimming in water contaminated with 
fecal matter. Organisms may also 
enter the host via the mucous mem
branes of the eye, nose, mouth and 
abraded skin (Alston and Broon 1958, 
Busch 1970, Diesch et al. 1970).

S i gns, Symptoms and 
Pathoqenes i s

Effects of leptospirosis range 
from fatal to inapparent depending on 
the host and serotype involved. 
Signs usually occur during the second 
week of infection and include lack of 
appetite (anorexia), weakness, 
anemia, jaundice (icterus), fever and 
inflammation of the kidney (nephri
tis). The fever in experimentally 
infected guinea pigs lasts 3 to 5 
days followed by jaundice, hemor
rhages in the skin, subcutaneous tis
sues and muscles and death within 2 
weeks. Naturally infected rats have 
a life-long chronic infection af
fecting the kidneys. The disease may 
cause abortion in cattle. Fatal 
cases are characterized by hemoglobin 
in the urine (hemoglobinuria), ic
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terus, interstitial nephritis, liver 
inflammation (hepatitis) and hemor
rhages (Alexander 1970). Kidney le
sions highly suggestive of lep
tospirosis in opossums (Di delphi s 
vi rqin iana), and raccoons have in
cluded scarring and degeneration of 
the kidney of glomeruli (Diesch et 
al. 1970).

In limited experiments conducted 
in white-tailed deer (Odocoileus vi r- 
qinianus), symptoms have ranged from 
inapparent to a febrile response to 
abortion. The pathogenesis in wild 
animals is not well determined (Roth 
1970).

D i aqnos i s

Although difficult, the organisms 
can be demonstrated in the urine and 
tissues by darkfield microscopy, 
silver stains (Warthin-Starry) or 
fluorescent antibody procedures. 
Identification of serotypes by these 
methods is not possible (Alexander 
1970).

The microscopic agglutination test 
using living or formalin-killed or
ganisms as antigen is a standard 
diagnostic test and is highly 
serotype specific. The macroscopic 
agglutination test is easier to per
form, but is not as sensitive in 
other than current or recent infec
tions; thus, its application for 
serologic surveys is limited (Alex
ander 1970).

Isolation of the organism gives 
the most conclusive results but the 
culturing is very difficult. Blood 
and urine are frequently cultured in 
live animals, but the choice of tis
sue type of body fluid for culture is 
also related to the stage of the 
disease. Blood should be cultured 
during the first week of disease,

kidneys in chronic infections and 
liver, spleen and kidney on post mor
tem examination. Urine is valuable 
after the first week of infection. 
All tissues should be cultured as 
soon as possible after death as lep
tospires are quite fragile and do not 
survive the changes of post mortem 
autolysis. Commercially available 
media such as Fletcher's semi-solid 
may be employed. Undiluted and a 
1:10 dilution of urine may also be 
cultured in a media with added 
5-fluorouraci1 to inhibit con
taminants. Growth may not be 
detected for several days.

Discrepancies between serologic 
and bacteriologic tests have been 
reported. However, antibodies are 
not expected to be detected during 
the first week of infection. Diesch 
et al. (1970) reported that the 
macroscopic agglutination test was 
more reliable for detecting J-. ba 1 1 um 
in opossums, but that the microscopic 
agglutination test was more valuable 
for detecting I .  qr i ppotyphosa in 
raccoons. He concluded that there 
may also be insufficient reaction of 
the particular serotype in the host 
and the antigen being used, and that 
the antibody-antigen reaction may not 
be the same for all hosts anyway.

Siqnificance and Control

The major role of leptospirosis in 
wildlife appears to lie in their role 
as reservoirs and vectors to domestic 
animals and humans (Diesch et al.
1970). No cases of human lep
tospirosis were reported in Alaska 
from 1969-1978 (Center for Disease 
Control 1978), but a serologic titer 
was detected on 1 human in 1979 (B. 
Edmundson, pers. comm.).

Kingscote reported serologic 
evidence of predominantly J.. inter-

60



roqans serovars pomona and 
qrippotyphosa in a white-tailed deer 
in Ontario, but concluded the disease 
had not depressed the deer population 
(Kingscote 1969). Shotts and Hayes 
(1970) detected antibodies in white
tailed deer in the southeastern 
United States, but concluded the 
natural infections were subclinical 
and of little or no consequence to 
the deer.

Immunity varies with the serotype 
and the host species. Human lep
tospirosis can be treated with 
streptomycin, penicillin and tetracy- 
clines.

Control in terrestrial wildlife is 
considered generally unfeasible due 
to the multiplicity of serotypes, the 
broad range of susceptible hosts, and 
the extended carrier state of the 
disease (Roth 1970).

Marine Mammals

H i story

In the fall of 19^7 an epizootic 
of unknown cause occurred among 
California sea lions (Northway 1972, 
Vedros et a l . 1971)- An outbreak of 
abortions was observed in sea lions 
in California in the Channel Island 
rookeries in the spring of 1970. 
That summer and fall, stranded sea 
lions numbered about h times what was 
usually observed. Of 315 stranded on 
the California coast, 125 were dead, 
and 5 dead ones were observed among 
230 animals sick or stranded on the 
Oregon coast. Leptospirosis was 
diagnosed as a contributing factor in 
that epizootic (Vedros et al. 1971). 
In 1972 leptospirosis was reported in 
northern fur seals. "Multiple hemor
rhagic perinatal complex" is now as
sociated with acute leptospirosis of 
the newborn (Smith et al. 1977)*

Transmi ss ion

Leptospirosis is transmitted among 
marine mammals by direct contact with 
the organism shed by infected 
animals. Transmission among marine 
mammals may be enhanced by their 
thigmotactic nature, i.e. the use of 
certain "hauling" areas are con
taminated by infected urine and 
placental remnants. Leptospires then 
penetrate abrasions and wounds of 
susceptible animals (Mclllhattan et 
al. 1971).

It is felt that the low numbers of 
prepelagic pups with leptospirosis 
antibody titers indicates that the 
primary source of infection is 
probably in the ocean environments. 
The low titers that are present in 
the pups are probably due to passive 
maternal antibodies. Transmission 
may occur in the rookeries though to 
a lesser extent (Smith et al. 1977). 
It is also hypothesized that the 
occurrence of leptospirosis may be at 
least partially correlated to 
environmental pollutant concentra
tions (Gilmartin et al. 1976, Vedros 
et al. 1971).

S i gns, Symptoms and 
Pathoqenes i s

Infected pre-term sea lion pups 
display an incomplete or complete 
lack of fur, near lack of motor ac
tivity and shallow breathing (Gilmar
tin et a l . 1976). Adults have been 
observed to have general lethargy, a 
disinclination to use their hind 
limbs, difficulty moving about, dehy
dration manifested by extreme thirst 
and the use of fresh water sloughs, a 
febrile response and respiratory 
congestion (Smith et al. 197^b, 
Vedros et a l . 1971)•
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Most consistently reported obser
vations include a chronic intersti
tial nephritis (Gilmartin et al.
1976, Mclllhattan et al. 1971, Smith 
et al. 1977, Vedros et al. 1971), 
subcapsular hemorrhage of the kidney, 
liver and lymph nodes (Gilmartin et 
al. 1976, Smith et a l . 1974a, 1974b,
1977? Vedros et al. 1971) and
modification of the pericardial fluid 
(Mclllhattan et al. 1971, Northway 
1972, Smith et al. 1974b, Vedros et 
al. 1971). Other lesions observed 
include increased size (hypertrophy) 
of the adrenal medulla (Gilmartin et 
al. 1976); fluid (edema) around the 
bronchioles of the lung (Gilmartin et 
al. 1976); congested spleen (blood 
accumulation in the vessels) with 
central abscesses (Gilmartin et al.
1976); mild bronchopneumonia (in
volving the bronchi) (Gilmartin et 
al. 1976, Mclllhattan et al. 1971); 
friable (easily broken) liver 
(Gilmartin et a l . 1976, Smith et al.
1974b); blood in the anterior eye 
chamber (Smith et al. 1974b, 1977); 
hemorrhages in the dividing portion 
(septum) of the thymus, mucous mem
branes (mucosa) of the colon and iris 
(Smith et al. 1974b); congestion of 
the brain and adrenal glands (Smith 
et al. 1974b, 1977); depletion of
cellular components in the lymph
nodes and bone marrow (Smith et al. 
1974a); thick black bile in the gall 
bladder; enteritis (Vedros et al.
1971); round, black areas 0.4-0.5 mm 
in diameter in the mucosa of the mid
portion of the stomach (Mclllhattan 
et al. 1971); focal inflammation of 
the tongue (glossitis) (Smith et al.
1 9 7 7 ); focal death (necrosis) and
scarring of the placenta (Smith et 
al. 1977); and small nodules of 
macrophages (granulomas) in the con
nective tissue of the outer layer of 
the eyeball (sclera) (Smith et al.
1 9 7 7 ) .

Cellular poisons (cytotoxins) 
produced by the organisms may be 
responsible for the loss of vascular 
integrity leading to hemorrhage. 
Cytotoxins may also cross placental 
membranes to affect the pups (Smith 
et a l . 1974a).

D i agnos i s

Serologic testing is the primary 
diagnostic tool. Both micro- and 
macroagglutination tests are used, 
the microagglutination test being 
more sensitive. Organisms can be 
demonstrated in urine and tissues by 
darkfield microscopy, silver stains 
(Warthin-Starry) or fluorescent an
tibody procedures (Alexander 1970).

Culture techniques using guinea 
pig inoculation or selective media 
can be used (Smith et al. 1974b). 
Smith et al. (1974a) reported that 
isolation of leptospires from pups 
was inconsistent and felt that the 
lesions were probably caused by 
cytotoxins transferred from the 
mothers to pups in utero.

Siqnif icance and Control

The prevalence of Leptospi ra 
agglutinating antibodies among nor
thern fur seals sampled in the Bering 
Sea from 1972 to 1975 was about 10% 
in pelagic females and bachelor bulls 
and 2% in pre-pelagic 4-month-old 
pups (Smith et al. 1977). Premature 
birth (parturition) has been reported 
to account for 20% of California sea 
lion pup mortality on San Miguel Is
land, California (Gilmartin et al.
1976).

It is felt that the significance 
of leptospirosis is influenced by 
environmental pollutant levels such 
as PCB's (polychlorinated biphenyl
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compounds) or DDT (p ,p - DDE and p,p 
DDD). Tissue concentrations of 

pollutants has been found to be 2.4 
to 8 times higher in aborting females 
than in full-term females with normal 
pups (Gilmartin et al. 1976). These 
pollutants may be directly 
responsible for abortions, or they 
may cause immunosuppression resulting 
in increased susceptibility to 
disease (De Long et al. 1973, Vos and 
Deroij 1972).

Strandings and mortalities 
reported by Vedros in 1971 were con
fined to subadult males 2 to 8 years 
old. Vedros suggested that this may 
have reflected a herd immunity (or 
susceptibility) and may have been 
density related (Vedros et al. 1971).

Smith (1977) proposed that fur 
seals prior to their first pelagic 
cycle were most susceptible and sug
gested vaccination of the newborn on 
the rookeries (Smith et al. 1977).

Marine mammal leptospirosis con
stitutes a potential public health 
hazard. Dead animals washed ashore 
are often pillaged for teeth, skulls, 
etc. Alaska coastal areas rely 
heavily on marine mammals for sub
sistence and economic purposes.
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Tuberculosis

Jamie K. Morton

Introduct ion

Tuberculosis is a chronic infec
tious disease caused by acid-fast, 
non-motile, non-sporeforming bacteria 
of the genus Mycobacter i urn (Hagan and 
Bruner 1961, Tarshis 1966, Winkler 
and Gale 1970). Three species are 
most frequently encountered:
Mycobacter i um tubercu1 os i s , M. bovi s 
and M. avi um. The organism is 
moderately resistant to heat, fairly 
resistant to dessication and is 
rapidly destroyed by direct sunlight 
(Hagan and Bruner 19 61).

Each species may be pathogenic for 
several hosts. Mycobacterium tuber- 
culosis typically infects man, but 
also produces the disease in other 
primates, dogs (Can i s fami1i ar i s ), 
guinea pigs (Cavia spp.) and hamsters 
(Cr icetus spp.). Experimentally, it 
is usually non-pathogenic for rabbits 
(Sylvi1aqus spp.), cats (Felis 
catus), goats (Capra spp.), bovine 
animals (Bos spp.) or domestic fowl 
(Tetraon i dae). Mycobacter i um bov i s , 
originally isolated from cattle, also 
causes tuberculosis in wild and 
domestic ruminants, man and other 
primates, dogs, cats, swine (Sus 
spp.), parrots (Ps i ttac i formes), 
birds of prey (Fa 1 con i formes), 
rabbits, guinea pigs, mice (Mus 
spp.), hamsters and rats (Rattus 
spp.). It is not pathogenic for most 
fowl. Mycobacterium avium is widely 
distributed as the causal agent of 
tuberculosis in birds but can also be 
pathogenic for cattle, swine or other 
animals. It has been implicated in 
human tuberculosis in a few recorded 
cases. Mycobacter i um mi crot i causes 
generalized tuberculosis in voles 
(M i crotus spp.). Mycobacter i um
marinum causes a tuberculosis-1 ike

disease in fish and a chronic skin 
lesion known as "swimming pool 
granuloma" in humans (Wolinsky 1973)-

The geographic distribution of 
tuberculosis is worldwide and the 
host range is unlimited. Incidence 
of the disease in man and animals is 
a function of close intra- and inter
specific association and contact. It 
has long been recognized as a problem 
in exotic animals in zoos and 
zoological gardens. Susceptible 
species indigenous to Alaska include 
voles, mink (Mustela vi son), otters 
(Lutra canadensis), beavers (Castor 
canadensis), deer (Odocoi1eus spp.) 
and birds (Winkler and Gale 1970). 
Tuberculosis in humans remains a 
problem in Alaskan bush communities.

Hi story

Records of tuberculosis in man 
date back to 2000 B.C. and the 
disease spread with civilization. 
Romans probably carried the disease 
to Great Britain. Europeans may have 
brought the disease to the New World, 
but there is evidence that the 
disease may have already existed 
among the American Indians.
Historical dissemination of the 
disease in animals parallels that in 
humans. It was first reported in 
wild animals by Koch in 1884, and was 
reported in white-tailed deer
(Odocoi1eus vi rqinianus) in 1934 
(Winkler and Gale 1970).

Transmi ss ion

Methods by which the organisms are 
shed from the infected host depend on 
the location of the tubercle lesions
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within the host. If lesions are in 
the lungs, organisms may be shed with 
exhaled air or sputum, or they may be 
swallowed and passed with the feces. 
Organisms from lymph node lesions may 
be shed in urine, vaginal discharges 
or milk (Winkler and Gale 1970).

Alimentary and respiratory tracts 
are the usual routes of infection. 
Cutaneous access through an open 
wound may occur. Congenital infec
tion is rare (Stamp 1959, Winkler and 
Gale 1970).

In man and animals the incidence 
of tuberculosis is directly related 
to crowding and the degree of as
sociation with contaminants in the 
environment. Severe outbreaks in 
carnivores fed tuberculous meat have 
been reported (Winkler and Gale 
1970).

S i qns, Symptoms and 
Pathoqenes i s

Tubercle bacilli that enter the 
body are engulfed by host phagocytes 
(disease defense cells that ingest 
foreign cells). Most bacteria genera 
are destroyed by phagocytosis, but 
Mycobacter i a multiply, rupture the 
phagocyte, and are thus distributed 
in the host to the bloodstream, bron
chi, bronchioles, etc. Further 
phagocytosis occurs, and the 
phagocytes are eventually arrested at 
some point, e.g. lung, lymph nodes, 
intestinal tract, etc. Lesions 
develop where the phagocyte is ar
rested. Host reaction leading to the 
characteristic granuloma lesion of 
tuberculosis, the tubercle, occurs at 
the site of localization.

The inner core of a young tubercle 
consists of phagocytes containing 
bacteria surrounded by an epithelioid 
(resembling epithelial) cell layer.

This in turn is surrounded by a layer 
of giant cells (large phagocytes). 
As the lesion matures, the inner core 
goes through a caseous ("cheesy") 
necrosis (cell death). The resulting 
acellular core is surrounded by giant 
cells, epithelioid cells, and an 
outer layer of monocytes, lym
phocytes, plasmacytes and fibroblasts 
(Hagan and Bruner 1961, Winkler and
Gale 1970).

In the typical ungulate response 
the tubercle undergoes calcification 
or liquefaction (liquifying) necrosis 
followed by cavitation (formation of 
a cavity). The disease becomes a 
long term wasting process. Abnormal 
antler development has been observed 
in deer. Other signs may include 
osteomyelitis involving the cervical 
vertebrae and superficial cervical 
abscesses (Winkler and Gale 1970).

Carnivores may display a serous 
nasal discharge, coughing up of
bloody sputum, abscessed cervical 
lymph nodes, hemorrhagic diarrhea, 
loss of appetite and dullness in 
pelage (Winkler and Gale 1970).

Pulmonary infections with a
chronic cough are characteristic of 
tuberculosis in wildlife. Alimentary 
infections with enlarged lymph nodes 
leading to increased pressure on
visceral organs, fever, uterine in
fections, late abortions and emacia
tion may also be seen (Winkler and 
Gale 1970).

D i aqnos i s

The classic diagnosis in humans 
and domestic animals is the intrader- 
mal skin test. Tuberculin, a protein 
derivative from the tubercle bacilli, 
is injected and, if the host has been 
exposed previously to the disease, a 
hypersensitivity reaction manifested
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by a red, firm swelling at the point 
of injection is observed in 72 hours.

This method appears good for
ungulates, fair for carnivores and 
poor for rodents (Winkler and Gale
1970). The obvious disadvantage of 
this test for wildlife in the field 
is the difficulty in confining the
animals for 72 hours to read the 
test. Also, preferential sites of 
inoculation in wild species have not 
been establi shed.

An in vitro lymphocyte transforma
tion test has been found to be 
specific for detecting tuberculosis 
in cattle (Muscoplat et al. 1975).
The test has been tried on a limited 
number of captive exotics with en
couraging results. An advantage of
this test over the tuberculin test is
that the animal only has to be
handled once to obtain a blood sample 
(Johnson et al. 1978).

The tuberculosis bacteria may be 
isolated on specific culture media
from specimens collected from sputum, 
gastric contents and other infected
tissues, especially lungs. The or
ganism can survive for years at -20C, 
and samples for bacteriologic isola
tion should be frozen if they can not 
be submitted to a laboratory within a 
few hours of death. Laboratory 
growth is slow and may take several 
weeks (Kubica 1960), but isolation of 
the organism provides definitive 
diagnosis (Paterson 1959).

Because the disease does not ef
ficiently stimulate antibody produc
tion and because several non- 
pathogenic (non-disease producing) 
species of Mycobacter ia cross react 
with the pathogenic ones, serologic 
techniques are not useful in diag
nosing tuberculosis. Diagnosis is 
usually not difficult in dead animals 
due to the characteristic appearance

of gross and microscopic lesions. 
Lesions from lungs and lymph nodes 
are good samples for histologic ex- 
ami nat i o n .

S i qn i f icance and Control

The major factor contributing to 
the incidence of tuberculosis is 
close intra- and interspecific con
tact and association with infected 
individuals and the contaminated en
vironment. The organisms are com
monly coughed up and may survive up 
to 6 weeks in the protective sputum. 
Tuberculosis in domestic animals in 
most of the United States has been 
brought under control through 
eradication of tuberculin positive 
animals. Because the bacteria can be 
passed in milk of infected cows, milk 
pasteurization has also helped in 
controlling the disease. Public 
health awareness along with isolation 
and prolonged drug treatment of in
fected persons has contributed sig
nificantly to lowering the incidence 
of the disease in people.

However, the incidence of tuber
culosis in Alaskan bush communities 
is not under as good control. The 
disease is perpetuated by lack of 
adequate public health control 
measures. Due to the wide host range 
of the disease, this human source 
could serve as a potential source of 
infection for Alaskan animals and 
wildlife. In Germany from 1968-72, 
197 cattle were found to be infected 
by the transmission of the tubercle 
bacille from man (Chaloux 1978). 
Many people have contact with rein
deer that are herded on the Seward 
Peninsula. These animals could then 
serve as sources for infection of 
other species.

Bovine tuberculosis was recently 
diagnosed in 2 wolves (Canis lupus)
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in Manitoba, and it was felt that 
this disease was one of the con
tributing factors in the population 
decline of the pack (Carbyn 1979)- 
During the period 1973 to 1976, 
bovine tuberculosis was the cause of 
death of 39% of 1206 badgers in 
Gloucestershire, England (Gallagher 
1979).

In animals, eradication of those 
infected is the only effective means 
of control. No tuberculosis vaccine 
is used in this country.
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Tyzzer's (Errington's) Disease

Jamie K. Morton

Introduct ion

Two diseases with similar 
manifestations have been reported in 
the literature. Tyzzer's disease has 
been associated with laboratory 
animals, primarily mice and rabbits, 
while Errington's disease has been 
associated with free-living animals 
such as muskrats (Ondatra zibethica). 
Similarities between Tyzzer's and 
Errington's disease have been recog
nized for some time, and recent 
evidence indicates they are probably 
a single entity. The causative agent 
is a pleomorphic, Gram negative, 
sporeforming, rod-shaped bacteria 
(Chalmers and MacNeill 1977, Ganaway 
et al. 1976, Tyzzer 1917, Wobeser et 
al. 1979).

History

Tyzzer (1917) described an acute, 
fatal entero-hepatic disease in 
Japanese waltzing mice. Epizootics 
of Tyzzer's disease in laboratory 
mice have been reported in China, 
Sweden, England, Japan and the United 
States. The disease is also recog
nized in laboratory rabbits
(Lepor i dae), rats (Rattus spp.), ger- 
bils (Gerbi11 us spp.), hamsters
(Cr i cetus spp.), cats (Felis catus) 
and rhesus monkeys (Macaca mulata) 
(Ganaway et al. 1976).

It was first reported to cause 
die-offs in a wild species, muskrat, 
by Karstad (1971). In 1976, Ganaway 
reported that cottontail rabbits 
(Sylvilaqus f 1 or idanus) were ex
tremely susceptible to Tyzzer's
disease and suggested that it might
be responsible for die-offs observed 
in Maryland (Ganaway et a l . 1976).
The causative agent for these cases

was identified as Bac i11 us pi 1i for- 
mi s .

In 19^6 Errington described an 
epizootic which decimated muskrat 
populations in Iowa marshes. The 
disease was characterized by hemor
rhagic enteritis and focal liver 
necrosis, but the causative agent was 
not determined (Karstad 1970).

A similar situation was studied in 
Wisconsin in the 1950s by Lord. He 
concluded that the disease was caused 
by C 1ostr i d i um sp., a Gram positive 
sporeforming bacteria. By injecting 
the Clostr i d i um into muskrats he in
duced a disease with symptoms and 
pathogenicity identical to those 
described by Errington (Lord et al.
1956).

However, because C 1 ostr i d i um sp. 
is normally found in the soil, diges
tive tracts of healthy animals and in 
the tissues of dead animals, his con
clusions were not well accepted (Kar
stad 1970).

Chiamydia (psittacoses group) was 
isolated from dead muskrats and 
snowshoe hares (Lepus amer i canus) 
with characteristic Errington's 
disease lesions following a die-off 
in Saskatchewan in 1961 (Karstad 
1970, Spalatin and Iverson 1970). 
Other organisms implicated as causes 
of Errington's disease have included 
Pasteurel1 a tularens i s , Pasteurel1 a 
pseudotuberculos i s and Leptosp i ra. 
Karstad et al. (1970) suggested that 
Errington's disease be regarded as 
several diseases with similar gross 
lesions but different causes (Karstad
1970).

Karstad later demonstrated baccili 
typical of Bac i11 us pi 1i formi s in
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liver and intestinal lesions in wild- 
caught muskrats in Ontario (Karstad 
et al. 1971). Prior to that time, 
Tyzzer's and Errington's diseases had 
been regarded as separate entities 
due to the controversy over the 
causative agent(s) of Errington's 
disease. Karstad not only made the 
first diagnosis of Tyzzer's disease 
in muskrats, but also suggested that 
because of gross and histopathologic 
similarities between Tyzzer's and 
Errington's, the 2 diseases might be 
one and the same (Karstad et al.
1971).

Wobeser diagnosed Tyzzer's disease 
in muskrats in Saskatchewan in 1978. 
His observations on similarities of 
lesions and patterns of deaths 
between Tyzzer's and Errington's 
disease supported the hypothesis that 
the 2 diseases might be identical 
(Wobeser et al. 1978).

Wobeser et a l . (1979) published
results with the most conclusive 
evidence of the identity of the 2 
diseases. A coincidence provided the 
opportunity to re-examine some of 
Errington's original muskrat samples. 
Paraffin blocks of preserved tissues 
had been saved and were examined 
histologically. Organisms typical of 
Bac i11 us p i 1iformi s , the agent 
responsible for Tyzzer's disease, 
were observed in the liver cells. 
This demonstrated that the organism 
was present in animals originally 
diagnosed as having Errington's 
d i sease.

Transmi ss ion

Bac i11 us p i1i formi s i s a 
sporeforming bacteria, and spores are 
characteristically envi ronmenta11y 
stable. Although the exact means of 
transmission has not been determined, 
organisms or spores are probably shed 
in the feces. Thus, once infected

animals have been in an area, that 
area probably remains contaminated 
for some time. Most likely sources 
of infection include contaminated 
housing, bedding (Allen et al. 1965, 
Chalmers and MacNeill 1977) and feed 
(Ganaway et al. 1976). Foci of in
fection tend to be environmentally 
localized. Wobeser et al. (1978) 
identified a single muskrat feed 
house as the only known focus for the 
disease within 1 marsh. Errington 
(1963) described finding dead musk
rats in specific feed houses and 
1odges.

Ganaway suggested that places 
where feces accumulate, aiding in the 
survival and build-up of spores, 
would serve as excellent sources of 
infection for rabbits (Ganaway et al.
1976). He further suggested that any 
mechanical transfer of feces or 
spores would aid in spreading the 
d i sease.

Exposure in muskrats and rabbits 
is probably influenced by their 
gregarious behavior and population 
densities. Environmental factors 
such as wind and wave dispersal of 
contaminated materials also play a 
role (Errington 1963).

S i gns, Symptoms and 
Pathoqenes i s

Tyzzer's disease in laboratory 
mice is characterized by profuse 
diarrhea for 2 to 3 days followed by 
appetite and weight loss and finally 
death. Mortality is especially high 
in young mice (Allen et al. 1965).

Reluctance to eat (Karstad et a l .
1971) and anal bleeding (Chalmers and 
MacNeill 1977» Errington 19 6 3) have 
been observed 12 to 2k hours prior to 
death in muskrats. Fecal staining of 
the perineum has been observed in 
muskrats and cottontail rabbits
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(Chalmers and MacNeill 1977? Erring
ton 1963, Ganaway et al. 1976). The 
clinical course of the disease is 
brief (Errington 1963)•

Gross lesions of Tyzzer's disease 
include white or yellowish necrotic 
foci 1-3 mm in diameter on the sur
face and throughout the parenchyma of 
the liver (Chalmers and MacNeill 
1977, Errington 1963, Ganaway et al.
1976, Wobeser et al. 1978). The 
lumen of the cecum and colon may con
tain a very fluid, brown fecal 
material (Chalmers and MacNeill 1977, 
Karstad et al. 1971, Wobeser et al. 
1979). Small hemorrhages may be seen 
on the small intestine (Errington 
1963) and the cecum may appear dark 
red-black (Wobeser et al. 1979). 
Congested lungs have also been 
reported (Errington 1963, Wobeser et 
al. 1978).

Histologic lesions in the liver 
consist mainly of areas of coagula
tion necrosis with no inflammatory 
response (Chalmers and MacNeill 1977, 
Wobeser et a l . 1978). Necrotic foci 
are also seen in epithelial cells of 
the intestine (Chalmers and MacNeill
1977, Karstad et al. 1971).

Infections in laboratory animals 
usually follow stress or treatment 
with corticosteroids. The influence 
of stress on the disease in free- 
living animals is not known.

D i aqnos i s

Diagnosis of Tyzzer's disease is 
based on histologically demonstrated 
B̂. pi 1 iformis in the cytoplasm of 
cells at the periphery of necrotic 
foci (Chalmers and MacNeill 1977, 
Ganaway et al. 1976, Karstad et al. 
1971, Wobeser et al. 1978). It is 
described as long, thin, beaded and 
filamentous (Chalmers and MacNeill
1977). Giemsa is the preferred

stain. The organism has not been 
grown in cell-free media, but can be 
grown in the yolk sac of embryonated 
hen's eggs (Ganaway et al. 1976).

Lesions on the liver and in
testines but not on other organs are 
characteristic of Tyzzer's disease. 
Infections with L i ster i a mono
cytogenes, Franc i sel1 a tularens i s , 
Pasteurel1 a pseudotubercu1 os i s and 
Salmonella cause lesions on the 
spleen as well as the liver (Karstad 
et al. 1971, Wobeser et al. 1978). 
Chlamydiosis of muskrats causes liver 
lesions but not intestinal lesions 
(Wobeser et al. 1978).

Ganaway used a micro-titer comple
ment fixation (CF) test to detect the 
disease in cottontail rabbits, but it 
is not known how long CF titers per
sist (Ganaway et al. 1976).

Significance and Control

Tyzzer's disease is a potentially 
significant factor influencing musk
rat and rabbit populations. It is 
primarily a direct source of mor
tality. Errington (1963) reported an 
80% depopulation of muskrats in 1 
outbreak.

The disease may act secondarily as 
an influencing factor on behavior. 
Errington (1963) reported mass 
emigration of muskrats from 
established residence areas in which 
epizootics occurred.

The disease is more significant in 
young animals than adults. Thus, 
spring outbreaks tend to involve high 
numbers of animals due to a spring 
surplus of young. Fall epizootics, 
on the other hand, tend to involve a 
relatively fewer number of animals 
due to a more stable population at 
that time (Errington 19 6 3).
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Control of the disease in wild 
populations is aimed at removing and 
diluting the source of infection.
For muskrats, this would involve a
systematic, repeated leveling of 
lodges and removal of carcasses
(Errington 1963)•

Although the disease has not yet
been diagnosed in Alaska, conditions
compatible with the ecology of the 
disease do exist in the state. This 
disease should be considered in the 
differential diagnosis whenever musk
rats are necropsied.
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Necrobacillosis
Jamie K. Morton

Introduct i on

Necrobacillosis is a disease with 
various manifestations affecting both 
domestic and wild ruminants. The 
classification of the causative agent 
has not been consistent; sometimes 
more than 1 organism is responsible 
for the condition (Siegmund 1979, 
Smith et al. 1972). The term 
necrobacillosis has been most com
monly used to describe the disease or 
lesion from which the bacteria 
Fusobacter i um necrophorum i s
isolated. The organism is a Gram 
negative, non-sporeforming, non- 
motile, filamentous, anaerobic 
(growing only in the absence of oxy
gen) rod. It is killed in 15 minutes 
at 55C and dies after a week at tem
peratures between 37C and 4C (Rosen 
1970). Host lesions may be seen in 
the mouth or throat, vagina, uterus, 
liver and feet. Fusobacter i um 
necrophorum is part of the normal 
flora of the mouth and intestinal 
tracts of many animals, and may gain 
entry into the body through breaks in 
the skin or mucous membranes (Rosen 
1970, Siegmund 1979).

H i story

Necrobacillosis has been recog
nized in white-tailed deer
(Odocoileus vi rqi n i anus), Columbian 
black-tailed deer (Odocoi1eus
hemionus columbianus) , moose (Alces 
a 1ces),~ bighorn sheep (Ovi s canaden- 
sis), elk (Cervus elaphus), reindeer 
(Rang i fer tarandus) and caribou 
(Rang i fer tarandus) (Hadwen and 
Palmer 1922, Rausch 1953, Rosen
1970).

Foot rot, one of the more common
manifestations of necrobacillosis,
was reported by Hadwen in 1922 to be 
one of the most troublesome of rein
deer diseases. Rausch reported that

the causative organism had been 
isolated from typical foot rot le
sions in reindeer near Noatak, 
Alaska. Other researchers reported a 
high incidence of foot disorders in 
caribou on the Kurupa, Colville and 
Canning Rivers in the 1940s with le
sions Rausch (1953) felt were typical 
of F_. necrophorum infections. King 
(1963) reported necrophorous infec
tions in caribou collected at Anak- 
tuvuk Pass in 1963- Reindeer with 
foot disorders suggestive of foot rot 
have been seen on the Seward Penin
sula in Alaska (R. Dieterich, pers. 
comm.).

Transmission and 
Pathogenes i s

Because F_. necrophorum is normally 
found in manure and mud, these bac
teria apparently need an injury in 
the foot or mucous membrane to gain 
access to healthy tissues. Theories 
propose that foot injuries may result 
from rugged terrain, or that cracks 
occur in the feet as mud on the feet 
dries and cracks (Rosen 1970, Sieg
mund 1979, Smith et al. 1972, 
Zhigunov 19 61). The organism also 
tolerates oxygen better in the 
presence of Staphylococcus aureus and 
ji. col i, normal bacterial inhabitants 
of the skin and intestinal tract 
respectively. Thus, if F_. necro
phorum does gain entry, the presence 
of these other bacteria may help it 
grow better in tissues. Situations 
where animals are crowded may enhance 
the transmission of foot rot among 
animals due to bacterial seeding of 
the area with fecal contamination. 
Organisms on the ground are inadver
tently ingested, and the cycle of an 
animal eating and eliminating the 
bacteria keeps the organism viable.

Abscesses or ulcers form at the 
site of entry. If abscesses or
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ulcers drain internally, infections 
in the feet may spread to the liver, 
rumen or lining of the abdominal 
cavity (peritoneum), and organisms 
from ulcers in the intestine or mouth 
may seed and infect the liver and 
lungs respectively (Rosen 1970, 
Zh i gunov 1961).

S i gns and Symptoms

Fusobacter i um necrophorum ab
scesses in deer may be seen on the 
feet, oral cavity, throat, rumen, 
liver or lungs (Rosen 1970). They 
contain greenish-yellow pus and have 
a foul odor. Ulcerated areas may be 
seen in the oral cavity of deer and 
reindeer (Rosen 1970, Zhigunov 1961), 
and similar lesions have been 
reported on the rumen, uterus, lymph 
nodes and sometimes the udder in 
reindeer in Russia (Zhigunov 1961). 
Foot infections are characterized by 
swollen joints and necrosis around 
the top of the hoof or between the 
toes. As the infection progresses, 
the joints may stiffen causing lame
ness (Rosen 1970).

D i aqnos i s

Diagnosis is based on organism 
isolation using selective media or by 
fluorescent antibody techniques to 
identify the organism in tissues 
(Rosen 1970).

S i qn i f i cance and Control

Cr i ppli ng hoof 
caused problems in 

i n Russ i a , 
(Hadwen and 
1953, Rosen 
Lameness can 

an i m a 1 1s

car i bou 
Alaska 
Rausch 
1961). 
to the
through the snow for 
up with the herd.

diseases have 
reindeer and 

Scandinavia and 
Palmer 1922, 

1970, Zhigunov 
be detrimental 

ab i1 i ty to dig 
food or to keep 

No genera 1i zat i on

as to the cause should be made. Many 
of these infections could be caused 
by £. necrophorum, but brucellosis is 
also known to cause swollen joints 
and lameness, and other factors may 
contribute also.

Moving animals to new grounds or 
dispersing herds can aid in con
trolling foot rot when it is likely 
the animals are congregating in con
taminated areas (Hadwen and Palmer 
1922, Rausch 1953, Rosen 1970, Smith 
et al. 1972). Calcium hypochlorite 
or copper sulfate may be used to 
disinfect problem areas. Animals in 
captivity can be chemically or sur
gically treated (Rosen 1970).
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Abscesses

Robert A. Dieterich

There are a number of bacteria 
that are capable of causing different 
types of lesions not commonly clas
sified as specific diseases. For ex
ample, abscesses (a localized collec
tion of pus in a cavity formed by the 
disintegration of tissues) can be 
caused by many types of bacteria in
cluding Staphylococcus, Strepto
coccus , Corynebacter i u m , Proteus, 
etc. Some occur commonly enough to 
be recognized as specific problems in 
certain species. An example of this 
is Corynebacter i a 1 infection in 
domesticated muskox (Ovi bos
moschatus) (Beckley and Dieterich

1970). One should use care when bac
teria are encountered as they can be 
infectious to man as well. Brucel
losis in wildlife does form abscesses 
at times and is of public health con
cern.
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Chapter 3. 

PARASITIC DISEASES



Introduction

R. Barrett and J. Dau

The parasites of all animals have 
one thing in common; they derive 
their total existence from a host or
ganism without which they cannot sur
vive. This is a tenuous balance for 
the parasite to maintain in order to 
complete its life cycle. Under 
natural circumstances, this balance 
is maintained, and the damage done by 
any class of parasite may be minimal. 
If the balance shifts toward the 
parasite, a clinical disease syndrome 
may become evident. This syndrome 
may include hemorrhage, disruption of 
the intestinal mucosa, pneumonia, 
perforations, abnormal pressures on 
vital organs or systems, diarrhea or 
any number of other problems. The 
parasite syndrome may be complicated 
by virus or bacterial infections 
which may further jeopardize the 
host.

Parasites are generally host 
specific, but in some instances they 
cross the host barrier and infect 
many groups of animals. In any case, 
expect the unknown while examining an 
animal for parasites. If you become 
complacent, you may be reading a 
headline such as this; "Scabies 
Blamed For Massive Die-Off of Sheep 
in the Wrangel Mountains." This 
headline did occur but not in Alaska; 
New Mexico had this distinction in
1979. Psoroptes spp. were found in
fecting the ears and bodies of their 
bighorn sheep (Ovi s canadens i s ) in 
the San Andres mountains. This 
population was estimated at 225 
animals in the early 1970s, but by 
1978 only 60 to 70 sheep remained. A 
problem such as this will not occur 
in Alaska as long as guides, hunters, 
hikers, etc. use all resources 
available to promote the early

reporting of any suspicious condition 
whether it is of viral, bacterial, 
fungal or parasitic etiology. This 
may enable corrective action to be 
taken before the problem is beyond 
control.

While developing the format for 
this parasitological material, we 
were forced to decide what parasitic 
organisms to include, in what detail 
to cover them and how to arrange the 
material. A disproportionately large 
amount of research has been devoted 
toward the parasitological dimension 
of wildlife disease mainly because 
researchers could literally get their 
hands on the causative agents. This 
has resulted in a voluminous litera
ture that provides detailed taxonomic 
descriptions, life histories, patho
genicities, and occasionally control 
of a multitude of parasitic or
ganisms. Recently, complex
mathematical models have been em
ployed in analyzing the inter
relationships of variables at
tributable to the parasite(s), host, 
environment, time and others, to con
trol and predict the effects of 
parasites (Gettinby and MacLean 
1979). This represents significant 
progress toward understanding the ef
fects of disease on animal popula
tions.

Since this compendium is aimed 
primarily at educated laymen, wild
life students and professional field 
biologists who lack an extensive 
background in wildlife disease, we 
have attempted throughout to pare the 
material presented to the essential 
elements of the disease conditions. 
In keeping with this, we decided to 
include only those parasites we felt
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were most significant to Alaskan 
wildlife in enough detail to: 1) at
least identify these organisms to 
some gross taxonomic category for 
finer reticulation with existing 
keys, 2) provide life cycle informa
tion for ecologic considerations, 3) 
cover pathogenicity and k ) present 
the significance and control of these 
conditions where possible. For more 
thorough coverage of host/parasite 
relationships and species found in 
Alaska, refer to Soulsby (1968) and 
Hopla et al. (1965) respectively.
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Trematoda
J. Dau and R. Barrett

Endoparasitism has been defined as 
the relationship in which parasites 
live inside the bodies of their 
hosts. This definition can be mis
leading since many endoparasites 
begin their parasitic lives as exter
nal parasites, and then penetrate 
their host to become internal 
parasites. Endoparasitism is a func
tion of infection by any or all of 
the following types of parasites: 
tapeworms (Cestoda), flukes
(Trematoda), roundworms (Nematoda), 
spinyheaded worms (Acanthocephala) 
and Protozoa. The significance of 
parasite infections ranges from mild 
to severe depending upon the condi
tion of the host and the type and 
intensity of infection. All animals 
have their complement of endo-

parasites. Some are host specific 
(obligate parasites of certain host 
species) while others infect multiple 
host species.

Flukes (Trematoda)

Trematodes comprise 1 of the 2 
classes of the phylum P 1atyhelminthes 
(flatworms), the other class being 
the cestodes (tapeworms). Fluke 
species most significant in Alaska 
are dorsoventral1y flattened and 
bilaterally symmetric. They possess 
a gut and 2 suckers; the oral sucker 
and the ventral hold-fast sucker 
(acetabulum). Flame cells comprise 
the excretory system. A l 1 are monoe
cious except the blood flukes
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(Schistosomatidae). Most flukes are 
associated with the gastro
intestinal, respiratory or urogenital 
tracts; blood flukes occur in the
circulatory system.

Flukes utilize molluscan inter
mediate hosts for development of 
sporocysts, rediae and cercariae; 
metacercariae encyst on in aquatic 
vegetation, invertebrates or ver
tebrates (i.e. fish). Eggs pass from 
the definitive host in the feces or 
urine. They contact water and in
cubate from 1 week to a month 
depending on the parasite species, 
water temperature, light and dis
solved oxygen concentration. The 
eggs hatch to form the first larval 
generation, the miracidium. Hatching 
may occur after the eggs are ingested 
by a suitable molluscan intermediate 
host or while in the external en
vironment, to produce ciliated, free- 
swimming miracidia. Once within the 
mollusc, miracidia lose their cilia 
and migrate to the hepatopancreas 
(liver) where they develop into the
second larval generation, the
sporocysts. Sporocyst germinal cells 
produce the third larval generation, 
the rediae, directly or via daughter 
sporocysts. Rediae in turn give rise 
to a second generation of rediae or 
to tail-bearing cercariae. Cerceriae 
may remain within the mollusc until 
it is ingested by a suitable host or
ganism, or they may leave the mollusc

to become temporarily free-swimming. 
Cercariae may encyst on vegetation, 
or the external surface of fish or 
within aquatic invertebrates or fish. 
The encysted flukes are termed 
metacercariae; metacercariae are 
regarded as the infective life stage 
for their definitive hosts. After 
the metacercariae are ingested via 
contaminated water, infected snails 
or fish, or encysted vegetation, the 
immature flukes excyst in the in
testinal lumen of the definitive 
host. They then migrate to the site 
of maturation (lungs, liver, etc.), 
mature and release eggs to begin the 
cycle anew (Fig. 1).

For an extensive list of 
trematodes found in wild mammals, 
consult Davis and Libke (1968) or 
Hopla et a l . (1965)•
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mother
sporocyst . daughter,  

sporocyst

rediae

rediae cercariae.miracidia

Foscioloides maana
(3 0  “  100 mm lo n g  )

A la r la  mardonae  
( 2. 5 -  4 .2  mm long)

yptocotvlc
spp.

2.0 mm lo ng )

Nanochyetus 
salmlncola  

( 0 .5 "  1.1 mm long)

Mature fluke in small intestine 
or organs of definit ive host. 
Eggs of fluke are passed 
out in feces of host. Eggs 
range from 30x|  to 1 3 5 ^
In size.

Snail or other mollusk ingests eggs 
or miracidia and acts as first  
intermediate host. Cercariae leave 
mollusk and become infective while 
on second intermediate host. 
Defini t ive host ingests 
infective form.

Fluke

Foscioloides maana 
Encysts on aquatic 
vegetation; ingested 
by moose, bison,  
elk, black-tai led  
deer.

Cryptocotvle spp, 
Encysts on skin and 
fins of f ish; Ingested 
by f i sh - ea t in g  carnivores  
and birds.

Nanophvetm salmlncola 
Encysts In vIsceTaj kidneys,  
and muscle of Salmonld 
f ish; ingested by fish -  
eating carnivores.

Figure I. 

s (Trematoda)

Alarla marcianae 
Carnivore rngests unencysted 
mesocercarlae directly from 
tadpoles or through paratenic 
host.



Foscioloides
R. Barrett and J. Dau

Introduct ion

Fascioloides maqna, the "large 
American fluke," is usually found in 
the hepatic parenchyma of its defini
tive hosts but may also occur in the 
lungs (Davis and Libke 1971). 
Definitive host species that occur in 
Alaska include moose (Alces alces), 
wapiti (Cervus elaphus) , bison- (ITson 
bi son) and black-tailed deer 
(Odocoileus hemionus s i tkensi s ) 
(Davis and Libke 1971)* These large, 
oval flukes are approximately 30-100 
mm by 2-4.5 mm.

Transmi ss ion

Transmission follows that outlined 
for flukes in general. The eggs 
hatch in 9 days to 4 weeks depending 
on environmental conditions';
miracidia cannot withstand prolonged 
exposure to water. Two generations 
of rediae develop within the snails 
before cercariae are released into 
the water to encyst on aquatic 
vegetation. Metacercariae reach the 
hepatic parenchyma of definitive 
hosts 2 to 6 days post ingestion; 
maturation is complete in 5 months. 
Adult flukes have been known to live 
11 years in experimentally infected 
animal s.

Cervids generally exhibit little 
tissue response to the presence of 
these flukes and, as a result, host 
generated cysts surrounding F_. magna 
flukes tend to be thin-walled. Af
ferent and efferent bile ducts can 
penetrate the hepatic cysts, allowing 
the transfer of eggs. Bison tend to 
exhibit a strong tissue response to 
£. maqna however, and encapsulate the 
flukes in thick-walled cysts before 
they completely mature. This reduces 
the pathogenicity of £. maqna in

bison and precludes the release of 
eggs. Bison therefore represent a 
"dead end" in the life cycle of £. 
maqna, and the parasite cannot sur
vive in the ecosystem without an 
alternative definitive host (i.e. 
moose). Domestic sheep (Ovis aries) 
suffer severe hepatic hemorrhage and 
peritonitis when parasitized by as 
few as 2 to 3 immature flukes; death 
may ensue before eggs can be produced 
(Davis and Libke 1971).

Symptoms, Pathogenicity 
and D i aqnos i s

Fascioloides maqna infections are 
generally asymptomatic. Diagnosis is 
based on the presence of mature 
flukes in affected organs or eggs in 
fecal and water samples (eggs il
lustrated in Soulsby 1968). Cur
rently, no means of control are 
known. The significance of £. maqna 
in Alaska has not been established.
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Cryptocotvle
J. Dau and R. Barrett

Introduct ion

Cryptocoty1e spp. are intestinal 
parasites of marine shoreline 
ecosystems. Definitive hosts that 
occur in Alaska include herring gulls 
(Larus arqentatus) (Smyth 1962), kit- 
tiwakes (Ri ssa spp.) (Smyth 1962), 
seals (Phocidae) and mink (Mustela 
vison) (Dunn 1969). Two Cryptocotyle 
species have been found in Alaskan 
mammals; £. 1 inqua in domestic dogs
(Canis fami 1iaris) and £. jejuna in 
northern fur seals (Callorhinus ur- 
s i nus) (Hopla et al. 19657. 
Cryptotocy1e spp. do not mature in 
waterfowl (Anser i formes). The
geographic distribution of
Cryptocoty1e encompasses marine 
shorelines of the U.S., Canada and 
Eurasia; they are common in the 
Soviet Far East.

Adult Cryptocoty1e 1 i nqua have 
been described as having linguaform, 
spatula-shaped bodies that are 
approximately 0.5-2.0 mm by 0.2-0.9 
mm. They possess a spiny cuticle and 
feeble suckers (Dunn 1969, Soulsby 
1968). Cryptocotyle je juna has the 
same general body configuration as £. 
1 inqua though is smaller, measuring 
0.5-1.5 mm by 0.35-0.88 mm (Soulsby 
1968 ) .

the metacercariae with fish. The
parasites excyst (they leave the
cyst) in the small intestine of car
nivores, mature and produce eggs
(Dunn 1969).

S i qns Pathoqenes i s 
and Diagnosis

Adult Cryptocoty1e spp. inhabit 
the lumen on villi of the small in
testine in their definitive hosts. 
Large numbers of these flukes cause 
enteritis with associated degenera
tion of the epithelium, hemorrhagic 
erosions and production of viscid
mucus (Dunn 1969? Soulsby 1968). 
Diagnosis in definitive hosts is 
based on identification of mature
flukes in the intestines or eggs in
fecal samples. The significance and 
control of this parasite in its 
definitive hosts are unknown. Em
pirical and experimental observations 
indicate that snails parasitized by 
Cryptocyty1e cercariae move more 
slowly, and to a lesser extent during 
seasonal migrations in the intertidal 
zone than non-parasitized snails. 
This may indirectly influence snail 
growth through the effects of altered 
temperature regimes and immersion 
patterns on snail feeding activity 
(Lambert and Farley 196 8).

Transmi ss ion

Eggs are released into seawater 
with feces of the definitive host. 
For £. 1 inqua, these are ingested by 
the winkle (Li ttorina 1 i ttorea) where 
the cercariae develop. The cercariae 
are shed as free-swimming organisms 
that encyst on the skin and fins of 
fish (i.e. (Atherina, Gobius, Mul- 
1 u s ). Metacercariae appear as black 
dots visible to the naked eye. Fish- 
eating carnivores incidentally ingest
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Nqnophvetus

J. Dau and R. Barrett

Introduct ion

Nanophyetus salmincola is a small 
(0.5-1.1 mm long) whTte or cream 
colored fluke that inhabits the small 
intestine of its final hosts (Soulsby 
1968). This fluke shows little host 
specificity though is limited mainly 
to fish-eating carnivores. Though 
this parasite has not been documented 
in mammals from Alaska, it has been 
reported elsewhere in a number of 
species also indigenous to Alaska. 
Definitive mammalian and avian host 
species that occur in Alaska are 
listed in Table 1 with known inter
mediate hosts. The paucity of infor
mation concerning this parasite in 
Alaska is perhaps more indicative of 
the lack of pertinent research than 
the incidence or significance of this 
fluke. The reported geographic 
distribution of _N. salmincola is the 
Pacific Northwest of the United 
States (Soulsby 1968) and eastern 
Siberia (Filimova 1966).

Transmi ss ion

Eggs are passed into fresh water 
via the feces of the definitive host 
and hatch in 3 or more months

depending on water temperature. 
Free-swimming miracidia infect snails 
(Gon iobas i s piic ifera s i1icula) 
(Steele 1980) where rediae develop. 
Cercariae are liberated from the 
snails in long mucous strands in 
which they live up to 48 hours. Upon 
contact with salmonids (i.e. 
Oncorhynchus spp.) (Soulsby 19 6 8), 
cercariae penetrate the skin, enter 
the bloodstream and encyst on kid
neys, visceral organs and muscle tis
sue. The metacercarial cysts, 
roughly 0.17-0.25 mm in diameter, can 
remain viable three and a half months 
in fish stored above 0C; freezing 
rapidly destroys the cysts (Soulsby 
1968). Metacercariae over 10 days 
old are infective to carnivores and 
can remain viable in living fish at 
least 5 years (Soulsby 1968). It was 
thought that prepelagic salmonids 
(fingerlings, fry, smolt, etc.) 
parasitized by N̂ . salmincola somehow 
lost these flukes while at sea. It 
is now known that this is not true, 
though the degree of infection may be 
reduced while salmonids inhabit 
marine ecosystems. Maturation is 
rapid with egg production occurring 5 
days post infection (Soulsby 19 68).
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Hosts of Nanophyetus salmi ncola that occur in Alaska

TABLE 1

Organism Reference

First Intermediate Host 

Gon iobasis pii cifera s i 1 icul a 9

Second Intermediate Hosts

Chinook Salmon (Oncorhynchus tshawytscha) 1,4,6
Sockeye Salmon ((). nerka) 4
Pink Salmon (0. qorbuscha) 4
Coho Salmon (0. ki sutch) 4,6
Chum Salmon ((). keta) 4

Def i n i t i ve Hosts

Great Blue Heron (Ardia herodias) 7
Hooded Merganser (Lophodytes cucul1atus) 7
Belted Kingfisher (Meqaceryle alcyon) 3
Raccoon (Procyon lotor) 2,7,8
Ermine (Mustela erminea) 8
Mink (Mustela vison) 2,5,7
Beaver (Castor canadens i s ) 2
Norway Rat (Rattus norveqi cus) 5
Wolverine (Gulo qulo) 5
River Otter (Lutra canadensis) 7
Sea Otter (Enhydra 1utra) 5
Domestic Cat (Felis catus) 5,7
Lynx (Felis 1ynx) 8
Domestic Dog (Can i s fami1 i ar i s ) 5,8
Coyote (Canis 1atrans) 2,7
Wolf (Can i s 1upus) 5
Red Fox (Vulpes vulpes) 5,7
Arctic Fox (Alopex laqopus) 2
Brown Bear (Ursus arctos) 5
Deer (Odocoi1eus spp.) 2
Man (Homo sapiens) 5,7,9
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Pathogen ic!ty and D i aqnos i s

Mature N̂. salmi ncol a infect the 
mucosa of the duodenum and the small 
or large intestine. Heavy infections 
can cause superficial enteritis that 
may progress into a hemorrhagic stage 
(Soulsby 1968). Heavy metacercarial 
infections can be fatal to fish (Bis
son and Davis 19.76). The direct
pathogenic effects of fJ. salmi ncol a 
on its definitive hosts are less sig
nificant than the effects of 2 
rickettsial agents transmitted by it.

Neor i cketts i a he 1 minthoeca, the 
causative agent of "salmon poisoning 
disease" (SPD), occurs within N̂. 
saImi ncola. In canids, SPD infec
tions are usually severe and often 
fatal (Davis and Anderson 1971, 
Soulsby 1968, Steele 1980). Six to
10 days after ingesting fish
parasitized by N̂. sa lmi ncol a that 
harbor hJ. helmi nthoeca, canids ex
perience sudden fever and anorexia. 
This is followed in roughly 3 days by 
a purulent discharge from the eyes, 
vomiting and profuse, often hemor
rhagic diarrhea (Soulsby 1968). Mor
tality of infected animals ranges
from 50-90% (Soulsby 19 6 8). Recovery 
from SPD produces immunity against 
further infection by N̂. helmi nthoeca 
but not by N̂. sa 1 mi ncol a .

A closely related but immuno- 
logically distinct rickettsia trans
mitted by N̂ . salmi ncol a causes 
"Elokomin fluke fever." This condi
tion causes an increase in monocytes 
in the peripheral blood, swelling and 
infection of lymph nodes, and symp
toms resembling mononucleosis in 
humans (lethargy, anorexia) (Soulsby 
1968). Metacercar i ae of N̂. sa1 mi n- 
cola are capable of transmitting both 
rickettsial agents throughout their 5 
year period of existence.

Diagnosis of hi. sa 1 mi ncol a is 
based upon identification of mature 
flukes or eggs in the intestines and 
feces of definitive hosts respec

tively. Infection of fish by hL 
salmi ncola is diagnosed on charac
teristics of the metacercariae. 
Diagnosis of salmon poisoning is 
based on demonstration of NL helmin- 
thoeca organisms in lymph node biop
sies taken during the febrile 
response of the host. When Giemsa- 
stained, N̂. helmi nthoeca organisms 
appear as purple, coccoid bodies 
approximately 0.3 mm in size scat
tered or in compact plaques in macro
phages and the cytoplasm of reticular 
cel 1s (Steele 1980).

S i qn i f icance and Control

Practically nothing is known con
cerning the incidence and sig
nificance of fJ. salmi ncol a or either 
of its rickettsial agents in Alaska. 
The first intermediate host, 
Gonob i as i s pii c i fera s i1i c u 1 a , i s 
known to occur along coastal British 
Columbia so may extend into Southeast 
Alaska. Since N̂. salmi ncol a is known 
to occur in Siberia, it probably also 
occurs in Alaska. Considering the 
abundance of salmonids in Alaska, the 
dependence of carnivores and humans 
on these fish for food, and the fact 
that many salmon are eaten uncooked 
(i.e. animal food and cold-smoked or 
dried fish for human consumption), 
the potential for fluke and/or 
rickettsial infection certainly 
exists. Nanophyetus salmi ncola is 
considered more important for its 
role as a vector for the rickettsiae 
than for its direct pathogenic ef
fects. Metacercar i ae of N̂. sa 1 mi n- 
cola can be serious fish pathogens 
however. The prevalence of INL 
salmi ncola in silver salmon 
(Oncorhynchus k i sutch), may have 
potential as a biological tag for 
identification of their populations 
(Olsen 1978).

No mechanisms of control for N̂. 
sa1mon i col a are known. Chinook sal
mon (£. tshawytscha) are experimen
tally more resistant to metacercariae
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in warmer water (Bisson and Davis
1976)* Rickettsial infections can be 
successfully treated with tetracy
cline. Apomorphine will cause 
vomiting that expel Is the infective 
organisms if administered within 3 
hours after ingestion of contaminated 
foods (Soulsby 1968). This is of 
little practical value, since the 
presence of causative agents would 
rarely be known and administration of 
these drugs to wildlife is un
feasible. Fish should be thoroughly 
cooked to prevent infection by the 
fluke or its rickettsiae.
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Paramphistomum

R. Barrett and J. Dau

Introduct i on

Paramphistomum cervi (the "rumen 
fluke") is a small (5_ 12 mm long), 
pink, conical, ventrally concave- 
dorsal ly convex parasite of ruminants 
worldwide. Though it has not been 
documented from Alaskan cervids, it 
has been reported to infect reindeer 
(Ranqifer tarandus) (Nikolaevski 1953 
from Neiland and Dukeminier 1972) and 
moose (Alces alces) (Aleksandrov 1962 
from Neiland and Dukeminier 1972) in 
Europe. The limited number of rein
deer, less than 2 5 , and single moose 
from the Seward Peninsula and Fair
banks regions of Alaska respectively, 
examined by J. Dau during the spring 
and summer of 1980, did not harbor 
mature individuals of this fluke. 
Mature amphistomes (suborder Param- 
phistomata), presumably £. cervi, 
commonly parasitize moose near Wasil- 
la, Alaska and caribou near Cantwell, 
Alaska (R. Rausch and R. Dieterich, 
pers. comm., respectively).

Transmi ss ion

Adult flukes found among villi of 
the rumen release eggs that are 
passed in the feces of the ruminant. 
The unembryonated eggs must reach 
water to develop and hatch. Ciliated 
miracidia hatch, and penetrate 
suitable intermediate snail hosts 
(species unknown in Alaska). Mother 
sporocysts develop within the snails 
followed by development of 2 genera
tions of rediae. Daughter rediae 
give rise to cercariae which escape 
from the snail and encyst on aquatic 
vegetation. The metacercariae are 
ingested with vegetation by 
ruminants. Metacercariae leave the 
metacercarial cysts while in the 
duodenum and penetrate the duodenal

mucosa. The metacercariae develop 
into juvenile flukes while migrating 
anteriorly through the mucosa to the 
abomasum. The young flukes leave the 
mucosa after reaching the abomasum 
and travel through the lumen of the 
abomasum, omasum and reticulum to the 
rumen. The flukes reach sexual 
maturity in 2 to 4 months.

Pathogen i c i t y , S i qn if icance 
and Control

Metacercaria that penetrate the 
mucosa of the duodenum can cause 
severe tissue damage while moving 
through it. This may cause en
teritis, diarrhea and even death in 
severe infections. The significance 
and control of this parasite in 
Alaska have not been established.
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Alariq

J. Dau and R. Barrett

Introduct ion

Mature Alaria spp. are known to 
infect several mammals that occur in 
Alaska. Red fox (V u 1pes v u 1pes) 
(Babero and Rausch 1952 as reported 
by Hopla et al. 1965) and wolves 
(Can i s 1upus) (Rausch 1959, Rausch 
and Williamson 1959) from Alaska have 
been found naturally infected with A. 
marc ianae. Alaskan wolverines (Gulo 
qulo) have been reported to harbor A. 
mustelae (Dunagan 1957) and an 
unidentified Alar i a sp. (Rausch 
1959). Alar ia spp. were reportedly 
the trematode most frequently encoun
tered in a parasite survey of Ontario 
mammals; A. marcianae occurred in 10 
of 34 [23%) wolves, 1 of 2 (50%)
coyotes (Can i s 1atrans), 9 of 10
(90%) red fox and 1 of 3 (33%) lynx
(F e 1is 1ynx) (Pearson 1956). Pearson 
(1956) lists the final and inter
mediate hosts of Alar i a spp., and 
their susceptibility to infection
based on experimental and empirical 
observations. Adult A. marc i anae
flukes are 2.5-4.2 mm long, and
usually inhabit the first third of 
the smal1 intestine.

Transmiss ion

Trematodes of the genus Alar ia 
utilize 2 intermediate hosts, often a 
third paratenic host and a final car
nivorous host in their life cycle 
(Olsen 1962). Mature flukes release 
eggs into the small intestine of the 
final host. When egg-bearing feces 
contact fresh water, the eggs hatch 
into free-swimming, ciliated
miracidia. The miricidia penetrate 
suitable snail hosts (e.g. Heliosoma 
spp.) and metamorphose into mother 
sporocysts in the snail renal system. 
The original mother sporocysts bear

daughter sporocysts for approximately 
14 months, the average life span of 
the snails. Daughter sporocysts give 
rise to free-swimming cercariae that 
escape from the snail to infect a 
second intermediate amphibian host; 
in Alaska, this is the frog Rana sy1 - 
vat i c a . Cercariae are more success
ful penetrating the tegument of tad
poles than mature frogs and will per
sist throughout tadpole-frog metamor
phosis. Larvae of Alar i a spp. that 
infect amphibians are termed mesocer- 
caria. Mesocercariae infect the 
final carnivorous hosts by 1 of 2 
routes: 1) by direct ingestion of
the infected frog or tadpole, or 2) 
by ingestion of a paratenic inter
mediate host that has acquired 
mesocercariae from infected tad
poles/frogs. A paratenic host is an 
animal in which the parasite can sur
vive, but is not adequately suitable 
for complete development of the 
parasite. Paratenic hosts tend to 
accumulate mesocercariae; they may 
represent an ecological bridge 
between the aquatic and terrestrial 
life stages of Alar i a spp. Larvae 
from the tadpole or frog ingested by 
the paratenic host migrate from the 
intestine to various tissues where 
development is arrested. When 
ingested by a suitable carnivorous 
final host, the mesocercariae migrate 
from the gut to the liver or ab
dominal cavity. The mesocercariae 
penetrate the diaphragm to reach the 
lungs where they develop into unen
cysted metacercariae. The metacer- 
cariae move up the trachea, are swal
lowed, and reach the small intestine 
where maturation occurs.
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S iqn if icance

Alar ia spp. may be less sig
nificant in Alaska than other regions 
that have a greater richness of am
phibian species. An ecological bot
tleneck at the mesocercarial life 
stage is suggested by the low in
cidence of mature flukes in wolves 
from the Brooks Range (1 of 162;
0.6%) where Rana sylvatica are not 
abundant as contrasted with the 
higher incidence of infection in 
wolves from the Copper River drainage 
(7 of 27; 25%) where frogs are
numerous (Rausch and Williamson 
1959).
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Cestoda

J. Dau and R. Barrett

Cestodes are flatworms (Platyhel- 
minths) that range in size from 
several millimeters to many meters in 
length and parasitize nearly all
classes of vertebrates. Mature 
tapeworms have elongate, usually seg
mented, flat bodies. Those important 
in Alaska are polyzoic (having mul
tiple body segments). All require at 
least 1 intermediate host. They lack 
a body cavity and alimentary canal. 
The excretory system consists of
flame cells and efferent canals. The 
tegument, which covers the body, is 
the major absorptive organ with 
microvilli somewhat analogous to
those lining the vertebrate in
test i ne.

Tapeworms consist of essentially 2 
parts: 1) the scolex (head) and 2)
the strobila (body). The body of 
polyzoic cestodes consists of mul
tiple proglottids (body segments). A 
relatively short, unsegmented neck 
may occur between the scolex and 
strobila. Anterior proglottids are 
youngest; proglottid size and
development increases posteriad along 
the strobila. Mature tapeworms are 
hermaphroditic; each proglottid pos
sesses male and female reproductive 
organs. Segments having functional 
reproductive organs are considered 
mature. Following cross or self fer
tilization, reproductive organs 
degenerate leaving only a dark, egg- 
filled uterus. Segments in this con
dition are termed gravid. Gravid 
segments are passed out of the 
definitive host singly or in chains; 
eggs are liberated through disinte
gration or rupture of the segment. 
For most cestodes, embryonic develop
ment takes place within the uterus so 
that when freed, the eggs contain a 
spherical or ovoid embryo termed the 
oncosphere. The oncosphere develops 3

(rarely 5) pairs of hooks and is 
termed the hexacanth embryo.

Tapeworm eggs hatch after being 
swallowed by a suitable intermediate 
host. The hexacanth embryos
penetrate the intestine of this host 
and migrate to some anatomical site 
for further development. The hex
acanth embryo develops into an infec
tive larva (or metacestode), the type 
of which depends upon the group of 
cestodes involved. Cestode larvae, 
like adults, consist of a scolex and 
body. Larvae and adult tapeworms 
differ significantly in body con
figuration however, the most obvious 
and general differences being the 
smaller size and absence of proglot
tids in cestode larvae (Fig. 2).

Larvae of the genus Ech i nococcus 
produce protoscolices, a term which 
refers to the scolex and body of 
these infective organisms. The ter
minology that will be used in this 
section with regard to larvae of 
cestodes is defined as follows:

1. Cysticercus (= b 1adderworm)--a 
larva of the genus Taen i a from 
the wall of which a single scolex 
ar i ses.

2. Coenurus--a larva in which the 
bladder wall gives rise to 
several scolices.

3. Hydatid cyst--a larva of the 
genus Echinococcus in which the 
germinal membrane gives rise to 
brood capsules in which 
protoscolices are produced.

4. Tetrathyridium--a large, solid
bodied larva of the genus 
Mesocesto i des that possesses a 
single scolex and that is infec
tive for its final host.
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F ig u re  2. Tapeworm larvae and adults. This illustration shows the 
disparity in body configuration for adult and larval life 
stages of these parasites. Scale is in mm (D. Borchert).
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Figure 3. Comparison of two common cestode orders in Alaska.
ORDER PSEUDOPHYLUDEA

Eggs escape through uterine pore.  E g gs  are o p e r c u l a t e ,  
resemble that  o f  t r e m a t o d e s ,  and need embryonat lon per iod  
In f r e s h  w a t e r  to h a t ch  Into c or ac id ium ( f r e e  -  swimming  
e m b r y o ).

Cr us tac ea n (such as Cyclops or '  D i a pt o m us )  i ng e s t s
coracidi um and serves as f i r s t  i n t e r m e d i a t e  host.
Coracidium develops into p rocer coi d l a r v a .

C r u s t ac e an  is I ngested by f r e s h w a t e r  f i sh,  procercoid  
penetr ates  intest inal  wal l ,  m i g ra t e s  to muscle or v is ce r a  
and develops Into p l e r o c e r c o i d  ( Inf ect ive  lorva) .

ORDER CYCLOPHYLLIDEA
Eggs are released upon rupture  or disintegrat ion of grav i d  
p rogl ot t i ds;  e m b r y o n i c  d e v e l o p m e n t  has a l r e a d y  o c c u r r e d  In 
uterus.  Upon Ingest ion by I n t e rm e di a t e  host  the spherical  
encapsulated egg hatches into an oncosphere (ovoid or 
spherical  embryo wi th  3 - 5  pairs of n oo ks ) .

Oncosphere penetrates Intest inal  wall  of  v e r t e b r a t e  or
I nv er te br at e  Int ermedi at e h os t ,  m i g r a t e s  to sui tabl e body
p ar ts  and develops into larval  stage ( f l u i d - f i l l e d  c y s t ) .
See common l arv al  cyst morphologies below.

cysticercus coenurus

cysticercoid

V er te br at e  def ini t ive host becomes I nfected  
by ingesting plerocercoid or l a rv a l  cyst  
within Intermediate host t issue.  Once In
def i ni t i ve host t issue,  larva  devel ops Into
adult  cestode.

hydat i d
cyst

t et r at hyr l dl um



TABLE 2

Spec i es

Anatomical  S i t e s  of  L o c a l i z a t i o n  f o r  Larvae o f  
Some C y c l o p h y l 1 idean Cestodes in Mammals o f  Alaska

Nervous T h o r a c i c
System C a v i t y  Lungs V i s c e r a *  He a r t  Muscle L i ver

Subcutaneous  
Ti  ssue

Woodchuck 13 13 13 13
Hoary marmot
Red S q u i r r e l 3 3
N. bog lemming 1,13 1 1 , 2 , 1 3 , 1 2 1 , 2 , 1 3 1 .1 3
Brown lemming M 3 1 1 , 2 , 4 , 1 3 1 , 2 , 5 , 1 3 1 ,13
N. red-backed v ol e 1 ,13 1 1 , 2 , 4 . 5 , 1 3 1 , 2 , 5 , 1 3 1, 13
Tundra vol e 8 5
Ye l l ow- cheeked v o l e ( T .  m a r t i s ;  s i t e  o f  l o c a l i z a t i o n  not  r e p o r t e d )
M u s k r a t * * 7
Norway r a t 7
Porcupi  ne 8 8 8
P r i b i l o f  I s l a nd  shrew 4
Snowshoe hare 11 3 11 3 11
B l a c k - t a i l e d  deer 6 6
Moose 6 9 10 10 6 , 9
Car i bou 6 9 10 10 6 , 9
Da 11 sheep 9 9
Mt.  goat 6 6

* R e f e re n ce s  to the coelom and those organs and t i s s u e s  i t  c o n t a i n s .
* * T ae n ia  c r a ss i c ep s  c y s t i c e r c u s  was found in muskrat  in O n t a r i o  (Freeman 1 9 6 2 ) .  Other  s u s c e p t i b l e  

i n t e r m e d i a t e  hosts f o r  t h i s  p a r a s i t e  i n c l u d e  members o f  S c i u r i d a e  and C r i c e t i d a e .

1 = Taeni a mustel ae ( c y s t i c e r c i  or  c o e n u r i ,  3 . 5 - 4 . 5  mm) 7 = 1 - t a e n i a e f o r m i s ( c y s t i c e r c i , e v a q i n a t e d  s c ol e x )

2 = T.  pol ya can tha  ( c y s t i c e r c i ) 8 = J . t w i t c h e l l i  ( p o l y c e p h a l i c , 70 mm lonq)

3 = T. p i s i f o r m i s  ( c y s t i c e r c i ,  i n v o l u t e d  s c ol e x ) 9 = J . h yd a t i q e n a  ( c y s t i e r c i ,  i n v a q i n a t e d  s c o l e x ,  25

4 = Mesocestoides l i n e a t u s  ( t e t r a t h y r i d i a , 1-2 cm) 10 = T. k r ab be i  ( c y s t i c e r c i ,  i n v a q i n a t e d  s c o l e x ,  1 . 8 -

4 . 5 = M. k i r b y i  ( t e t r a t h y r i d i a ) 11 = J . s e r i a l  is ( c o e n u r i ,  5 cm)

5 = Echinococcus m u l t i 1o c u l a r i s  ( a l v e o l a r  c y s t ) 12 = T. r i l e y i  ( c y s t i c e r c i ,  e v a q i n a t e d  s c o l e x )

6 = Echinococcus qranul osus ( h y d a t i d  c y s t ,  5 -1 0  cm) 13 = T. m us te la e ( l a r v a e  f rom c y s t i c e r c i
Man can be i n t e r m e d i a t e  host  f o r  E. granul osus t o coenur i )
and E. m u l t i 1o c u l a r i s

14 = T. m a r t i s  ( c y s t i c e r c i ,  i n v a g i n a t e d
s c o l e x ,  2 -7  mm l ong)



5. Cysticercoid--a small larva with 
one scolex that essentially lacks 
a body.

Larvae of some tapeworm species 
are capable of asexual reproduction 
through endogenous or exogenous 
budding (budding within or on the 
external surface). Definitive hosts 
of cestode parasites are infected by 
ingesting portions of intermediate 
hosts that contain infective larvae.

There are 2 orders in the class 
Cestoda important to Alaskan mammals; 
Cyclophyl1 idea which encompasses 
Mesocestoi des, Mon iez i a , Taen i a , 
Ech i nococcus, Anop1ocepha1o i des,
Paranoplocephala, Andrya, D i andrya 
and Hymenolepis, and Pseudophyl1 idea 
that includes D i phy11obothr i u m . The 
scolex of cyclophyl1 idean tapeworms 
possesses 2 or 4 suckers and a 
protrudible rostellum (an anterior,
usually tubular portion of the 
scolex), both of which may be armed 
with hooks, though suckers rarely so. 
The scolex of pseudophyl1 idean 
cestodes possesses bothria (long 
grooves) rather than the oval suckers 
of cyclophyl1 ideans. The neck is
less apparent in pseudophyl1 idean 
tapeworms, and the life stage com
parable to the cyclophyl1 idean on
cosphere is termed the coracidium. 
Figure 3 compares the life cycles of 
cyclophyl1 idean and pseudophyl1 idean 
cestodes. Eggs of pseudophyl1idean 
tapeworms are easily mistaken for
those of trematodes.

The effects of cestode parasitism 
varies with regard to the host, 
parasite and intensity of infection. 
Usually, pathogenic effects of adult 
tapeworms are limited to blockage of 
the intestines from excessive numbers 
of strobila, generalized toxic or 
allergic reactions, physical irrita
tion of the intestinal mucosa and 
nutrient deprivation. Cestodes may
provide access to microorganisms that 
cause secondary infections where 
scolices of mature tapeworms attach

to the intestinal wall of their host. 
These effects are rarely demonstrable 
however. Larval infections in inter
mediate hosts may be more severe than 
adult worms in definitive hosts since 
they often destroy tissue. Diagnosis 
of tapeworm infections is based on 
the morphology of adult tapeworms, 
larvae and eggs.

Resistance of mammals to cestode 
infections may be a function of 
several factors. Diet appears to be 
the primary mechanism influencing the 
probability of ingesting eggs or in
fective larvae since cestode infec
tions usually result from ingestion 
rather than penetration invasion. It 
has been suggested that bears (Ur- 
sidae) and snowshoe hares (Lepus 
americanus) may seasonally rid them
selves of parasites by changing their 
dietary intake (Boughton 1932, Rausch 
195^). Some parasite species do 
stimulate partial immune responses in 
their hosts such as cel 1-mediated 
events (neutrophil, eosinophil and 
certain lymphocyte production) and 
formation of antibodies associated 
with allergies. The multiple an
tigenicity of these parasite species 
make immunologic diagnoses difficult. 
Advances in in vitro cultivation, 
hemagglutination, agar gel diffusion 
and immunoelectrophoresis techniques 
are improving diagnostic capabilities 
concerning parasite infections. Con
trol of cestode parasites in wildlife 
populations is generally unfeasible.
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Mesocestoides

J. Dau and R. Barrett

Introduct ion

Cestodes of the genus
Mesocestoi des are common parasites of 
Alaskan carnivores (Shults 1970). 
Their geographic distribution in
cludes Europe, Africa, Asia and North 
America. Two species have been iden
tified in Alaska; 1) M. ki rby i from 
coyotes (Can i s 1atransl TShults 
1970), red fox (Vulpes vulpes) 
(Dunagan 1957, Shults 1970), arctic 
fox (Alopex 1aqopus) (Fay and 
Williamson 1962, Shults 1970), wol
verine (Gulo qulo) (Hppla et al. 
1965j Shults 1970) and lynx (Felis 
lynx) (Shults 1970), and 2) M.
1 ineatus frpm arctic fpx, red fpx, 
wplverine, ermine (Mustela erminea) 
and lynx (Shults 1970). Additipnal 
recprds pf mature M. 1i neatus in 
species indigenpus tp Alaska include 
marten (Martes americana) and mink 
(Mustela vi spn) (Shults 1970). Ma
ture M. k i rby i are 360 -5 8 6 mm lpng,
2.1-2.9 mm wide and cpnsist pf up tp 
1362 segments (Shults 1970). Mature 
M. 1 ineatus are 605-1093 mm lpng,
2.1-2.4 mm wide and cpntain up tp 
1096 segments.

Tetrathyridia (the larval fprm pf 
Mespcestpi des spp. infective for 
their definitive hosts) of M.
1ineatus have been found in a brown 
lemming (Lemmus sibericus) and a 
Pribilof Island shrew (Sorex

pr i bi1 ofens i s) both from the Pribilof 
Islands (Shults 1970). Larvae of M. 
ki rbyi have been found in red-backed 
voles (Clethrionomys rutilus) (Shults
1970).

Transmi ss ion

Mesocestoi des spp. utilize 2 
intermediate hosts. The first inter
mediate host is thought to be a 
copraphagous orbatid mite (Soulsby 
1968). The larval stage that
develops within the mite is a small
vesicle that essentially lacks a 
cavity and bears 1 scolex. This lar
val stage is passively transmitted to 
the second intermediate host, usually 
a bird or rodent, but occasionally a 
carnivore, with ingestion of the 
mite. Carnivores can thus serve as 
both second intermediate and final 
hosts. First stage larvae of
Mesocesto i des spp. develop into 
tetrathyridia within the second 
intermediate hosts.

Tetrathyridia are flat, slender, 
highly contractile worm-like or
ganisms 1-2 cm long. The larval 
stage of some species is capable of 
asexual reproduction in intermediate 
or definitive hosts through
longitudinal division of the scolex 5 
days post ingestion (Leiby and Dyer
1971). Tetrathyridia may persist in
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the body cavity, tissues or organs of 
second intermediate hosts for long 
intervals. They are passively trans
mitted to carnivores through car- 
nivory. The tetrathyridia localize 
and mature in the small intestine of 
the final hosts. When ingested by an 
animal other than a preferred defini
tive host (a paratenic or transport 
host), tetrathyridia may enter the 
body cavity, tissues or visceral or
gans, become dormant and persist in 
this larval stage.

Symptoms and Patholoqy

A dog (Canis fami1 iar i s ) having a 
peritoneal infection with a 
Mesocestoi des sp. exhibited anorexia, 
vomiting and depression. Pathologic 
changes included reduced blood lym
phocytes, decreased serum albumen and 
midline duodenal displacement 
(Barasanti et al. 1979). Long term 
experimental infections with
tetrathyridia caused disseminated le
sions throughout the liver, lungs, 
kidneys, epididymis and testicles of 
mice (Mus sp.) (Todd et a l . 1978).

Siqnificance and Control

The significance of Mesocestoi des 
spp. in Alaska is undetermined. Low, 
single doses of praziquantel have ef
fectively reduced adult and larval M. 
cort i infections in dogs and cats 
(Felis catus) . Mebendazole has 
reportedly eliminated tetrathyridial 
infections in mice especially when 
administered with levamisole (Bennett 
et al. 1978). In vitro antiparasitic 
effects have been observed for in
testinal extracts taken from mice 
that had been subcutaneous 1y injected 
with live tetrathyridia (Niederkorn
1978). Administration of such 
anthelmintic substances to wildlife 
is generally unfeasible at this time, 
however.
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Moniezia

R. Barrett and J. Dau

Introduction

Moniezia spp. are large tapeworms 
(up to 600 cm long) that mature in 
the small intestine of ruminants. 
Most of the information known about 
these organisms stems from work with 
domestic sheep (Ovi s ar ies) and 
cattle (Bos taurus). These cestodes
occur worldwide; in Alaska, they have 
been identified in reindeer (Rangifer 
tarandus) (Hopla et al. 1965), moose 
(Alces alces) (A. Franzmann, pers. 
comm.), mountain goats (Oreamnos 
amer icana), muskox (Ovibos moschatus) 
and black-tailed deer (Odocoi1eus 
hemionus s i tkens i s ) (the latter 3
host records observed by R. L. 
Rausch, pers. comm.). Two species of
Moniezia, distinguishable by strobila 
(body) width and other charac
teristics, have been identified; M. 
expansa (approximately 1.6 cm wide) 
and M. benedei (approximately 2.6 cm 
wi de).

Transmi ss i on

Eggs are passed into the external 
environment in gravid segments with 
feces of the ruminant. The eggs are 
accidentally ingested by any of
several genera of orbatid mites where 
they mature into cysticercoids (lar
vae of certain morphology; see glos
sary) in 2 to 5 months. Infected
mites that cling to vegetation are 
ingested by the ruminant and the lar

vae are released from the mites by 
digestive processes. The larvae at
tach to the intestinal wall of the 
ruminant and mature in roughly 30 
days. The life expectancy of adult 
worms is approximately 3 months, an 
unusually brief life span for a 
cestode. Infections tend to be age- 
specific, favoring young ruminants 
less than 5 months of age. Lambs 
have been reported to pass gravid 
segments that resemble grains of 
cooked rice when only 6 weeks old 
(Soulsby 1968).

Symptoms, D i aqnos i s 
and Control

Mon iez i a spp. do not appear to be 
serious wildlife pathogens in Alaska. 
Heavy infections could cause blockage 
of the intestines due to the large 
size of the worms. Diagnosis is 
based on the morphology of gravid 
segments and eggs in the feces of 
host animals or adult worms in the 
small intestine. A premixed feed of 
15 mg oxibendazole per kg ruminant 
body weight was reportedly over 71% 
effective in eliminating Mon i ez ia 
infections in domestic cattle with no 
toxic effects (Williams et al. 1978). 
The significance of this parasite in 
Alaskan wildlife has not been 
establi shed.
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Anoplocephaloides. Paranoplocephala. 

Andrya » Hymenolepis
J. Dau and R, Barrett

Arvicolid rodents (Dicrostonyx, 
Lemmus, Synaptomys, C 1ethr ionomys and 
Microtus spp.) are parasitized by a 
variety of cestode genera. Anoplo- 
cephaloi des, Paranophlocephala, An
drya and Hymenolep i s represent those 
genera for which adult worms are most 
frequently found in Alaskan voles 
(Rausch 1951, 1952). Table 3 sum
marizes the reported host specificity 
of these cestode genera in Alaskan 
voles. The geographic range of 
distribution for these parasites 
varies between species. Andrya 
macrocepha1 a has been recovered from 
arctic Alaska to Mexico while 
Paranoplocephala omphalodes i s 
limited to arctic Alaska (Rausch 
1951).

Paranoplocepha1 a and Andrya spp. 
utilize orbatid mites as intermediate 
hosts for development of cysticer- 
coids (Gleason and Buckner 1979, 
Rausch 1976). Cysticercoids of 
Hymenolepi s develop in beetles (Rau
1979) and fleas (Rausch and Tiner

1949). Voles become infected by 
ingesting mites that cling to vegeta
tion. Though experimental exposure 
of mites to eggs from individuals of 
Paranoplocephala spp. indicates in
fection rates for mites may be low 
(1.38%), peak mite abundance coin
cides with periods of maximum vole 
activity resulting in ample oppor
tunity for infection of voles (Rausch 
1951).

No correlation reportedly exists 
between vole density and the frequen
cy or intensity of parasite infec
tions (Rausch 1951, 1976). Quantita
tive and morphological variations of 
these vole parasites have been linked 
to seasonal and geographical dif
ferences (Rausch 1976).

These parasites apparently have 
little pathogenic effect on vole 
spec i e s .
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TABLE 3

Host-parasite Relationships of Some Cestodes 
Found in Small Mammals of Alaska

x x x
Paranoplocephala omphalodes 

Anoplocephaloi des i nfrequens 

Anoplocephaloides var i ab i1i s x

A nop1ocepha1o i des 1emmi x

Anoplocephaloi des troesch i x

Anoplocephaloides kontrimavichusi x

A no p 1ocepha1oi des wi qq i ns i a

Hymenolep i s horr i da x x x x x

Andrya b i alowienzensi s x

Andrya primordial is (Status in Alaska not clearly established)

Andrya arct i ca x
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Diandrya
J. Dau and R. Barrett

The genus D i andrya contains 1 
species, j). composita, that occurs 
widely in marmots (Marmota spp.) of 
western North America. In Alaska, 
this parasite has been found in hoary 
marmots (Marmota cali qata) and Alaska 
marmots (M. brower i). D i andrya com
pos i ta is a relatively large tapeworm 
having a strobila up to 625 mm and 
817 segments long. This genus is 
very similar to the genus Andrya from 
which it apparently evolved.

The lifecycle of J). compos i ta is 
similar to that described for Andrya 
spp. Both genera utilize an orbatid 
mite in which cysticercoids develop. 
The variance in size and development 
of strobila suggests marmots are con
tinually infected following emergence 
from hibernation.

The significance of j). compos i ta 
in marmots of Alaska has not been 
established. Rausch (1980) provides 
a detailed description of this
tapeworm. The information presented 
herein is summarized from that paper.
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Taenia

J. Dau and R. Barrett

Taen i a spp. are the most common 
cestodes of Alaskan mammals. For ex
ample, Taenia spp. were found in 182 
of 200 (9 n )  wolves collected from 
19^9 to 1959 throughout Alaska 
(Rausch 1959a). Life cycles involve 
a single intermediate host, usually a 
rodent or an ungulate and a car
nivorous definitive host. Table 3 
lists the final and intermediate
hosts of Taen i a spp. identified in
Alaska. The adult tapeworms are
generally large, white and inhabit
the small intestine of definitive
hosts. Bladderworms of most Taen i a 
spp. are cysticerci (each bladder
possessing a single scolex) though 
some larval forms of Taenia spp. are 
coenuri (each bladder having many
scolices), or other morphologic 
types. Larvae are frequently en
closed within host-generated cysts of 
fibrous tissue; the extent of encyst- 
ment is dependent upon the Taenia 
sp., the area of localization within 
the intermediate host and host- 
response to the parasite.

Intermediate hosts contract larval 
infections by ingesting eggs or 
gravid segments passed in the feces 
of final hosts. Passive transmission
to the definitive host occurs when
carnivores ingest larvae within in
fected prey.

Adult tapeworms, when extremely 
abundant in host organisms, could 
theoretically cause blockage of the 
intestines and compete with the host 
for nutrients. In addition, mature 
tapeworms may provide access to viral 
or bacterial agents where scolices 
attach to the intestinal mucosa of 
the host. In his extensive ex
perience with tapeworms of Taen i a 
spp. however, Dr. R. L. Rausch 
reports he has never seen any

evidence that adult cestodes of this 
genus are pathogenic (pers. comm.). 
Larvae of Taen i a spp. likewise have 
the potential to be pathogenic, since 
they often destroy tissues of inter
mediate hosts. Under natural circum
stances, intermediate hosts usually 
do not ingest adequate numbers of 
eggs to sustain significant damages 
(R. L. Rausch, pers. comm.).

Diagnosis of infections by 
tapeworms of Taen i a spp. is based on 
the morphology of the adult 
tapeworms, gravid segments or eggs in 
the intestines and feces of the final 
host. Identification of larvae is 
based on the morphology of bladder
worms. Control of Taen i a spp. in 
wildlife populations is currently 
impract ical.

Though the basis of host-parasite 
specificity is commonly thought to 
stem from the physiologic com- 
patability between host and parasite,
the ecological agreement between
definitive and intermediate hosts is 
a significant influencing factor.
This ecological consideration is 
exemplified by contrasting the prin
cipal final and intermediate hosts of 
T. pi s i formi s (coyote, Can i s 
1atrans--snowshoe hare, Lepus
americanus) and T. hydatiqena (wolf, 
£. 1upus--moose, Alces alces). All
physical and biological components of 
the environment collectively affect 
the dynamic relationships between
parasites and their hosts. The 
numerous Taenia spp. that infect a 
wide variety of Alaskan vertebrates 
makes this genus attractive for com
parative studies of parasite ecology. 
Table 3 cross-references host- 
parasite relationships for Taen i a 
spp. in Alaska.
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Host-parasite cross reference for Taen i a spp. found naturally in Alaskan mammals
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Taen i a crass i ceps 

Introduct i on

In Alaska, arctic fox (Alopex 
1aqopus) and red fox (Vulpes vulpes) 
commonly harbor mature T. c rass iceps; 
domestic dogs (Can i s fami1 i ar i s) are 
parasitized by this tapeworm less 
frequently. Taen i a crass i ceps is 
reportedly the primary parasite of 
red fox in Ontario (Freeman 1956). 
Microtines frequently harbor
cysticerci. Adult worms are 70-140 
mm long; cysticercus morphology is 
var i able.

Transmi ss ion

Gravid proglottids are passed in 
the feces of canines. These segments 
degenerate thus liberating the eggs 
enclosed within them. Microtine ro
dents accidentally ingest eggs that 
cling to vegetation. The oncospheres 
(embryos) hatch, or are liberated 
within these rodents and migrate to 
subcutaneous tissue or to body 
cavities where cysticerci form. Lar
vae reproduce asexually through ex
ogenous budding from the parent 
bladder in spite of host generated 
encystment. Definitive hosts, i.e. 
foxes, are infected by eating rodents 
that harbor cysticerci. Larvae ma
ture within canids 5 to 6 weeks post 
i ngest ion.

Symptoms

Canid infections are asymptomatic. 
Rodents may exhibit abdominal 
swelling or enlargement of the ven
tral portion of the neck. Gross en
largements may hinder the movement of 
rodents and predispose these inter
mediate hosts to predation.

Taen i a hydat i qena 

Introduct i on

Taen i a hydat i qena resembles T. 
crass i ceps in that each utilizes a 
canid definitive host. Taen i a hy
dat iqena is most frequently found in 
the wolf (Canis lupus), moose (Alces 
alces), caribou (Ranqifer tarandus) 
food chain however. Fifty-six of 78 
{12%) wolves collected in Alaska 
during the period from 1949 to 1959 
reportedly harbored mature worms 
(Rausch 1959b). Coyotes, and to a 
lesser extent, dogs also serve as 
definitive hosts in Alaska (Dunagan 
1957). Strobila are large, ranging 
7 5 -5 0 0 cm in length.

Cysticerci are approximately 25 mm 
in length. Intermediate hosts iden
tified in Alaska are moose (Dunagan 
1957, Rausch 1959b, Rausch and 
Williamson 1959), caribou (Dunagan 
1957, Rausch 1959b) and dall sheep 
(Ovi s dal 1 i) (Dunagan 1957). Twenty- 
seven of 32 (84%) moose from British 
Columbia were reported to have 
cysticerci (Rausch and Williamson 
1959); up to 51 cysticerci have been 
reported from a single, old moose 
taken in Alaska (Rausch 1959b).

Transmi ss ion

Gravid proglottids pass from 
canids in the feces. The eggs are 
eventually ingested by suitable 
intermediate hosts. Oncospheres are 
liberated from the eggs in the small 
intestine of the intermediate hosts 
and penetrate the intestinal mucosa. 
They reach the liver via the hepatic 
portal system. Experimentally in
fected domestic lambs (Ovi s ar ies) 
exhibited fibrotic foci in the liver 
7 days post infection and macroscopic 
(1-9 mm) cysticerci in hemorrhagic 
streaks 10 days post infection
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(Soulsby 1968). Cysticerci may 
migrate from the liver, often leaving 
hepatic streaks and/or open pits, in
to the abdominal cavity 18 to 25 days 
post infection, or they may become 
entombed in cysts of host origin 
(Soulsby 1968). Wolves are infected 
by ingesting cysticerci with 
moose/caribou meat.

S i qn i f i cance

Damage to canids is usually
minimal. Pathogenic effects of lar
vae in ungulates are generally
localized and of little significance
to the health of these intermediate
hosts. This parasite is not con
sidered pathogenic for humans.

Taen i a krabbei 

Introduct i on

Taen i a krabbe i usually mature in
the small intestine of large canids. 
In Alaska, they have been identified
in dogs (Dunagan 1957), coyotes
(Dunagan 1957), wolves (Dunagan 1957, 
Rausch 1959a) and lynx (Dunagan 
1957). Mature worms reach 20 cm in 
length. Larvae are typical cysticer
ci up to 1.8 mm and 3.0 mm long with 
an invaginated scolex. They have 
been found in leg, shoulder, tongue 
and heart muscles of moose and 
caribou in Alaska (Rausch 1959b). 
Transmission follows the general 
wolf--moose food chain. Ova appear 
in the feces of canines 34 to 37 days 
post ingestion (Freeman et al. 19 61).

S i qn i f icance

This Taen i a sp. is not considered 
to be a significant wildlife pathogen 
in Alaska. Instances of severe in
fection where host health is impaired

probably occur infrequently in both 
intermediate and definitive hosts. 
Since cysticerci occur throughout the 
muscle tissue of intermediate hosts, 
this parasite may reduce the quality 
of meat in ungulate game species. 
Selective harvesting of old in
dividuals, both male and female, may 
reduce the incidence of T. krabbei 
infections in wildlife populations.

Taen i a ser iali s 

Introduct ion

Mature T. serial is were identified 
in 23 of 78 (29%) wolves collected 
throughout Alaska from 19^9 to 1959 
(Rausch 1959b). Red fox and coyotes 
have been found to harbor this 
tapeworm in the contiguous United 
States. Though identified frequently 
in lynx, development is arrested fol
lowing formation of the scolex and 
neck. One intermediate host, the 
snowshoe hare, has been reported from 
Alaska (Rausch 1959b). Mule deer 
(Odocoileus hemionus) are also recog
nized as suitable intermediate hosts 
outside of Alaska (Hopla et a l . 
1965).

Adult tapeworms are 40-100 cm long 
and possess a small scolex. Larvae 
are coenuri approximately 5 cm in 
diameter when fully developed with a 
thin, translucent wall.

Transmi ssion

Mature tapeworms inhabit the small 
intestine of canids and shed gravid 
segments or free eggs in the feces of 
canines. After ingestion by a 
suitable intermediate host, on
cospheres hatch in the small in
testine, penetrate the intestinal 
mucosa and enter the circulatory 
system. Oncospheres eventually
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localize in subcutaneous connective 
tissue, muscle tissue or the thoracic 
cavity. Transmission to final hosts 
occurs with ingestion of infected 
intermediate hosts.

S i q n s , Symptoms and 
Pathogenes i s

Heavy infections of T. ser iali s in 
hares prevent or retard annual pelage 
changes, cause lethargy and oc
casionally abdominal swelling (Hopla 
et al. 1965). Granulomas (discreet, 
nodular, granulated lesions of 
inflammatory tissue) may appear in 
the liver and lungs during chronic 
larval infections due to substances 
released from the parasites that act 
as toxins. Larval invasion into sub
cutaneous or muscle tissue has little 
pathogenic effect.

S i gn i f i cance

The prevalence of this parasite in 
Alaska is low. Rausch and Williamson 
(1959) suggested the incidence of T. 
ser i ali s in wolves may correlate with 
hare periodicity since the utiliza
tion of hares by wolves is most in
tense during periods approximating 
peak hare densities.

Taenia mustelae 

Introduct ion

This organism has been identified 
in several Alaska arvicolids, i.e. 
the red-backed vole (Clethr ionomys 
rut i1 us), brown lemming (Lemmus 
s i ber i cus) and northern bog lemming 
(Synaptomys boreali s ) (Rausch 1957 as 
reported by Hopla et al. 1968), which 
serve as intermediate hosts. Larvae 
of T. mustelae have also been found 
in woodchucks (Marmota monax). Final

hosts identified in Alaska include
the least weasel (Mustela nivali s ) , 
ermine (M. ermi nea), mink (M. vi son) 
and marten (Martes amer i cana) (Rausch
1977). Mature worms are 25-103 mm
long and consist of 25 to 156
proglottids (Leiby and Dyer 1971). 
Larval forms vary from cysticerci 
with a single scolex to coenuri. 
Larvae are usually 3-5-4.5 mm in
length (Schiller 1953)» and
monocephalic in arvicoline rodents, 
but range up to 10 mm in length with 
polycephalism apparent in muskrats 
(Ondatra zibethicus) (Rausch 1977)-

S i gn i f i cance

Larvae usually localize in hepatic 
tissue, but have been found sub- 
cutaneously and throughout thoracic 
and visceral organs. Deer mice 
(Peromyscus man i culatus)
experimentally fed 2 gravid proglot
tids died within 2 weeks due to 
severe liver damage and hemorrhage 
(Fay and Williamson 1962).

Taenia martis

Taen i a mart i s was infraspe-
cifically divided into 2 taxa (Wahl 
1967 as reported by Rausch 1977); T. 
m. martes of central Eurasia and T. 
m. amer i cana which is found in 
Alaska. Taenia m. amer icana
superficially resembles T. mustelae 
but is somewhat smaller being only 
55-71 mm long and 0.832-1.2 mm wide. 
Adult tapeworms have been infre
quently found in marten (3 of 43; 1%) 
from Alaska. Larvae were identified 
in yellow-cheeked voles (Mi crotus
xanthoqnathus) from the Yukon Ter
ritory. Larvae very in size and 
shape, ranging from globular to 
elongate. They possess a single in- 
vaginated scolex and range from 2-7 
mm in length. The low incidence of
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T. mart i s amer i cana suggests that 
this parasite is not a significant 
mortality source in Alaska for either 
final or intermediate host. Rausch 
(1977) provides a detailed descrip
tion of T. m. amer i cana and 
distinguishes this parasite from T. 
mustelae and T. twitchelli.

Taenia pisiformis 

Introduct ion

Freeman et al. (1966) reported J. 
p i s i formi s as the cestode most fre
quently encountered in coyotes of On
tario; red fox were also susceptible 
to infection. It has been reported 
in arctic fox from Alaska (Thomas and 
Babero 1956). Strobila are 0.6-2.0 m 
long and 1.0-4.0 cm wide. Cysticerci 
commonly infect snowshoe hares and 
have been reported in red squirrels 
(Tamiasc i urus hudson i cus) (Dunagan
1957). Though reportedly found in 
lynx (Soulsby 19 6 8), as would be ex
pected considering the dependence of 
lynx on hares for food, development 
of these cestodes does not progress 
beyond the growth of a scolex and 
neck. Taen ia pi s i formi s has not been 
recovered from lynx in Alaska (R. L. 
Rausch, pers. comm.).

Pathoqenes i s

Gravid proglottids or rarely, free 
eggs are passed in the feces of 
canids. The eggs are ingested by 
hares and hatch in the small in
testine. Oncospheres penetrate the 
intestinal mucosa, enter the hepatic 
circulatory system and migrate to the 
liver. Approximately 30 days later, 
cysticerci move out of the liver into 
the body cavity. The liver may or 
may not indicate the prevalence of 
cysticerci. In chronic infections, 
cysticerci may become encysted on the 
mesenter i e s .

Extremely heavy larval infections 
can cause liver damage and reduce the

vitality of hares. Increased amounts 
of pericardial fluid with inflamma
tion and fibrosis of the liver 
suggest that chronic toxemia occurs 
(Hopla et al. 1965). Mature 
tapeworms are not considered serious 
pathogens except under heavy infesta
tions, or when the vitality of host 
animals is reduced by other factors 
(e.g. starvation), thus increasing 
the relative pathogenicity of these 
paras i tes.

Taenia twi tchel1i 

Introduct i on

Wolverines (Gulo gulo) collected 
in Alaska during 1949 to 1959 ex
hibited T. twi tchel1i infections in 
50 of 80 (75%) individuals (Rausch
1959a). Strobila range up to 210 mm 
and 151 segments long; pregravid seg
ments were up to 3-0 mm wide (Rausch
1977). Larvae are found free in the 
pleural cavities of porcupines 
(Ereth i zon dorsatum) (Rausch 1959a,
1977), hoary marmots (Marmota 
caligata) (Rausch 1977) and tundra 
voles (Microtus oeconomus). Mature 
larvae are large (at least 70 mm 
long), polycephalic organisms with 20 
to 24 (average 16) roughly tubular 
vesicles attached to the posterior 
portion of the bladder from which 
they arose (Rausch 1977).

Transmi ss ion and 
Pathoqenes i s

Rausch (1959b) suggested the 
mechanisms for host specificity that 
limit T. twi tchel1i to wolverines may 
be more ecologic than physiologic; 
other mustelids do not extensively 
prey upon porcupines, hoary marmots 
or tundra voles, and thus aren't ex
posed to infective T. twi tchel1 i 
larvae. Although 5 of 5 muskrats 
(Ondatra zibethicus), 1 of 1 red
squirrel (Tamiasciurus hudsonicus), 2 
of 7 brown lemmings, 2 of 2 meadow 
voles and 3 of 5 arctic ground squir-
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rels (Spermophi1 us parryii) were 
experimentally infected with gravid 
proglottids (Rausch 1959a); these 
species are not readily available to 
wolverines during winter months. It 
would seem this ecologic immunity 
must be at least partially reinforced 
by some physiologic immunity on the 
part of other mustelids or some 
natural factor disrupts egg transmis
sion to these other experimentally
proven suitable intermediate hosts to 
prevent infection of weasels, marten, 
etc. during summer months.

Experimental infections indicate
the pathogenicity of T. twi tchel1i in 
intermediate host animals is propor
tional to the number of larvae 
present (Rausch 1959a). Pathologic
tissue changes in these hosts are
limited mainly to the lungs. Rupture 
of pulmonary tissue with hemorrhage 
makes the larvae of T. twi tchel1 i 
more pathogenic than most other 
Taenia spp.

Alaska, only the cysticercus 
lifestage has been reported from Nor
way rats (Rattus norveqicus) on Adak 
Island; mice (Mus spp.) are thought 
to be suitable intermediate hosts (R. 
L. Rausch, pers. comm.). Mature 
tapeworms have been found in wolves 
from Alberta (Freeman 1956). 
Strobila are 150-600 mm long and 5-6 
mm wide. The high incidence of in
fections that are comprised of only 1 
to 2 worms suggests that definitive 
hosts acquire partial immunity to T. 
taen i aformi s . Cysticerci possess an 
evaginated scolex. Tumors have been 
associated with T. taen i aformi s 
infections in rats.

Taen i a r i1ey i has been identified 
in Alaskan red squirrels, the inter
mediate host, and lynx, the final 
host. Sixty-seven of 113 lynx (59%) 
from Alberta and the District of 
MacKenzie harbored mature T. rileyi 
(van Zyll de Jong 1966). Cysticerci 
exhibit an evaginated scolex.

Incidental Taenia Species

Adult T. polyacantha have been 
reported in arctic fox, dogs and red 
fox from Alaska (Fay 1960). 
Cysticerci have been found in red- 
backed voles (Rausch and Williamson 
1959), tundra voles (Rausch and 
Williamson 1959) and brown lemmings 
(Rausch 1957 as reported by Hopla et 
al. 1965). A significant disparity 
in the frequency of infection between 
final and intermediate hosts of this 
tapeworm on St. Lawrence Island was 
reported by Fay (1960). He reported 
that about 85% of the arctic fox 
population harbored adult worms while 
only 0.5% of the microtine rodents on 
the island harbored larvae. Trans
mission and pathogenicity of T. 
polyacantha is similar to T. p i s i for- 
mi s.

The final and intermediate hosts 
of Taen i a taen iaformi s are 
canids/felids and rodents (prin
cipally muskrats), respectively. In
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Echinococcus

R. Barrett and J. Dau

Two species of Echinococcus occur 
in Alaska: £. granulosus, the causa
tive agent of cystic hydatid disease 
and JE. mul t i locul ar i s , the causative 
agent of alveolar hydatid disease. 
Mature tapeworms of both species are 
usually less than 6 mm long with 2 to 
6 proglottids. They inhabit the 
small intestine of canids under
natural conditions.

The larvae are hydatid or alveolar 
cysts (vesicles containing numerous 
brood capsules each of which gives
rise to several protoscolices; a 
protoscolex is the juvenile scolex 
budded within the brood capsule). In 
natural circumstances, larvae of JE. 
g ranulosus occur in cervids; those of 
£. mult i1ocular i s are found in ro
dents. Each cyst of £. granulosus is 
unilocular (consisting of a single 
vesicle) and develops from a single
oncosphere ("egg"). Conversely, a 
single oncosphere of j:. mul -

ti1 ocularis develops into a "parent" 
hydatid cyst which subsequently gives 
rise to "daughter" hydatid cysts by 
exogenous budding. The descriptive 
specific name mult i1ocular i s
(multiple locules) refers to the ra
dially arranged, interconnected hy
datid cysts characteristic of the 
fully developed larval form of this 
species. Larvae of mult ilocular i s 
are designated as "alveolar" hydatid 
cysts however, since the term "mul
ti locular" hydatid cysts has been 
reserved for the anomalous form of E^ 
granulosus seen in ungulates.

Ech i nococcus granu1osus and £. 
mult i1ocular is are well defined by 
biological and development charac
teristics as well as ecological 
predator/prey relationships (Rausch 
1968). Rausch (1968) compared the 
following £. qranulosus and £. mul- 
tilocularis as summarized in Table b.

TABLE k

A Comparison of Ech i nococcus qranulosus and 
E. mult i1ocular i s (Rausch 1968)

Ê. granulosus ji. mul t i 1 ocul ar i s

Adult tapeworm 
Hosts
Strob i1 a 1ength

Larvae
Hosts
Form
Development rate

wolves-dogs 
2-6 mm

cervids (man) 
unilocular hydatid cysts 
s 1ow--adapted to long-lived 
intermediate hosts; proto
scol ices develop after 1-2 
years

foxes-dogs
1.2-3.7 mm

rodents (man) 
alveolar hydatid cysts 
rapid--adapted to short-lived 
intermediate hosts; 
protoscolices develop after 
1-2 months
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In Alaska, the 2 species share no 
intermediate host (i.e. in which the 
larval development takes place) other 
than man and no definitive host (i.e. 
in which the adult tapeworms develop) 
other than dogs (Can i s fami1 i ar i s ). 
Both species of Ech i nococcus are 
found on mainland Alaska; only £. 
mult i1ocular i s is present on St. 
Lawrence Island and other islands of 
the Bering Sea.

A detailed worldwide distribu
tional history and taxonomic review 
of Ech i nococcus have been reported 
(Rausch 1967a, b). Dispersal of in
fected dogs and domestic ungulates 
has been instrumental in spreading 
Echinococcus spp. into new ecosystems 
(Rausch 1967a).

Echinococcus granulosus 

Introduct ion

Echinococcus granulosus is a rela
tively common tapeworm of wolves 
(Canis lupus). Sixty of 200 (30%)
wolves collected throughout Alaska 
from 1949-1959 were found to harbor
E. granu1osus (Rausch and Williamson 
1959). Other intermediate hosts here 
include caribou (Rangifer tarandus), 
black-tailed deer (Odocoi1eus
hemionus si tkensi s ) and mountain
goats (Oreamnos americanus) (Rausch 
and Williamson 1959).

In Alaska, strobilar length ranges 
from 2.0-6.0 mm with 2 or oc
casionally 3 segments (Rausch and 
Nelson 19 6 3). Only the terminal seg
ment is gravid (contains eggs) and it 
constitutes the major portion of the 
strobila (body). Larval (or hydatid) 
cysts usually are 5— 10 cm in diameter 
in natural intermediate hosts; each 
is enclosed in a capsule of host
generated fibrous tissue. In man,
cysts may reach 50 cm in diameter 
(Soulsby 1968). Larvae of £.
qranulosus can develop with varying 
degrees of success in mammals other

than cervids, but in unsuitable 
hosts they rarely produce
protoscolices and cysts of aberrant 
form are prevalent (Rausch 19 6 8).

Two biologically and ecologically 
distinct forms of _E. granulosus exist 
in North America: an indigenous,
sylvatic ("wild") form that 
parasitizes free-living wolves and 
cervids and a pastoral ("domestic") 
form of European origin. The 
domestic form is essentially 
restricted to domestic cattle and 
dogs (Rausch 1967a). Though the 2 
forms are largely allopatric (oc
curring separately), the potential 
for sympatry (occurring together) in 
Alaska appears to be increasing as 
agricultural production of protein 
and dairy products intensifies near 
large tracts of wilderness. The ef
fects that dogs will have on melding 
the identities of these recognized 
forms remains to be seen.

Transmi ssion

Figure 4 illustrates life cycles 
of JE. granu 1 osus. The sylvatic life 
cycle of this parasite currently is 
most significant in Alaska. It 
typically follows the wolf-cervid 
food chain though coyotes reportedly 
substitute for wolves when the latter 
are absent (Holmes and Podesta 1968, 
Rausch and Williamson 1959). Dogs 
also are definitive hosts, and may 
constitute the major source of con
tamination for humans in Alaska. 
Dogs fed the viscera of moose and 
caribou are particularly prone to in
fection.

Eggs shed in the feces of canids 
are highly resistant to environmental 
stress and may remain viable for 
several months (Leiby and Dyer 1971)• 
Eggs clinging to vegetation are 
ingested by cervids; the oncospheres 
are liberated in the small intestine. 
The oncospheres are transported by 
the circulatory system mainly to the
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W o lv e s  s e r v e  as  d e f in i t i v e  hosts  
in s y l v a t ic  l i f e  c y c le .

Cestode m atures In intestine
o f d e fin it iv e  host (w olf or dog) 

Eggs break out of
». gravid segment and

\  pass out in feces.

H yd a tid  c y s ts  are  
e a te n  and d igested  by 
canid. Scolices are 
re leased and e v e r t to 
a tta c h  to in te s tin a l mucosa
o f d e fin itive  host.

D o m e s t i c  dogs  s e rv e  as  
d e f i n i t i v e  h o s ts  in 
p a s t o r a l  l i f e  c y c l e .

Figure 4. Echinococcus granulosus

In te rm ed ia te  host 
ingests egg on vege ta tion  
which hatches in to  
an oncosphere .
Man may be In fected  as 
in te rm ed ia te  host through 
contam inated food, w ater, 
or p e lts .

S y lv a t ic  in te r m e d ia te  h o s ts  a re  m o o s e  a n d  o th e r  cerv ld:
Hydatid cyst is unilocular 
and develops slow ly, taking 
I to  2 years fo r p ro tosco leces
(juvenile sco leces) to  develop. 
Cysts are s ingu la r and enclosed 
in th ic k  lam inated capsule.

Oncosphere (hooked embryo) 
enters lungs and liver, encysts 
into hydatid  fo rm .

P a s t o r a l  i n t e r m e d i a t e  h o s ts  a r e  d o m e s t i c  c a t t l e .



lungs where the hydatid cysts 
develop. Cysts may also localize in 
the liver, though less frequently. 
Larvae are unilocular, fluid-filled 
vesicles lined with an inner germinal 
layer that produces brood capsules 
approximately 5 months post ingestion 
(Leiby and Dyer 1971). The brood 
capsules produce numerous infective 
protoscolices. Several generations 
of daughter brood capsules may be 
contained within the original mother 
capsule. This capacity for asexual 
reproduction through endogenous 
budding enhances the infectivity of 
Echinococcus spp. larvae and explains 
how infections comprised of several 
hundred thousand tapeworms can occur 
in canids. The prevalence of hy
datid cysts in old aged moose (Rausch 
1959, Rausch and Williamson 1959) in
dicates the number of cysts within 
intermediate hosts is a cumulative 
function of continuous exposure to 
eggs. Humans contract hydatid infec
tions by ingesting food or water con
taminated by egg-bearing canine feces 
or through contact with pelts and 
other fomites (inanimate objects con
taminated with infectious organisms).

S i qns, Symptoms and 
Pathoqenes i s

Infections with mature worms of 
granulosus are generally asymptomatic 
and are not pathogenic to canid 
hosts. The pathogenicity of larvae 
in ungulates is dependent on the area 
of localization and intensity of in
fection. Most hydatid cysts are 
found in the lung parenchyma and, 
less frequently in hepatic tissue 
just below the capsule. Pathologic 
tissue changes are mainly limited to 
displacement of lung/liver tissue and 
fibrosis of the area surrounding 
vesicles. Ungulates harboring hy
datid cysts in these tissues exhibit 
no clinical symptoms (if cysts are 
not very abundant) and remain in good

condition (Rausch 1959). Oc
casionally, larvae localize in kid
ney, spleen or brain tissue where 
their effects are more severe and 
often fatal (Rausch 1952).

Siqnificance and Control

Though common in both its defini
tive and intermediate hosts, the low 
virulence of £. granulosus in natural 
hosts reduces its potential as an 
important wildlife population 
regulating force. Hydatid disease in 
humans usually is severe due to the 
mechanical and toxic effects of 
vesicles. Infections in humans of 
Alaska and northern Canada however, 
reportedly differ from the classic 
disease form in that most infections 
are benign (Wilson et al. 1968). Man 
apparently is a less suitable host 
for the sylvatic form of £. 
ranulosus than of the pastoral form 
Wilson et al. 196 8). In man, sur

gical removal of cysts is recommended 
for pastoral infections whereas cysts 
of sylvatic origin may allow more 
conservative treatment. Differential 
diagnosis between the sylvatic and 
pastoral forms is based on the 
patients history of contact with 
potential wild or domestic animal 
contami nants.

Rausch (1952) suggested b means of 
controlling £. granulosus in Alaska: 
1 ) education of people having high 
potential of exposure to hydatid 
disease (i.e. subsistence villagers) 
thereby reducing the probability of 
infection, 2 ) periodical treatment of 
dogs to remove the adult tapeworms, 
3 ) development of quarantine programs 
for domestic animals and b) elimina
tion of excess dogs in rural vil
lages. The advent of snowmobiles for 
winter transportation has partially 
accomplished the latter considera
tion.
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Echinococcus multi1ocularis 

Introduct i on

Adult tapeworms of £. mul - 
t i1ocular i s infect arctic foxes 
(Alopex 1aqopus) and to a lesser ex
tent, red foxes (Vulpes vulpes). 
Dogs and rarely wolves, also harbor 
adult tapeworms (Rausch and Schiller 
1956). In Alaska, mult i1ocular i s 
is most frequently found on St. 
Lawrence and other islands in the 
Bering Sea and in coastal areas of 
western and northern Alaska. It is 
thought to have evolved in Asia and 
reached Alaska in arctic foxes 
crossing the pack ice (Rausch and 
Schi1ler 1956).

Canids harbor adult tapeworms in 
the upper third of the small in
testine. Strobilar length is 1.2-3.7 
mm with usually 2 or occasionally 3 
to k proglottids. Microtine rodents, 
such as the red-backed vole 
(Clethrionomys rut i1 us) , brown 
lemming (Lemmus sibi ricus) and tundra 
vole (M i crotus oeconomus) are the 
principal intermediate hosts (Fay 
1973). Alveolar cysts develop from a 
single embryo and consist of radially 
arranged subspherical vesicles, 
usually in the liver. Peripheral 
vesicles are largest. All vesicles 
contain brood capsules which generate 
protoscolices that are infective to 
foxes. The size of each mass of al
veolar cysts varies with the size of 
the intermediate hosts; severe infec
tions may nearly destroy the liver.

Transmi ssion

The life cycle of £. mul- 
tilocularis is diagramed in Figure 5. 
Transmission from rodents to fox 
takes place when foxes eat infected 
rodents. Protoscolices are released 
within the definitive host by diges
tive maceration and, to a lesser ex

tent, mastication of the infected ro
dent. Protoscolices evaginate and 
attach to the intestinal mucosa of 
the small intestine where maturation 
to adult tapeworms is completed in 
approximately 32 days (Fay 1973). 
Eggs are passed in gravid segments 
with feces of the canine. Segments 
that have been shed expel their eggs 
through a series of contractions 
after exposure to the external en
vironment. The eggs are highly 
resistant to environmental conditions 
and may be transported by wind, water 
and insects (Schiller 195*0.

Following ingestion of the eggs by 
a rodent intermediate host, the on
cospheres are released in the 
duodenum by digestive processes. The 
oncospheres penetrate the intestinal 
mucosa and reach the liver via the 
hepatic portal circulatory system. 
Embryos lodge in the liver paren
chyma, usually just beneath the cap
sule, and develop into primary 
vesicles in h to 12 days depending on 
the host species. Daughter vesicles 
subsequently arise through exogenous 
budding. The number of protoscolices 
within each alveolar cyst varies but 
may approach several thousand. Lar
val development is more rapid for E.  
mult ilocular i s than for £. qranulosus 
with infective protoscolices ap
pearing within 2 to 3 months (Rausch 
1968). This adaptive feature compen
sates for the shorter lifespan of ro
dents than of cervids.

S i qns, Symptoms and 
Pathoqenes i s

Mature tapeworms appear to have 
little pathogenic effect on their 
final hosts, though infections by
30 ,0 0 0  to 80,00 0 individuals are com
mon and up to 450 ,000 tapeworms have 
been reported from a single fox 
(Rausch and Schiller 1956). Infec
tions in definitive hosts are self-
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Alveolar cysts In rodent liver 
are ingested by canine. Scolices 
are released and evaginate to 
attach to intestinal mucosa. 
Maturation takes about one month.

Figure 5. Echinococcus multilocularis

Oncosphere penetrates intestinal 
mucosa of intermediate host and 
reaches liver. Embryo develops 
into parent cyst which yields 
multiple daughter vesicles by exogenous 
budding. Each vesicle contains brood 
capsules which generate scolices. Cystic 
chamber becomes subdivided into multiple . ~
vesicles by thin septum, and cyst infiltrates { )
surrounding host tissue in neoplastic manner. V y

Following ingestion by microtine 
f rodent, egg hatches into oncosphere 

. (hooked embryo). Man risks infection 
through contact with fox pelts, infected 

sled dogs, contaminated dog yards, and 
contaminated berry and vegetable patches.



limiting as the mature tapeworms live 
only 3 to 7 months.

Larvae usually are not significant 
pathogens in their natural inter
mediate hosts. Alveolar infection in 
hosts of low suitability, i.e. man, 
are often more severe and may prove 
fatal when extensive displacement of 
hepatic tissue impairs the func
tioning of this organ. In man, lar
vae often do not complete develop
ment, but invade and destroy hepatic 
tissue continuously. Larval
proliferation in man is slow and 
typically results in central necrosis 
of the larval mass. Diagnosis is 
difficult even for experienced clini
cians (Rausch 1967a). Surgical 
removal of the entire larval mass is 
the only certain means of curative 
treatment, though is not always
possible (Wilson and Rausch 1980). 
Continuous treatment with mebendazol 
may be of value in controlling 
echinococcosis in humans (Wilson and 
Rausch 1980). Seventy percent of the 
untreated cases of £. mult i1ocular i s 
in humans were fatal (Wilson and
Rausch 1980).

S i qn i f i cance and Control

The incidence of infection by IE. 
mult i1ocular i s in foxes on St. 
Lawrence Island during the early to 
mid- 19 5 0s ranged from 40-100%; for 
voles, the frequency of larval infec
tion during this same period was 
2.0-15-5% (Rausch and Schiller 1956). 
The positive correlation between the 
incidence of _E. mul t i 1 ocul ar i s and 
host abundance suggests the risk of 
human infection may periodically 
oscillate with host densities (Fay
1973). The exportation of dogs, ro
dents and other contaminants (i.e. 
pelts) from areas where E^ mul- 
t i1ocular i s is endemic, should be 
monitored to avoid spreading this 
parasite into other areas. The 4

control measures cited for _E. 
qranul os i s appl y equal 1 y to Ê. mul - 
t i1ocularis.

The ecology of 
m u lt i 11 ocular i s 

(Cestoda:
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Diphyllobothrium

J. Dau and R. Barrett

Introduct ion

Six species of the pseudophyl- 
1 idean (see Cestode introduction) 
cestode Diphyl 1obothr i um reportedly 
occur in terrestrial Alaskan mammals 
(Rausch et a l . 1967). These are: 1)
j). 1 atrum, 2 ) J). dendr i t i cum, 3 ) £•
1 anceolatum, 4) £. urs i, 5) £• dal -
1 i ae and 6 ) D̂. al ascense. Other
Diphyl 1obothr i um spp. (e.g. D^ 
cordatum and ]). pac i f i c i um) are known 
to mainly infect marine mammals. 
Diphyl 1obothriid infections are 
prevalent in areas where vertebrates 
ingest large quantities of fish on a 
year round or seasonal basis. In 
man, the connotation "fish tapeworm" 
is used to describe infections by 
D i phyl 1obothr i um.

D i phyl 1obothr i um spp. are
generally large and yellowish with

visible dark uterine areas apparent 
on proglottids. The neck is usually 
present, though decreases in length 
with age for at least some species 
(Rausch 1954). Scolices are spatula 
shaped and possess 2 bothria (dorsal 
or ventral grooves on the scolex of 
pseudophyl1 ideans roughly analogous 
to cyclophyl1 idean suckers).

Diphyllobothrium dendr i t icum
reportedly occurs across the greatest 
geographic range, and in the largest 
variety of host species in Alaska 
(Rausch et a l . 1967). D i phyl-
1obothr i um 1atum has been identified 
as the primary diphyl1obothriid 
cestode of humans, its preferred 
final host (Rausch et al. 1967). 
Table 5 lists those wildlife species 
known to harbor larval or adult 
diphyl1obothriid tapeworms in Alaska, 
and maximum strobilar length and
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TABLE 5

Naturally occurring Diphyl1obothrium infections reported in Alaska 
(From Rausch 1970 except where noted)

1st Intermediate Host 2nd Intermediate Host Definitive Host

D . 1 a t um 1.
2 .
3.

0. dendriticum 1.

2.

D i aptomys qrac i 1 i s 
Copepod spp. 
Cyclops scutifer

Cyclops spp.* 
(Smyth 1962)
Diaptomus spp.* 
(Smyth 1962)

D. 1 anceolatum 1. Copepod spp.

D. ursi 1. Copepod spp.

J). da 11 iae 1. Copepod spp.

£. alascense 1. Copepod spp.

1. not establi shed
2. burbot (Lota lota)* 

in Alaska
3. northern pike (Esox 

1uci us)*

1. Salmonidae
2. sticklebacks (Gas- 

terosteus aculeatus
& Punqi ti us punqi t i us)

1. whitefish (Correqon- 
us sardinella)

3.

red salmon (Oncor- 
hynchus nerkal 
coho salmon (0. 
kisutch)* (Smyth 
1962)
perhaps other Oncor- 
hynchus spp.**

1. blackfish (Dal 1ia 
pectorali s)

1. burbot
2. (possible) cod 

(Eleqinus qraci1i s)
3. (possible) sculpin 

(Myoxocephalus quad- 
r i cornus)

1. man (Homo sapiens)

2. red fox (Vulpes vulpes)
3. arctic fox (Alopex 

laqopus)

1. black-headed gull 
(Larus ridibundus)

2. man

bearded seal (Eriq- 
nathus barbatusl 
harbor seal (Phoca 
v i t u 1 i na)

3. dog (Canis fami1iaris)
4. man (single 

plerocercoid)

brown bear (Ursus 
arctos
black bear (IJ. 
americanus) 
man

1. man
2. dogs
3. arctic fox
4. gulls (Larus spp.)

1. dogs
2. harbor seal

*Genera or species occurring in, but infection not reported from, Alaska
**Negative results for the presence of pierocoids in fish from Karluk Lake (Kodiak Island) 

and the lower Kuskokwim River were reported for dolly varden (Salve!inius malma), coho 
salmon, rainbow trout (Sal mo gairdi neri), sculpins (Cottus spp.), sheefish (Stenodus 
leucichthys) and northern pike (Esox 1ucius).

Max. Length (mm) x Width (mm)

1560-11,3000 x 8-14

1380 x 9

not reported from Alaska

11,000 x 23 
(Rausch 1954)

522 x 9

730 x 9



width for each D i phyl1obothr i um spp. 
Morphological characteristics of 
D i phyl1obothr i um spp. found in Alaska 
have been described in detail for 
differential identification (Rausch 
and Hilliard 1970).

Transmi ssion

The life cycle of D i phyl1obothr i um 
spp. is illustrated in Figure 6. Ma
ture worms inhabit the upper third of 
the small intestine in their final 
hosts. Eggs are usually released 
from the uterine pore and passed free 
in the feces of the final host. 
Single or lengths of gravid segments 
may be passed in the feces as well. 
The eggs develop in several weeks 
after contacting water before they 
hatch into the first larval stage 
coracidia (see Cestode introduction). 
Each coracidium consists of an on
cosphere and a ciliated embryophore 
(the outer cellular covering of the 
embryo). Coracidia swim slowly in 
the water column and rapidly die if 
not ingested by a suitable free- 
swimming copepod (a small aquatic 
crustacean). Following ingestion by 
the copepod, coracidia shed the em
bryophore and, in 2 to 3 weeks, 
develop into the second larval 
procercoid stage. When suitable 
piscine hosts ingest infected 
copepods, digestive processes free 
the procercoids and allow them to 
penetrate the intestinal wall of the 
fish. The procercoids then migrate 
to muscle tissue or visceral organs 
and develop into pierocercoids 
(elongate, solid organisms with 
scolices resembling the mature form). 
P 1erocercoids may persist through the 
piscine predator/prey trophic system 
from pianktivorous forage fish to 
carnivorous fish. P 1erocercoids of 
some D i phy11obothr i um spp. are found
in both freshwater and marine fish 
species where trophic relationships 
bridge these ecosystems. Plerocer- 
coids tend to re-encapsu1 ate in the

vicinity of the gut in paratenic, 
predator host fish (Baer 1951).

Definitive mammalian hosts are in
fected by ingesting raw fish that 
harbor p 1erocercoids. By the time 
digestive processes release the 
p 1erocercoids, they have reached the 
posterior portion of the intestinal 
tract, so must migrate anteriorly to 
their preferred area of attachment 
(Anderson 1978). In ursids, this is 
approximately 2 m below the duodenum 
(Rausch 1954). P 1 erocerco i ds of C>.
1atum require roughly 2 days to shed 
their entire larval body prior to 
formation of proglottids (Anderson 
1978). The result is a temporary net 
biomass loss for this cestode species 
soon after infection of the defini
tive host.

Strobilar growth is extremely 
rapid. A black bear (Ursus 
amer i canus) experimentally infected 
with D. urs i p 1erocercoids exhibited 
tapeworms up to 960 mm long and com
prised of 620 segments only 10 days 
post infection (Rausch 1954). In 
brown bears (Ursus arctos), strobilar 
growth of J). urs i may occur more 
through increased proglottid size 
than increased segment numbers. 
Severe infections are thought to im
pede the growth of these cestodes.

The intensity of D i phyl1obothr i um 
infections varies seasonally for 
bears and other mammals which undergo 
hibernation or dormancy (Rausch 1954, 
Rush 1932). The mechanism causing 
these variations is thought to be as
sociated with dietary changes that 
precede denning. Gulls (Laridae) 
subjected to improper feeding have 
been observed to spontaneously lose 
cestode infections (Kuhlow 1953 as 
reported by Rausch 1954) and marmots 
have been reported to expel adult 
cestodes of other genera before 
hibernation (Dubinin and Leshkovich 
1937) as reported by Rausch 1954). 
Rauschs1 (1954) observations and corn-
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Definitive hosts are infected 
by Ingestion of raw or
undercooked fish harboring
plerocercolds, which mature 
to adult cestodes In 5 - 6
weeks in hosts' Intestine.

Predatory fish 
may serve as 
paratenic host 
by "collecting" 
pferocercoids from 
Infected prey

Second intermediate host, 
freshwater fish, ingests 
infected copepod; procercoid 
penetrates intestinal wail and 
migrates to viscera or muscles.
Procercoid then develops Into 
plerocercoid, the stage infective
to fish-eating animals.

F igure  6. 

Diphyllobothrium

Eggs are passed singly 
or In gravid segments 
of adult worm within 
feces of definitive host.

( A b o u t  4 5 by  7 0 >l| )

In several weeks eggs 
develop in water and 
hatch into f irs t larval 
stage coracidia.

Coracidia are ingested by
copepod intermediate host.
In 2 -3  weeks coracidia
develops into procercoid stage
in haemocoele of crustacean.



munication with Eskimos and profes
sional guides support this seasonal 
variation in the intensity of 
D i phyl1obothr i um infections. This 
may be due to: 1 ) complete expulsion
of tapeworms prior to denning or 2 ) 
destrobi 1 ization of adult tapeworms 
in response to a less favorable 
internal environment when host 
animals cease feeding (Rausch and 
Hilliard 1970). Only meticulous ex
aminations for parasites could dis
tinguish the latter circumstance and 
ensure against falsely attributing 
reduced cestode activity to host ex
pulsion of these parasites. The 
presence of scolices in the feces of 
definitive hosts would not neces
sarily disprove destrobi 1 ization 
since scolex elimination may be 
incomplete. Spatial differences in 
the seasonal abundance and composi
tion of fish species utilized as food 
by definitive hosts of D i phy 1 - 
1obothr i um spp., i.e. ursids, makes 
distinguishing the validity of these 
explanations difficult.

If the presence of D i phy1 - 
1obothr i um spp. in their final hosts 
is more a function of exposure to 
pierocercoids than the persistence of 
adult worm scolices, this could ex
plain the seasonal loss of cestodes 
in Alaska where the availability of 
secondary intermediate hosts (i.e. 
salmon) is relatively ephemeral. 
Areas where the availability of fish 
is more constant could allow defini
tive hosts to become infected sooner 
and remain infected longer as sug
gested by fecal analysis for eggs in 
such areas (Frechette and Rau 1978).

The persistence of infections by 
tapeworms of D i phyl 1obothr i um spp. in 
definitive hosts is controversial. 
Some researchers report that infec
tions tend to be short lived (i.e. 
less than 1 year) (Rausch et al. 
1967, Wardle 1935) while others con
tend infections may last several 
years (Leiper 1936). In this regard,

generalities may be misleading con
sidering the number of wildlife 
species and variety of environmental 
conditions in which D i phy 1 1 obothr i um 
spp. occur in Alaska. The per
sistence of mature tapeworms is an 
important consideration however, in 
determining how rapidly these 
cestodes can expand their geographic 
range. The distribution and spread 
of D i phyl 1obothr i um spp. is ul
timately determined by the longevity 
of these tapeworms in their inter
mediate and definitive hosts and the 
mobility of these host species.

Signs, Symptoms and 
Pathoqenes i s

The presence of eggs or gravid 
segments in the feces of definitive 
hosts is the only means of iden
tifying diphy 1 1 obothriid infections 
in wildlife populations. Egg mor
phology reportedly varies between 
host species, the intensity of infec
tions and with individual worms 
(Anderson and Halvorsen 1978). Diag
nosis of D i phyl 1obothr i um infections 
based solely on the characteristics 
of eggs is thus useful only at the 
population level where many eggs can 
be analyzed for specific trends. 
Identification of individual D i phy 1 - 
1obothr i um sp. based on egg mor
phology should be verified with 
experimental infections. Anthelmin
tic agents can be administered to in
dividual animals for identification 
of adult tapeworms if retention and 
handling of these hosts is feasible. 
Necropsies of hunter-killed ursids 
and marine mammals may be employed to 
secure adult specimens. D i phyl- 
lobothriid infections do not manifest 
cli n i ca 1 symptoms.

S i qn i f i cance and Control

Though Diphyl1obothr i um spp. are 
prevalent cestode parasites of fish,
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marine and terrestrial mammal species 
including man, their significance as 
a population regulating force in
Alaska has not been established. The 
relative pathogenicity of this 
parasite in individual hosts depends 
on host health and nutrient
availability. The ??rocess of in
ducing cestode expulsion in humans
with anthelmintic agents has been 
described (Rausch and Hilliard 1970). 
Control in wildlife populations is 
unfeas i ble.
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Nematoda

R. Barrett and J. Dau

The large physical size of mature 
parasitic roundworms (relative to 
protozoan parasites), and their 
tendency to occur in large numbers 
within their hosts makes these or
ganisms highly visible in most mam
mals. Thus, in spite of the rela
tively low species diversity of 
parasitic nematodes in Alaska, they 
frequently come to the attention of 
sportsmen and biologists.

Nematodes exhibit long, cylin
drical bodies which taper at both 
ends. Cuticular annulations (in
dented rings that circumscribe the 
body) may give the false impression 
that nematodes are segmented; they 
are not. Hooks and thickened areas 
of the cuticle may be apparent. 
Though the cuticle may absorb certain 
nutrients, as well as some anthelmin
tic agents, ingestion occurs through 
a primitive alimentary tract. 
Nematodes are monoecious (separate 
sexes); females are larger than 
ma1e s .

Unlike cestodes, larval nematodes 
resemble adults in general body con
figuration. Larval nematodes usually 
undergo 4 ecdyses (molts) of the en
tire cuticle before they reach 
maturity. The interval between molts 
consists of 2 phases: 1 ) an active
phase of feeding and growth and 2 ) a 
lethargic stage during which the body 
undergoes structural changes in 
preparation for the molt.

Nematode life cycles follow a
variety of patterns that may or may 
not employ an intermediate host. 
Parasitic nematodes usually infect 
their final hosts while in the third 
larval stage. The 2 molts that 
precede the third larval stage may

occur within the egg or after 
hatching. Those species whose larvae 
temporarily live free in the external 
environment often retain the 
cuticle(s) of previous larval stages 
for protective purposes. These 
cuticles are shed after the larvae 
enter the host.

For nematode species that do not 
utilize an intermediate host, host 
animals often become infected by 
ingesting free-living third stage 
larvae (i.e. Haemonchus contortus). 
The absence of an intermediate host 
does not limit these nematodes to 
this single route of infection 
however. Infective larvae of 
Trichinella organisms are ingested 
with meat in which they are encysted. 
Third stage Uncinaria lucasi larvae 
may penetrate the skin of their 
hosts. Infective Toxascar i s 1 eon i na 
larvae remain within their eggs and 
hatch only after being ingested by 
their host. These examples show that 
it is difficult to make generaliza
tions concerning routes of transmis
sion for parasitic nematodes that do 
not employ an intermediate host.

Parasitic nematodes that utilize 
an intermediate host follow 1 of 2 
life cycle routes. The most common 
life cycle route entails ingestion of 
eggs by the intermediate host, 
usually a rodent. The eggs hatch and 
eventually, third stage larvae encap
sulate in some anatomical region of 
the rodent. Final hosts become in
fected by ingesting rodents that con
tain third stage larvae.

Filarioid (order Filariata) 
nematodes (i.e. Splend i dof i1ar i a 
spp., see avian disease chapter, or 
D i rof i1 ar i a spp.) complete their life
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cycle without entering the external 
environment. Larval forms of these 
species are termed microfilariae; 
they enter the circulatory system of 
their final hosts. Blood-sucking ar
thropods, i.e. mosquitos (Culex 
spp.) ingest the microfilariae with 
blood. These larvae develop within 
the arthropods to a stage that is in
fective for the final hosts. Infec
tive microfilariae leave the ar
thropods when the insects land to 
ingest blood. Microfilariae enter 
the circulatory system of the final 
host, migrate to some anatomical site 
and mature.

Pathologic effects of nematode in
fections may result from mechanical 
destruction of host tissue while lar

vae migrate throughout these animals 
or from the release of toxic sub
stances (i.e. waste products). 
Thorough descriptions of nematodes 
are provided by Meyer and Olsen 
(1971) and Soulsby (1968).
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Bavlisascqris

J. Dau and R. Barrett

Introduct i on

Four species of Bay 1i sascar i s 
occur in Alaska, these are: 1) ]3.
(Ascar i s ) devos i from wolverines 
(Gulo qulo) (Rausch 1959, Sprent 
1968), mink (Mustela vi spn) (Sprent
1953) and ermine (M. erminea) 
(Dunagan 1957, Sprent 1968); 2) B̂.
(Ascar is) cplumnar i s frpm wplverines 
('Dunagan 1957); 3) B_. (Ascar i s )
11 aevi s (tarbagan) frpm wpodchucks
(Marmota monax), hoary marmots (M. 
caliqata) (Rausch 1951, Sprent 19 6 8), 
Alaska marmots (M. brower i) (Sprent 
19 6 8) and arctic ground squirrels 
(Spermophi1 us parryii) (Rausch 1951, 
Sprent 19 6 8); and 4) £. toxascar i s 
transfuqa from brown bears (Ursus 
arctos) (Sprent 196 8) and black bears 
(jJ. amer icana) (Rausch 19 61). 
Bay 1i sascar i s devos i occurs in marten 
(Martes americana) (Sprent 1968), but 
has not been documented in Alaska. 
Parasites of the genus Bay!i sascar i s 
occur throughout Alaska.

Fifty-six of 91 free-ranging black 
bears (JJ. amer icanus) were reported 
to harbor EL transf uqa in the small 
or large intestine (Dies 1979). 
Black bear cubs in Alaska often 
become infected with EL transf uqa 
during their first summer and infec
tions are particularly evident in 
late summer and early fall (Rausch
1961). Bay 1i sascar i s devos i was the 
helminth most frequently encountered 
in a parasitological survey in the 
MacKenzie District of the Northwest 
Territories (29 of 39; 74%) and is
common in wolverines of Alaska 
(Rausch 1959).

Sprent (196 8) provides a table of 
features for differentiating the 
species of Bay 1i sascar i s and a key 
for identifying the genera within the 
fami1y Ascar i d i dae.
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T ransmi ss ion

The life cycle and body lengths 
described herein are for j3. devos i. 
They were determined experimentally 
utilizing laboratory mice (Mus sp.), 
ferrets (Mustela sp.) and marten as 
reported by Sprent (1953). Life 
cycles of other Baylisascaris spp. 
generally follow this description.

Eggs pass freely in the feces of 
the definitive host. Development to 
the second larval stage progresses 
within the eggs; these larvae become 
infective while within the eggs when 
about 12 days old. When eggs that 
contain infective larvae are ingested 
by a rodent, they hatch and release 
second stage larvae in the alimentary 
canal. These larvae pass through the 
stomach into the intestines. The 
second stage larvae penetrate the in
testinal wall and reach the liver, 
mesenteries and lungs presumably via 
the circulatory system. The larvae 
then lodge in the lung parenchyma and 
molt to the third larval stage 
roughly 10 days post ingestion. 
Third stage larvae are 1.2-1.9 mm 
long; they tend to migrate anteriorly 
and localize in and around the head. 
Third stage larvae are usually encap
sulated in host generated connective 
t i ssue.

Definitive hosts, i.e. mustelids, 
are infected by ingesting rodents 
that harbor infective third stage
larvae. The third stage larvae are 
released from their intermediate 
hosts by digestive processes in the 
stomach and small intestine of the
final host. Bayli sascar i s spp. com
plete their development in the small 
intestine of the final hosts. Male 
and female J3. devos i roundworms 
recovered from infections 6 months 
old were 1 1 0 - 1 2 0  mm and 1 8 8 -2 3 8 mm 
long respectively.

Definitive hosts may develop in
fections by ingesting eggs and thus

bypass the intermediate rodent hosts. 
Young mustelids are more susceptible 
to infection by third stage larvae 
than older mustelids. Fourth stage 
larvae can infect adult mustelids 
that have developed a resistance to 
third stage larvae (Sprent 1953).

Seasonal changes in the incidence 
of j3. transf uqa and the empirical 
observations of black bears passing 
adult worms in their feces just prior 
to denning (Rogers 1975) support the 
theory that bears lose helminth in
fections at this time (Rausch 19 61).

Signs, Symptoms and 
Pathoqenes i s

Light infections are asymptomatic. 
The mobility of third stage larvae 
and their prediliction for lung tis
sue may cause edema (an accumulation 
of interstitial fluids) and
pneumonitis (an inflammation of the 
lungs) in their intermediate hosts. 
This is evidenced by dyspnea (labored 
breathing) and lethargy. Larvae that 
exit capillaries in the lungs, liver, 
kidneys and intestines cause 
petechial (pinhead) hemorrhages. 
Adult worms may compete with their 
final hosts for dissolved nutrients 
and in severe infections, cause in
testinal blockage. Anthelmintic 
agents are effective against adult 
worms but not larvae. Control of 
Bay!i sascar i s spp. in wildlife 
populations is not feasible con
sidering the difficulty in ad
ministering anthelmintic drugs, and 
the persistence of eggs in the exter
nal environment.
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Toxoscarls a Toxocara

J. Dau

Adult worms of these genera ex
hibit lateral cuticular expansions 
(cervical alae) located anteriorly 
that give them an arrow-like body 
configuration (hence, "arrow worms"). 
Since worms from species of both 
genera overlap in size, affect common 
definitive hosts and manifest similar 
clinical symptoms, distinguishing 
between these genera in the field is 
difficult. Tentative diagnoses may 
be ‘based in part on the host species 
from which parasites were identified. 
Also, Toxascar i s spp. tend to flex 
dorsallym Toxocara spp. ventrally; 
Toxocari cati has short, wide cer
vical alae, Toxocari can is possesses 
long, narrow cervical alae (Schmidt 
and Roberts 1977)- Definitive diag
noses should be based on analysis of 
egg and life cycle characteristics.

Toxascar i s 1 eon i na

In Alaska, Toxascaris leonina has 
been found in black bear (Ursus 
americanus) (Dubey 1978), lynx (Felis 
lynx) (Dubey 1 9 7 8 ), arctic fox 
(Alopex 1aqopus) (Fay and Williamson 
1962, Thomas and Babero 1956) and 
wolves (Can i s 1upus) (Rausch and 
Williamson 1959). It is a common 
parasite of canids. Four of 5 arctic 
fox (80%) collected in 19 61 on St. 
George Island (Pribilof Islands) and 
144 of 200 wolves {12%) collected 
throughout Alaska during 1949 to 1959 
harbored immature and adult T. 
1 eon i na (Fay and Williamson 1962, 
Rausch and Williamson 1959). Infec
tions in wolves averaged 5 0 -6 0 worms 
per wolf with up to 17 5 individuals 
within a single animal (Rausch and 
Willi amson 1959).

Adult worms are 7~ 10 cm long and 
usually inhabit the small intestine

of definitive hosts. Toxascar i s 
1 eon i na may complete its life cycle 
without an intermediate host. Larvae 
molt to the infective, second larval 
stage within the eggs 3 to 6 days 
post expulsion from the definitive 
host under optimum conditions. Fol
lowing ingestion by the definitive 
host, the second stage larvae hatch 
and invade the intestinal wall where 
they remain for 10 to 14 days. The 
larvae then molt to the third larval 
stage and return to the intestinal 
lumen. By 3 to 5 weeks post inges
tion, the larvae have molted to the 
fourth larval stage and grown to 
approximately 8 mm long. The worms 
mature in roughly 6 weeks and begin 
to produce eggs about 74 days post 
ingestion (Soulsby 19 6 8). Wolf pups 
probably contract T. 1 eon i na 
infections at an early age through 
contact with contaminated feces of 
infected adults near den sites 
(Rausch and Williamson 1959).

Small rodents may act as inter
mediate hosts of T. 1 eon i n a . In con
trast to the sedentary behavior of 
larvae in their definitive hosts, 
larvae that infect intermediate ro
dent hosts migrate throughout the 
body. Larval growth is arrested in 
mice after reaching the third larval 
stage. Definitive hosts are infected 
by ingesting mice that harbor the 
thi rd stage 1arvae.

Toxascaris leonina m a n i f e s t s  no 
clinical symptoms. It is not con
sidered a significant wildlife 
pathogen.

Toxocara

Two species of Toxocara have been 
reported from Alaska: 1) T. can i s , a
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Figure 7. Common intestinal nem atodes  in Alaska.

BaylisQScaris spp. 
( i n t e s t i n a l  ro un d w orm )  
R odent is in te rm e d ia te  
host. 2nd  larval stage 
p en e tra te s  in te s t in a l  wall, 
m ig ra te s  to  l iver, lungs, 
mesenteries.

1
In parenchymal tissue , larvae 
m olt to  3rd stage , loca lize  
in head region.

I
In g e stio n  by d e f in it iv e  host 
(m ustelid), la rva e  lodge  in 
sm a ll in te s tin e , m o lt to 
4 th  stage and m atu re  to 
a d u lt worm.

o* I I -  12cm 
^ 1 9 - 2 4  cm

Infection o f d e fin it ive  host 
may be d ire c t through 
in g e stio n  o f eggs or 4 th  
s tage la rvae w hich m olt 
to  a d u lt w orm  in in testine.

A d u lt n em a tod e  in sm all in te s tin e  
o f  d e f in it iv e  v e rte b ra te  h ost. 
N em a to d e  eggs are  p a sse d  in feces.

______________ L________________

L arvae develop into 2nd s ta g e  w ithin 
egg. Eggs hatch  in in te s t in e  a f te r  
ingestion by in te rm e d ia te  host.

Eggs hatch , undergo  tw o la rva l 
m o lts  in e nv iro nm e n t to  3 rd  la rva l 
fo rm . 2nd s ta g e  cu tic le  is re ta ined.

T
T o x a s c a ris  le o n in a  

(a rro w  w orm ) 
L a rva e  invade in te s 
tin a l wall o f in te rm e 
d ia te  rodent h os t, 
m ig ra te  to  liver, lungs, 
head, and m olt to 
3 rd  stage

J

D efin itive  host (bear, 
fo x , lyn x , canids) 
ingests 3 rd  stage larvae 
w ith in  rodent tissue. 
L a rv a e  m o lt to  4 th  
stage in sm all in tes tine , 
m a tu re  to  a d u lt worm s.

7 - 1 0  cm

D ire c t in fec tion  o f 
d e fin itive  host can 
o cc u r by in g e s tio n  o f 
eggs. 2nd stage larvae 
invade in testina l w a ll, 
m olt to  3 rd  stage. 
These la rva e  re tu rn  to 
lum en and m atu re.

T o x o c a ra  c a n is  
(a rro w  w orm )

Larvae  m ig ra te  to  Internal 
organs o f a du lt canid 
b itc h  where grow th  is 
a rre s te d  a t 2nd stage.

1
Pregnancy a ctiva tes and 
m o b ilize s  la rva e , which 
m olt to  3 rd  stage and 
lo ca lize  in fe ta l lungs

I

o’  10 cm 
(J 18 cm

Pups can be infected 
d ire c tly  by ingestion  of 
eggs to in itia te  potent 
in fection.

T o x o ca ra  ca t i 
(a rrow  w o rm ) 

L a rv a e  m ig ra te  to  
tissues o f  avian, 
insect or rodent 
in te rm e d ia te  host, 
m o lt to 3 rd  stage.

1

L a rv a e  m o lt to  4 th  stage 
postpartem  in pups' lungs 
or stom ach, m igrate to  
small in te s tin e  where 
com plete deve lopm ent 
to  a d u lt worm s.

f
H aem onchus contortus 

(b a rb e rp o le  w orm ) 
L a rva e  ascend grass 
b lades, rum inant ingests. 
Loose cu tic le  is shed 
in re tic u lu m , and la rvae  
reach abomasal mucosa.

1
L arva e  ingested by
defin itive  (felid) host, 
m ature in sm all 
intestine.

3 - 1 0  cm

In fection  can take 
d ire c t route  when 
d e fin it iv e  host ingests 
eggs which h a tch  in 
sto m a ch , la rv a e  m ig ra t
ing to  lung and 
liver. Larva e  in lungs 
tra ve l up trachea and 
are sw allow ed, m o lt 
in s to m a ch  w a ll and 
m a tu re  in lumen.

Larvae molt tw ice  in 
abomasum to mature 
worm.

or”  1 0 -2 0  cm 
^  1 8 - 3 0  cm

U n c ln a ria  spp. 
(h oo kw o rm )

3rd  stage la rvae are 
ingested or pene tra te  
d e f in it iv e  h o s ts  skin 
(ca n in es  fo r U. stenocepha la , 
n. fu r seal fo r U, lucasTT

i
Larvae ente r c irc u la to ry  
system  fro m  skin o r  in tes
tina l tra c t and are tra n s 
ported to  th o ra c ic  organs 
In canines la rva e  m igra te  up 
bronch i, are swallowed, and 
m a tu re  in sm all in te s tin e

U. stenocephala  
5 - 1 2  mm

In adu lt seal, larvae rem ain 
in sys te m ic  c ircu la tio n  and 
a ccum u la te  in be lly  blubber 
and m am m ory tis s u e , then 
go d orm an t. L a rv a e  in 
c a n id s  th a t reach sys te m ic  
c irc u la t io n  in fe c t  fe ta l pups. 
S eal pups are In fe c te d  v ia  
m am m ary g la n ds, and 
JJ. lu ca s i m a tu res in pups 
sm all in tes tine .

U.. lucasi 
7 -  16mm



parasite of canids and 2) T. cat i, 
usually found in felids. In Alaska, 
T. cat i has been reported in lynx 
TDunagan 1957); T. cani s has been 
found in dogs (Can i s fami1i ar i s )
(Dunagan 1957, Schiller 1952) and
wolves (Dunagan 1957). Toxocara 
canis is very rare in Alaska however, 
and is thought to have been recently 
(in geological time) introduced with 
dogs from the contiguous 48 states 
(R. L. Rausch, unpub. data).

The life cycle of T. can i s is in
teresting in that pre-parturient 
(before birth) infection is an impor
tant route of transmission. The
bitch may become infected by 
ingesting eggs that contain second 
stage larvae. These larvae remain in 
the second stage and migrate to 
various internal organs (i.e. lungs, 
liver, kidneys). The larvae do not 
grow and persist in these sites of 
localization until reactivated during 
pregnancy. Not all larvae are 
mobilized during any one pregnancy; 
the physiological mechanisms and 
stimuli for mobilization are not 
understood though involve some degree 
of hormonal control (Soulsby 1968). 
larvae molt to the third stage as the 
pregnancy nears term and localize in 
the lungs of the fetus. The fourth 
larval stage develops in the puppies' 
lung parenchyma or stomach within 1 
week after birth. The nematodes molt 
to the fifth larval stage when the 
puppy is about 2 weeks old and com
plete development in 3 to 4 weeks. 
Adult worms localize in the small in
test i ne.

Puppies experience a period of 
susceptibility when 1 or 3 weeks old. 
During this period of vulnerability, 
ingestion of eggs can result in pa
tent infections (infections in which 
parasites complete development) 
without the larvae migrating through 
internal organs. The development of 
patent infections in puppies is 
reportedly negatively correlated to 
the number of eggs ingested; 24 of 25 
(96%) puppies that were fed 10 to 100

eggs developed patent infections 
while 0 of 20 puppies fed approx
imately 10,000 eggs exhibited patent 
infections (Dubey 1978). Female dogs 
may acquire post parturient infec
tions from their pups though such in
fections tend to be eliminated in a 
few weeks. Rodent intermediate hosts 
are not considered important in the 
transmission of T. can i s . Mature 
worms are 1 0 - 1 8  cm long.

Toxocara cat i follows direct and 
indirect (via an intermediate host) 
life cycles. In the direct route, 
eggs are ingested by the final host 
and hatch in the stomach. Three to 5 
days after being ingested by the 
felid, second stage larvae reach 
liver and lung tissue. These larvae 
migrate from the lungs and up the 
trachea to be swallowed. They under
go the second molt to the third lar
val stage and enter the stomach wall. 
Third stage larvae re-enter the 
stomach and intestinal lumen, molt to 
the fourth larval stage and complete 
maturation.

The indirect life cycle of T. cat i 
utilizes mice as well as insect and 
avian organisms as intermediate hosts 
for larval development. Felids are 
infected when they ingest inter
mediate hosts that contain infective 
larvae. These larvae are released 
from the intermediate hosts by diges
tive processes and complete develop
ment in the manner described for the 
direct life cycle. Adult worms are 
3-10 cm long.

S i qns, Symptoms and 
Pathoqenes i s

Intense prenatal infections of 
Toxocara can i s in canids may be fatal 
for puppies. The extensive 
migrational movements of larvae may 
infrequently cause pneumonia, extreme 
malaise and nausea. Toxocara cat i, 
Toxascar i s 1 eon ina and 1 ight Toxocara 
can i s infections cause recurrent 
diarrhea and occasionally anemia.
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Such animals exhibit reduced vigor, a 
dull harsh pelage and a pot-bellied 
appearance, especially in young 
an ima1s .

Larvae that localize in atypical 
sites (i.e. bile ducts) may cause 
severe pathologic effects. Nervous 
disorders occur when larvae localize 
near nervous tissue or when large 
amounts of toxic by-products released 
from the parasites are absorbed by 
the host. Infections are potentially 
most severe in young animals.

The significance of Toxascar i s and 
Toxocara spp. on wildlife populations 
of Alaska has not been determined.
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Uncinaria

J. Dau

Introduction

Four species of Unc inar ia 
(hookworms) have been reported from 
Alaskan mammals: 1) JJ. stenocephala
from arctic foxes (Alopex laqopus) 
(Dunagan 1957, Olsen 1958, Thomas and 
Babero 1956), wolves (Canis lupus) 
(Rausch and Williamson 1959) and red 
foxes (Vulpes vulpes) (Dunagan 1957, 
Schiller and Rausch 1956), 2) JJ.
1ucas i from northern fur seals 
(Callorhi nus urs i nus) (Olsen 1958, 
1962, Olsen and Lyons 1962), Stel- 
lar's sea lions (Eumetopias jubatus) 
(Olsen 1958) and California sea lions 
(Zalophus californianus) (Olsen 
1962), 3) U. rauschi from black bears 
(Ursus americanus) and brown bears 
(JJ. arctos), and 4) JJ. yukonens i s 
also from black and brown bears. Ma
ture IJ. stenoceph 1 a roundworms are 
5-12 mm long (Soulsby 19 6 8); adult JJ.
1acas i are 7.4-16 mm long (Olsen 
1962). Uncinar ia stenocephala and JJ.
1ucas i are ecologically very 
distinct, though are sympatric in the 
Pribilof Islands. Hookworms do not 
utilize intermediate hosts (Fig. 7). 
Olsen (1968) provides a key to the 
species of Uncinaria.

Uncinaria stenocephala

The reported geographic distribu
tion of JJ. stenocephal a spans Europe 
and North America. Larvae are not 
resistant to dessication so limit 
this parasite to moist areas.

Transmi ssion

Adult worms localize in the small 
intestine of their hosts. Eggs pass 
in the feces of canids and hatch in 
the external environment. Larvae

molt twice while in the external en
vironment to reach the infective, 
third larval stage. Infective larvae 
enter the host by being ingested or 
by penetrating the skin. After in
vading the host, larvae enter 
peripheral blood vessels or penetrate 
the wall of the small intestine and 
enter the circulatory system in this 
region. They are then transported to 
the thoracic organs. Larvae may 
leave the circulatory system at the 
pulmonary capillaries by entering al
veoli and migrating up respiratory 
passages. These larvae are even
tually swallowed and attach to the 
wall of the small intestine where 
they complete development. Larvae 
that fail to enter alveoli and in
stead pass through the pulmonary cir
culatory system reach the systemic 
portion of the circulatory system and 
are transported to the visceral or
gans. These larvae may cause small 
hemorrhages in the visceral organs 
before they die. Larvae that reach 
the systemic circulatory system can 
infect unborn canids; in prenatal in
fections, larvae become dormant until 
after parturition (Soulsby 19 6 8).

Signs, Symptoms and 
Pathoqenes i s

Adult JJ. stenocephala hookworms 
are voracious blood sucking 
parasites. This is thought to be 
primarily a respiratory function to 
acquire dissolved oxygen; only the 
most easily assimilated food sub
stances are removed from the ingested 
blood. Mature, individual worms can 
reportedly remove 0.8 ml to 1.0 ml of 
blood from their host daily (Soulsby
1968). The cumulative effect of in
tensive infections can therefore 
result in a substantial loss of blood 
for host animals.
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The principal pathologic effect of 
JJ. stenocephal a roundworms is anemia 
characterized by an iron deficiency 
in the host. Anemia results from the 
effects of the direct loss of blood 
to these parasites and also from the 
impairment of absorption by the 
hosts' intestines. The latter con
sideration is due to an inflammatory 
response to the parasites of in
testinal tissue that causes fusion of 
villi and changes in the columnar 
(absorptive) cel 1 s.

Canines develop an immunity to 
hookworm infections comparable to the 
"self cure" seen in Haemonchus 
contortus infections of ruminants. 
Severe pathogenic effects occur when 
hookworm infections intensify at a 
rate faster than the immune system 
can respond to.

Clinical signs include weakness, 
emaciation, a dry rough coat, skin 
irritation where larvae have 
penetrated and diarrhea that contains 
bloody mucus. The hosts' blood may 
appear watery.

Siqnificance and Control

The significance of JJ. 
stenocepha1 a in Alaska has not been 
determined. Regional variations in 
the frequency of infection in this 
state have been noted. Seven of 27 
(25%) wolves from the taiga community 
of the Copper River drainage harbored 
U. stenocepha1 a while only 7 of 162 
Jk%) Brooks Range (tundra community) 
wolves were thus infected (Rausch and 
Williamson 1959). Man is susceptible 
to infection (Fullerborn 1927 as 
reported by Olsen 1968).

Unc i nar i a 1ucas i

Unc i nar i a 1ucas i is unique in 2 
respects. It is the sole strongylid 
parasite known to infect fur seal 
pups. Secondly, its reported

geographic distribution is limited to 
the Pribilof and Kommandorski Islands 
of the Bering Sea (Olsen 1962).

Transmi ss ion

Like JJ. stenocephal a , JJ. 1 ucas i 
follows a direct life cycle. Adult 
hookworms inhabit the middle to lower 
portion of the small intestine in 
pre-pelagic fur seal pups. The adult 
worms pass eggs throughout the summer 
via the feces of seal pups. The eggs 
begin hatching during the first week 
in September; the proximal explana
tion for delayed hatching is not
understood. It has been suggested 
that warm weather and the intense
contamination of rookeries with urine 
and feces inhibit hatching until 
after the seals have departed for the 
open sea (Olsen 1962). Larval 
development continues throughout the 
summer, however. Two molts occur 
within the eggs to produce the third 
stage larvae that are liberated when 
hatching occurs in early spring.
Third stage larvae overwinter on the 
rookeries in favorable microhabitats 
beneath a deep, insulating layer of 
snow and ice. Neither eggs nor third 
stage larvae are resistant to cold 
temperatures (-20C).

As summer progresses, the number 
of eggs present in the soil decreases 
while the number of larvae in the 
soil increases as the eggs hatch. 
Seal pups are infected soon after 
birth by third stage larvae from 2 
sources: 1) free-living larvae
present in sand on the rookeries that 
hatched from eggs of the previous 
year, and 2) infective larvae present 
in the mother's milk. Free-living 
larvae invade adults and pups by 
penetrating their skin, especially on 
the flippers. These larvae
presumably enter the circulatory 
system and pass through the heart and 
lungs before being transported 
throughout the body. These third 
stage larvae tend to accumulate in
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the belly blubber where they become 
dormant.

Larvae that are dormant within the 
seals are said to be in the "tissue 
phase" of their life cycle. Larvae 
in the tissue phase are thought to 
persist in their hosts for long
periods of time (duration not
specified) (Olsen 1962). In females, 
some infective larvae localize in the 
mammary glands, thus facilitating
transmission to nursing pups. Larvae 
that have been ingested are thought 
to quickly complete 2 molts while in 
the alimentary canal. These hook
worms attach to the mucosa of the 
small intestine where they complete 
development approximately 3 weeks 
post ingestion. Hookworms that 
localize and mature in the small in
testine of fur seal pups are said to 
be in the "intestinal phase" of their 
life cycle. Mature worms pass eggs 
in the pups' feces, thus con
taminating the rookery and providing 
a source of infection for the subse
quent cohort of seals.

S i qns, Symptoms and 
Pathoqenes i s

The pathogenesis of mature JJ. 
1ucasi hookworms is similar to that 
of JJ. stenocephala. Anemia is the 
principal pathologic effect. Fur 
seal pups that harbor hookworms in 
the intestinal phase show a 
generalized weakness, difficulty 
breathing and bloody diarrhea that 
contains large numbers of eggs. The 
mucous membranes of these hosts ap
pear blanched due to anemia. The 
small intestine becomes thickened, 
fragile and exhibits nodules where 
groups of the hookworms are attached. 
Free blood is often present in the 
intestinal lumen. Infections with IJ. 
1ucas i hookworms are often acute as 
evidenced by extensive fat deposits 
and excellent body condition of dead, 
heavily parasitized pups (Olsen 
1962). Third stage larvae are not 
considered pathogenic.

Fur seal pups develop an immunity 
against adult hookworms. These hook
worms do not persist in the in
testinal phase longer than 5 months 
in the fur seal pups.

S i qn i f icance and Control

Uncinaria lucasi represents a sig
nificant mortality source for fur 
seal pups on the Pribilof Islands of 
Alaska. The fidelity of seals to 
established rookeries and their 
gregarious behavior ensure the per
petuation of JJ. 1 ucas i . These 
characteristics also facilitate con
trol of this parasite by localizing 
foci and temporally concentrating 
periods of contamination. Applica
tion of an emulsion of cresylic 
disinfectant, a nematode larvicide, 
significantly reduced the incidence 
of free-living larvae on small, 
experimental plots. When the lar
vicide was sprayed over a large area 
however, no reduction in fur seal pup 
mortality occurred that year. This 
should not be interpreted as a 
failure of the larvicide or as 
disproving the recognized
pathogenicity of JJ. 1 ucas i , but 
rather as an indication of the sig
nificance of other mortality sources 
(i.e. trampling, starvation and ex
posure) in influencing fur seal pup 
survi vorship.

Neither humans nor arctic foxes 
are susceptible to JJ. 1 ucasi.

Unc i nar i a rausch i and 
JJ. yukonensis

Hookworms, though not of the genus 
Unc i nar i a , were first reported in ur
sids from polar bears (Ursus 
mar i t imus) (Dujardin 1845 as reported 
by Choquette et al. 1969). Hookworms 
of this genus commonly inhabit the 
small intestine of black and brown 
bears in Alaska (Olsen 1968, Rausch
1961). Since hookworms feed on blood 
from their host, these parasites are
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not stressed by dietary changes that 
precede denning, and thus are not 
seasonally expelled from bears as has 
been suggested for cestode parasites 
(Rausch 1961). Two black bears from 
Alaska, killed in their dens, har
bored hookworms; 1 of these bears 
contained 78 hookworms but only 3 
small specimens of D i phyl1obothr i um 
urs i (see Cestodes) (Rausch 19 61). 
Infections in individual bears may 
exceed 400 worms (Choquette et al.
1969).

Unc i nar i a yukonens i s is larger in 
its overall body size and features 
than JJ. stenocepha 1 a . Unc inaria
yukonens i s is roughly 10.5-17.1 mm 
long (this range is probably exceeded 
since the sample from which these 
dimensions were determined consisted 
of only 7 individuals from a single 
black bear) (Wolfgang 1956); JJ. 
rauschi is 7-4-10.5 mm long (Olsen 
1968). The impact of JJ. rauschi and 
JJ. yukonens i s on bear populations in 
Alaska has not been determined.
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Obeliscoides

J. Dau and R. Barrett

Introduct ion

Obeli scoides cun iculi are
trichostrongy1 id (family Tricos- 
trongylidae) roundworms frequently 
found in Alaska by hunters while 
cleaning snowshoe hares (Lepus 
amer i canus). Two factors facilitate 
exposure of sportsmen to these worms:
1) the intense utilization of hares 
by hunters during periods approx
imating peak hare density, and 2) the 
tendency of (). cun i cu 1 i to infect the 
greatest proportion of hare popula
tions during peaks in hare cycles 
(Erickson 1944).

As suggested by the provincial 
name of 0. cuniculi, "stomach worms," 
these parasites inhabit the lumen of 
the stomach. They usually localize 
in the gastric mucosa (the mucus 
lining between the stomach wall and 
the bolus of food). The color of 
cuniculi ranges from white with dark 
streaking (Graybill 1923) to deep 
purple-red (J. Dau, pers. obs.). 
Adult males are 10-14 mm long; adult 
females are 15-18.5 mm long (Graybill 
1923). Female worms do not exceed 
males in length until the final 
period of maturation. Obeli scoi des 
cuniculi has been found throughout 
North America.

Transmi ssion

Alicata (1932) described the pre- 
infective larval stages of 0. 
cuniculi. Eggs of these roundworms 
pass from hares in fecal pellets and 
hatch in the external environment. 
First stage larvae exist only briefly 
(about 65 hours) before they molt to 
the second larval stage. Most larvae 
reach the infective, third larval 
stage 6 days after hatching. Third

stage larvae are fairly tolerant to 
cool ambient temperatures; these or
ganisms remained viable for 30 days 
at temperatures from 2 to -4C. Third 
stage larvae are not highly resistant 
to dessication. No larvae survived 
drying for 5 hours at room tempera
ture. Third stage larvae do not grow 
or develop until they infect a host 
animal.

Hares are infected as they browse 
by accidentally ingesting third stage 
larvae; these larvae do not invade 
their hosts by penetrating the skin 
(Alicata 1932). Experimental results 
indicated that 3 1 -5 5% of all larvae 
ingested become established in hares 
(Alicata 1932). Establishment of in
fections in free-living hares occurs 
during the summer and fall. Within 
24 hours post ingestion, third stage 
larvae penetrate the gastric mucosa 
and, within 3 days, molt to the 
fourth larval stage (Sollod et a l .
1968). Fourth stage larvae then 
emerge from the mucosa into the 
gastric lumen and complete the final 
molt. Development may be complete in 
as little as 16-20 days post inges
tion under optimal conditions 
(Alicata 1932). The intensity of 0. 
cuniculi infections usually declines
in late autumn-early winter. The 
cause of this decline has not been
clearly established. An increased
immunity of hares to adult parasites
and/or the adverse effects of warm 
ambient temperatures and dessication 
on infective larvae during late 
summer could account for reductions 
in the number of £. cuniculi worms 
within hares (Gibbs et al. 1977) -

Fourth stage larvae that are 
present in hares at the onset of 
winter cease developing and over
winter in their hosts at this larval

136



stage. The factor(s) that cause this 
temporary cessation of development 
are unknown but probably include the 
effects of crowding by larvae, im
munologic responses of the hosts and 
influences of the external environ
ment. Development of overwintering 
larvae resumes in March and results 
in an increase in the ratio of adult 
to immature worms (Gibbs et al.
1977). This phenomenon is referred 
to as the "spring rise" in 
trichostrongy1 id nematodes. Fourth 
stage larvae that overwinter in their 
hosts may be important in maintaining 
this parasite in ecosystems during 
years when spring breakup is late.

Signs, Symptoms and 
Pathoqenes i s

Light to moderate infections
(roughly less than 200 worms per 
hare) are asymptomatic; they affect 
neither the quantity nor charac
teristics of fecal pellets that are 
excreted by hares or cause blood to 
appear in hare feces (Worley 19^3)•

Pathologic tissue changes include 
petechial (pinpoint) hemorrhages in 
the stomach, ulcers, gastritis and 
anemia (Erickson 1944, Gibbs et al. 
1977, Sol 1od et al. 1968).
Obeli scoi des cun iculi can reportedly 
cause tissues that line the stomach 
to slough away and tumors to form on 
the inner wall of the stomach
(Erickson 1944). Heavy infections, 
i.e. consisting of over 4000 in
dividual worms, could occlude the 
pylorus and thus prove fatal.
Experimental results indicate that 
hares do not develop an immunity 
against 0. cun iculi (Worley 19 6 3)-

S i gn i f i cance and Control

Obeliscoides cuniculi is thought 
to cause mortalities in wild hare
populations (Bookhout 1971? Erickson 
1944). Though this parasite has been 
reported as the sole cause of

epidemics in hares (Graybill 1923? 
Erickson 1944), the effects of these 
parasites on hares are, as a general 
rule, probably more insiduous and 
interrelated with other parasites and 
conditions in the external environ
ment.

The sedentary nature of hares, 
their predilection for copraphagy and 
the tendency for all hares in an area 
to utilize common runways makes them 
particularly vulnerable to a number 
of helminth parasites. Of these 
parasite species that infect hares, 
£. cuniculi frequently infects the 
greatest proportion of individuals in 
hare populations (Bookhout 1971, 
Erickson 1944). Erickson (1944) 
reported that the prevalence of hares 
that exhibit concurrent infections 
with 2 or more nematode species in
creases during population declines 
when hare density has peaked. This 
suggests that factors which influence 
nematode parasitism in hares act in a 
density dependent fashion. This 
could occur if maximum hare density 
increases the likelihood of ingesting 
larvae by increasing the absolute 
amount of feces in an area that could 
contain larvae, by exposing hares to 
feces of a greater number of poten- 
tially infected hares or by modifying 
the environment so as to enhance the 
transmission of infective larvae. 
The increased frequency of concurrent 
nematode infections in hares could 
also be a function of those factors 
that cause hare numbers to increase 
and not be directly related to hare 
density at all. When the proximal 
reasons for hare periodicity and the 
host-parasite relationship of these 
species are better understood, an 
element of truth from each explana
tion will probably be found. Ambient 
temperature, precipitation and the 
density of hares in a given region 
influence the relative significance 
of 0. cuniculi with respect to other 
parasites of hares (i.e. Passalurus 
nonanulatus and Tr i chostronqylus 
spp.) and dictate how severe the 
cumulative effects of these helminths 
will be on individual animals.
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The number of (). cunicul i present 
in individual hares exhibit strong 
seasonal fluctuations (Gibbs et al. 
1977, R. Dieterich, unpub. material). 
The greatest intensity of infection 
with adult worms occurs from early 
spring to late summer. Between late 
fall and early winter, the total 
number of these parasites present in 
hares ranged from 99 (Aldous 1936 as 
reported by Erickson 1944) to 363 
(Bookhout 1971) worms per hare. Up 
to 4015 worms have been reported from 
a single hare (Erickson 1944).

Worley and Thompson (1963) provide 
a review of the efficacy of several 
anthelmintic agents in reducing CL 
cun iculi infections. Experimental 
infections of laboratory rabbits 
(Oryctolaqus cun iculi) with
Obeli scoi des cuniculi may have value 
as biological models for studying 
nematodiasis in large animals, i.e. 
ruminants, that are difficult to 
maintain in laboratory facilities. 
The influence exerted by this round
worm on the density and periodicity 
of free-living hare populations in 
Alaska is currently unknown.
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Haemonchus

J. Dau and R. Barrett

Introduct i on

Haemonchus contortus is often 
referred to as the "barber pole" 
stomach worm of ruminants. This 
translucent nematode takes on a red 
color when it ingests blood from its 
host; the white ovaries of female 
worms wrapped around the red in
testine give HL contortus its 
descriptive name. Male Ĥ . contortus 
nematodes are 10-20 mm long and an 
even red color; females are 18-30 mm 
long. This parasite has been 
reported in Alaska only from caribou 
(Ranqi fer tarandus) (Dunagan 1957) 
though may occur in other ruminants, 
i.e, moose (Alces alces) or Dali 
sheep (Ov i s da 11i). Eggs of a 
Haemonchus sp. were found in muskox 
(Ovibos moschatus) fecal samples col
lected on an Alberta game farm in 
June 1970 (Samuel and Gray 1974).

Transmi ss ion

As with all trichostrongy1id 
(family Trichostrongy1idae) round
worms, 11. contortus does not utilize 
an intermediate host. Eggs are ex
pelled in the hosts' feces; these 
hatch and undergo the first 2 larval 
molts in the external environment. 
Infective third stage larvae develop 
in 2 days post expulsion under op
timum conditions. Eggs and larvae 
are vulnerable to adverse environmen
tal conditions so exhibit little 
overwinter survival. Growth of free- 
living larvae is impeded by low am
bient temperatures with complete ces
sation of growth below 9C (Smyth 
1962). The severe environmental con
ditions that characterize much of 
Alaska probably limit the prevalence 
of H. contortus in this state.

The infective, third stage larva 
loosely retains its molted second 
stage cuticle to prevent dessication. 
This retained cuticle prevents 
feeding and forces larvae to exist on 
energy and nutrient reserves and 
further limits the ability of free- 
living larvae to survive in the 
external environment. Third stage 
larvae are most active during inter
vals of low light intensity (pre
dawn, dusk and cloudy periods) and 
will ascend grass blades and other 
vegetation at these times.

Ruminants accidentally ingest 
third stage larvae that are clinging 
to vegetation. The retained second 
stage cuticle is shed in the fore
stomachs of the host before larvae 
attach to the mucosa of the abomasum. 
Larvae undergo 2 molts while attached 
to the abomasum before completing 
maturation (Fig. 7 ) .

Signs, Symptoms and 
Pathoqenes i s

Due to the similarity of 
trichostrongy1 id nematode life 
cycles, many species of these 
parasites, including 11. contortus, 
frequently infect a single ruminant 
host under natural conditions. The 
effects of such infections must be 
considered on a cumulative basis. 
This masks the pathogenicity of in
dividual parasite species.
Experimental infections in domestic 
sheep (Ovi s ar ies) have shown JH. 
contortus to be a serious pathogen 
however, due to its voracious ap
petite for blood (Soulsby 1968). An 
infection consisting of 4000 worms 
may remove up to 60 ml of blood from 
the host daily (Smyth 1962). Wounds 
inflicted by the single tooth of
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these worms may provide points of en
try for secondary infection by 
microscopic pathogens.

Acute JH. contortus infections 
hibi t

ex- 
Chron i cno clinical symptoms, 

infections may show swelling beneath 
the neck (“bottle jaw"), weakness, 
diarrhea or constipation and oc
casionally hair loss. Death results 
from anemia in the form of reduced 
erythrocyte and hemoglobin levels and 
packed cell volume.

Domestic sheep accumulate a 
localized immunity to H. contortus 
parasites that results in the even
tual loss of established infections 
("self cure") and resistance to 
subsequent invasions (Soulsby 1968). 
The significance of H. contortus in 
Alaskan ungulates has not yet been 
determined. Parasite investigations 
currently being conducted by the 
University of Alaska on Seward Penin
sula reindeer herds may provide a

better evaluation of the significance 
and control of JH. contortus in that 
area.
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Protostronavlus. Muellerius a Dictvocaulus

J. Dau

I ntroduct ion

Protostronqy1 us ("brown lung
worms"), Mueller i us ("hair lung-
worms") and D ictoyocau1i s ("thread 
lungworms") spp. are metastrongy1 id 
(family Metastrongylidae) roundworms 
collectively known as "lungworms."
Protostronqy1 us and Muellerius spp.
are similar in size and life cycle. 
Dictyocau1 us spp. are larger and have 
a different life cycle than species 
of either Protostronqy1 us or 
Muel1er i us (Fig. 8). D ictyocaulus, 
Protost ronqylus and Muel1er i us spp.
have similar pathologic effects and 
clinical symptoms in their definitive 
hosts (cervids). Lungworms are 
thought to have reached North America 
via Eurasian sheep that colonized 
this continent (Buechner I960).

Dictyocaulus spp. are perhaps the 
most widely distributed lungworms in 
Alaska. These roundworms have been 
found in free-living Alaskan bison 
(Bison bison) (Dunagan 1957), muskox 
(Ovibos moschatus) (Samuel and Gray
1974) and reindeer (Rangifer taran
dus ) (Hadwen 19221”! The only 
reported Dictyocaulus sp. identified 
in Alaska was JD. viviparus found in a 
bison (Dunagan 1957). Dictyocaulus 
f i1ar i a has been recovered from cap
tive bison in New York state (Wade et 
a l . 1979). D ictyocaulus viviparus
and J). fi 1 aria are white with males 
3-8 cm long and females 5“ 10 cm long 
(Olsen 1962).

Protostronqy1 us spp. have been in
tensively studied in bighorn sheep 
(Ovis canadensis) that inhabit the 
Rocky Mountain states (Buechner 1960, 
Forrester and Senger 1964). Two 
Protostronqy1 us spp. have been iden
tified as serious pathogens in 
bighorns: IP. sti lesi and P. rushi.

Protostronqy1 us spp. have been 
reported in mountain goats (Oreamnos 
amer i canus) from Canada and Dali 
sheep (Ovi s da 11i) from Alaska. 
Protostronqy1 us st i1esi occurs mainly 
in lung parenchyma and is considered 
more pathogenic than JP. rushi which 
predominantly inhabits small bronchi. 
Both _P. st i 1 es i and F\ rush i are red
dish colored and 16-35 mm long (Olsen
1962); they cannot be differentiated 
without microscopic examination. 
Protostronqy1 us bouqhtoni infects the 
bronchioles and lung parenchyma of 
snowshoe hares (Lepus amer i canus) 
(Boughton 1932).

Muel1erius spp. have been found in 
Dali sheep from the Brooks Range and 
reindeer from Nunivak Island (USDA
1969). Larvae from an unidentified 
Muel1erius sp. have been recovered 
from muskox fecal samples collected 
on Nunivak Island (R. Barrett, pers. 
obs.).

Transmi ss ion

Dictyocaulus spp. follow a direct 
life cycle (they do not employ an 
intermediate host). Eggs are 
deposited in the lungs of the host 
and hatch while being transported via 
ciliary action up bronchi. The first 
stage larvae (approximately 0.3 mm 
long) migrate up the trachea, are 
swallowed and eventually pass in the 
ruminants' feces. During the next 4 
days, the larvae molt twice while in 
the external environment to reach the 
infective third larval stage. Both 
the first and second stage cuticles 
are retained by the third stage lar
vae. Third stage larvae do not feed, 
are relatively inactive and rarely 
venture from the hosts' feces to 
ascend standing vegetation. It has
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Figure 8. Ruminant Lungworms
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been proposed that the extent of 
feces-herbage contact may be more 
important in transmitting infective 
larvae to host animals than the ac
tivity of larvae (Michel and Rose
1954). High, lush vegetation and 
factors that cause the consistency of 
fecal material to become loose thus 
"seed" standing vegetation with lar
vae and increase the potential for
i nfect i o n .

Infective larvae shed the first, 
second and third stage cuticles after 
they have been ingested by the host.
The fourth larval stage develops in
the gastrointestinal tract of the
host. These larvae penetrate the in
testinal wall, enter the lymph system 
and are transported to the blood
stream. Approximately 7 days post 
ingestion, fourth stage larvae reach 
the lungs, enter alveoli and migrate 
up the bronchi where they molt to the 
fifth larval stage. Maturation is 
complete approximately 22 days post 
ingestion (Soulsby 1968). Most 
D i ctyocaulus spp. lungworms over
winter as inactive, early fifth stage 
larvae in the bronchioles of their 
hosts. Prenatal infection can occur 
when larvae cross placental mem
branes .

Protostronqy!us and Muel1er i us 
spp. have nearly identical life 
cycles; both utilize intermediate 
molluscan hosts. Adult worms deposit 
eggs in the lungs of the definitive 
host. The eggs hatch in the lungs or 
are transported to the alimentary 
canal and swallowed in mucus. The 
eggs then hatch en route through the 
hosts' digestive tract. First stage 
larvae pass from the host in feces or 
sputum. These larvae are lethargic 
and fairly resistant to dessication 
and low ambient temperature (freezing 
does not kill them). Eventually, the 
first stage larvae infect small land 
snails (i.e. Pup ilia muscorum) and

molt twice while within these hosts 
to reach the third larval stage. In
fection of definitive hosts by third 
stage larvae occurs when snails that 
harbor these parasites are swallowed 
with forage. Third stage larvae are 
released from the snails in the small 
intestine of the ruminant by diges
tive processes. There, the third 
stage cuticle and retained first and 
second larval stage cuticles are 
shed. Fourth stage larvae penetrate 
the intestinal wall, enter the lym
phatic system and eventually reach 
the bloodstream. The fourth stage 
larvae are then transported to the 
lungs where they enter alveoli and 
localize in lung parenchyma or bron
chioles to complete maturation.

A general life cycle for lungworms 
is diagrammed in Figure 8.

S i qns, Symptoms and 
Pathoqenes i s

The notoriety of lungworm patho
genicity is mainly due to its as
sociation with pneumonia. Pneumonia 
is thought to result from secondary 
infection of lung tissue that has 
been affected by lungworms with any 
of several bacterial (i.e. Coryne
bacter i um pyogenes and Pasteurel1 a 
spp.) or viral organisms (see
Pneumonia in Miscellaneous Disease 
section of Part I). Thus, the signs, 
symptoms and pathogenesis of lung
worms usually encompass the lungworm- 
pneumonia comp 1 ex ("fog fever") and 
are not limited solely to the 
parasites themselves. This lungworm- 
pneumonia complex has frequently
caused extensive mortality among
bighorn sheep populations in the 
western United States and so, as a 
result, has received considerable at
tention from wildlife management 
agenc i e s .
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During the prepatent (i.e. before 
maturity) phase of lungworm infec
tions, fourth stage larvae stimulate 
the infiltration of monocytes and 
lymphocytes into alveoli causing them 
to collapse and consolidate. Adult 
worms in the hosts' bronchi and 
trachea can cause severe damage to 
the epithelium and block the passage 
of air. Fibrosis occurs in areas 
surrounding lesions during host 
recovery after the lungworms have 
died or been expelled.

Clinical symptoms in definitive
hosts are evident at both the popula
tion and individual animal levels
though are vague and offer little 
more than an indication that some 
disease is present. Populations of
bighorn sheep suffering intense lung
worm epizootics show dispropor
tionately high mortality among very 
young or old aged cohorts. In
dividual animals exhibit coughing and 
dyspnea (labored breathing) espe
cially after being disturbed, a
reluctance to move, general weakness, 
inappetance with emaciation and a 
harsh, dul1 pel age.

D i aqnos i s

The clinical symptoms of lungworm- 
pneumonia infections, ambiguous as 
they may be, are sufficient to 
stimulate detailed investigations to 
determine their cause(s). The
presence of lungworm larvae in the 
feces of definitive hosts indicates 
the involvement of these parasites. 
The number of larvae present in the 
feces is not a good indication of the 
intensity of lungworm infections 
however, as this can vary daily for 
each host animal due to host ac
tivity, seasonally due to food, 
weather and host activity and an
nually due to fluctuations in 
climatic regimes and snail numbers

(Forrester and Senger 1964).
Estimates of the severity of lungworm 
infections at the definitive hosts' 
population level can be based on
large samples of fecal material col
lected over long time intervals and 
reinforced with necropsies of animals 
available from that population. The 
lungs of bighorn sheep parasitized by 
lungworms often exhibit gray,
necrotic nodules up to 2 cm in
diameter (Forrester and Senger 1964). 
Benign tumors may occur on bronchial 
epithelium tissue (Soulsby 1968).
Frequencies of lungworm infection ex
ceeding 3 0 % have been reported for
some bighorn populations (Forrester 
and Senger 1964) .

Siqnif icance and Control

Though lungworms are present in 
Alaskan mammals, no severe epizootics 
have been reported from this state. 
This could be attributable to any of 
an array of environmental factors 
that preclude establishment of these 
parasites to the extent required to 
cause extensive mortality or a func
tion of outbreaks being misdiagnosed 
or not detected. The potential for 
1ungworm-pneumonia epizootics cer
tainly exists in Alaska since the 
causative organisms and intermediate 
host animals are present (Dali 1910).

The 1ungworm-pneumonia complex is 
undoubtedly a significant population 
regulating force in some wildlife 
populations outside of Alaska. This 
disease complex has been suggested to 
be the primary natural regulating 
force of bighorn sheep populations in 
the Rocky Mountains (Buechner 1960, 
Forrester and Senger 1964). Boughton 
( 1932) reported that £. boughton i 
causes mortality in hare populations 
even during ebbs in hare density. He 
suggested that this parasite was 
capable of causing epidemics in hare
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populations under certain environmen
tal cond i t i o n s .

The incidence of lungworm- 
pneumonia infections varies
seasonally. Moist periods, i.e. from 
late spring to early summer, increase 
the activity of both the intermediate 
host snails and first stage larvae. 
These periods are thought to present 
the maximum potential for infection 
of grazing sheep and goats. 
Lungworm-pneumonia related mor
talities mainly occur during the 
winter however, when food-stressed 
animals are least able to 
physiologically defend themselves 
against disease (Forrester and Senger 
1964). Factors cited as contributing 
to a 1ungworm-pneumonia outbreak in 
bighorn sheep involved a reduction in 
the quality and quantity of natural 
forage from: 1) the short term ef
fect of fire in reducing the area 
available for foraging, 2) competi
tion with livestock for remaining 
forage, and 3) the employment of 
supplemental feed (hay) which the 
sheep were not accustomed to 
(Buechner 1960).

Control of 1ungworm-pneumonia out
breaks through the eradication of the 
parasitic nematodes is infeasible if 
merely due to the persistence of lar
vae outside of the definitive hosts. 
First stage larvae may survive in the 
hosts' feces up to 2 years; infective 
larvae are thought to survive within 
the intermediate snail hosts for 1 to 
2 years or possibly longer. Adult 
lungworms can persist in their 
definitive hosts for 1 to 2 years. 
Thus, a 4 to 6 year carry-over of 
lungworms is possible. Prevention of 
1ungworm-pneumonia outbreaks by 
manipulating habitat and regulating 
the density of definitive hosts to 
maintain healthy cervid populations 
are probably superior means of 
minimizing the effects of this wild

life disease. Animals which survive 
infection by some lungworm species 
(i.e. D i ctyocaulus spp.) acquire a 
partial immunity in as little as 10 
days. Areas where continuous low 
level exposure to these parasite 
species occurs probably suffer little 
detrimental effect from these or
ganisms. The prevalence of lungworms 
in cervid populations may be reduced 
by excluding animals from con
taminated grazing areas when the 
availability of alternate feeding 
areas and control of herd movement 
prevail. Supplemental feeds that are 
treated with anthelmintic or im
munogenic agents may be of value for 
reducing the effects of lungworm- 
pneumonia in sheep populations.
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Dirofilaria

J. Dau and R. Barrett

Three species of D i rof i1ar i a occur 
in Alaska: 1) J). i mm i t i s , the
"heartworm" of canids and felids, 2) 
J). scap i ceps and 3) £• urs i . D i ro- 
filaria immitis has been found in 
black bears (Ursus amer i canus) in 
southeastern United States (Crum et 
al . 1978). In canids, mature J). im
mitis roundworms principally inhabit 
the right ventricle and pulmonary ar
tery. Microfilariae, the larval form 
of f.ilarioid (order Filariata) 
nematodes inhabit the circulatory 
system of these definitive hosts. 
Microfilariae are ingested with blood 
by mosquitos (i.e. Cul ex spp.) and 
develop within these arthropods to a 
larval stage that is infective for 
the definitive hosts. The infective 
microfilariae escape from the 
mosquitos when they land on a canine 
(or seal) to ingest a blood meal and 
enter the circulatory system of the 
definitive host. Adult worms are 
white and 12-30 cm long (Soulsby 
1968). Heavy infections may inter
fere with the pulmonary circulatory 
system. Another filaroid heartworm, 
D i peta1onema sp i rocauda, occurs in 
free-living marine mammals of Alaska

and has been documented in: ringed
seals (Phoca h i sp i da) , spotted seals 
(_P. 1 argha), harbor seals (FL
vi tul ina) , ribbon seals (_P. fasc i ata) 
and bearded seals (Er i qnathus bar- 
batus) (Eley 19 81).

D i rof i1ar i a scap i ceps commonly 
parasitizes snowshoe hares (Lepus 
amer i canus) in Alaska. Mature worms 
localize in the tarsal bursa of these 
hosts so could impair the mobility of 
hares if present in large numbers. 
One hare collected during October 
1980, that harbored 49 individuals of 
£. scapiceps in the tarsal bursa of 
both joints (collectively) was ex
tremely reluctant to move (J. Dau, 
pers. obs.). The cause of morbidity 
in this animal could not be solely 
attributed to J). scap i ceps however, 
since this particular hare also har
bored a light infection (7 cysticer
ci) of Taen i a pi s i formi s (see 
Cestodes) and a thorough examination 
for bacterial organisms was not per
formed. If j). scapiceps can impede 
the movement of hares, this would 
certainly predispose these animals to
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Figure 10. Dirofilaria scapiceps in the tarsal joint of a snowshoe hare 
(Lepus americanus). The translucent sac of connective tissue 
that contains these parasites has been broken and several 
of the worms teased out. Scale is in mm (D. Borchert).

predation. Twenty-two of 40 (55-0%)
hares collected in the Fairbanks area 
between October 1980 and January 
1981 harbored adult £. scapiceps 
roundworms in at least 1 tarsal 
joi n t .

Hares that support 15+ worms in a 
tarsal joint exhibit an enlarged 
pocket of connective tissue that en
closes the worms in an amber colored, 
serous fluid. This fluid may contain 
low concentrations of erythrocytes 
that give it a light red color. The

fluid-filled enlargement that charac
terizes heavy infections is readily 
apparent when the skin that covers 
the tarsal joint is removed (Fig. 
10). Worms in light infections can 
be found by disarticulating the tar
sal joint. The life cycle of £. 
scapiceps is similar to that of J). 
i mm i t i s .

D i rof i1ar i a 
by Anderson 
in a black

ursi was redescribed

nematode

(1952) from worms found 
bear of Ontario. This 

occurs in black bears and
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commonly parasitizes brown bears (IJ. 
arctos) in Alaska (Rausch 1961). The 
reported incidence of mature worms in 
ursids has ranged from 11.1% (3 of 27 
brown bear, Yukon and British Colum
bia; Choquette et al. 1969) to 94.6% 
(140 of 148 black bears, Ontario; Ad
dison et a l . 1978). Each of 47 black 
bears from Minnesota examined between 
April and September, harbored micro
filariae in the blood (Rogers 1975). 
Di rof i1ar ia ursi has been found in 
subcutaneous tissues (Anderson 1952), 
around brachial and cervical lymph 
nodes (Anderson 1952) and in connec
tive tissue of the perirenal and 
inguinal regions (Addison et a l .
1978). The drugs ketamine hydro
chloride and xylazine hydrochloride 
reportedly reduce the intensity of 
infections by microfilariae in the 
peripheral blood vessels (Addison et 
al. 1978).

The significance of J). i mm i t i s , J). 
scap i ceps and £. urs i have not been 
determined for Alaska.
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Setaria

J. Dau and R. Barrett

Introduct i on

Setarial roundworm species are 
cosmopolitan parasites of ungulates. 
One of the 3 species of Setar ia that 
occur in North America, Su yehi, has 
been reported from Alaskan moose 
(Alces alces) and reindeer (Ranqifer 
tarandus) (Dieterich and Luick 1971). 
Setar i a yeh i has also been found in 
mule deer (Odocoi1eus hemionus) from 
British Columbia and bison (B i son 
bi son) from North Dakota (Becklund 
and Walker 1969). Adult J>. yehi live 
free in the abdominal cavity of 
ungulates; microfilariae, the larval 
form of these parasites, inhabit the 
circulatory system of ungulates and 
infect arthropods which serve as 
intermediate hosts. Some Setar i a 
spp. are known to affect the central 
nervous system (CNS) of final hosts 
and cause a paralytic disease known 
as cerebro-spinal nematodiasis (Innes 
and Shoho 1953).

Transmi ss ion

Life cycles of Setaria spp. are 
incompletely understood. Adult worms 
give rise to microfilariae that enter 
the circulatory system of the defini
tive host. The microfilariae then 
infect suitable blood-sucking ar
thropods, i.e. mosquitos (Culex 
spp.), by being ingested with blood. 
The incubation time for microfilariae 
of _S. yeh i in the mosquitos is 
unknown. The larvae leave the 
mosquito when the arthropod lands on 
an ungulate to ingest a blood meal. 
The pathway taken from the site of 
cutaneous penetration to the site of 
maturation is unknown.

Signs, Symptoms and 
Pathogenes i s

Setaria yehi infections observed 
in reindeer maintained at the Univer
sity of Alaska have been asymp
tomatic; infections were first diag
nosed from blood smears collected for 
routine evaluations. Tentative diag
nosis was confirmed through 
microscopic examination of sediment 
from blood serum for microfilariae 
and the presence of adult worms 
during necropsies. Necropsies
revealed from 5 to 20 worms per rein
deer. The pathologic effects of 
these infections included a chronic,
mild peritonitis, production of
50-150 ml of straw colored, serous
fluid, formation of fibrous adhesions 
between mesenteries and intestines 
and deposition of fibrin on the sur
face of the liver (Dieterich and 
Luick 1971).

Setar ia spp. have been associated 
with cerebrospinal nematodiasis. 
This condition occurs when
microfilariae are transmitted by ar
thropod vectors to ungulate species 
other than their natural (preferred) 
definitive hosts (Innes and Shoho 
1953). Within these marginal hosts, 
microfilariae do not enter the cir
culatory system or the peritoneal 
cavity but tend to invade the CNS, 
eyes, liver, heart or lungs (Williams 
1955). Complete or partial paralysis 
occurs in body parts that correspond 
to the site of localization in the 
CNS. The presence of immature or ma
ture worms in neural tissue may be 
evidenced by localized hemorrhage and 
infiltration of lymphocytes,
leucocytes and eosinophils. Paraly
sis may occur however, without these
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effects. A thorough discussion of 
the pathology of cerebrospinal 
nematodiasis has been published 
(Innes and Shoho 1953).

Reindeer at the University of 
Alaska that have harbored Ŝ. yeh i 
have never exhibited nervous 
disorders or reduced reproductive 
success attributable to these 
parasites. Examination of cross sec
tions of the spinal chord and brain 
of infected reindeer revealed no 
abnormalities. Perhaps this infers 
that reindeer are preferred hosts of 
S.. yehi.

Siqnif icance and Control

Setar i a yeh i does not appear to be 
a significant debilitating force in 
Alaskan ungulates. Though it occurs 
in the majority of the reindeer 
necropsied at the University of 
Alaska annually (D. Hartbauer, R. 
Dieterich, pers. comm.), Native rein
deer herders on the Seward Peninsula 
have not found abdominal roundworms 
in animals slaughtered for meat. 
Fourteen caribou collected near Can
twell, Alaska, where some of the in
fected reindeer were held, did not 
reveal adult worms during gross ex
amination (Dieterich and Luick). Two 
moose maintained in the immediate 
vicinity of the University's infected 
reindeer, 6 domestic cattle (Bos 
taurus), 2 domestic goats (Capra hir-

cus), 4 horses (Equus cabal 1 us) and 2 
dogs (Can i s fami1iar i s ), all from the 
College, Alaska area, did not exhibit 
microfilariae in their blood in 
January, 1970 (Dieterich and Luick 
1971).

Diethylcarbamazine administered 
orally to 3 reindeer at a dosage of 
50 mg per kg body weight for 21 days 
did not reduce concentrations of 
microfilariae in their blood. One 
reindeer injected intraperitoneal1y 
with an organic phosphate (13 mg/kg 
body weight) did show a reduction in 
the number of microfilariae present 
in the blood (Dieterich and Luick
1971).
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Trichinello

J. Dau and R. Barrett

Introduct i on

Trichinella spi ralis is the causa
tive agent of trichinosis, a 
notorious disease that infects wild 
and domestic animals and man over 
much of the world. Domestic swine 
(Sus scrofa) are particularly prone 
to infection by T. spi ralis. This 
roundworm has the broadest range of 
mammalian hosts of all nematodes. 
The principal route of transmission 
is via the ingestion of animal flesh 
that contains infective larvae. 
Adult worms are small, slender, 
tapered anteriorly and blunt 
posteriorly. Males are 1.4-1.6 mm 
long; females are 3*0-4.0 mm long and 
ovoviviparous (produce eggs that 
hatch internally) (Olsen 1962). A 
thorough investigation that involved 
laboratory examination of tissue 
samples from more than 2433 Alaskan 
mammals has been reported (Rausch et 
al. 1956). During this investiga
tion, larvae were detected in 11.7% 
of the total number of animals ex
amined; infected animals represented 
23 of 42 species. The results of 
this study are presented in Table 6. 
Carnivores had the highest incidence 
of infection; examples are: polar
bear (Ursus mar it imus) 52.9% and 
63.3% (the latter percentage from R. 
Barrett, unpub. data), brown bear 
(Ursus arctos) 50.0%; red fox (Vulpes 
vulpes) 40.8%; and ermine (mustela 
erminea) 3 5 - 5%- Domestic dogs in 
rural areas exhibited a 61.8% 
frequency of infection.

The specific nomenclature of the 
genus Trichinella is currently under 
discussion. Historically, spi ral is 
has been considered to be the sole 
species of Tr i ch i nel1 a . As 
parasitological research progressed 
in arctic regions however, a strain

of this parasite was recognized that 
was apprently identical to T. 
spi ralis of temperate areas in 
anatomy but was biologically distinct 
(Rausch 1970). Soviet parasitolo
gists distinguished 2 varieties of T. 
spiral is, T. s_. var. domestica and 
T. :s. var. nat i v a , the latter being 
the arctic form (Britov et a l . 1971)* 
Soviet researchers later raised T. .s. 
var. nativa to specific status based 
on genetic, ecologic and geographic 
characteristics (Britov and Boev
1972).

Evidence is accumulating that sup
ports distinguishing the arctic 
strain of Trichinella from strains 
indigenous to temperate or tropical
regions (Barus et al. 1979, Belosevic 
and Dick 1979). The question of 
whether these differences signify the 
description of T. nativa has not been 
resolved however (Bessunov et al. 
1976, Madsen 1976). A comprehensive 
taxonomic review of the specific
nomenclature of Tr i chenel1 a appears 
to be warranted. Irrespective of its 
nomenclatural status, a distinct
strain of Tr i ch i nel1 a , unique in host 
specificity and pathogenicity, occurs 
throughout northern Alaska. The 
range of this arctic organism should 
be delimited to determine its 
southern extent. Tr i ch i nel1 a
organisms of both arctic and tem
perate strains probably occur in 
Alaska (R. Barrett, pers. obs.).

History

The broad host spectrum of T. 
spi rali s could infer that this 
parasite is phylogenetically very old 
in relation to other parasitic
nematodes (Merkushev 1955)-
Epidemics described in man resembling 
trichinosis were reported as early as
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TABLE 6

The Prevalence of Tr i ch i nel 1 a spi rali s in Alaskan Mammals 
Between 1949 and 1953 (Summarized from Rausch et al. 1956)

# Infected - Av. # Larvae -
# Examined g Tissue

Sor i c i dae
dusky shrew (Sorex mont i coli s 
= S^ obscur i si
masked shrew {S. cinereus) 0 / 1 8  0
arctic shrew (j>. arct i cus 
= Si. tundrens i s )

Ochoton i dae
collared pika (Ochotona
col laris) 0/13 0

Lepor i dae
snowshoe hare (Lepus
amer icanus) 2/53 (3*8%) 7-2
arctic hare (j-. arcticus) 0/191*** 0

Sc i ur i dae
arctic ground squirrel 
(Spermophi1 us parryi i)
= (Citellus undulatus 1/129 (0.8%) 0.3
red squirrel (Tamiasciuris
hudsonicus) 4/94 (4.3%) 0.7
hoary marmot (Marmota 
caliqata = M. marmota
cali qata) 0/9 0
flying squirrel (G1 aucomys
sabr i nus) 0/1 0

Castor i dae
beaver (Castor canadens i s) 1/29 (3-4%) 3-0

Cr i cet i dae
brown lemming (Lemmus
si bi r icus) 1 / 1 8  (0.8%) 0.1
red-backed vole (Clethrionomys
rut i1 us) 2/49 (4.0%) 0.5 and 0.7
vole (Microtus miuris) 1/57 (1.8%) not reported
muskrat (Ondatra zibethicus) 1/113 (0.9%) 1*3
collared lemming (Dicrostonyx
torquatus) 0/7 0
meadow (field) vole (Microtus
pennsylvanicus) 0/10 0
tundra vole (M. oeconomus) 0/234 0
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TABLE 6 (Cont.)

# Infected -
# Examined

Av. # Larvae 
g T i ssue

Mur i dae
Norway rat (Rattus 
norveqicus) 28/261 (10.7%) not reported

Ereth i zont i dae
porcupine (Erethizon dorsatum) 0/3 0

Monodont i dae
belukha (= beluga = white 
whale (Delphinapterus leucas) 1/49 (2.0%) 0.6

B a 1aen i dae
bowhead whale (Balaena 
mysticetus) (not confirmed) 0/15 0

Can i dae
domestic dog (Canis familiaris) 
(Anchorage)
domestic dog (C. familiaris)
(rural Alaska)
coyote (C. latrans)
wolf (C. lupus)
red fox (Vulpes vulpes)
arctic fox (Alopex lagopus)

0/60

102/165 (61.8%) 
1/8 (12.5%) 

51/154 (33-1%) 
31/76 (40.8%) 

16/222 (7.2%)

0

4.0 to 0.7
45.0 
3-3 
8.4

22.0

Urs i dae
brown bear (Ursus arctos) 
black bear (U. americanus) 
polar bear (U. maritimus

= Thalarctos maritimus)

10/20 (50.0%) 

195/308 (63.3%)** 

9/17 (52. 9%)

12.4

0.1 to 75.0 
(7.0 av.) 

1.6

Muste1i dae

ermine (Mustela erminea) 
least weasel (M. nivalis 
= M. rixosa) 
wolverine (Gulo gulo) 
marten (Martes americana) 
mink (Mustela vison) 
sea otter (Enhydra lutra) 
river otter (Lutra canadensis)

195/308 (63.3%)**

18/51 (35.3%)

2/2 (100.0%) 
19/38 (50.0%) 

0 / 1 8  
0/43 
0/20 
0/7

0.1 to 75-0 
(7.0 av.) 

16.4

0.8 and 1400+ 
3-5 
0 
0 
0 
0

Feli dae
lynx (Felis 1ynx) 4/17 (23.5%) 7.2
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TABLE 6 (Cont.)

# Infected -
# Examined

Av. # Larvae 
g Tissue

Otar i i dae
Stel1a r 1s sea 1ion
(Eumetopias jubatus)
fur seal (Callorhinus ursinus)

Odoben i dae
walrus (Odobenus rosmarus)

Phoc i dae
ringed seal (Phoca hispida) 
harbor seal (£. vi tul ina) 
ribbon seal (£. fasciata) 
bearded seal (Erignathus 
barbatus)

Cervidae
moose (Alces alces) 
caribou (Ranqifer tarandus) 
mountain goat (Oreamnos 
amer i canus) 
bison (Bison bison)

0/105 
0/101***-

0/51:

2 / 3 0 0  (0.7%)**** 

2 / 3 1 0  (0 .6%) 

1/148 (0.7%)****

0 / 2
0 / 8

0

not reported 

75.0 and 1.2 

not reported

0 / 2
0 / 6

Results of examinations for T. spi ralis in carnivorous birds also reported 
(all negative except for 1 Pomarine jaeger, Stercorarius pomarinus, 
regarded as an error).

*Trichinella spiralis has been reported from walrus taken along Canadian 
coasts (Kuitunen 1954). Fay (1960) reported trichinosis in 1 of 6 (16.6%) 
walruses from the Bering Straits region of Alaska with 540 larvae/g tissue.

**Barret, R., unpublished data. From a series of hunter-killed polar bears 
sampled between 1967 and 1971.

***Madsen (1961) as reported by Rausch 1970.

****Rausch (1970).
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427 B.C. by the Carthaginians. Lar
vae were first discovered in humans 
during 1835 by J. Paget. In 1846, 
animals were recognized as suitable 
hosts when larvae were recoved from a 
pig. The first epidemiological break
through in trichinosis was made by 
Zenker in i860 when he discovered the 
intestinal and muscle phases of the 
disease. The presence of T. spi rali s 
in Alaskan Eskimos was suggested in 
1914 when several villagers died from 
a malady resembling trichinosis 
shortly after eating a belukha whale 
(Delphinapterus leucas). The
presence of T. spi ralis in Alaska was 
confirmed in 1934 when encysted lar
vae were discovered in polar bear and 
arctic fox (Parnell 1934 as reported 
by Fay 1960). Outbreaks of 
trichinosis in humans that were 
linked to the ingestion of walrus 
(Odobenus rosmarus), dogs (Cani s 
fami1 i ar i s ), black bear (Ursus 
americanus) and brown bear in Green
land (Thorborg 1948 as reported by 
Maynard and Kagan 1963) and Alaska 
emphasized the importance of wildlife 
as a source of human infection. It 
is now realized that the sylvatic 
(wild) and pastoral (domestic) forms 
of trichinosis interact in a dynamic, 
relat i onsh i p.

Transmi ss ion

Trichinella sp i ra1 is usually fol
lows a direct life cycle consisting 
of 2 phases: 1) an intestinal phase
during which third stage larvae 
copulate and females give birth to 
first stage larvae, and 2) a muscle 
phase in which first stage larvae in
vade muscle tissue.

Terrestrial mammals are 
by ingesting flesh that con 
cysted third stage larvae (
It has been suggested that s 
facilitates the ingestion

spi rali s larvae more than does preda
tion (Merkushev 1955). Since most 
recognized predators are also facul
tative scavengers and vice versa, 
this distinction appears to be moot 
with respect to The ecology of T. 
spi ralis. That scavenging does 
provide a significant route of infec
tion for carnivores is an important 
distinction for management and con
trol purposes. Experimental trans
mission of larvae from feces to 
domestic swine has been reported 
though is probably not significant 
since few viable larvae pass in the 
feces of host animals (Soulsby 1968). 
Transmission by scavenger beetles has 
also been reported; larvae survived 5 
to 8 days in these insects (Merkushev 
1955 as reported by Zimmerman 1971). 
Prenatal infection is rare but has 
been experimentally produced (Soulsby 
1968 ).

Modes of transmission for T. 
spi ralis in marine ecosystems are not 
completely understood. Three
possible routes of infection for 
marine mammals are: 1) direct inges
tion of meat that contains infective 
larvae (carnivory), 2) accidental 
ingestion of small pieces of detrital 
meat that contain larvae, and 3) 
ingestion of larvae in vector or
ganisms or their excretia. These 
routes of transmission are not 
mutually exclusive and the 
epidemiology of trichinosis may in
volve components of each.

Walrus are occasionally car
nivorous and therefore could ingest 
T. spi rali s larvae with infected 
meat. No conclusive evidence has 
been found to support this hypothesis 
however (Fay 1960). Belukha whales 
are predatory but mainly eat fish, 
organisms in which larvae do not en
cyst but which may temporarily harbor 
larvae (Kozlov 1971). Ringed and 
bearded seals are not known to ingest

i nfected 
tains en- 
Fig. 9). 
caveng i ng 

of T.
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Host is infected by ingestion 
of trichinella cysts w ithin 
contaminated flesh. 1st stage 
larvae are released in stomach 
and duodenum. Common hosts in 
Alaska Include any m eat- eating 
species, such as ha,ir

Figure 9. 
Trichinella spiralis

1st stage larvae reach 
general circulation and 
enter muscles o f the 
host. Larvae penetrate 
sarcolemma of active 
muscles (i.e. diaphragm, 
tongue, masseters) 
causing inflammation 
and tissue destruction. 
Host generated cysts 
a rrest development 
larvae but they 
may remain 
viable fo r years.

Larvae molt to 3rd larval
stage in small intestine; male 
and female larvae copulate in
lumen (male 1.4 - 1.6 mm, female
3 -  4 mm long). Mature male is 

expelled in feces.

1st stage larvae (0 .9 -1 .3  mm) 
enter lymph system via lacteals, 
and by way of veinous blood 

pass through liver to heart 
and pulmonary tissue.

Inseminated female goes to 
mucosa and molts to 4th 
larval stage. Here female 
gives birth to 1st stoge 
larvae and is then expelled 
in feces.

Figure adapted from Olsen, O.W. 1962. Animal Parasites. 
Burgess Publishing Co., M inneapolis, MN. p. 331.



meat under any circumstances (Fay 
1960, 1968) which precludes carnivory 
as a mode of transmission.

Amphipods feed extensively on im
mersed carrion. Non-predatory seals 
and walruses are attracted to these 
carcasses by the swarms of feeding 
amphipods. It is feasible that free- 
floating bits of meat that contain 
larvae are accidentally ingested as 
the amphipods are preyed upon by the 
seals (Fay 1960, 1968). Carcasses of 
terrestrial or marine mammals or gar
bage could provide sources of infec
tion.

The role that vector species may 
have in the transmission of T. 
spi ralis has been examined by several 
researchers (Britov 1962, Fay 1968, 
Hulebak 1980, Kozlov 1971). Birds
were experimentally shown to pass in
fective larvae to fish that, when 
ingested by a dog and cat (Felis
catus) , produced encysted larvae 
(Britov 1962). The validity of this 
experiment has been questioned 
however (Fay 1968). Fish and am
phipods (i.e. Anonyx spp. and 
Apherusa qlac i a 1 is) (Hulebak 1980)
can transmit infective larvae to
suitable mammalian hosts (Fay 1968, 
Kozlov 1971). Experimental results 
indicate that approximately 1% of the 
amphipods in a swarm that feeds upon 
flesh containing about 127 larvae/g 
tissue can ingest and harbor larvae 
undigested up to 28 hours (Hulebak 
1980). The low frequency of larvae 
in amphipods could explain the low 
incidence of infection observed in 
most marine mammal species (see Table 
6). It has been suggested that lar
vae which leave their capsule (ex
cyst) in the digestive tract of an 
intermediate host are not infective 
if ingested a second time (Kozlov 
1971). Other researchers have 
reported that excysted larvae are 
presumably infective (Fay 1968). If

excysted larvae are not infective to 
definitive hosts, the capacity of 
vector organisms to transmit T. 
spi ralis would be greatly diminished.

After the first stage larvae have 
been ingested with infected meat, 
they are released from their cysts by 
digestive processes in the stomach 
and duodenum. The first stage larvae 
enter the intestinal mucosa and molt 
twice to reach the third larval 
stage. These neotenic larvae (they 
reproduce before reaching maturity) 
re-enter the intestinal lumen where 
copulation occurs. Males are ex
pelled from the host soon after 
copulation. Inseminated females 
return to the intestinal mucosa, molt 
to the fourth larval stage and ma
ture. Females give birth to the 
first stage larvae while in the in
testinal mucosa. They are then ex
pelled from the host; female worms 
are thought to infect their hosts no 
longer than 5 to 6 weeks post inges
tion (Soulsby 1968).

The first stage larvae enter the 
lacteals (intestinal lymph nodes), 
reach the veinous blood supply and 
are transported through the liver and 
thoracic organs to muscle tissue. 
The larvae leave the circulatory 
system through capillaries that 
supply muscle tissue; larvae exhibit 
a prediliction for active muscles, 
i.e. the diaphragm, tongue and mas- 
seters. Larvae penetrate the
sarcolemma (a thin sheath of connec
tive tissue that surrounds muscle 
fibers) as early as 5 days after 
ingestion of their parents in certain 
host species (Zimmerman 1971). In
dividual larvae are usually encap
sulated in host generated connective 
tissue though intense infections may 
have several larvae within individual 
cysts. The time required to encyst 
larvae varies between host species. 
Larval development is arrested once
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the cysts are completely formed. 
Larvae are thought to generally live 
several years in their hosts though 
infections that have persisted as 
long as 2k years have been reported 
(Soulsby 19 6 8). The life cycle is 
complete when larvae are ingested by 
a suitable carnivorous mammal.

Signs, Symptoms and 
Pathogenes i s

Three phases of trichinosis infec
tions are distinguished: 1) an in
testinal phase during which ingested 
third stage larvae sexually mature, 
copulate and give birth to a new 
generation of first stage larvae, 2) 
a muscle phase when newborn larvae 
leave the intestinal tract of the 
host to invade muscle fibers and 3) a 
convalescent stage in which host 
animals recuperate.

The pathogenicity of the in
testinal phase of trichinosis is 
positively correlated with the dosage 
of larvae ingested by the host. Lar
vae that enter the intestinal mucosa 
cause enteritis as evidenced by a 
thickened, hyperemic (engorged with 
blood) mucosa and small hemorrhages 
where larvae have penetrated. The 
mesenteric lymph nodes become soft 
and swollen (Zimmerman 1971)•

The severity of trichinosis inten
sifies during the muscle phase of 
this disease. As larvae invade the 
sarcolemma, muscles become inflamed. 
One to 2 days after larvae invade the 
muscles, microscopic lesions appear 
due to the degeneration of granulated 
white blood cells. Cross striation 
of muscle fibers disappear. Two to 3 
weeks post infection the muscle 
fibers usually exhibit edema (an ac
cumulation of body fluids) and appear 
swollen. The swelling of parasitized 
muscle fibers exert pressure on con

tiguous, non-parasitized muscle tis
sue and stimulates degeneration of 
these areas as well (Zimmerman 1971). 
Leukocytes, lymphocytes and
macrophages usually appear by the 
second to third week of muscle inva
sion. Parasitized muscle tissues 
permanently degenerate (Merkushev
1955). This consequence of
trichinosis is often fatal to host 
animal s.

Convalesence begins with the for
mation of host-generated cysts that 
isolate destructive larvae within the 
host. Cysts consist of an outer cap
sule of connective tissue and 
thickened sarcolemma and an inner 
portion that contains larvae and 
detritus from destroyed muscle tis
sue. As larvae are encysted, the 
edematous swelling recedes and a 
network of connective tissue replaces 
muscle tissue that has been 
destroyed. Calcification of cysts 
may begin as soon as 3 months post 
infection; this usually, but not al
ways, results in the death of encap
sulated larvae (Zimmerman 1971).

D i aqnos i s

Laboratory examinations are par
ticularly important for diagnosing 
trichinosis. This is due to the 
complexity of clinical symptoms, the 
relatively short life span of T. 
spiral is in the intestinal phase, the 
diminutive size of encysted larvae 
(0.9-1.3 mm long and up to 0.4 mm 
wide) (Zimmerman 1971) and the ab
sence of eggs and low proportion of 
larvae that pass in the feces of host 
an imals.

Post mortem examinations involve 
the detection of encysted larvae 
within muscle tissue. Preferred 
sources of tissue samples are 
diaphragm, tongue and masseter
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muscles. Three techniques are com
monly employed for detecting encysted 
larvae. These are: 1) the compres
sion method, 2) the artificial diges
tion method and 3) the microscopic 
tissue section (histologic) method.

The compression method is the 
simplest and most rapid technique. A
1.0 g sample of muscle tissue is cut 
into particles the size of wheat 
grains, compressed between 2 glass 
plates and examined microscopically 
for larvae. The reliability of this 
method depends heavily on the number 
of 1 g samples taken from each 
animal; low intensity infections may 
easily be overlooked when sampling 
effort is low.

The artificial digestion method is 
used extensively in wildlife in
vestigations (Rausch et a l . 1956,
Soulsby 1968). Tissue samples, 
approximately 100 g each, are removed 
from animals suspected of harboring 
T. spiralis. These samples are 
digested in a solution of pepsin- 
hydrochloric acid. The sediment is 
concentrated by allowing it to stand 
undisturbed or through centrifuga
tion. The supernatant is removed and 
the sediment examined microscopically 
for larvae. A weakness of this tech
nique is that some larvae may be 
destroyed during the digestive 
process and thus, bias estimates of 
intensity of infection. The larger 
sample unit of tissue that is ex
amined makes this technique less apt 
to overlook larvae in mild infec- 
t i o n s .

Histologic examination for larvae 
involves sectioning muscle tissue 
samples into thin slices, staining 
them and microscopically looking for 
portions of larvae. Like the com
pression method, this technique tends 
to overlook larvae when infections 
are not intense and sampling effort 
is 1ow .

Biopsy techniques (removal of tis
sues or fluids from living animals)

(Hulebak 1980) for detecting T. 
spiral is include hematology (examina
tion of blood serum). Several
publications provide detailed 
descriptions of these diagnostic
techniques (Fay 1968, Gould 1945, 
Merkushev 1955). Scholtens et al.
(1966) provides thorough evaluation 
of diagnostic techniques used for 
detecting trichinosis in swine.

Significance and Control

Trichinella spi rali s commonly in
fects a variety of Alaska mammals 
(Table 6) though infections are 
usually subclinical. Trichinosis is 
a significant disease in Alaska for 2 
reasons however: 1) a large propor
tion of animal species present in the 
arctic are at least facultatively 
carnivorous which facilitates trans
mission of T. spi rali s larvae (Rausch 
et al. 1956) and 2) humans, both Na
tive and White, rely upon wildlife 
hosts of T. spi ralis, i.e. bear and 
marine mammals, for important sources 
of protein. Within Alaska, a strong 
latitudinal trend in the frequency of
infections has been reported (Rausch
et al. 1956). Twenty-five of 54 
(80.6%) red foxes collected in the 
Brooks Range harbored T. spi ra1i s ; 
only 2 of 13 (15-4%) red foxes taken 
from the Copper River drainage were 
thus infected. Ermine (Mustela er- 
minae) showed a similar pattern: 17
of 40 (42.5%) Brooks Range ermine
versus 1 of 11 (9*9%) Copper River
ermine harbored T. spi ralis. This 
trend was not observed in a com
parison of wolverines that originated 
from the 2 areas. Tr i ch i nel1 a 
spi rali s occurred more frequently in 
dogs from rural areas (61.8%) than 
urban areas (0%) (Rausch et al.
1956).

Most infections in man have oc
curred in the northern portions of 
the state (Rausch et a l . 1956).
Wildlife species attributed as
sources of human infection include
black, brown and polar bears and
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belukha whales. Several seal 
species, i.e. the bearded seal 
(Erignathus barbatus) and harbor seal 
(Phoca vi tulina) and walrus (Odobenus 
rosmarus), may~ represent reservoirs 
of infective T. spi ralis larvae for 
man as well. Transmission between 
the sylvatic and pastoral forms of 
trichinosis is not a one way process 
from wildlife to man. Open pit dumps 
are considered significant sources of 
larvae for wildlife species (Zimmer
man 1971), i.e. Norway rats (Rattus 
norveqicus) and black/brown bears. 
Many coastal villages of Alaska 
create dumps on near-shore ice that 
later go to sea and contaminate 
marine ecosystems. Domestic animal 
carcasses known to harbor T. spi ralis 
should be destroyed in a way that 
precludes infection of wildlife (i.e. 
by incineration).

Thiabendazole, methyridine and 
several other drugs are available 
that effectively eliminate larval and 
adult T. spi ralis organisms in man 
and animals (Soulsby 19 6 8, Zimmerman 
1971). Efficient administration of 
these therapeutic agents to wildlife 
populations has not yet been 
developed. Freezing meat for 20 days 
at -15C or 1 day at -18C kills the T. 
spi ralis larvae presumably found in 
domestic animals in temperate regions 
as does heating meat to 55C (Maynard 
1968). The Tr i ch i nella organisms 
from arctic regions appear to be 
more resistant to freezing however 
(R. Barrett, pers. obs.), a sig
nificant distinction in the 
epizootiology of this disease.
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Acanthocephala

J. Dau

Parasites of the phylum Acantho
cephala are unsegmented, cylindrical 
and dioecious (separate sexes). The 
body is conceptually divided into 2 
main parts: 1) the presoma which in
cludes the hook-bearing proboscis 
(hence "spiny-headed") and neck and
2) the trunk which contains the ex
cretory and reproductive systems. 
Spiny-headed worms lack a digestive 
tract; nutrients are absorbed through 
the tegument. The proboscis, the 
feature that most easily
distinguishes this group of 
parasites, may not be evident in 
preserved specimens for 2 reasons. 
First, it may fail to completely 
evert if not left in fresh water tem
porarily before being fixed in for
malin. Second, it may have been 
deeply embedded in tissue and was 
torn from the parasite when col- 
1ected.

The eggs of acanthocepha1ans are 
embryonated when passed in the feces 
of the definitive host; the embryo is 
termed an acanthor. The eggs are 
highly resistant to environmental 
stress and hatch only after being 
ingested by an intermediate host (all

acanthocephalans utilize at least 1 
intermediate insect or arthropod 
host). Hatching releases the acan
thor and allows it to penetrate the 
gut wall of the intermediate host. 
The acanthor then enters the body 
cavity where it progressively 
develops into a preinfective larval 
stage termed the acanthella. Further 
development and encystment of the 
acanthella produces the cystacanth 
stage. Cystacanth larvae are infec
tive for their final hosts. This 
larval stage is adept at re-encysting 
within organisms (paratenic hosts) 
that have ingested cystacanths, but 
are not suitable hosts for the larvae 
to complete development within. When 
cystacanths are ingested by a 
suitable (preferred) host, they are 
released from their hyaline cysts 
(clear, structureless cysts) by 
digestive processes and attach to the 
intestinal mucosa of the host where 
development is completed.

The genus Corynosoma is the sole 
acanthocephalan parasite currently 
thought to be significant in Alaskan 
wildli fe.
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Corvnosomo

J. Dau

The paucity of information con
cerning Corynosoma spp. necessitates 
a relatively brief coverage of this 
genus. Corynosoma spp. are holarctic 
(Rausch 1953) and commonly parasitize 
marine mammals. Table 7 lists the
mammalian hosts from which in
dividuals of Corynosoma spp. have 
been documented in Alaska.

Corynosoma spp. follow the general 
life cycle outlined in the introduc
tion of Acanthocephala. The first 
intermediate host of some Corynosoma 
spp. (i.e. £. strumosum and £.
semerme) is thought to be the am- 
phipod Pontopore i a aff inis (De Giusti 
1971). Other amphipods may be 
suitable intermediate hosts as well. 
Fish, i.e. the rainbow smelt (Osmerus 
dentex), reportedly serve as
paratenic hosts in which cystacanths
encyst on the mesenteries (Neiland
1962). Mature individuals of 
Corynosoma spp. evoke localized tis
sue response in the small intestine 
of their definitive host. It has 
been suggested that considering the 
well-armed proboscis of these
parasites, intense infections could 
result in severe inflammation and 
fibrosis of affected tissues (Rausch 
1953). The significance of these 
parasites in Alaskan mammals has not 
been establi shed.
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Protozoa

J. Dau

Protozoans are primitive, single 
celled, eukaryotic (possessing at 
least 1 nucleus) organisms contained 
within a cell membrane. At least
45,000 species in this phylum have 
been described since Leeuwenhoek em
ployed his primitive magnifying 
lenses to discover Eimeria stiedae 
late in the 16th century. Protozoans 
have evolved to fill a variety of 
diverse parasitological niches.

One factor partially responsible 
for the success of protozoan 
parasites is their simplicity. Or
ganelles function as organs without 
limiting the ecological distribution 
of protozoans to the extent that 
highly adapted functional systems 
(i.e. digestive or excretory systems) 
limit vertebrate or even helminth or
ganisms. Protozoan parasites propel 
themselves with either flagella, 
cilia, pseudopodia or undulating 
ridges. Parasites acquire nutrients 
by ingesting particulate matter or 
through diffusion. Protozoans are 
capable of sexual or asexual 
reproduction. Sexual reproduction 
may occur by self or cross fertiliza
tion. A variety of asexual means of 
reproduction are known; examples are:

1) schizogony (multiple fission), 2) 
sporogony (multiple fission following 
the union of gametes) and 3) budding. 
Many protozoan parasites secrete a 
highly resistant capsule termed a 
cyst. This cyst is highly resistant 
to environmental stress and usually 
represents the life stage when trans
mission between hosts occurs.

Protozoan parasites are reportedly 
the most pathogenic group of or
ganisms in the world (Schmidt and 
Roberts 1977). Since these organisms 
are not visible to wildlife field 
biologists and require a greater 
dependence on laboratory examination 
than helminth parasites, protozoans 
have received only cursorial coverage 
in this text. The brevity of this 
section should not be interpreted as 
representing the significance of 
protozoan parasites in Alaskan wild
life.
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Trypanosoma

Newton Kingston

Introduct i on

Trypanosomes are flagellated, 
protozoan parasites found in the 
blood and in some cases, in the tis
sues of all classes of vertebrates 
(Fig. 11). A single species, 
Trypanosoma cervi Kingston and Mor
ton, 1975 has been described from 
members of the deer family, the Cer- 
vidae: viz., from elk (Cervus
elaphus), mule deer (Odocoileus 
hemionus), white-tailed deer ((). vi r- 
ginianus), moose (Alces alces) and 
reindeer (Rangifer tarandus) in North 
America. Another species,
T rypanosoma the i1er i Laveran, 1902 is 
known from cattle (Bos taurus) in 
North America (and worldwide) and it 
is probably this species that affects 
muskox (Ovibos moschatus) and bison 
(B i son b i son) in the New World. 
Since the parasite of muskox and 
bison are scanty in the blood of the 
infected hosts, numbers of these 
parasites sufficient for identifica
tion have not yet been collected.

H i story

Trypanosomes were first found in 
the family Cervidae in 1969 in blood 
collected and cultured from white
tailed deer in the southeastern 
United States; about 75% of deer ex
amined from 7 states were infected. 
Culturing of blood collected from 
mule deer in 1972 to 1974 (Clark 
1972, Kingston et al. 1975) (with up 
to 80% infected) and from elk in 1973 
(with up to 90% infected) (Davies and 
Clark 1974, Kingston and Crum 1977, 
Kingston and Morton 1973) from the 
western U.S. revealed trypanosomes in 
these species also. After recovery 
and measurement of bloodstream

trypomastigotes, the species of 
trypanosome in elk was described as 
T rypanosome cervi by Kingston and 
Morton in 1975 (Kingston and Morton 
1975). Subsequently trypanosomes 
from mule deer, white-tailed deer and 
moose were collected and measured by 
similar methods and were identified 
as conspecific with T. cerv i 
(Kingston and Crum 1977, Kingston et 
al. 1975, 1981, Matthews et al.
1977). Since that time, trypanosomes 
have been collected and cultured from 
moose, reindeer and muskox (Alaska). 
The limited numbers of trypanosomes 
on slides made from blood of these 
species preclude their identification 
at present. The collection, descrip
tion and identification of larger 
numbers of trypanosomes from reindeer 
allows their inclusion in this 
report. The species of trypanosome 
from reindeer is considered con- 
specific with T. cervi, thus adding 
another host species in the family 
Cervidae to those known to harbor 
this species of trypanosome. 
(Descriptions of the trypanosomes 
from reindeer and muskox will appear 
elsewhere.)

Transmission and 
Pathoqenes i s

Transmission of trypanosomes from 
mammalian host to mammalian host is 
generally by way of an arthropod vec
tor. Keds (Diptera:Hippoboscidae) of 
sheep and goats have been implicated 
in transmission of trypanosomes (T. 
melophagi um and T. theodor i, 
respectively) of these hosts, and 
horseflies (Diptera:Tabanidae) are 
known to transmit the trypanosome of 
cattle in North America (Hoare 1972). 
Horseflies have been found infected
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Figure 11. Trypanosomes in blood samples taken from reindeer (Rangifer 
tarandus (top) and muskox (Ovibos moschatus) (bottom). The 
anterior flagella is apparent on the left-most end of the 
organisms in both pictures (N. Kingston).
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with trypanosomes in New Mexico 
(Davies and Clark 1974) and in New 
York State (Krinsky and Pechuman
1975) and in the vicinity of infected 
captive elk in Wyoming (Kingston, un
pub. data). No definitive studies 
have been done on transmission of 
trypanosomes of cervids.

No pathogenic effects are known 
for trypanosomes of cervids or bovids 
in North America, though transplacen
tal transmission of trypanosomes to 
the cervid (Kingston et al., in 
press) and bovid fetus (Kingston et 
al., in press, Van Der Maaten et al.
1973) is known to occur both 
naturally and experimentally. 
Trypanosomes (T. thei1eri) have been 
found in the aborted bovine fetus 
(Dikmans et al. 1957) though causa
tion of abortion by this organism has 
not been demonstrated. Considerable 
further work is necessary to 
establish the role, if any, of this 
organism in cryptic abortion or other 
pathogenic conditions seen in both 
cervids and bovids.

Inc i dence of Infect i on

Twenty-one of 24 reindeer examined 
near Fairbanks in 1979 were detected 
as infected by direct microscopic ex
amination of the blood (DE vide in
f ra); 11 of 14 adults were positive 
(11 positive and 2 negative cows, 1 
negative bull) and 10 fawns were 
positive (7 male, 3 female). Seven 
of 13 moose (4 captive, 9 free- 
ranging) examined in Wyoming between 
1977-1980 were positive (there was 1 
positive bull and 1 positive female 
calf amongst these). Two of 10 
yearling and none of 4 adult moose 
examined from Mt. McKinley Park and 
Tanana River Flats, Alaska were posi
tive in 1980 (Shults, pers. comm.).

Five of 13 captive muskox examined 
near Fairbanks, Alaska were positive 
for trypanosomes in 1979 (1 of 2

bulls was positive and none of 5 cows 
was positive; 2 male and 2 female 
calves were positive of 6 examined).

Signs and Symptoms

There are none seen and none 
known.

D i agnos i s

Microscopic diagnosis can be 
accomplished by microhematocrit cen
trifugation (DE) of freshly collected 
heparinized blood from the suspect 
animal. Free-swimming trypanosomes 
may be seen in the plasma of the in
fected animal just above the buffy 
coat (when the hematocrit tube is ex
amined microscopically (at 1.5-10 X 
objective) (Bennett 1962, Kingston 
and Morton 1975). Whole blood or 
blood clot (from serum tubes) may be 
cultured in veal infusion medium 
(VIM) (Kingston and Crum 1977). 
Epimastigotes (young, dividing forms) 
can be microscopically detected 
swimming in these cultures 1-3 (or 
more) weeks following inoculation. 
Culture techniques are probably the 
most appropriate for field collec
tions.

Significance and Control

The importance of trypanosome in
fection in cervids is not known at 
the present time. Considering their 
widespread distribution--by host and 
geographic area— they appear to cause 
no problems to their hosts. No 
transmission of these parasites is 
known to occur to man. At present, 
no control procedures are recommended 
or thought necessary.
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Giardio

J. Dau

Parasites of the genus Giardia are 
flagellated protozoans of the family 
Hexamitidae. Protozoans of this 
family are characterized by 2 readily 
apparent nuclei that lay side by 
side. Trophozoites (the active,
feeding stage of these organisms com
parable to the adult form of helminth 
parasites) of this genus resemble 
crude teardrops in form, bear 8 
flagella and are less than 25 microns 
long. Cysts (the encapsulated, 
highly resistant form of these or
ganisms roughly comparable to the 
larval stage of helminth parasites) 
are approximately half the size of 
trophozoites. G i ard i a spp. infect 
canids, felids, rodents and
rumi nants.

Giardia 1amblia inhabits the an
terior portion of the small intestine 
of humans. Trophozoites reproduce 
through binary fission; the increase 
of these organisms is thus described 
by a power function with an exponent 
of 2. The trophozoites become en
cysted as they progress down the in
testinal tract before being shed in 
the hosts' feces. Cysts contain 
either 2 or k nuclei. Diarrheic 
stools may contain up to 14 billion 
parasites. When swallowed by a 
human, the parasites excyst in the 
duodenum and begin the life cycle 
anew.

Clinical symptoms described for 
giardiasis in canines include inap
petence, listlessness and diarrhea 
(Barlough 1980). Diarrheic feces 
usually do not contain blood but 
often have the texture of oatmeal. 
These parasites do not lyse host 
cells but instead ingest the in
testinal mucosa. Heavy concentra
tions of these organisms could impair

the absorption of nutrients by host 
animals and cause dehydration and 
general weakness.

The diagnosis of giardiasis in 
humans appears to be increasing in 
Alaska. Though water is not re- 
guisite for maintaining Giardia spp. 
in ecosystems, contamination of sur
face water appears to enhance the 
transmission of these parasites. 
Giardia spp. can survive in water 
longer than 2 months at 8C (versus 4 
days at 37C). Also, beaver (Castor 
canadensis) have been implicated in 
maintaining these parasites in fresh 
water systems (Juranek 1979). Con
sidering the abundance of cold, fresh 
water ecosystems that are inhabited 
by beaver in Alaska and the depen
dence of Alaska's populace, espe
cially those people in rural areas on 
untreated surface water, for drinking 
water, the potential for epidemics of 
giardiasis certainly exists in 
Alaska.

Essentially no research has been 
conducted concerning the incidence or 
pathogenicity of Giardia spp. in 
wildlife. The significance of these 
organisms in man and wildlife has not 
been established in Alaska.
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Eim eria

J. Dau

Introduct ion

Coccidiosis is a disease caused by 
protozoan organisms of the subclass 
Coccidia. Eimeria spp. are thought 
to be the most important genus of 
this group based on their incidence 
and pathogenicity so will provide the 
basis of this brief overview. Most 
of these ubiquitous organisms are 
intracellular parasites of the in
testinal epithelium though some 
species may inhabit the visceral or
gans, i.e. kidneys or liver (Fig. 
12). Coccidia occur in a wide range 
of avian and mammalian species. 
Though many species of coccidia are
recognized, it is thought that the 
bulk of cocci dial species remain to 
be described. Not all species of 
coccidia are considered pathogenic.

Transmi ss ion

Eimeria spp. are capable of either 
sexual (gametogony) or asexual
(shizogony) reproduction. Sexual 
reproduction begins with the meiotic 
production of gametes that combine to 
produce an oocyst. Oocysts are
roughly spherical or ovoid and 
usually less than 35 microns long. 
They consist of a sporont (a diploid, 
undifferentiated cell mass) and, for 
Eimeria spp., are covered by a tough, 
resistant membrane. Oocysts are
passed in the feces of host animals

and are highly resistant to 
environmental stress.

When the oocysts first enter the 
external environment they are not in
fective for host organisms. Oocysts 
become infective by the process of 
sporogony (or sporulation) whereby 
the sporont gives rise to sporozoites 
(daughter cells that result from the 
division of the sporont). When a 
suitable host ingests infective 
oocysts, the oocyst wall ruptures and 
releases the sporozoites. The prox
imal explanation for sporozoite ex- 
cystment is unknown. Sporozoites 
enter the epithelial cells of villi 
in the small intestine of host 
animals where they complete develop
ment to the trophozoite (active, 
feeding) stage.

Asexual reproduction begins when 
the nucleus of the trophozoite 
mitotically divides to produce a 
schizont (a trophozoite cell in which 
only the nucleus has divided, not the 
cytoplasm). The 2 daughter nuclei 
are eventually surrounded by an area 
of protoplasm; these protoplasm- 
surrounded nuclei are termed 
merozoites. The number of merozoites 
that form within a schizont varies 
between Eimeria spp. The merozoites 
are released from the schizont to in
vade other epithelial cells and com
plete maturation.
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Figure 12. The kidneys of oldsquaw ducks (Clangula hyemali s). The
upper kidney was taken from a bird that was suffering from 
coccidiosis caused by an Eimeria sp. The lower kidney 
is from a healthy bird for comparison (E. Taylor).

Asexual reproduction of coccidia 
is a finite process. Therefore, coc- 
cidial infections are self-limiting 
when sources of oocysts do not exist. 
Oocysts are usually present under 
natural circumstances in fecal 
droppings however, and thus are con
tinually ingested by host animals.

Siqnificance and Control

The pathogenicity of coccidian 
parasites, like helminth parasites 
and other etiologic agents, is ul

timately influenced by species- 
specific characteristics of hosts and 
parasites, the attributes of in
dividual animals and the entire array 
of environmental characterisitcs that 
comprise the ecosystem inhabited by 
the host-parasite organisms. The 
pathogenic effects of coccidia result 
from the disruption of cells and 
capillaries by emerging merozoites 
and concentrations of
trophozoites/schizonts. The prin
cipal pathogenic effects of this 
disease are hemorrhage with accom
panying anemia and the sloughing of
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intestinal epithelium tissue. Blood 
clots and cellular debris may form 
plugs that cause indirect pathogenic 
effects. Clinical symptoms of coc- 
cidiosis include diarrhea which may 
contain blood, emaciation, general 
weakness and unthriftiness. Recovery 
may infer immunity against reinfec
tion by that species of coccidia; 
this immunity is not absolute 
(previously infected animals may har
bor light infections with the same 
organism and stress may destroy the 
immunity completely) and does not 
apply to all coccidia species. Coc- 
cidiosis is frequently fatal.

Identification of coccidial or
ganisms is usually based on struc
tural characteristics of the oocysts. 
Other criteria for identifying 
species are: host specificity, sites
of localization within host animals 
and cross-immunity experiments.

Tentative diagnoses of coccidiosis 
can be based on clinical symptoms and 
the presence of oocysts in the feces 
of host organisms. These parasites 
commonly occur in most animals 
however often without detrimental ef

fect. Therefore, the mere presence 
of oocysts does not necessarily prove 
that the clinical symptoms observed 
are due to coccidia.

Many drugs are currently used in 
domestic animals that effectively 
control coccidial infections. Treat
ment of water and artificial feeds 
may be of value for short-circuiting 
coccidiosis outbreaks in free-living 
wildlife populations since the 
disease is self-1 imiting in in
dividual host animals.

The significance of coccidiosis in 
Alaskan wildlife has not been 
established. Levine (1973) provides 
a thorough coverage of coccidiosis in 
general and for many species of coc
cidia as w e l 1.
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Sorcocystis

J. Dau

Sarcocyst i s spp. are common 
parasites of Alaskan ungulates. 
Bison (B i son bi son), black-tailed 
deer (Odocoileus hemionus si tkensi s ), 
caribou and reindeer (Rangifer taran
dus) , moose (Alces alces), mountain 
goats (Oreamnos americanus) and Dali 
sheep (Ovi s dal 1i) from Alaska have 
been found to harbor protozoans of 
this genus (R. Dieterich, pers. 
comm.). Marine mammals from Alaska 
reported to harbor Sarcocystis spp. 
include northern fur seals 
(Callorhi nus urs i nus) (Brown et a l .
1974), harbor seals (Phoca vi tulina) 
(Hadwen 1922), bearded seals
(Eriqnathus barbatus) (Bishop 1979) 
and ringed seals (Phoca hi sp i da) 
(Migaki 1980). Rausch (1962) 
reported that collared pikas 
(Ochotona col laris) often contained 
these parasites. Black bears (Ursus 
americanus) (Crum et al. 1978) and 
coyotes (Can i s 1atrans) (Arther and 
Post 1977, R* Dieterich, pers. comm) 
have been reported to harbor 
Sarcocystis spp.

The specific nomenclature of 
Sarcocystis is unclear. Though more 
than 50 species of Sarcocystis have 
been described (Levine 1973), not all 
of them are universally accepted as 
valid. This nomenclatural confusion 
stems from persistent misconceptions 
associated with the terminology ap
plied to several life stages of 
Sarcocyst i s spp. and from the 
variability of criteria on which 
species are currently distinguished. 
These criteria, namely host
specificity, structure of cyst wall 
and size of trophozoites (the active, 
feeding stage of these protozoans) 
vary inter- and intraspecifically,

Introduct ion with the age of the intramuscular 
cysts and with the method employed to 
preserve the specimens. Until better 
means of distinguishing recognizable, 
biologically valid characteristics of 
Sarcocyst i s spp. are discovered, the 
specific nomenclature of this genus 
will have to be regarded as a con
venience rather than as a categoriza
tion of biological diversity (Levine 
1973).

Transmi ssion

The specific life cycles for 
Sarcocystis are largely unknown; only 
those life cycles for the most common 
species have been described (Fig. 
12). Sarcocyst i s spp. appear to fol
low an obligatory predator-prey life 
cycle. Sexual reproduction occurs in 
the final carnivorous host and asex
ual reproduction occurs in the inter
mediate prey host. Recent investiga
tions indicate that Sarcocyst i s spp. 
may be guite host specific (Hudkins 
and Kistner 1977, Fayer et al. 1976, 
Fayer and Kradel 1977). The life 
cycle information presented herein is 
taken from Levine (1977).

Predators are infected when they 
ingest meat that contains sarcocysts, 
also referred to as meronts, cysts or 
shizonts. The sarcocysts contain 
merozoites, often erroneously 
referred to as "spores," that emerge 
from the sarcocysts in the intestine 
of the predator. These merozoites 
enter epithelial cells of the in
testine and become either male or 
female gamonts. Gamonts of each sex 
produce large numbers of gametes that 
unite through fertilization to form 
zygotes. Zygotes surround themselves 
in resistant walls and are then
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termed oocysts. Each oocyst gives 
rise to 2 sporocysts via the process 
of sporulation; this occurs while in 
the intestine of the carnivore. The 
sporocysts leave the oocyst and pass 
freely in the feces of the host.

Herbivores ingest the sporocysts 
with contaminated food or water. 
Each sporocyst contains 4 
sporozoites. The sporozoites are 
released and pass to the intestines 
where they give rise to 2 generations 
of meronts. The first generation 
meronts inhabit the vascular en
dothelial cells throughout the body. 
This generation of meronts give rise 
to merozoites that invade cardiac and 
striated muscle tissues of the inter
mediate host. Merozoites develop in
to second generation meronts within 
the muscles and are then termed sar
cocysts. Sarcocysts in intermediate 
hosts may be visible upon gross ex
amination of muscle tissue. Pond and 
Speer (1979) reported that most sar
cocysts in ungulates from Montana 
ranged in size from 0.2 mm by 1 mm 
though some reached 5 ™  in length. 
Sarcocysts are usually white and 
ellipsoid. Preferred sources of tis
sue samples for collecting intra
muscular sarcocysts are heart, 
tongue, esophagus, diaphragm and 
skeletal muscles. The life cycle 
begins anew when carnivores prey upon 
herbivores that harbor sarcocysts.

S iqns, Symptoms and 
Pathoqenes i s

Most descriptions regarding the 
pathogenicity of Sarcocyst i s spp. 
have considered only the intermediate 
host. These empirical and experimen
tal observations have been varied 
which has precluded any consensus 
regarding the pathologic significance 
of Sarcocystis spp. in intermediate 
hosts. In either the final or inter

mediate host, the intestinal phase of 
these parasites may damage the 
epithelium of this organ. This 
damage may manifest diarrhea and, in 
severe infections, cause hemorrhage, 
inappetance and nausea.

Experimental infection of mule 
deer (Odocoi1eus hemionus hemionus) 
fawns caused a minimum 75% mortality 
at dosages above 50,000 sporocysts 
(Hudkins and Kistner 1977). This in
dicates that Sarcocyst i s organisms 
can be fatal in their preferred 
intermediate hosts and suggests that 
the impact of these protozoans on 
free-living ungulate populations 
depends at least in part on the 
number of sporocysts that are 
ingested. The number of sporocysts 
that are ingested by intermediate 
hosts is undoubtedly influenced by an 
array of environmental factors as is 
the relative effect of established 
infections in host animals. A 
seasonal increase in the intensity of 
sarcocysts in mule deer fawns from 
Oregon during fall and winter periods 
has been reported (Hudkins and 
Kistner 1977).

It would be evolutionari1y advan
tageous for Sarcocystis organisms to 
debilitate their intermediate prey 
hosts to just that extent required to 
predispose these animals to preda
tion, presumably by the final car
nivorous hosts. If the pathologic 
effects of these protozoans were so 
severe as to be fatal in their own 
right, this could short-circuit their 
life cycle unless transmission could 
occur through scavenging. The role 
that scavenging plays in the trans- 
misssion of Sarcocystis spp. could be 
evaluated by determining how long 
sarcocysts remain viable in carrion 
under varying environmental condi
tions. To be highly pathogenic could 
enhance transmission by making it 
easier for carnivores to ingest sar-
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cocysts though this does not appear 
to be the case under natural circum
stances. This would necessitate that 
sarcocysts be resistant to
environmental stress and that 
environmental conditions (i.e. 
freezing) prevent the complete
degeneration of meat before it can be 
scavenged. The relative importance 
of scavenging versus predation is 
unimportant to the welfare of the 
intermediate host; it is not of con
cern how these animals die but 
whether they die or survive. The 
distinction between predation and
scavenging may be an important con
sideration however, in controlling
these protozoans in wildlife popula
tions. Before measures and means of 
controlling Sarcocyst i s can be 
developed, the ecology and sig
nificance of these parasites should 
be better understood.
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Besnoitia

J . Dau

Besnoitia tarandi was first
reported in reindeer and caribou 
(Rangifer tarandus) from Alaska by 
Hadwen (1922a). Tn these animals, it 
causes bones and tendons to become 
roughened and is thus referred to as 
"corn meal disease." Hadwen (1922b) 
stated that old animals are more in
tensively affected than young
animals. Besnoitiosis has also been
reported from caribou in northern
Canada (Choquette et al. 1967). 
Besno i t i a jel1 i son i infrequently 
parasitizes rodents where it produces 
numerous white cysts throughout the 
viscera (Jellison 1971). Besnoi t i a 
jel1 i son i has not been reported 
however from Alaska or northern
Canada.

The life cycles of Besnoi t i a spp. 
that have been described closely 
resemble the life cycle of
Sarcocystis spp. (see this section). 
Besnoi t i a spp. utilize 2 hosts: 1) a
carnivorous host in which sexual 
reproduction occurs and 2) an inter
mediate prey host in which aseuxal 
reproduction occurs (Wallace and
Frenkel 1975). Besnoitia spp. differ 
from Sarcocyst i s spp. in that un- 
sporulated oocysts are shed in the 
feces of carnivores; Sarcocystis spp. 
shed sporulated sporocysts in the 
feces of carnivores. The cysts of 
Besnoi t ia spp. analogus to the sar
cocysts of Sarcocyst i s spp. are
termed bradyzoites. Cysts of J3. 
tarandi are roughly spherical and are 
found on the surface of tendons and 
in the periosteum of bones (Levine 
1973). Bradyzoites may be trans
ferred between intermediate hosts; 
the role that scavenging plays in the 
transmission from final to inter
mediate hosts is discussed by Smith

and Frenkel (1977). Besnoitiosis can 
be differentiated from sarcocystis in 
intermediate hosts on the charac
teristics and localization of the 
cysts. The pathogenesis and sig
nificance of this protozoan in car
nivores and ungulates in Alaska has 
not been determined.
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Ectoparasites

A review of published information 
on ectoparasites of game mammals in 
Alaska revealed many gaps. Much more 
collecting must be done to answer 
basic questions such as what species 
of parasites occur on Alaskan mam
mals, their geographic distribution 
and seasonal occurrence, their abun
dance and effects on their hosts.

Ticks (Acari: Ixodidae)

Glenn E. Haas

Haemaphysali s 1epor i spa 1ustr i s 
(Packard), the rabbit tick, was first 
recorded from Alaska as a result of 
Philip's survey of 1937 (Philip 1938,
1939). Specimens were collected from 
snowshoe hares (Lepus amer icanus) at 
Seward and in the vicinity of Fair
banks. The isolation of Franci sella 
tularens i s from ticks collected near 
Fairbanks (Philip and Parker 1938) 
stimulated an expanded survey that 
showed rabbit ticks ranged from 
Livengood, Minto and Clear east to 
Circle Hot Springs and Delta Junction 
(Geary 1953? Gill 1954, Philip et al. 
1954). Rabbit ticks, snowshoe hares 
and the nearctic strain of tularemia 
probably spread together into nor
thern North America during postgla
cial time (Rausch 1972).

Dermacentor a 1b i p ictus (Packard), 
the winter tick, abundant on moose 
(Alces alces) , deer (Odocoi1eus spp.) 
and neglected range horses (Equus 
spp.) in regions of Canada (Wilkinson
1979)5 was intercepted on a horse im
ported into Alaska (R. E. Barrett, 
unpub. data). This tick is not known 
to occur naturally in Alaska, al
though the record (Klein 1965) of the 
Dermacentor sp. specimen from a Sitka 
black-tailed deer (0. hemionus) on 
Coronation Island is suggestive.

Chewing Lice (Mailophaga)

Glenn E. Haas

The first record of an ec
toparasite from Dali's sheep (Ov i s 
da 11 i) i s of Bov icola j e 11 ison i
Emerson from Crescent Mountain, Kenai 
Peninsula (Kim 1977). Kim extracted 
about 19,300 specimens from 1 hide, 
mostly on the sides and belly and 
least on the head and neck.

Sucking Lice (Anoplura)

Glenn E. Haas

Several species of sucking lice 
are known from Alaska. Solenopotes 
tarand i (Mjoberg) from hides of 
caribou (Rangifer tarandus) taken at 
Anaktuvuk Pass and the Utukok River 
were used for the redescription and 
illustration of adults by Weisser and 
Kim (1973) and for a monograph of the 
genus Solenopotes by Kim and Weisser 
(1974).

Tricholipeurus 1i peuro i des (Meg- 
nin) was collected by L. Johnson from 
Sitka black-tailed deer on Admiralty 
Island and Baranof Island (N. Wilson, 
unpub. data)

Sucking lice are also known from 
the walrus (Odobenus rosmarus) and 
seals (Phoc i dae) of Alaska (Kim 1972, 
1975, Weber 1950, N. Wilson, unpub. 
data).

Warbles

Robert A. Dieterich and Glenn E. Haas

The warble fly (Oedemagena tarand i 
L.) is a member of the order Diptera, 
and is a widespread parasite of
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Rangifer tarandus in Alaska (Washburn 
et a l . 19^0, Weber 1950). Adult
warble flies are found during the 
summer months throughout tundra areas 
inhabited by reindeer and caribou 
(Rang i fer tarandus). These flies
somewhat resemble a honeybee in size 
and body form. Their life cycle is 
direct, requiring no intermediate
hosts (Washburn et al. 1980). The 
adult female fly lays eggs on the 
hair of reindeer and caribou on areas 
of the legs, flanks and lower hips. 
These eggs hatch in about 6 days to 
produce tiny larvae that penetrate 
the skin and migrate to the back of
the host. There, the larvae cease
migratory movement and are encysted 
in host generated fibrous tissue. 
Each encysted larvae pierces the skin 
of the host to form a small breathing 
hole. The larvae enlarge during the 
winter and spring to reach a maximum 
size of just over 1 inch long by 
proceeding through a series of molts. 
These larvae or "grubs" concentrate 
along the entire dorsal surface of 
the host, but are found in greatest 
number in the loin and rump areas. 
It is common to find 500 to 1000 
warbles on the back of 1 animal and 
as many as 2000 have been documented 
in severe infections.

In the late spring and early 
summer, each mature larva exits the 
back of the host through its 
breathing hole and falls to the 
ground to form a pupa. These pupae 
are a dark brown to black color in
stead of the light cream color of the 
mature larva located under the skin. 
The pupa stage lasts from 3 to 8 
weeks before it changes into the 
adult fly. In turn, the adult fly 
lives 6 to 8 days before dying. 
During that period, the female flies 
deposit their eggs and the cycle 
starts over again.

Warbles are capable of seriously 
impairing their host's health. The 
large numbers of larvae under the 
skin of the back affects the animal's 
nutritional balance, causes
deleterious allergic responses, fre
quently causes severe secondary in
fections involving areas located on 
the back due to extensive tissue 
damage, and may also suppress immune 
responses. Animals weakened by 
warble infection are more susceptible 
to other diseases, predation or 
environmental stress (Zhigunov 19 61).

In reindeer herds, harassment by 
warble flies makes herding difficult 
due to erratic behavior of the 
animals in their attempts to avoid 
this parasite. The value of hides is 
also decreased due to the scars of 
breathing-exit holes produced by the 
1arvae.

Yearlings (animals 1 year of age) 
and cows producing young are usually 
the most severely affected. It is 
common for these 2 cohorts (cows with 
calves) to aggregate during the 
summer in areas where warble flies 
can attack. Bulls are more often in 
scattered groups in windy or barren 
areas less conducive to warble flies. 
It is not unusual to find yearlings 
dead in the late spring due to mas
sive warble fly infection.

Control of warbles has begun in 
reindeer herds of the Seward Penin
sula using an injectable organic 
phosphate product (Warbex) (Washburn 
and Dieterich 1969? Washburn et al. 
1980). This treatment must be 
repeated yearly during the period 
between September and January when 
the warble larvae are small and 
located in their host. This product 
is very effective as a control means 
if nearly all animals on a range can 
be treated during a single winter.
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1. The head of a red fox (V u 1pes v u 1pes) submitted to the Northern Regional 
Laboratory Virology Unit. This animal was rabid; note the porcupine 
quills in its snout (D. Ritter).

2. A rabid wolf (Canis lupus) from the north slope of Alaska; note the dis- 
sheveled appearance of this animal (R. Chapman).

3. Typical scab-like lesions of contagious ecthyma on the muzzle of a muskox 
(Ovibos moschatus) (R. Dieterich).

4. Open lesions of contagious ecthyma on the lips and nose of a young Dali 
sheep (Ovi s dal 1 i) (R. Dieterich).
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Diarrhea

Jamie K. Morton

Diarrhea is a condition charac
terized by increased frequency and 
fluidity of the stools. The feces 
may also contain white or yellowish- 
white mucous or blood. Diarrhea can 
be caused by a number of factors or 
organisms including excitement, 
overeating, malabsorption associated 
with a tumor (neoplasm), toxins, 
poison, improper food, pancreatic or 
liver malfunction, parasites [(e.g. 
tapeworms, roundworms or protozoans), 
bacteria (e.g. £. coli, Sa1monel1 a , 
Shigel 1 a or Mycobacterium paratuber- 
culos i s ), or viruses e.g. infectious 
bovine rhinotracheitis ( IBR), bovine 
viral diarrhea (BVD)] . Most of these 
agents cause an intestinal irritation 
resulting in malabsorption (impaired 
absorption of nutrients).

The condition is usually self- 
limiting. However, whenever diarrhea 
poses a serious problem, the cause 
should be determined if possible, as

the causative factors have different 
implications for the rest of the 
animal population. For example, 
herds could be dispersed, or the en
vironment cleaned up if toxins or 
poisons were the cause. Salmonel1 a , 
Shigella and E. coli are also poten
tial human pathogens which thus pose 
public health hazards. Johne's 
disease (caused by Mycobacter i um 
paratuberculosis) is considered a 
serious disease of wild and domestic 
animals, and infected animals should 
not be transplanted. Bovine viruses 
may cause abortion as well as diar
rhea in cattle, thus reproductive 
potential may be affected.

Captive animals can be treated 
with certain medications such as 
Kaopectate, antibiotics for bacterial 
diarrhea or fluid replacement 
therapy. Dehydration from severe or 
prolonged diarrhea can result in 
death.
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a. Normal mandible.
b. Mandibular lesion probably resulting from trauma. Note missing first and 

second molars. The alveoli have been filled with cancellus bone with minimal 
bone destruction. P4 has been removed for aging.

c. Severe bone lysis probably the result of a dental abscess of the third 
molar. Note increased ventral ossification. P2, M1 , and M2 teeth were lost 
in handling and storage.

d. Lesion in mid-shaft of mandible, probably the result of dental abscess.
Note high degree of osteolysis on the lingual and ventral surface of the 
mandible. Bone erosion is present at the second root of the third molar 
(radiograph). Disrupted periodontal membrane is present around roots of all 
three premolar teeth.

e. Osteolytic lesion in the diastema. There are numerous cavities on dorsal 
and lingual surfaces of mandible with concurrent bone production on ventral 
surface.

f. Next page. Radiographs of the mandibles shown in a through e (letters 
correspond).

Figure 1. Caribou mandibles from the Western Arctic Herd.
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Mandibular Lesions

Robert A. Dieterich

Mandibular lesions are sometimes 
found on the lower jaws of reindeer 
and caribou (Rang i fer tarandus) 
(Doerr and Dieterich 1979), Dali 
sheep (Ov i s da 11i) (Murie 1930), 
black-tailed deer (Odocoi1eus 
hemionus columbianus) (Cowan 1946) 
and moose (Alces a 1ces) (Ritcey and 
Edwards 1958). These lesions consist 
of swelling and necrosis in the re
gion of dental alveoli or bony ex
ostoses, and cavitation in the
diastema and ventral surfaces of the
mandible. Anomalies affecting both 
dental alveoli and the ventral aspect 
of the mandible are also observed 
(Fig. 1).

The cause of mandibular lesions 
has not been firmly established.
Trauma, dental abscesses and 
periodontal disease were cited as the 
probable causes of most lesions ob
served in Alaskan caribou (Doerr and
Dieterich 1979). This report noted
lesions in 7-0 and 4.4% of mandible
pairs collected during 1959-1961 and 
1975-1977 respectively. Mandibular
lesions occurred most freguently in 
caribou 7 years of age or older.
Thirty-three of 98 (33-7%) mandibles 
were missing 1 tooth, while 10 of 98 
(10.2%) were missing more than 1 
tooth. The first molar (M1) was the 
tooth most commonly lost, although 
the loss of 2 or more teeth was more 
common among pre-molars than among 
m o 1 a r s .

Leader-Wi11iams (1980) reported 
that the presence of eosinophilic
sulfur granules in some of the af
fected jaws of sub-antarctic reindeer 
was strongly suggestive of "lumpy 
jaw." This condition is common in 
domestic cervids and is caused by the 
bacteria Act i nomyces. However, no 
bacteria were isolated from the very

limited number of mandibles col
lected. Act i nomyces normally inhabit 
oral cavities as harmless 
saprophytes, but may invade man
dibular tissue via food impaction or 
trauma. This report suggested that 
mandibular and dental lesions
resulted from environmental
peculiarities of the area.

Little is understood about the 
significance of mandibular lesions. 
Tooth loss appears to be a direct 
consequence of this malady. This may 
predispose to food impaction and 
provide an avenue of access for
secondary infections. Discomfort 
from these abnormalities may affect 
feeding patterns and in turn, general 
body condi tion.
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Skin Diseases

Robert A. Dieterich

Skin diseases are commonly 
referred to as dermatoses. The
causes of dermatoses are many and 
range from infectious agents such as 
viruses, bacteria, and fungi to 
parasites or hormonal and nutritional 
etiologies. Wildlife in the warmer 
areas of the world commonly have skin 
lesions that are due to external
parasites. Alaskan wildlife have in
festations of the skin caused by 
external parasites (see Chapter 3), 
but in general, these are less sig
nificant than in temperate areas of
the world. The warble fly of rein
deer and caribou does cause severe 
lesions and is an exception to this 
general rule.

Hair loss is the most common le
sion of skin diseases. When a der
matosis is observed, the presence of 
parasites should be determined by 
gross examination. Skinning may 
facilitate detection of parasites, 
i.e. warbles, on the skin underside
possibly hidden by pelage. The pat
tern of hair loss should also be
noted. Bilaterally symmetric lesions 
may indicate a physiologic etiology, 
i.e. a hormonal imbalance or 
nutritional deficiency, while
localized lesions could be induced by

bacteria, parasites or other agents. 
Once the general gross appearance and 
pattern of the lesion(s) have been 
noted and hopefully photographed, 
fresh and formalin fixed tissue 
samples should be obtained for ex
amination in a diagnostic laboratory.

A listing of causes of skin 
diseases includes: tumors, cysts,
parasites (fleas, ticks, mites, hel
minths, etc.), hormonal imbalances, 
nutritional deficiencies or tox- 
icities, infectious agents, and 
several rather vague conditions of 
hair loss whose etiology is unknown. 
Often, the condition of the coat may 
be used as an indicator of the 
general well-being of wildlife. A 
dull, rough coat may be a sign of 
disease not actually located in the 
skin. Reindeer herders know that 
animals which do not shed their 
winter coat by mid-summer are not 
healthy. Many times, one can pick 
out a diseased reindeer by looking 
for a rough, partially shed coat in a
herd of otherwise smooth coated
animals. Healthy animals typically 
appear rather ragged while shedding
their winter coat. Therefore, diag
noses of dermatoses must consider
seasonal cyclic coat changes.
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the eye may be red and swollen in
dicating conjunctivitis; the clear 
portion of the eye may be cloudy 
white in appearance, or there may be 
actual ulceration indicating erosions 
of the cornea.

S i gn i f i cance and Control

Biologists, herders and other 
wildlife observers often remark that 
the disease affected only 1 eye. 
This is true in many cases, but it is 
likely that in cases where both eyes 
are affected, the animal suffers from 
greatly reduced vision, or is blind 
and is quickly eliminated by 
predators, starvation or other occur
rences .

Individual animals can be treated 
very successfully with topical or 
subconjunctiva11y injected an
tibiotics if practical. Control of 
flies, dust and other physical agents 
is helpful. The incidence of 
keratitis in reindeer herds is 
usually low (1-3%) but when condi
tions are optimum, it may reach

higher proportions and be a sig
nificant problem.
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Keratitis

Robert A. Dieterich

Keratitis is an eye disease of 
reindeer and possibly caribou 
(Rangifer tarandus) characterized by 
blepharospasm (tonic spasms of the 
eyelids producing more or less com
plete closure of the eye), lacrima- 
tion (tearing), conjunctivitis (in
flammation of the white portion of 
the eye), corneal opacity (clouding 
of the clear portion of the eye) and 
ulceration. A similar condition in 
cattle, sheep and goats is commonly 
known as "pink eye."

Introduct i on

Hi story

The characteristic symptoms of 
keratitis have been observed in 
Alaskan reindeer for many years. It 
is mentioned in Hadwen's 1922 
publication Re i ndeer in Alaska. He 
states:

Inflamed eyes are not of uncommon 
occurrence. The affection seems 
to be seasonal, starting with the 
hot weather and disappearing in 
the autumn. Though the cause of 
the disease has not yet been 
ascertained, it would appear to be 
infectious, and therefore the 
diseased animals should be 
slaughtered and not kept as 
breeding stock [Hadwen and Palmer 
19 22].

Presently in Alaska, keratitis is 
observed on an infreguent basis in 
reindeer herds on the Seward Penin
sula. It occurs frequently in the 
University of Alaska reindeer 
research herd at Fairbanks. Its 
occurrence in caribou herds is not 
w e l 1 documented.

Transmission and 
Pathogenes i s

In domestic animals, keratitis is 
caused by a variety of physical and 
infectious agents usually occurring 
simultaneously in varying combina
tions. Infectious agents include 
bacteria, viruses, mycoplasms,
rickettsiae and chlamydiae. Physical 
agents include fly irritation, strong 
sunlight, dry dusty conditions or 
coarse, dense vegetation causing eye 
trauma (Siegmund 1979)•

Extensive research has been car
ried out in Sweden in an attempt to 
determine the etiology of the disease 
in reindeer (Rehbinder 1977a, b, c). 
It was determined that many factors 
may be involved including UV irradia
tion, dust, traumatic lesions of the 
cornea, presence of foreign bodies, 
the first instar larvae of the 
nostril fly (Cephenomyia trompe L.) 
and various bacterial species. In
Alaskan reindeer, the disease is 
reliably and easily cured with a 
single subconjunctival injection of 
antibiotics, which indicates that 
control of bacterial invaders is of 
primary importance for healing to oc
cur. A bacterial etiology is
suspected because viruses do not 
respond to treatment with an
tibiotics.

Keratitis is easily diagnosed, as 
the lesions are visible once the
eyelids are separated. One should 
suspect keratitis any time reindeer 
or caribou are observed with closed 
or partially closed eyelids, tears 
streaking the face, and many times, a 
white purulent discharge from the
corner of the eye. Three main types 
of lesions are found. The white of
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or yellowish abscesses may be seen on 
the surface or on cut surfaces of the 
lungs. In severe cases, fibrinous 
adhesions may cause the lungs to be 
stuck to the lining of the thoracic 
cavi ty.

D i agnos i s

Pneumonia is most easily diagnosed 
at necropsy by observing gross le
sions as described above. Laboratory 
identification of the causative agent 
may be possible if the samples are 
collected immediately after death. 
Microscopic examination of tissues 
preserved in 10% formalin can give a 
good picture of the nature of the 
d i sease.

Signif icance and Control

Pneumonia in wildlife often 
results following a complexity of 
factors and may or may not be the 
cause of epidemics or die-offs. Ex
ceptions to this are the die-offs in 
wild sheep attributed to lungworm- 
pneumonia complexes. It is possible 
to treat wild sheep populations for 
lungworms with medicated feed. Con

trol of physiologic stresses (over
crowding, overgrazing, predator or
human harassment, prolonged cold, wet 
weather, etc.) would probably con
tribute to the control of pneumonias 
in wildlife populations. Multi- 
valent vaccines produced for use in 
cattle may be useful in preventing 
infections in captive wildlife.
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One of the most widely recognized 
significant impacts of pneumonia in 
wildlife has involved a lungworm-
pneumonia complex in bighorn sheep 
(Ov i s canadens is). The disease was 
first diagnosed in bighorn sheep in 
Montana in the 1920s. Bacteria were 
soon implicated as secondary invaders 
to the lungworms, and serologic 
evidence of respiratory viral infec
tions in bighorn sheep in Montana and 
Wyoming was reported in the 1960s. 
Numerous die-offs of bighorn sheep 
due to a 1ungworm-pneumonia complex 
or bacterial infections have been
reported in the United States and 
Canada since the 1920s (Forrester
1971).

Pasteurel1 a multoe i da has been im- 
plicated in pneumonia in various
wildlife species since the early part 
of the century. Species indigenous 
or closely related to those in Alaska 
that have been reported specifically 
with pasteurel1oses include caribou 
(Rang i fer tarandus), elk (Cervus 
elaphus) , chipmunks (Eutami as sp.), 
mink (Mustela vi son), muskrats 
(Ondatra z i beth i cus) , weasels
(Mustela sp.), raccoons (Procyon 
1otor) and California sea lions 
(Zalophus cali forn ianus) (Rosen 
1970). Pneumonia has been diagnosed 
in reindeer (Rangi fer tarandus) , 
muskox (Ovi bos moschatus), caribou, 
Dali sheep (Ov i s dal 1i) and moose 
(Alces alces) in Alaska.

H i story

Transmi ss i on

Pasteurel1 a multoci da appears to 
be part of the normal flora in the 
throats of many animals. It probably 
acts as an opportunist to provoke in
fection in a debilitated host. It 
can be spread from 1 animal to 
another in droplets of saliva or 
feces that are ingested (Rosen 1970). 
Corynebacter i um pyogenes also has 
been isolated from healthy as well as

sick animals, and its role in causing 
infection is not well understood 
(Forrester 1971). Viruses are 
probably spread in droplets coughed 
out by infected animals. Life cycles 
and transmission of lungworms are 
covered in another section.

S i gns, Symptoms and 
Pathogenes i s

Signs of pneumonia may include 
oral and nasal mucous discharges, 
emaciation, coughing, weakness, an 
uncertain gait, a rough shaggy coat, 
anemia, diarrhea and conjunctivitis 
(Forrester 1971). In severe cases 
the animal may be so weak that it is 
possible to approach it within a few 
feet. As with many diseases of wild
life, signs may not be evident until 
the animal is found dead.

Various stresses may contribute to 
the pneumonia process. Many
pneumonia cases are seen in the 
spring when the animal's body condi
tion is poorest. The immune system 
does not function as well in an un
thrifty animal. Lungworms may also 
contribute to a lowered resistance of 
the respiratory tissues. Certain 
viruses interfere with normal immune 
mechanisms and may themselves cause 
infections. Bacteria appear to be 
the ultimate cause of severe 
pneumonia in cattle (Bos spp.), and 
many are normal inhabitants of the 
respiratory tract (Markham and Wilkie
1980). Thus, various factors may 
contribute to lowering the resistance 
enough to allow the progression of 
pneumon i a .

As a result of the animal's 
inflammatory response to infection, 
the lungs may show evidence of 
lobular congestion (excess blood) and 
edema (excess intracellular fluid). 
Bloody froth may be seen in the 
trachea. The lungs may become firm 
like liver tissue, a term known as 
hepatization ("hepar," liver). White

244



Introduction

Robert A. Dieterich

There are a number of diseases of 
general nature that may be the result 
of 1 or more causes. These diseases 
can occur in a variety of wildlife 
species. Conditions such as diar
rhea, mandibular lesions, skin 
diseases, keratitis and pneumonia are 
covered in this chapter, but there 
are many more which may be encoun
tered while examining wildlife. The 
reader should remember that some con
ditions once considered a specific 
disease are now known to be actually 
only symptoms of several diseases. 
An example of this is anemia. Anemia

is a reduction in the number of 
erythrocytes or hemoglobin in the 
blood. A large number of nutrition
al, genetic and infectious processes 
can cause this symptom.

The reader is referred to the many 
excellent texts on general pathology 
and wildlife diseases for details of 
miscellaneous conditions which are 
common to humans, domestic animals 
and wildlife. It is beyond the scope 
of this compendium to repeat all of 
this information.

Pneumonia

Jamie K. Morton

Introduct i on

Pneumonia, an inflammation of the 
lungs, can be caused by a variety of 
agents including certain bacteria, 
viruses, lungworms, fungi and foreign 
bodies. Frequently the condition is 
the result of a combination of fac
tors. Physiologic stresses such as 
cold, wet weather, predator harass
ment or human handling may induce the 
animal to be susceptible to organisms 
that would ordinarily be harmless.

Many bacteria have been implicated 
in pneumonia. Pasteurella multocida, 
a small Gram negative coccobaci11 us 
and Corynebacter i um pyogenes, a smal1 
Gram positive rod, are among the most 
frequently encountered. Parainfluen
za Type 3 (PI-3), a myxovirus, is 
probably the most responsible virus, 
although the viruses of infectious 
bovine rhinotracheitis ( IBR) and 
bovine viral diarrhea (BVD) may also 
be involved. Various lungworms con
tribute to the pneumonia process.
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Chapter 5. 

MISCELLANEOUS DISEASES



Spec i es

TABLE 2 (cont.)

Common Name
Type of 

Neoplasm

Number
of

Cases

Mus musculus
Tsubspecies not 
recorded)

Mus musculus 
morococha

house mouse

house mouse 
(S. Am. S S.U.S.)

Mus musculus musculus white mouse

Mustela vi son

Ovi bos moschatus 
n i phoecus

Ovi s dal 1i

Rangifer tarandus

Spermophi1 us parryi i 
pies i us

mi nk 

muskox

Dal 1 sheep

re i ndeer

arctic ground 
squirrel (Alaska 
range)

adenocarcinoma 1
lymphosarcoma 2

myxosarcoma

bronch i ogen i c 
carc i noma

adenocarc i noma

f i brosarcoma

tumors (uncertain
histologic type) 1

f i bropap i11oma 1

adenoma 1
renal adenocarcinoma 1
squamous cell

carcinoma 1

aAll of the incidences of tumors were found by R. A. Dieterich 
(personal communication) except where otherwise indicated.

^Not published.

CRYAN, M. J. and S. W. NIELSEN. 1979- Tonsillar carcinoma with 
metastases in a captive wolf. J. Wildl. Dis. 15:295-298.

dSNYDER, S. P., R. B. DAVIES, T. R. SPRAKER and H. BROWNING. 1979-
Embryonal nephroma in a wapiti. J. Wildl. Dis. 151303-306.

eSNYDER, S. P., R. B. DAVIES and R. E. KEISS. 1979. Myxosarcoma in 
a wapiti. J. Wildl. Dis. 15i307-308.

fDRAKE, C. H. 1951. Mistaken diagnosis of actinomycosis for osteogenic 
sarcoma in an American elk (Cervus canadensis). J. Wildl. Manage. 15:284-287.
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Spec i es

Alces alces giqus

Callorhi nus urs i nus

Can i s 1upus

Castor canadens i s

Cervus elaphus

C 1ethrionomys ruti1 us 
dawson i

Dasycercus cr i st i cauda

D i crostonyx stevenson i

Gulo gulo

Microtus abbrevi atus 
f i sher i

Microtus oeconomus 
macfarlani

Mi crotus xanthognathus

TABLE 2

A Partial Listing of Tumors 
Found in Alaskan Mammals3

Type of
Common Name Neoplasm

moose (Alaska)

northern fur seal 

wolf (captive) 

American beaver 

wapiti (American elk)

northern red-backed 
vole (Fairbanks)

crested-ta i1ed
marsupial "mouse"

col 1ared 1emmi ng

wolver i ne

insular vole

tundra vole 
(Fa i rbanks)

yellow-cheeked vole

fibroma
fibropapi1loma

1ymphosarcoma

tonsillar carcinoma0

rhabdomyoma

embryonal nephromad 
myxosarcoma8 
osteogenic sarcoma

adnexal carcinoma
rhadbomyosarcoma
sarcoma

1 i poma

adenocarc i noma 
adenoma
mixed cell tumor

thymic lymphosarcoma 
transitional cell tumor

papi1loma

adenocarc i noma 
osteoma 
squamous cel 1 

carc i noma

sebaceous gland 
adenoma
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be benign or malignant. The actual 
diagnosis of tissue type and possible 
malignancy of tumors in wildlife re
quires the services of a pathologist 
whose training represents years of 
advanced study. The wildlife 
biologist or student should be aware 
that tumors are found in wildlife 
and, with proper preservation of 
small sections of fresh tissues in a 
fixative such as 10% formalin, they 
can be transported to a pathologist 
for accurate diagnosis.

Skin tumors are the most likely
type to be observed in the field 
because they are somewhat common and 
easily visible. Reindeer and caribou 
(Rang i fer tarandus) develop skin 
tumors known as fibropapi11omas that 
appear as raised, roughened, darkly 
pigmented growths on various loca
tions of the body (Broughton et al. 
1942, Fay 1970). Most cause no 
disability but are unsightly. Oc
casionally, these tumors become
secondarily infected, or overgrow 
vital structures such as the eye and 
can threaten the general health of
the host. In reindeer, those tumors 
that are predunculated, that is, con
nected by a thin stalk, are easily 
surgically removed at the time of 
handli ng.

Another type of commonly seen
tumor is the oral papilloma of 
coyotes (Canis latrans) and wolves 
(Can i s 1upus) (Greg and Charlton 
1973, Samuel et al. 1978). This type 
of tumor is very similar to the
fibropapi11oma of reindeer and
caribou, but is normally located on
the mouth and lips. These growths
resemble multiple accumulations of 
warts, and can be so extensive as to 
prevent proper eating and can lead to 
death from malnutrition.

S iqn i f i cance

Tumors are not usually classified 
as an infectious or contagious 
disease, and their significance in 
wildlife is normally limited to their 
effect on the single host animal. As 
in man, malignant tumors or cancers 
are terminal unless they are removed 
or arrested. Most skin tumors are 
harmless and cause only slight 
discomfort. It is important that 
tumors be recognized and properly 
diagnosed so that some unexplained 
death not be attributed to a cause 
more significant to herd health.

A partial listing of some types of 
tumors seen in Alaskan wildlife is 
presented in Table 2.
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Tumors

Robert A. Dieterich

Introduction and 
Descr ipt ion

Tumor is defined as any abnormal 
mass resulting from the excessive 
multiplication of cells. Tumors can 
appear in all areas of the body. 
Some are obvious to the casual ob
server while others are hidden deep 
within the body cavity and are found 
only at necropsy. The more accurate 
medical term for these abnormal 
structures a're neoplasms (neo = new, 
plasm = cell substance). More 
precisely, tumors or neoplasms are 
the new growth of cells which ( 1 ) 
proliferate continuously without con
trol, (2 ) bear a considerable resem
blance to the healthy cells from 
which they arose, (3 ) have no orderly 
structural arrangement, (4) serve no 
useful function and (5 ) for the 
present at least, have a poorly 
understood origin and cause (Smith
1972). The continuous proliferation 
of uncontrolled growth of a tumor is 
what makes it the formidable and 
destructive process that can end in 
death of an affected animal.

Tumors are defined as malignant or 
benign. Malignant tumors or
"cancers" are those that grow by 
infiltration and destroy whatever is 
in their path. This destruction con
tinues until the life of the host or
ganism is itself destroyed. Tumors 
may also be benign. Benign tumors 
are those which grow only expansively 
and do not reach into new areas. 
These tumors are less destructive and 
can be compatible with life. Malig
nant tumors possess still another 
method to further their destructive 
abilities besides direct infiltra
tion. This other method is that of 
metastasis. When wildly growing 
malignant tumors reach and invade the 
walls of blood vessels and lymph 
channels, small groups of cells can 
break loose and be carried away to 
lodge in still other parts of the 
host. These new growths (metastatic 
tumors) themselves multiply and 
destroy still more areas of the body.

Wildlife, like domestic animals 
and man, develop tumors in various 
areas of their bodies and these may
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reported sighting an albino caribou 
in Interior Alaska.

A few diseases with unknown 
etiology, but considered to be of 
non-infectious origin have been 
reported in the literature for wild 
animals. We have classified them as 
miscellaneous non-infectious diseases 
and they include: hepatic fatty
necrosis in white-tailed deer in 
Texas (Blankenship et al. 1976) and 
spontaneous renal disease in 
Louisiana beavers (Castor canadensis) 
(Stuart et al. 1978) and armadillos 
(Dasypus noremcinctus) (Stuart et al. 
1977).
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Congenital and Miscellaneous 

Non-Infectious Diseases
Albert W. Franzmann

In wildlife populations, congeni
tal or hereditary diseases and the 
resulting anomalies are rare. 
Defects of a crippling nature are
generally naturally selected out of 
the breeding population, thereby les
sening their frequency of occurrence. 
We will occasionally be called upon 
to examine animals that have survived 
the rigors of selection and we may
see defects and anomalies recognized 
as hereditable. Perhaps most impor
tant in a discussion of heredity 
diseases is the consideration one 
should give to predisposition for a 
behavioral or pathological state that 
may be transmitted from generation to 
generation. This is a virtually un
touched field in wildlife diseases. 
Selective forces, particularly those 
generated by humans, working on a 
wildlife population may alter suc
ceeding populations through the 
process of adaptation. Has man al
ready genetically altered wild 
populations by selecting for those
segments that can inherently adjust 
to agricultural and urban develop
ment; or have these populations 
simply learned accomodation be
haviors? Lorenz (1965) reviewed the 
concept of "learned" and "innate" 
elements of behavior.

Signs and diagnosis of anomalies 
are contingent upon each case. Some 
anomalies in wild mammals have been 
described: polydacty 1 ism in white
tailed deer (Odocoi1eus vi rginianus) 
(Miller and Cawley 1970), red deer 
(Cervus elaphus) (Daniel 1967)? Sika 
deer (Cervus nippon) (Davidson 1971), 
and caribou (Rang i fer tarandus) 
(Miller and Broughton 1971); ventral 
(Wobeser and MacLennan 1970) and 
scrotal (Schlegel et al. 1972) hernia

in white-tailed deer; hydrocephalus 
in black bear (Ursus amer icanus) 
(Wallach 1978) and llama (Llama 
qlama) (Brown and Hardman 1973); 
testicular atrophy in black-tailed 
deer (Odocoileus hemionus) (DeMartini 
and Connolly 1975); 3 antlered elk
(Cervus e 1aphus) (Bird 1933); dwar
fism, internal hydrocephalus, poren
cephaly, inferior brachygnathia, mul
tiple hepatic cysts and renal 
dysplasia in white-tailed deer 
(Wobeser and Runge 1973); inferior 
brachygnathia, atypical incisor tooth 
alignment, medially folded ears, 
humero-radial arthrogryposis and 
bowing of the radius and ulna in a 
white-tailed deer (Barrett and 
Chalmers 1975); congenital eye 
defects in a white-tailed deer 
(Howard et al. 1976); male pseudo- 
hermaphrodism in a white-tailed deer 
(Scanlon et al. 1975); and spinal 
bifida in a moose (Alces a 1ces) 
(Watson 1968). An extensive listing 
of reported congenital defects of 
wild and zoo animals has been 
published (Saperstein et al. 1977)•

Albinism occasionally occurs in 
many mammal species (Snyder 19^6). 
"Albino" moose reports from the Mt. 
McKinley Park and Healy, Alaska area 
have appeared in newspapers and 
magazines almost annually through the 
mid to late 1970s; however, Troyer 
( 1 9 8 0) reported that all these 
sightings were white or part white 
moose and not true albinos. A 
spotted moose was seen regularly near 
Kasilof, Alaska during 1977. An al
bino bison (B i son b i son) made the 
news in 19 75 when efforts were 
initiated to capture the animal near 
Chitina, Alaska for the Children's 
Zoo in Anchorage. Curatolo (1979)
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With the array of potential types 
and degrees of tissue involvement 
from radiation, the history of ex
posure may provide the best clues in 
making a diagnosis. Low levels of 
radiation may cause a multitude of 
pathological possibilities that would 
be most difficult to attribute to 
radiation without tissue sampling for 
the presence of radioactive material. 
Even with radiation suspected, the 
problems of degree of radiation and 
variabilities of resistance make this 
a most difficult syndrome to assess.

S i qns and D i aqnos i s

S i gn i f icance and Control

Control is obviously based upon 
prevention of exposure. Unfor
tunately, this is not under our con
trol as individuals when considering 
the most damaging of radiation pos
sibilities (nuclear warfare). To 
this point in time the limitations on 
atmospheric testing have minimized 
fallout potential. Wildlife popula
tions, particularly ungulates, are 
extremely valuable as monitors of 
radioactive fallout (Alldredge et al. 
1974, Eberhardt et al. 1969, Hanson 
et al. 1 9 7 5 ), and the significance of 
Alaskan mammals in this role is par
ticularly important due to our rela
tive displacement from the human 
population centers of the world (at
mospheric drift).

A benefit of nuclear engineering 
to wildlife research is through the 
use of radionuclides (radioisotopes) 
in physiological research, par
ticularly in tracing metabolic path
ways (Twardock 1970). In Alaska, 
researchers at the Institute of Arc
tic Biology have utilized 
radionuclides in reindeer studies of 
forage ingestion rates (Hanson et al. 
1 9 7 5 ), transfer of radiocesium from 
lichens to reindeer (Holleman et al.
1975), glucose metabolism (Luick et

al. 1973), water flux (Cameron et al.
1 9 7 6), total body water and blood 
volume (Cameron and Luick 1972). 
Radioecological data were applied to 
determining prey selection in Alaskan 
wolves (Canis 1upus) (Holleman and 
Luick 1976, 1978). Radionuclides
were recently ( 19 8 0) used at the 
Kenai Moose Research Center, Alaska 
to study rate of rumen passage in 
moose.
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Radiation

Albert W. Franzmann

Introduct ion and Hi story

Radiation is the emission and 
propagation of energy in the form of 
waves or particles through space or 
matter (Twardock 1970). Ionizing 
radiation is radiation having suf
ficient energy to cause ion pairs to 
be formed in the medium through which 
it passes, resulting in excitation 
and ionization of atoms and molecules 
(Twardock 1970). In living tissue, 
the disrupted molecules may be ones 
essential to metabolism of the or
ganism and the result may be ob
servable biologic effects (Twardock 
1970). Sources of radiation are; 
radioactive decay, x-ray machines and 
accelerators, outer space and nuclear 
fi ssion.

Mammalian response to ionizing 
radiation is subject to variables, 
such as; conditions of radiation ex
posure, extent of body irradiated, 
part of body irradiated, species and 
strain, age, sex, diet, stress and

hibernation (Twardock 1970). High 
levels of radiation result in im
mediate death (Haley and Snider
1 9 6 2), lesser levels result in radia
tion sickness and death within days 
to weeks, and lower ranges of radia
tion may be exhibited as delayed ef
fects such as: premature aging and
life span shortening; neoplasia 
(tumors); cataract formation and 
genetic effects (Twardock 1970).

Wildlife populations were affected 
by early nuclear testing (Twardock
1 9 7 0 ), and captive animals have been 
used in testing the effects of radia
tion (Forcum 1968, Twardock 1970). 
Of particular significance in Alaska 
is the use of ungulates as monitors 
of radioactive fallout. Tissue from 
caribou (Rangifer tarandus) and moose 
(Alces alces) have been collected and 
used to monitor cesium - 1 3 7  fallout in 
the manner described by Eberhardt et 
al. (1969). Radiat ion damage to 
wildlife has not been reported for 
Alaskan w i 1dlife.
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S i qn if icance and Control

The significance of toxic sub
stance affecting wild mammals lies in 
the potential of occurrence, not in 
the present reported paucity of 
occurrence. Moreover, wildlife
populations provide an excellent
monitor of the presence of toxic sub
stances and pollutants in the en
vironment. Hair element analysis of
toxic elements provided base-line
data on relative occurrence of poten
tially toxic elements in Alaskan 
moose (Alces alces) (Franzmann et al.
1977) and snowshoe hare (Lepus 
amer icanus) (Wood 1977) populations. 
Heavy metal concentrations in kidneys 
of raccoons (Hoff et al. 1977) and 
urban gray sguirrels (Sc i urus 
carolinensi s ) (McKinnon et al. 1976), 
and lead in hair of urban and rural 
small mammals were reported (Raymond 
and Forbes 1975)* Mercury concentra
tions in hair of coyotes (Can i s 
1atrans) (Huckabee et al. 1973) were 
also reported.

In areas where extensive altera
tion of the environment may occur, it 
would be of significant value to ob
tain base-line values of various 
toxic pollutants from resident wild
life populations in order to monitor 
possible subseguent pollution. This 
may be the most feasible and sig
nificant method by which toxic al
terations may be guantified and 
whereby control measures implemented.
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Chemical Toxins

Albert W. Franzmann

There are several hundred thousand 
potentially toxic substances to
animals on the market (Kirk and 
Bistner 1975), and a variety of 
plants capable of poisoning animals 
when ingested, including fungi and 
molds (Siegmund 1973)* In free- 
ranging mammals many of these toxins 
are unavailable, and if available 
many effects are unknown. Ad
ditionally, plants recognized as
poisonous to domestic animals may or 
may not be toxic to wild mammals 
since sensitivity to toxicants varies 
greatly from species to species, even 
within the same genus (Tucker and 
Crabtree 1970). Conversely, some 
plants not toxic to domestic animals 
may affect wild mammals. Animals 
that have evolved in a particular en
vironment are not likely to utilize 
plants that are toxic to them;
however, if that environment is 
disturbed, plants not ordinarily
present may become a part of that 
animal's habitat and they may be 
toxic if consumed. Overgrazing by
herbivores, and reduced available 
habitat may result in consumption of 
plants not ordinarily part of the 
animal's diet. With a history of 
these conditions and sick or
debilitated animals reported, plant 
poisoning must be considered.

Pesticides have been widely used
on forests, rangeland and farmland 
and acute toxicity measured as LD$q 
(amount lethal to 50% of a popula
tion) has been determined for 108 
pesticides on selected wild animals, 
mostly birds, and a few for mule deer 
(Odocoi1eus hemionus) (Tucker and 
Crabtree 1970).

Poison Control Centers are located 
throughout the United Atates, and

Introduct i on current information may be obtained 
from these centers regarding a
specific poison. Location of the 
centers may be obtained from the 
Department of Health, Education and 
Welfare, Public Health Service, 
Washington, DC.

The complexity of toxicology in 
all species and particularly with a 
paucity of information on wild mammal 
toxicology negates a discussion on
specific toxins. Information on
specific poisons and their treatment 
in domestic animals is available 
(Kirk and Bistner 1975, Marsh 1965? 
Siegmund 1973)- Reports of toxic 
substances affecting wild mammals are 
limited to: lead poisoning of rac
coons (Procyon lotor) (Diters and 
Nielsen 1978); mercury poisoning in 
mink (Mustela vison) and otter (Lutra 
canadens i s ) (Fimreite and Reynolds 
1 9 7 3); fluorosis in white-tailed deer 
(Odocoi1eus vi rg i n i anus) (Karstad
1967) and Columbian black-tailed deer 
(Odocoi1eus hemionus columb i anus) 
(Newman and Ming-Ho 1976). The pos
sibility of ragwort poisoning 
(Senec i o spp.) in black-tailed deer 
was eliminated in an investigation 
(Dean and Winward 1974), but 
suspected as causing death in a 
pronghorn (Ant i1ocapra amer i cana) 
(Schwartz et al. 1976).

During editing of this compendium, 
urea fertilizer poisoning of bison 
(B i son bi son) was suspected as the 
cause of death of several animals 
near Delta Junction, Alaska (R. 
Zarnke, pers. comm.). According to 
Zarnke, the urea fertilizer was 
stored outside and available to free- 
ranging bison in the area. Tissues 
were collected and sent to 
laboratories to confirm the field 
d i agnos i s .
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Dystocia

Albert W. Franzmann

Dystocia (difficult or impossible 
birth or parturition) may potentially
occur in any mammal. In free-ranging
mammals the sequel to complicated
dystocia is generally death for both 
mother and young. It is conceivable 
that following a difficult birth 
process, the mother may succumb to 
complications such as a ruptured or 
prolapsed uterus and/or secondary in
fection. The young may survive for a 
short time, but will most likely die 
of starvation or be killed by 
predators or scavengers.

At the Kenai Moose Research
Center, Alaska, the bodies of a moose 
(Alces a 1ces) cow and calf were found 
soon after death and calving com
plications were assessed as cause of 
deaths (LeResche 1970). Skeletal 
remains of a cow moose with the 
skeletal remains of her calf 
positioned in the birth canal were 
found by the author, suggesting death 
at parturition.

A variety of artiodacty1id species 
were listed as having dystocia cases 
in zoos, and vaginal and uterine 
prolapse were a common sequel to 
dystocia (Boever 1978).

Introduction and History 1 9 7 8 ) with malpresentation and/or 
malposition of the fetus are the 
signs of dystocia. The many basic 
underlying or fundamental causes of 
dystocia have been described (Benesch 
and Wr i ght 1952).

Signif icance and Control

The impact of dystocia and its 
negative consequences are negligible 
in a wildlife population, but the 
recognition of the possibility of 
occurrence is a facet of under
standing disease in a wildlife 
population.
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S i gns and D i agnos i s

Prolonged labor at birth (2 hours 
or more for artiodacty1ids) (Boever
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Burns

Albert W. Franzmann

Heat, friction, electricity, sun 
rays and corrosive chemicals persis
tently contacting wild animals, may 
cause destruction of epithelium or 
deeper tissues and may be all classed 
as burns. Occurrence of burns in 
Alaskan wildlife is rare and has been 
reported only for lightning burns 
(Shaw and Neiland 1973) and rope 
burns (this section).

Introduction and History

Signs and Diagnosis

The usual lesion of a moderately 
severe burn in animals is diffuse 
edema of the skin and subcutaneous 
tissue, with or without small 
vesicles and sloughs. Severe burns 
result in devitalized skin and deep 
tissue injury. Animals with burns 
over more than 50% of the body should 
be euthanatized. Burns on the body 
from 1 5 -50% require systematic treat
ment, and burns covering less than 
1 5 % of the body can usually be 
managed without extensive care (Sieg
mund 1 9 7 3 )•

Significance and Control

The significance of burns in wild
life populations is negligible but

should be recognized. Forest fires 
certainly cause burns to wildlife, 
and we may be called upon to make a 
judgement on handling a burn victim. 
Friction or rope burns do occur when 
handling and restraining wildlife 
(Fowler 1978). We have induced rope 
burn to moose (Alces a 1ces) while 
slinging and weighing moose (Arneson 
and Franzmann 1975). Actinic sun 
rays do not generally negatively af
fect wildlife; however, in the rare 
instance of albinism, sunburn may be 
a limiting factor for these animals.
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Electrical Stroke

Albert W. Franzmann

Electrical stroke refers to nerve 
tissue damage by powerful currents of 
electricity. Electrocution in
animals is usually due to lightning, 
although accidental contact with 
high-tension wires occurs (Allen
1979). Electrical shock is rare and 
has been reported in Alaska only for 
caribou (Rangifer tarandus) (Shaw and 
Nei1 and 1973)•

Introduct ion and Hi story

S i gns and Pathogenes i s

Death from electrical shock is due 
to inhibition of the vital nerve 
centers with resultant respiratory 
and circulatory arrest (Covault 
1963). The force of the shock 
largely determines the clinical pic
ture. Animals are usually killed in
stantly, but when the shock is light, 
the animal may appear dazed for a few 
hours or up to weeks. These animals 
generally recover. Singed hair or 
burns with arboreal designs may be 
present on the animal (see Burn sec
tion, this chapter).

D i agnos i s

A history of electrical storms and 
the acute death of many animals in a 
confined area will help confirm a 
diagnosis. Singed hair may occur in 
90% of animals struck by lightning 
(Reeks 1927). A Lichtenberg pattern

found engraved in the arctic tundra 
at the electrocution site of caribou 
was the only sign due to decomposi
tion of the animals (Shaw and Neiland 
1973). On post mortem distention of 
the veins with dark fluid, blood may 
occur (Covault 1963).

Siqnif icance and Control

Control of lightning strike in 
wild animals is not possible, and 
limited for contact with high tension 
lines, other than by quick repair of 
downed lines. The significance of 
these events is negligible. It was 
estimated that lightning electrocu
tion in an Alaskan caribou herd was 
expected to occur once every several 
decades (Shaw and Neiland 1973) -

References

ALLEN, D. L. 1979- Wolves of 
M i nong. Houghton Mifflin Co., 
Boston, Ma. 498 PP.

COVAULT, C. H. 1963. Diseases due 
to physical agents, pp. 747-753- 
In: Diseases of Catt1e . W. J.
GIBBONS, ed. Am. Vet. Publ., San
ta Barbara, CA.

REEKS, R. C. 1927. Lightening and 
electric shock in animals. Vet. 
Rec. 7:901.

SHAW. G. E. and K. A. NEILAND. 1973- 
Electrocution of a caribou herd 
caused by lightning in central 
Alaska. J. Wildl. Dis. 9^311—313-

226



DOERR, J. G. and R. A. DIETERICH.
1979* Mandibular 1 esions in the 
Western Arctic Caribou Herd in 
Alaska. J. Wildl. Dis.
15:309-318.

FENSTERMACHER, R. 1943. Diseases of 
white-tailed deer. Cornel Vet. 
33:323-332.

FOWLER, M. E. 1978. Restraint and
Hand 1 i nq of Wild and Domest i c
An i m a 1s . Iowa State Univ. Press,
Ames, IA. 332 pp.

FRANZMANN, A. W. and C. C. SCHWARTZ. 
1979. Kenai Peninsula moose calf 
mortality study. Alaska Dept.
Fish and Game, P-R Proj. Final 
Rep. 17 pp.

FRANZMANN, A. W . , C. C.
R. 0. PETERSON. 1980 
mortality in summer
Peninsula, Alaska.
Manage. 44:764-768.

HUDSON, R. J., T. TENNESSEN and S. 
STURKO. 1976. Behavioral and 
physiological reactions of bison 
to handling during anthrax vac
cination program in Wood Buffalo 
National Park. pp. G1-G21. In: 
Wood Buffa 1o Nat iona1 Park B i son 
Research. J

SCHWARTZ and 
Moose calf 

on the Kenai 
J. Wildl.

Serv.
K

STELFOX, ed. 
Edmonton, ALB.

C an.
Wildl

RK, R. W. and S. I. BISTNER. 1975. 
Handbook of Veter i nary Procedures 
and Emergency Treatment. 2nd ed. 
W. B. Saunders, Philadelphia, PA.
716 pp.

MILLER, F. L., A. J. CAWLEY, L. P. E. 
CHOQUETTE and E. BROUGHTON. 1975. 
Radiographic examination of man
dibular lesions in barren-ground 
caribou. J. Wildl. Dis. 
1 1 .-465-470.

MURIE, 0. J. 1951.
Amer i c a . The
Harrisburg, PA.

The Elk of North

NIELSEN, C. A. 1977. Wolf necropsy 
report: Preliminary pathological
observations. Alaska Dept. Fish 
and Game, P-R Proj. Special Rep. 
129 pp.

PENCE, D. B. and W. P. MEINZER.
1977. Blindness in a coyote from 
the Rolling Plains of Texas. J. 
Wildl. Dis. 13:155-159.

PETERSON, R. L. 1955- North
Amer i can Moose. Univ. Toronto
Press, Toronto, ONT. 280 pp. 

RAUSCH, R. A. 1959* Some aspects of 
population dynamics of the Rail- 
belt moose population, Alaska. 
M.S. Thesis, Univ. of Alaska,
Fairbanks, AK.

SCHLEGEL, M. W . , T. A. LEEGE and R.
F. LAPEN. 1972. Injurious antler
anomaly in a Rocky Mountain elk. 
J. Wildl. Dis. 8:319.

SCHMIDT, J. L. and D. L. GILBERT,
eds. 1978. B ig Game of North
Amer i c a : Ecology and Management.
Stackpole Books, Harrisburg, PA. 
464 pp.

SIEGMUND, 0. H., ed. 1973.
Merck Veterinary Manua1. 4th 
Merck and Co., Rahway, NJ.
pp.

TIMMERMANN, H. R.
LANKESTER. 1978. 
in ungulates 
reference to moose 
Am. Moose Conf.
Ha 1i fax,

TOMEK, A.

The
ed.

1618

and 
Jo i nt 

with 
Proc. 

and Workshop. 
NS. 14:89-108.
1977. The occurrence of

M. W.
d i sease 
speci al 
14th N.

Stackpole 
376 pp.

Co.

some ecological parameters of the 
moose in Poland. Acta
Theriologica 22:485-508.

WOODFORD, M. H. 1973. Reduction of 
a rectal prolapse in a wild lio
ness. J. Wildl. Dis. 9:178-181.

225



trauma management in animals is the 
Handbook of Veter i nary Procedures and 
Emergency Treatment (Kirk and Bistner 
1975). Mandatory treatment for 
accidental wounds include: ( 1 ) con
trol hemorrhage, (2 ) relieve pain and 
control patient, (3) treat shock, (4) 
control infection, (5 ) clean and 
close wound, (6 ) provide after care 
(Siegmund 1973)-

Several forms of trauma in wild 
populations have been described: 
Malocclusion in rodents and
lagomorphs (Fenstermacher 1943); 
barbed wire, fighting and antler in
jury in elk (Cervus elaphus) (Murie 
1951, Schlegel et al. 1972); eye in
jury and blindness in a coyote (Cani s 
latrans) (Pence and Meinzer 1977); 
rectal prolapse in a lioness 
(Panthero 1e o ) (Woodford 1973); man
dibular trauma in caribou (Rang i fer 
tarandus) (Doerr and Dieterich 1979, 
Miller et al. 1975); fractures in 
white-tailed deer (Odoco i1eus v i r- 
qinianus) (Fenstermacher 1943); in
juries in black-tailed deer
(Odocoileus hemionus) (Cowan 1946); 
accident, puncture wounds and preda
tion injury to moose (Franzmann and 
Schwartz 1979, Peterson 1955, Timmer- 
mann and Lankester 1978); 50.9% of
112 wolves (Canis lupus) examined in 
Alaska had evidence of traumatic in
jury (skull concussion, damaged 
teeth, fractures of ribs and long 
bones, damaged or missing ears or 
toes and abrasions) (Nielsen 1977)* 
An ecology and management text for 
North American big game lists in
juries for each species covered 
(Schmidt and Gilbert 1978).

During rut, male moose inflict in
juries to each other and particularly 
to eyes. The author has seen moose 
on the Kenai Peninsula blinded by eye 
injuries during the rut. The 
foregoing references will serve as 
detailed description for certain 
forms of trauma. The variability of 
cause and effect of trauma in wild
life is i nf i n i te.

S i gn i f i cance and Control

In free-ranging animals traumatic 
injuries are frequent. The impact on 
the population is generally 
negligible except in certain in
stances. High injury rates and death 
from highway and railroad accidents 
may have a significant impact on a 
depressed population. For example, 
with deep snows in Alaska, moose are 
forced to cleared highways and rail
road beds and the mortality rate may 
exceed the annual harvest (Rausch 
1959).

Control of most injuries in a wild 
population is not possible, but cer
tain measures have been taken by
various states to minimize highway 
and road accidents (speed limits, 
warning signs, fencing and clearing). 
When possible, highway and railroad 
construction should not be done 
through traditional wintering areas 
for ungulates. Where human develop
ment and the livestock industry are 
in close approximation to free-
ranging animals, certain types of
fencing and construction may cause
injury and/or death. Where this is 
evident corrections should be made.
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lents and do not administer cor
ticosteroids (Kirk and Bistner 1975).
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Trauma
Albert W. Franzmann

Introduct i on and H i story

In wildlife populations trauma 
(physical wound or injury) is most 
often observed in the healed state 
(scars, healed fractures), but oc
casionally it is observed first hand. 
Lacerations, abrasions, contusions, 
fractures, sprains and strains may 
occur during capture and restraint 
(Bason and Hofmeyr 1975, Fowler 1978, 
Franzmann et al 1980). Severe trauma 
that naturally occurs in a population 
will result in death if the animal 
hemorrhages to the point of cir
culatory collapse, or if the animal 
is rendered immobile and cannot feed 
or defend itself. Partially im
mobilized mammals may fall prey to 
predators, or may not be able to 
traverse terrain necessary to feed 
and in time will die. Injuries and 
death to animals from automobiles and

trains occurs regularly, and in 
Alaska it is a major mortality factor 
in certain moose populations (Rausch 
1959). Over an 11 year period, 12 of 
55 moose (Alces alces) found dead in 
Poland exhibited mechanical injuries, 
primarily fractured limbs (Tomek
1977).

S i gns and D i agnos i s

External injuries on the animal 
are easily recognized, but internal 
injuries and fractures may be dif
ficult to detect in wild animals. 
Wound treatment is a science in it
self, and specific discussion is 
beyond the scope of this compendium 
(Ballinger et al. 1973). Basic first 
aid principles should be applied to 
animals as well as man. An excellent 
source of information for basic
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Figure 3. An Alaskan moose with the elongated part of the dewlap or "bell" missing 
(A. W. Franzmann).
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Frostbite

Albert W. Franzmann

Frostbite or local freezing of 
tissue results in destruction of 
superficial tissues with secondary 
structural and functional distur
bances of the smaller surface blood 
vessels (Siegmund 1973)- It may oc
cur in any mammal subjected to 
prolonged freezing ambient tempera
tures, generally to extremities such 
as ears and tail. Nevertheless, 
reports of frostbite in wild mammals 
are rare. In Alaskan moose (A 1ces 
alces), frostbite of and loss of the 
bell, particularly in male moose, and 
loss of the extremities of ears have 
been seen by the author. Frostbite 
of the bell is of special interest, 
since it is the author's belief that 
most bells on moose in Alaska are 
shortened by this process. Most 
moose, and again particularly males, 
develop an extremely long bell in 
their early life (Fig. 2). 
Generally, during winter of the 
second to fourth year the elongated 
section of the bell is lost, but the 
base remains (Fig. 3), perhaps since 
circulation to the bell extremity is 
poor (Timmermann 1979). Tick 
(Dermacentor a 1 bap ictus) infestation 
of the bell was suggested as a 
possible factor in the loss of the 
bell extremity in Ontario moose (H. 
Timmermann, pers. comm.). Ticks do 
not occur on Alaskan moose and 
thereby are not a factor. Very few 
aged moose are seen in Alaska with 
the long pendulous bell.

Dieterich (1977) noted that the 
scrotum of male dogs (Cani s 
fami 1 i ar i s ) may be injured by frost
bite from repeated contact with cold 
surfaces or deep snow. This condi
tion was noted in wolves (Can i s 
1upus) on the Kenai Peninsula, Alaska

Introduction and History captured during winter for radio- 
collaring. The affected scrotum was 
scaly and the skin layers swollen. 
This condition is not uncommon in 
Alaskan sled dogs.

Signs

Frostbite first causes the skin to 
become pale and bloodless. Redness, 
heat, pain and swelling, loss of hair 
and peeling of the skin follow. In 
free-ranging populations this acute 
phase will seldom be witnessed, but 
the effects of it will be seen such 
as: loss of ear extremities, tail, 
the bell of moose, and irritated and 
inflamed scrota on wolves and perhaps 
coyotes (Canis latrans).

Siqnificance and Control

This disease condition has no 
measurable impact on a population, 
but is presented as a condition that 
should be recognized. If possible, 
the frostbite victim should receive 
professional care. Tissue damage and 
necrosis are greatly increased if 
thawing and subsequent refreezing oc
cur (Dieterich 1977). The frozen 
parts should be kept frozen and 
protected until proper treatment can 
be initiated (Dieterich 1977).

Frozen tissue should be thawed 
rapidly in warm water (38-44C) if 
refreezing can be prevented. 
Unnecessary removal of necrotic tis
sue or amputation should be delayed 
as healing occurs, as it may take 15 
to 20 days to clearly determine the 
line between healthy and dead tissue 
(Dieterich 1977). Supportive therapy 
is indicated to control infection. 
Do not apply pressure dressing or
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anesthetized (Fowler 1978). Progres
sive physiologic deterioration occurs 
with time and lowering body tempera
ture. Dieterich (1977) classified 
mild hypothermia by body temperatures 
of 30-32C, moderate hypothermia by 
temperatures of 22-25C and profound 
hypothermia by temperatures of 0-8C. 
Moderate hypothermia allows survival 
for approximately 2b hours, while 
body temperatures of 15C shorten sur
vival time to 5 or 6 hours. Profound 
hypothermia narrows survival time to 
1 or 2 hours (Dieterich 1977).

D i aqnos i s

Lowered body temperature and 
shivering, along with a good history 
of the case may be adequate to diag
nose an animal with hypothermia. 
Differentiation from other debilita
ting diseases must be made.

Significance and Control

In Alaska, hypothermia may be most 
often associated with malnutrition 
(see Malnutrition and Starvation sec
tion, this chapter), and as an as
sociate of malnutrition its occur

rence is common during severe 
winters. Control may not be possible 
under some circumstances associated 
with malnutrition (weather extremes, 
natural disasters), but application 
of certain wildlife management prin
ciples toward improving population 
nutrition may minimize the occurrence 
of hypothermia. For control in a 
single animal the most important 
procedure is to increase the body 
temperature by local rubbing and heat 
application, or by totally warming 
the animal in a warm water bath at 
temperatures between 40.5C (105°F) 
and 45.5C (114°F) (Fowler 1978).
When possible, internal rewarming by 
peritoneal dialysis is preferred 
(Dieterich 1977). Supportive therapy 
is also indicated (Dieterich 1977).
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Hypothermia

Albert W. Franzmann

Introduct ion and H i story

Hypothermia (cold exposure,
freezing), is a condition exemplified 
by low body temperature which results 
from body heat losses exceeding body 
heat production necessary to maintain 
normal body temperature. Con
tributing factors include: malnutri
tion, particularly energy intake; ex
posure and heat loss by conduction 
and convection; loss of insulating 
qualities of hair or fur (soiling and 
moisture); restricted movement (im
mobilization, physical restraint). 
For example, a free-ranging Alaskan 
black bear (Ursus americanus) died 
from hypothermia in a barrel-trap due 
to loss of insulating qualities of 
its hair coat and exposure to a cold 
and damp environment (R. Modafferi, 
pers. comm.).

Hypothermia of Alaskan mammals is 
perhaps more prevalent than we
realize. Although most mammals of 
the north evolved with mechanisms to 
withstand extreme cold, the 
predisposing factors to break their 
resistance are present, particularly 
malnutr i t ion.

S i qns

Low body temperature is the 
primary sign. At body temperature 
below 34C (9 3 •2° F ) , thermoregulation 
in homeotherms (warm-blooded animals) 
is impaired and at temperatures below 
32C (89.6°F) the animal is likely to 
go into a coma and not respond to 
stimuli (Fowler 1978). Decreased 
body temperature initiates shivering 
if the animal is not sedated or

218



Hyperthermia

Albert W. Franzmann

Hyperthermia (heat stroke, heat 
exhaustion, sun stroke, overheating) 
is a condition exemplified by high 
body temperature which results from 
interference with heat radiation from 
the body and/or increased heat 
production through exercise (Covault
1963). Contributing factors include: 
dehydration; lack of salt; adrenal 
insufficiency; certain drugs; reduced 
cardiac efficiency which may result 
from malnutrition, lack of exercise, 
infection or intoxication; trauma; 
infectious disease; and capturing, 
handling or transporting animals 
(Fowler 1978). Hyperthermia was in
duced in moose (Alces alces)
(Franzmann and Arneson 1973) during 
immobilization (Franzmann and Arneson 
1974, Gasaway et al. 1978) of trapped 
animals (LeResche and Lynch 1973) and 
during helicopter immobilization of 
black bear (Ursus amer icanus) and
brown bear (Ursus arctos) at the
Kenai Moose Research Center. All 
mammals are susceptible to hyperther
mia, but it probably rarely occurs in 
undisturbed wild animals. Neverthe
less, it is not an uncommon syndrome 
when capturing, handling or tran
sporting wiId animals.

I ntroduct i on and H i story

S i qns

High body temperature, generally 
41C (105.8°F) and above with in
creased heart and respiratory rate 
are initially observed with 
hyperthermia. With progression of 
body temperature elevation we ob
serve; dehydration, weakened pulse, 
restlessness, dullness, incoordina
tion, convulsions and collapse fol
lowed by death if the temperature 
remains very long over 42-43C 
(107.6-109.4°F) (Fowler 1978).

D i aqnos i s

A history of the case is extremely 
important, and with most wild animals 
we may experience hyperthermia to 
some degree during capture and 
handling. The high body temperature 
of the animal with increased heart 
and respiratory rates are clues. 
These signs must be differentiated 
from other syndromes, particularly 
infectious processes, which may 
elevate body temperature.

Siqnificance and Control

Treatment is an emergency situa
tion no matter what the cause. An 
animal with an elevated body tempera
ture should be quickly cooled using 
water or ice as a spray, bath or 
enema and adequate ventilation as
sured. Additional treatment for 
shock and acidosis may be necessary.

Immobilization, capture, and 
handling wild animals is a routine 
for research and management procedure 
in Alaska, and hyperthermia may be 
experienced in the process. It is 
advisable not to capture Alaskan 
ungulates when ambient temperatures 
are above 26.6C (80°F). Prolonged 
chase in helicopter immobilization 
should be avoided. Proper selection 
and dosage of immobilizing drugs is 
important. Underdosing etorphine 
(M-99, D-M Pharmaceutical Inc., Rock
ville, MD), the immobilizing drug of 
choice for Alaskan ungulates, may 
result in hyperexcitability which 
predisposes hyperthermia. The rate 
of occurrence of hyperexcitability 
with etorphine immobilization may be 
lessened by combining the drug with a 
tranquilizer (Gasaway et al. 1978).
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Gastric Ulcers

Robert A. Dieterich

Gastric ulcers have been observed 
in Alaskan snowshoe hares (Lepus 
amer i canus) during periods of peak 
populations (Dieterich and Feist
1980). These lesions appear as brown 
to black depressed areas in the glan
dular region of the stomach. At 
times, the lesions are multiple. 
Blood discolored to a brown color by 
gastric juices is found on and near 
the erosions in the stomach wall. 
Most lesions are small, measuring a 
few millimeters in diameter (Iverson 
et al. 1972). Ulcers of varying 
sizes are the rule. Ulcers are 1 
manifestation of the general adaptive 
syndrome (GAS) (see General Adaptive 
Syndrome section, this chapter) and 
are present in other species of wild
life which are undergoing stressful 
situations. For example, stomach 
ulcers have been found in nearly 80%

of reindeer (Ranqifer tarandus) 
herded by stressful techniques. The 
presence of ulcers in the stomach of 
wildlife can be used as an indication 
of population stress, but one must be 
careful to consider all possible 
causative factors that may be in- 
volved.
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Si qns References
In live animals, lameness may be 

witnessed. The affected joint, 
generally hip or stifle, reveals 
degeneration of the articular car
tilage and varying degrees of osteo
phytes (bony out-growth) are present.

D i agnos i s

Diagnosis in wild animals is 
primarily based upon post mortem ex
amination of joint demonstrating 
degeneration of cartilage and 
osteophyte formation.

Significance and Control

With a limited number of animals 
in a harvested wild population at
taining an aged status, the frequency 
of occurrence is low; nevertheless, 
in an unharvested ungulate population 
such as Isle Royale, Michigan, 
degenerative joint disease probably 
plays an important role in increasing 
the vulnerability of moose to wolf 
predation by restricting the mobility 
of the prey (Peterson 1977). This 
may be true in other populations 
where aging of a prey species occurs.

A form of control is rendered in 
ungulate populations where harvesting 
occurs and where the opportunities 
for aging are limited.
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Degenerative Arthropathy

Albert W. Franzmann

Introduct ion and H i story

Degenerative diseases generally 
refer to tissue deterioration as
sociated with age. These conditions 
are not prevalent in most free- 
ranging populations due to natural 
selective forces and most are ob
served on post mortem examination.

The most commonly observed condi
tion is degenerative arthropathy, 
also known as degenerative joint or 
articular disease, osteoarthritis or 
chronic arthritis. It is generally 
associated with aging; however, 
predisposing factors such as 
metabolic bone disease and copper 
deficiency may play a part (Siegmund

1973). Degenerative arthropathy of 
the hip joint from Kenai Peninsula 
moose (Alces alces) has been seen 
during examination of moose skeletal 
remains by the author. It has been 
reported in white-tailed deer 
(Odocoi1eus vi rqi nianus) (Wobeser and 
Runge 1975), moose (Peterson 1977, 
Timmermann and Lankester 1978, 
Wobeser and Runge 1975), black-tailed 
deer (Odocoi1eus hemionus) (Cowan 
1946), coyote (Canis latrans), x dog 
(Canis fami1 iaris) (Maham and Gipson
1978), wolf (Cani s 1upus) (Cross
1940) and black bear (Ursus 
amer i canus) (Stecher 1963). It has 
also been described for a variety of 
zoo artiodacty1 ids (Boever 1978).
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metabolized to lactic acid (Hadlow et 
al. 1974). The rate at which lactic
acid is produced may exceed the rate
at which it is removed in the blood
stream and the resultant accumulation 
leads to acidosis, muscle coagulation 
and liberation of myoglobin from
damaged cells which then appears in 
the urine.

The common symptoms observed in 
affected wildlife are mild to severe 
muscle soreness (lameness), stiff
ness, weakness, paralysis par
ticularly of the rear legs (Fig. 1) 
and death (Chalmers and Barrett 1977, 
Haigh et al. 1977). These symptoms 
usually appear 1 to 6 weeks after 
capture. Most commonly, lesions 
develop within the first week and 
consist of fairly well demarcated 
light greyish-brown areas on the 
muscles. Hemorrhage may be present 
due to the rupture of muscle groups.
In the later stages of the disease, 
fibrosis and mineralization of 
necrotic fibers occurs. These 
changes are often microscopic but 
significant. The kidneys may be 
swollen and darker brown than normal 
from staining due to the excretion of 
myoglobin. The urinary bladder may 
contain myoglobin which colors the 
urine brown. Many times these 
changes are not evident to the un
trained eye and when death occurs 
suddenly following capture due to
myocardial failure, no lesions are 
apparent.

When muscle cells are damaged, 
certain cellular enzymes are released 
into the bloodstream (Lewis et al.
1977). These enzymes can be measured 
in the laboratory, and those animals
having abnormally high levels are at 
risk. Serum glutamic oxaloacetic 
transaminase enzymes are found prin
cipally in liver, heart and skeletal 
muscle. Serum creatine phosphokinase 
is principally found in skeletal 
muscle, heart and brain. By ob
taining serum from animals suspected

of having CM and having it analyzed 
for the presence of these 2 enzymes, 
one can have confidence in confirming 
a tentative clinical diagnosis of CM.

Capture myopathy can occur fol
lowing both physical or chemical 
methods of restraint and immobiliza
tion. Fear and anxiety can con
tribute to the development of the 
syndrome as can hyperthermia.

S i qn i f i cance and 
Prevent i on

Capture myopathy can be a sig
nificant cause of mortality or 
disability in wildlife which are 
being handled by biologists. The 
fact that this condition can occur 
several weeks after the initial 
period of stress must be realized and 
one can not feel he is not imposing 
CM losses on captured and released 
animals simply because they get up 
and run away (Fowler 1978). Besides 
outright sudden death due to myocar
dial failure, there is also death 
resulting from increased suscep
tibility to predation or disease in 
these weakened animals. These types 
of losses would typically occur 
several days after capture.

Prevention of overexertion, fear 
and maintenance of proper ther
moregulation are the most important 
factors to consider. Chases prior to 
capture are best limited to less than 
1 minute in many species when animals 
are under full flight response. Many 
professional handlers refuse to pur
sue an animal after an established 
safe time has been passed. 
Frightening noises or activities 
should be avoided. If severe exer
tion or stress is inflicted, animals 
can be treated for shock, and in
travenous sodium bicarbonate ad
ministered to combat acidosis. When 
animals are captured and transported, 
periods of quiet rest should be 
provided whenever possible.
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Capture Myopathy

Robert A. Dieterich

1ntroduct i on

Capture myopathy (CM) is a syn
drome recognized worldwide in many 
species of mammals, birds and par
ticularly in ungulates (Fowler 1978). 
Synonyms for this condition include 
stress myopathy, overstraining 
disease and white muscle stress syn
drome. It is usually associated with 
the stress of capture, restraint and 
transportation of wildlife. The 
usual symptoms are muscular stiff
ness, weakness, tremors, ataxia, 
paralysis, myoglobinuria (coffee- 
colored urine) and death. These 
symptoms are associated with asym
metrical muscular and myocardial le- 
s i o n s .

H i story

Capture myopathy is the result of 
a physiologic response and therefore 
the potential of this condition is 
present in all susceptible species.

The capture of wildlife in Alaska for 
management and research purposes has 
increased greatly in the past few 
years and CM has therefore increased 
accordingly. Workers in Africa were 
among the first to recognize the syn
drome in the mid 1960s (Basson and 
Hofmeyr 1975). It has been diagnosed 
in Alaska in a number of species in
cluding moose (Alces a 1ces), reindeer 
(Ranqifer tarandusl and muskox 
(Ovibos moschatus).

Symptoms and Pathoqenes i s

The exact mechanisms involved 
which are responsible for the muscle 
damage seen in CM are not fully 
understood but it is believed that 
severe muscular exertion, straining, 
prolonged muscular trembling, im
mobilization and stress all con
tribute to the development of le
sions. Apparently, when there is a 
sudden stressful increase in muscular 
activity, muscle glycogen is rapidly
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S i qn i f i cance and Control

Stress exemplified by the general 
adaptive syndrome plays a part of 
every disease process as a 
predisposing factor and/or a respon
sive factor. The recognition of this 
syndrome in medicine is responsible 
for much of the supportive therapy 
and nursing care provided a patient. 
On a population level it is no less 
important. Good husbandry practices 
evolved around avoidance of the 
consequences of this syndrome even 
prior to it being recognized. In
wild populations, again many of the 
wildlife management principles
evolved around the avoidance of the 
consequences of this syndrome. The 
capture, handling and transportation 
of wild animals exemplifies this con
dition in wild animals (Fowler 1978, 
Jenkins and Kruger 1975) (also see 
Capture Myopathy, this chapter). As 
excitability of Alaskan moose (Alces 
alces giqas) increased with handling, 
blood corticoid levels increased sig
nificantly (Franzmann et al. 1975).
This was a measured physiological 
response to the general adaptive syn
drome.

Control of the consequences of the 
general adaptive syndrome in wild 
populations reverts to an under
standing of the ecology of the
species, and application of manage
ment principles based upon that 
understanding. In capture and 
handling techniques we must employ 
all means possible to minimize stress 
(Fowler 1978).

References

BOND, E. 1970. Hepatoma and ar
teriosclerosis in a wood chuck. 
J. Wildl. Dis. 6:418-421.

BRODIE, D. A. and H. M. HANSON. 
1960. A study of the factors in
volved in the production of 
gastric ulcers by the restraint 
technique. Gastroenterology
38:353-360.

DIETERICH, R. A. 1969* Medial ar
terial sclerosis in captive
beavers, Castor canadensis. Bull. 
Wildl. Dis. Assn. 5:115-116. 

DIETERICH, R. A. and J. R. LUICK.
1979. An investigation of ar
terial disease in Alaskan reindeer 
and caribou. J. Wildl. Dis.
15:433-435.

FOWLER, M. E. 1978. Restra i nt and 
Hand 1i nq of Wild and Domest i c
Animal s . Iowa State Univ. Press,
Ames, IA. 332 pp.

FRANZMANN, A. W . , A. FLYNN and P. D. 
ARNESON. 1975. Serum corticoid 
levels relative to handling stress 
in Alaskan moose. Can. J. Zool.
53:1424-1426.

GUTHRIE, D. R., J. C. OSBORNE and H.
S. MOSBY. 1967. Physiological
changes associated with shock in 
confined gray squirrels. J. 
Wildl. Manage. 31:102-108.

IVERSEN, J. 0., G. L. HOFF, T. M.
YUILL and R. P. HANSON. 1972. 
Gastric lesions in the snowshoe
hare. J. Wildl. Dis. 8:7-9. 

JENKINS, W. L. and J. M. KRUGER.
1975. Modern concepts of the 
animal's physiological response to 
stress. pp. 172-183. In: The
Capture and Care of Wild an ima1s . 
E. YOUNG, ed. Ralph Curtis Books, 
Hollywood, FL.

KEITH, L. B., E. C. MESLOW and 0. J. 
RONGSTAD. 19 6 8. Techniques for 
snowshoe hare population studies. 
J. Wildl. Manage. 32:801-812.

LIBKE, K. G. and H. S. MOSBY. 1 9 6 8. 
Stress-induced hemopericardium 
(Cardiac tamponade) in deer. J. 
Am. Vet. Med. Assn. 153:813-815. 

SARGENT, A. P. 1974. Spontaneous 
arteriosclerosis in a brown hare. 
J. Wildl. Dis. 10:130-134.

211



General Adaptive Syndrome

Albert W. Franzmann

Introduct i on and H i story

In any discussion of diseases in 
wild mammals, and particularly of 
non-infectious diseases, stress and 
the general adaptive syndrome (GAS) 
must be considered. Stress was 
defined as the cumulative response of 
an animal resulting from interaction 
with its environment via receptors 
(Selye 1973). The definition alone 
implies the importance of this syn
drome for understanding the mechanism 
of any disease. A simplified model 
of the stress mechanism begins with 
receptors (sensory nerve terminals) 
which detect change in the animal's 
environment. The message travels to 
the central nervous system where a 
response is transmitted either 
through the nervous system or through 
the endocrine system (hormones) to 
effectors. Effectors are tissues 
which respond to counteract the chal
lenges to the receptors. The 
resulting response of the animal 
depends on the type, duration and 
intensity of the challenge. Over
stimulation- may result in pathologic 
changes in the body that Selye (1946) 
termed general adaptive syndrome 
(GAS). He outlined 3 phases of the 
syndrome: alarm reaction, stage of 
resistance and exhaustion phase. 
This exhaustion phase is of primary 
concern because it is the period in 
the GAS when direct effects of over
stimulation occur (primarily from ex
cessive corticoid production), and 
when derangement of the animals adap
tive mechanisms play a decisive role 
in the development of many diseases 
(Seyle 1946, 1956). The animal
during this period is more vulnerable 
to other challenges. The syndrome 
occurs in all mammals.

Signs and Diaqnosi s

Prolonged stimulation and main
tenance of the exhaustion phase of 
the GAS results in adrenocortical 
hypertrophy (enlarged adrenal gland), 
lymphoid aplasia (lymph tissue 
shrinkage), gastrointestinal ulcera
tion and arterial calcification. 
These lesions are found in man, 
experimental, domestic and wild 
animals (Brodie and Hanson 1960, 
Fowler 1978, Selye 1950). Some ex
amples from wild mammals include, 
gastric ulcers in snowshoe hare 
(Lepus amer i canus) (Iversen et al. 
1972); lymphoid aplasia and adrenal 
hypertrophy (common lesions of wild 
animals at necropsy) (Fowler 1978); 
atherosclerosis in captive rodents 
(T-W-Fiennes 1965), woodchucks 
(Marmota monax) (Bond 1970) and 
beaver (Castor canadensis) (Dieterich 
1969); atherosclerosis in free-living 
brown hare (Lepus europaeus) (Sargent
1974) and in Alaskan caribou 
(Ranqifer tarandus) (Wiggers et al.
1971). In Alaska, an investigation 
of 34 reindeer and 15 caribou for 
atherosclerosis and other vascular 
diseases reported no significant le
sions (Dieterich and Luick 1979). 
Stress induced hemopericardium (an 
accumulation of blood in the heart 
sac) was reported in white-tailed 
deer (Odoco i1eus v i rq i n i anus)
following its capture (Libke and Mos- 
by 1968). Severe hypoglycemia (low 
blood sugar) was reported in associa
tion with acute stress ("shock 
disease" or "trap sickness") from 
trapped snowshoe hare (Keith et al.
1968) and gray squirrels (Sci urus 
carolinensis) (Guthrie et al. 1967).
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Arterial Disease

Robert A. Dieterich

Arterial disease occurs in wild
life, but it is not a major cause of 
death as it is in humans. Actual oc
clusion of the coronary blood vessels 
that provide the heart with 
nutrients, oxygen, etc. is very rare 
in animals. Two types of arterial 
disease have been documented in 
Alaskan wildlife. Atherosclerosis 
has been found in caribou and rein
deer (Ranqifer tarandus). Atheros
clerosis is a disease of large and 
medium sized arteries with deposits 
in the intima of the vessel of yel
lowish plaques. Arterial changes ob
served in caribou were quite similar 
to changes found in man and other 
animals (Wiggers et al. 1971). It is 
the opinion of this author that rein
deer and caribou living on natural 
diets do not develop lesions of 
atherosclerosis significant enough to 
be a serious threat to their life 
(Dieterich and Luick 1979)-

Medial arterial sclerosis has been 
diagnosed in captive beaver (Castor 
canadensis) in Alaska fed cuttings of 
aspen (Populus tremuloides Michx.) 
and Purina Lab Chow. Unconfirmed 
reports indicate that this condition

may be present in some wild beavers 
within the state but only in a mild 
form. In this type of arterial 
disease, the arteries are firm and 
very prominent. When transected, the 
arteries remain distended and their 
walls appear to be calcified. If 
vascular occlusion has not occurred, 
the animal may be completely healthy 
or, if partial occlusion has oc
curred, there may be some signs of 
limited blood flow to affected areas 
(Dieterich 1969).
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Vanadi um (Hopkins 197*0

a. Reduced body and feather growth
b. Impaired reproduction and survival of young
c. Altered RBC levels and iron metabolism
d. Impaired hard tissue metabolism
e. Altered blood lipid levels
f. Toxic symptoms recognized

F 1uor i ne (Messer et al . 197*0

a. Retarded growth rate
b. Infertility
c. Anemia
d. Toxic symptoms demonstrated 

Si 1i con (Schwarz 197*0

a. Postulated as structural element in metabolism
b. Growth stimulating effect in rats
c. Relatively non-toxic

N i ckel (Nielsen 197*+)

a. Suboptimal reproductive performance
b. Reduced oxidative ability in liver
c. Toxic symptom recognized

Tin (Schwarz 197*0

a. No definite signs recognized, but it has been demonstrated 
to have a growth stimulant effect

b. Relatively non-toxic
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Z i n c  (Ch urch  1971)

a. Skin irritability, inflammation and parakeratosis
b. Difficult conception
c. Abnormal estrus and cystic degeneration of ovary
d. Retained placenta
e. Excessive salivation
f. Impaired digestibility by reduction of volatile fatty acids
g. Cessation of spermatogenesis
h. Growth retardation
i. Anorexia
j. Impaired wound healing 
k. Relatively non-toxic

Manganese (Church 1971)

a. Impaired estrus and conception
b. Enlarged joints and stiffness--skeletal abnormalities
c. Weakness and impaired qrowth
d. Pica
e. Liver degenerative changes
f. Ataxia of newborn
g. Relatively non-toxic

Chromium (Church 1971)

a. Impaired growth and longevity
b. Disturbances in glucose, lipid and protein metabolism
c. Eye disorder--cornea1 opacity
d. Toxic symptoms recognized

C oba1t (Church 1971)

a. Listlessness and emaciation
b. Anemia
c. Anorexia
d. Depressed synthesis of B12 in rumen
e. Relatively non-toxic

Molybdenum (Church 1971)

a. Closely related to Cu and S. High levels depress Cu and S
b. Renal calculi
c. Relatively non-toxic, but high levels depress other elements 

Selenium (Church 1971)

a. Nutritional muscular dystrophy
b. Impaired fertility
c. Persistent diarrhea
d. Depressed growth rate
e. Associated with diseases responding to vitamin E therapy
f. Toxic symptoms recognized
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Phosphorus (Church 1971)

a. Anorexia and weight loss
b. P i ca
c. L i st1 ess and du11
d. Osteomalacia and ricketts
e. Impaired fertility in females

Sulphur (Church 1971)

a. Anorexia and weight loss
b. Emac i at i on
c. P i ca
d. Hair and wool growth impaired
e. Excessive lacrimation and profuse salivation
f . Dullness and weakness

g- Heart, liver, skeletal muscle and spleenic
histologic changes

h. Reduced digestibility

2. MICRO OR TRACE-ELEMENTS 

lodine (Church 1971)

a. Thyroid deficiency (enlarged thyroid--goiter)
b. Lowered metabolic rate
c. Birth of hairless, weak or dead young--cretinism
d. Reduced reproductivity (suppressed estrus in females 

and reduced libido in males)
e. Relatively non-toxic

Iron (Church 1971)

a. Anemia
b. Anorexia and weight loss
c. Listlessness
d. Gastritis
e. Relatively non-toxic

Copper (Church 1971)

a. Anemia (iron transfer related)
b. Severe diarrhea
c. Depigmentation of hair and defective keratinization of 

wool and hooves
d. Ataxia and paralysis
e. Fibrosis of cardiac muscles and heart failure
f. Bone deformities (osteoporosis)
g. Reduced fertility and impaired reproductive performance
h. Toxic symptoms recognized
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TABLE 1

An Outline of Some Recognized Mineral 
Deficiency Symptoms and Signs

MACRO-ELEMENTS

C a 1c i um (Church 1971)

a. Skeletal disorders (osteomalacia, osteodystrophy and 
r i cketts)

b. Anorexia and weight loss
c. Lowered milk production
d. Tetany and muscular dysfunction

C h 1 or ine (Hays and Swenson 1970)

a. Principal anion in body fluids
b. Alk a 1 os i s

Potass i um (Church 1971)

a. Anorexia and weight loss
b. Listlessness and weakness
c. Pica (depraved appetite)
d. Impaired response to disturbance
e. General stiffness
f. Kidney degeneration
g. Histologic change in muscles

Maqnesium (Church 1971)

a. Opisthotonus--retracted head--muscle tremors--convulsions
b. Ataxia
c. Hypersensitivity
d. Increased heat production and fall in energy retention 

due to tonic muscular activity
e. Reduced appetite
f. Rumen flora changes and reduced digestibility
g. Anemia and jaundice
h. Impaired blood clotting
i. Liver damage and reduced serum albumin and alpha and 

gamma globuli ns
j. Serum enzyme changes

Sod i um (Church 1971)

a. Pica
b. Decrease body weight
c. Anorexia
d. Listlessness
e. Harsh skin
f. Tetany--col1 apse and death
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consideration in selection of areas 
for vegetative rehabilitation or 
chemical fertilization of moose 
browse. These practices are
stimulated by new information on 
moose mineral requirements and 
mineral status of the area.

It would not be wise to invest
great sums of money on mechanical or 
chemical rehabilitation in areas
where vegetative response may favor
plants that poorly assimilate certain 
mineral elements. We could instead, 
divert our activity to an area that 
would stimulate plants that have the 
ability to assimilate desirable ele
ments.

Much research is required to as
sess the various effects our manage
ment plans have on mineral cycling, 
and even more is required to assess 
the often subtle effects mineral 
deficiencies may have on a popula
tion. The advent of atomic absorp
tion spectroscopy permits intensive 
mineral element investigations. Per
haps the lack of definitive informa
tion regarding wildlife mineral 
metabolism, and the general lack of 
information on the mineral aspect of 
forage quality for wildlife, stems 
from our previous inability to study 
minerals on a practical level. Per
sons planning research projects 
should consider adding to the sparse 
information available relative to 
minerals and moose by incorporating 
this into their studies, when 
feasible. The need for mineral 
metabolism information is certainly 
not intrinsic to moose, and these 
studies on other species should be 
encouraged.
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burden of this potential problem to 
the many he already has?

First of all he or she need not be 
concerned with the specifics of 
mineral element metabolism, but 
should be aware of the possibility of 
deficiencies. More specifically, the 
manager should be concerned with the 
possible consequences that land use 
and management practices may have 
regarding mineral utilization of the 
animal in question. Our present 
state of knowledge will not 
specifically guide the manager, but 
awareness of the potential alteration 
of mineral availability in general, 
may influence management and land use 
decisions. Following, are some ex
amples that illustrate this.

1. Land-Use P 1ann i nq and Manage
ment . Moose may assimilate and store 
a majority of their mineral require
ments within the short span of 
summer. The bulk of their mineral 
requirements are obtained from 
primary plant species, but they may 
require additional supplemental 
sources such as licks. On the Kenai 
Peninsula and elsewhere (Krefting
1974), a minor source of total food 
intake comes from submerged vegeta
tion; however, results from other 
studies (Kubota et al. 1970, 01-
demeyer et al. 1 9 7 5 ) show these 
plants to be high in mineral content. 
On Isle Royale, it was reported that 
aquatic macrophytes had 500 times
more Na than found in terrestrial
vegetation (Jordan et al. 1973). 
Land use planning and management
decisions should consider these
potentially important mineral sources 
(licks and submerged vegetation) and 
not exclude access and use by moose.

2. F i re Supress ion and Prescr i bed 
Burn i n g . Whatever the actual cause,
there does seem to be a release of 
nutrients and a fertilizing effect of 
fire on the organic soils in Alaska 
(Viereck 1973). Unfortunately,
little is known regarding the uptake

of micro-elements following fire, but 
the increase in macro-elements has 
been noted (Lutz 1956, Scotter 1971). 
Perhaps more important is the demon
strated population response to fire, 
such as by moose on the Kenai Penin
sula, Alaska (Spencer and Hakala 
1964).

Changes in soil and plant composi
tion and quality following fire are 
influenced by many variables such as 
parent material, moisture, plant com
position prior to fire, intensity of 
fire and climatic events following 
fire. Nevertheless, the generaliza
tion can be made that browse quality 
and palatability improve and moose 
populations respond. Mineral con
tent, including trace minerals, must 
be considered a positive factor in 
these events.

3. Forestry Pract ices. The al
teration of mineral cycling in
forestry practices is influenced by 
many factors; however, parent 
material and subsequent weathering 
basically determine availability in
the forest. The mineral content of 
hardwood litter usually is higher
than that of conifer litter, and bark 
usually contains 3 to 10 times as 
high a concentration of minerals as 
wood (Kramer and Kozlowski 1960). 
Removal of overstory permits
revegetation in an area and browsing 
animals respond to the increase in 
available vegetative biomass; however 
with harvest, appreciable amounts of 
nutrients are removed (Smith 1966).
The long term effects that removal of 
the forest overstory has on mineral 
cycling and subsequent availability 
to animals is difficult to establish, 
but the ecosystem can remain produc
tive only if the nutrients withdrawn 
are balanced by an inflow of replace
ments (Smith 1966).

4. Veqetat i ve Rehabi1 i tat ion and 
Fert i1i zat i o n . The variation among 
plants in their ability to assimilate 
mineral elements may be cause for
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also support the diagnosis. Moose 
browse from the Kenai Peninsula had a 
mean copper value of 5 - 6  ppm which 
was 5 . 3  to 6 . 9 times lower in copper 
than for comparable plant species in 
Minnesota (Franzmann and Schwartz 
1978b).

Significance and Control

Copper deficiency in moose has 
potential population significance in 
that basic physiologic processes may 
be impaired (Hoekstra et al. 197^,
Kirchgessner 1977 > Mills 1970, 
Nicholas and Egan 1975, Underwood
1 9 7 7 ). Identifying these deficien
cies in a population is difficult as 
the signs may be subtle and effects 
confused with other conditions. The 
important consideration is that one 
must be aware that they can occur, 
and when a population is showing
signs of poor productivity, the pos
sibility of deficiencies existing
should not be overlooked. Copper 
deficiency in moose has been used as 
an example since it has been iden
tified in Alaska.

Classic symtomatology associated 
with deficiencies created artifi
cially in a laboratory are not likely 
experienced in wild populations. It 
is also unlikely that we will observe 
"barnyard" type deficiencies in free- 
ranging animals. What are the ef
fects of subtle deficiencies that do 
not exemplify themselves with known 
signs, but may affect the well being 
of the animal or animals and possibly 
interfere with reproductive success 
or calf v i ab i1 i ty?

Essential mineral elements are 
classified as macro-elements and 
micro or trace-elements identified. 
The classification difference cor
responds to concentration in tissues, 
with the trace elements generally ex
pressed in concentrations of parts 
per million (ppm) and macro-elements 
in percent. The classic definition

of a trace element is any element 
that exists in concentration equal to 
or less than Fe in the body, with 
iron being the first of the trace- 
elements. The essential macro
elements are calcium (Ca), chlorine 
(Cl), potassium (K), magnesium (Mg), 
sodium (Na), phosphorus (P) and sul
phur (S) and they have long been
known to be required (Church 1971) •
The essential micro-elements are
iodine (I), iron (Fe), copper (Cu),
zinc (Zn), manganese (Mn), cobalt
(Co), molybdenum (Mo), selenium, 
(Se), chromium (Cr), tin (Sn), 
vanadium (V), fluorine (F), silicon
(Si) and nickel (Ni) (Schwarz 197^,
Underwood 1977). Twenty additional 
elements should be considered and in
vestigated as possibly essential 
(Schwarz 197*0-

To elucidate the physiology of 
these elements and the symptomatology 
associated with their deficiencies 
would require a symposium in itself. 
We will only generalize and state 
that they all have been established 
as essential to normal function and 
their deficiencies are associated 
with malfunction in basic
physiological systems. Some symptoms
associated with deficiencies of these 
elements are listed in Table 1. In 
addition, all essential elements have 
recognized toxic levels and as
sociated pathology. The field of 
mineral metabolism is so complex and 
interrelated with itself and with 
other systems, primarily neural and 
hormonal, that no element can be con
sidered alone. Two classic examples 
of this are the detrimental effect of 
high molybdenum intake on copper 
metabolism (Underwood 1977), and the 
shift of the Ca: P ratio influenced
primarily by phosphorus levels. 
There are other examples of these 
types of interractions between
minerals which confound our under
standing of mineral metabolism.

So what can a wildlife manager do, 
and why should he or she add the
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a population is a difficult facet of 
this deficiency to evaluate in a wild 
population.

This deficiency, as with most 
deficiencies in a free-ranging 
population, would not generally be 
identified by clinical signs. More
likely, the identification would come 
as a result of monitoring mineral 
metabolism via hair element analysis 
(Franzmann et al. 1977, 1974). This
was the mechanism by which the poten
tial for copper deficiency in moose
on the Kenai Peninsula was iden
tified. Three years of moose hair 
analyses indicated a low copper 
status in this population. Confirma
tion of the deficiency was based upon 
further studies of both the animal 
and plants consumed by moose.

Hoof overgrowth is a result of 
copper deficiency and subsequent 
interference with the establishment 
of a proper matrix in the formation 
of "hard" keratin (Marston 1952). 
The mechanism of copper deficiency 
interfering with fertility is not 
thoroughly understood, but low fer
tility in cattle grazing on copper 
deficient pastures has been reported 
(Underwood 1977).

D i agnos i s

Preliminary information from hair 
mineral element analysis of a popula
tion may indicate the potential for 
copper deficiency. Hair is an ideal 
recording filament which reflects in
take of various elements (Flynn et 
a l . 1975a, 1974). Hair should be
plucked from the shoulder hump of 
Cervidae and a bundle 2 cm in 
diameter should be collected, air- 
dried and identified. Samples are 
analyzed by atomic absorption spec
troscopy, and an array of up to 18 
elements may be analyzed (Franzmann 
et al. 1976). Baseline hair element

values from wild animals are 
presently available for only moose 
(Franzmann et al. 1977) and snowshoe 
hare (Lepus americanus) (Wood 1977). 
Researchers in Alaska are presently 
accumulating hair element values from 
black bear (Ursus americanus), brown 
bear (Ursus arctosT^ wolves (Can i s 
Jupus) and coyotes (Can i s latrans) 
(Ballard and Spraker 1979, Franzmann 
and Schwartz 1978a, 1978b). Base
line values from species of concern 
are needed to help assess relative 
deficiency states.

Clinical signs of copper deficien
cy are an essential part of the diag
nostic procedure. If a hair element 
profile for a population appears low 
in copper, clinical manifestation of 
hoof overgrowth, impaired fertility, 
and possibly signs recognized in 
domestics may be identified (Under
wood 1 9 7 7 ).

Confirmation of copper deficiency 
requires eliminating the possibility 
of copper metabolism interference by 
cadmium, iron, molybdenum and zinc 
(Flynn and Franzmann 1974, Flynn et 
al. 1975a, 1977). In addition to low 
hair copper levels, an important in
dicator of copper deficiency is blood 
ceruploplasmin levels. These 2 
copper markers have been used to in
dicate copper problems even when 
clinical signs were not evident 
(Flynn et al. 1977). Additional 
confirmation can be made by analyses 
of the affected hoof which would have 
significantly lower copper and sul
phur levels than a normal hoof. Sul
phur levels are low due to inter
ference in the disulphide bond from 
the copper deficiency (Flynn et al.
1977). The tensile strength of moose 
hair with low copper levels is sig
nificantly less than hair with normal 
copper levels (Flynn et al. 1977).

Analysis of plants browsed by 
moose, and the respective soils may
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Figure 1. Hoof overgrowth from copper deficiency in an Alaskan moose 
(A. W. Franzmann).
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Copper Deficiency

Albert W. Franzmann

Introduction and History.

Copper deficiency (hoof overgrowth 
syndrome) in a subpopulation of 
Alaskan moose (Alces alces qigas) on 
the Kenai Peninsula was identified in 
1974 based upon hair, blood, hoof and 
browse mineral element analyses 
(Flynn and Franzmann 1974, Flynn et 
al* 1977, Franzmann et al. 1975, 
1977, 1974). Clinical manifestation 
of the disease is exemplified by the 
hoof overgrowth syndrome (Fig. 1) and 
possibly by a decline in reproductive 
rates (Flynn et al. 1977). The 
Alaskan moose is the only Cervidae in 
which a copper deficiency has been 
confirmed. Copper metabolism studies 
in white-tailed deer (Odocoi1eus vir- 
ginianus) and red deer (Cervus 
e 1aphus) have been reported 
(Schroeder et al. 1966, Tolgyesi and 
Bencze 1970), but clinical signs were 
not noted nor was a deficiency con
firmed. George K. Davis (pers. 
comm.), University of Florida, in
dicated that the hoof overgrowth syn
drome was frequently observed in 
cattle in the Florida Everglades, and 
white-tailed deer in the area around 
Perry in Taylor County, Florida. In 
both areas the soil is recognized as 
being copper deficient.

Copper deficiency in laboratory 
and domestic animals has been exten
sively studied and is manifested by 
anemia, bone disorders, neonatal 
ataxis, impaired pigmentation and 
keratinization of hair and wool, 
infertility, cardiovascular dis
orders, diarrhea and impaired fatty 
acid metabolism (Kramer and Kozlowski 
1960, Kubota 1974, Schroeder et al. 
1966, Scotter 1971).

S i gns and Pathoqenes i s

The hoof overgrowth syndrome in 
moose has been sporadically reported 
on the Kenai Peninsula (Fig. 1). An 
overgrown hoof is on display at the 
Damon Museum in Soldotna. Hunters 
occasionally report a moose with this 
condition, and several have been 
trapped and immobilized at the Kenai 
Moose Research Center. Identifica
tion of this condition may be 
minimized where natural predation oc
curs, in that these animals would be 
more susceptible to predation. 
Nevertheless, the incidence is low, 
perhaps less than 1% of the popula
tion. Reduced reproductive rates in
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Metabolic Bone Disease

Albert W. Franzmann

Introduction and History

Fowler (1978) described metabolic 
bone disease as a prolonged deficien
cy of calcium, vitamine D, or an im
proper calcium/phosphorus ratio. He 
has an excellent outline of the 
disease syndrome and should be 
referred to for more detailed infor
mation.

Conditions associated with the 
syndrome osteoporosis (porous bone), 
osteomalacia (soft bone), rickets 
(disturbed bone formation), fibrous 
osteodystrophy (defective bone forma
tion) and secondary hyper
parathyroidism (enlarged parathyroid 
gland) are more often seen in caged 
animals, but may occur in free- 
roaming species, particularly car
nivores. Osteomalacia was reported 
in a captive coyote (Can i s 1 at rans) 
in Alaska (Dieterich and Van Pelt 
1 9 7 2 ) and secondary hyper
parathyroidism and fibrous osteo
dystrophy were reported in captive 
Alaskan red fox (V u 1pes v u 1pes) (Van 
Pelt and Caley 1974). Rickets and

hyperparathyroidism were detected in 
arctic fox (Alopex 1agopus) trapped 
on St. Paul Island, Alaska (Conlogue 
et al . 1979) •

Signs and Diaqnosi s

The metabolic bone disease syn
drome exhibited by an individual 
animal depends on the species, age 
and duration of deficiency, degree of 
deficiency and type of deficiency 
(Fowler 1978). Details of the 
complexity of signs and diagnosis 
have been described (Fowler 1978).

Signif icance and Control

The incidence of metabolic bone 
disease is not common in caged or 
captive wild mammals, but is rarely 
seen in free-roaming animals. The 
likelihood of a bone deforming 
disease requiring a relatively long 
development time being observed in a 
wild population is lessened when 
predators and scavengers are present.
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Rumen Overload
Albert W. Franzmann

Rumen overload, often called acute 
overeating, acute indigestion, rumen 
impaction or ruminal acidosis, 
results from an abrupt diet change 
from roughage or browse to large 
quantities of readily fermentable 
carbohydrate in ruminant animals 
(Siegmund 1973). It is characterized 
by increased acidity in the rumen 
(Ahrens 1967). Chemical rumenitis 
may develop in animals that survive 
the metabolic acidosis of the acute 
phase (Blood and Henderson 1 9 6 8).

This syndrome is well recognized 
in domestic ruminants and was 
described in white-tailed deer 
(Odocoileus virqinianus) (Wobeser and 
Runge 1975). The conditi on has been 
associated with "rescue" operations 
of starving wildlife where ruminants 
are fed readily fermentable carbohy
drate crops (corn, hay, wheat, etc.) 
after they have exhibited signs of 
malnutrition (Mautz 1978). The 
result is generally death. In 
Alaska, the condition was observed by 
the author in late winter 1 9 7 2 - 1 9 7 3  
in a moose (Alces alces) calf in a 
"rescue" attempt. The syndrome has 
most likely occurred in other Alaska 
ruminants and may potentially occur, 
but winter feeding "rescue" opera
tions and standing crops are not com
mon.

Introduct ion and H i story

S i qns and D i aqnos i s

An animal with rumen overload will 
be anorexic (off feed), dull and ex
hibit a firm, enlarged rumen (Fincher 
and Fox 1963). If predisposed by 
malnutrition, various signs as
sociated with malnutrition may be 
detected. Diagnosis in wildlife is

most often made at necropsy, and is 
characterized by a rumen containing a 
large amount of fluid plus grains 
(Wobeser and Runge 1975). The con
tent is acidic (pH 3.0 to 6.0) and 
has a distinct sour odor (Wobeser and 
Runge 1975). When rumenitis 
develops, the rumen is inflamed and 
may have signs of secondary infec
tions (Wobeser and Runge 1975).

Siqnificance and Control

In Alaska, the occurrence of rumen 
overload is undoubtedly rare, but as 
the human population increases we 
will undoubtedly see an increase in 
efforts to "rescue" starving free- 
ranging animals resulting in an in
creased incidence of rumen overload. 
Secondary control is inherent in 
understanding the management of 
starving animals and the consequences 
of improper feeding of these animals, 
but primary control lies with ap
plication of sound wildlife manage
ment principles to minimize starva
tion in free-ranging ruminants.

References

AHRENS, F. A. 1967. Histami ne, lac
tic acid and hypertonicity as fac
tors in the development of 
rumenitis in cattle. Am. J. Vet. 
Res. 28:1335-1345.

BLOOD, D. C. and J. A. HENDERSON.
1968. Veter i nary Medicine. 3rd 
ed. Balliere, Tindall and Cas
sell, London, ENG. 927 pp.

FINCHER, M. G. and F. H. FOX. 1 9 6 3. 
Acute indigestion. pp. 1 90-195. 
In: Diseases of Cattle. W. J.
GIBBONS, ed. 2nd ed. Am. Vet. 
Publ., Santa Barbara, CA.

195



HAYS, V. W. and M. J. SWENSON. 1970. 
Minerals. pp. 663-690. In:
Duke's Physiology of Domest ic
Animals. 8th ed. M. J. SWENSON,
ed. Cornell Univ. Press, Ithaca, 
NY.

KLEIN, D. R. 1964. Range-related 
differences in growth of deer 
reflected in skeletal ratios. J.
Mammal. 45:226-235.

KLEIN, D. R. 1968. The introduc
tion, increase, and crash of rein
deer on St. Matthew Island. J.
Wildl. Manage. 32:350-367.

LEOPOLD, A. 1933* Game Management.
Charles Scribner's Sons, New York, 
NY. 481 pp.

MAUTZ, W. W. 1978. Nutrition and 
carrying capacity. pp. 321-348. 
In: B_i_g_ Game of North America:
Ecology and Management. J. L. 
SCHMIDT and D. L. GILBERT, eds. 
Stackpole Books, Harrisburg, PA. 

NICHOLAS, D. J. D. and A. R. EGAN, 
eds. 1975- Trace Elements jji 
Soi1-PIant-An imal Systems. Aca
demic Press, New York, NY. 417
pp.

ODUM, E. P. 1971. Fundamentals of 
Ecology. 3rd ed. W. B. Saunders,
Philadelphia, PA. 574 pp.

RAUSCH, R. L. 1950. Observations on 
histopathological changes as
sociated with starvation in 
Wisconsin deer. J. Wildl. Manage. 
14:156-161.

RINEY, T. 1955. Evaluating condi
tion of free ranging red deer with 
special reference to New Zealand. 
New Zealand J. Sci. and Technol.
36:429-463.

ROBINSON, W. L. 1960. Test of
shelter requirements of penned 
white-tailed deer. J. Wildl. 
Manage. 24:364-371.

RYDER, M. L. 1958. Nutritional fac
tors influencing hair and wool
growth. pp. 305"334. In: Th_e
Biology of Hai r Growth. W. 
MONTAGNA and R. A. ELLIS, eds. 
Academic Press, New York, NY.

SMITH, R. L. 1966. Ecology and 
Field Biology. Harper and Row,
New York, NY. 686 pp.

UNDERWOOD, E. J. 1977. Trace Ele
ments in Human and Anima1 Nutr i- 
tion. 4th ed. Academic Press, 
New York, NY. 545 pp.

VERME, L. J. 1962. Mortality of 
white-tailed deer fawns in rela
tion to nutrition. Proc. Nat.
White-tailed Deer Symp. 1:15-38. 

WOLFE, M. L. 1978. Habitat changes 
and management, pp. 349”368. In: 
Big Game of North America: 
Ecology and Management. J. L. 
SCHMIDT and D. L. GILBERT, eds.
Stackpole Books, Harrisburg, PA.

194



Significance and Control

The malnutrition/starvation syn
drome is the most prevalent disease 
affecting Alaskan wildlife. Control 
of malnutrition and starvation in 
wildlife populations implies
minimizing losses, because some fac
tors influencing this syndrome are
not controllable (weather, natural
disasters). The application of sound 
principles of wildlife management to 
wildlife populations as each situa
tion is presented may improve the 
welfare of that population and 
thereby minimize losses from mal
nutrition and starvation. Various 
procedures to improve wildlife 
habitat have been successful and 
described (Wolfe 1978). Winter 
feeding of free-ranging ungulates has 
been done regularly for elk in 
Wyoming and Washington. The validity 
of this controversial practice has 
been reviewed (Mautz 1 9 7 8 ).

There is no simple solution to the 
malnutrition/starvation syndrome and 
this exemplifies the primary messages 
of this treatise; ( 1 ) an under
standing of ecology and wildlife 
management is basic to wildlife 
disease investigations, and (2 ) an 
understanding of the population from 
which the animal of concern comes is 
essent ia1 .

References

ANDERSON, A. E., D. E. MEDIN and D.
C. BOWDEN. 1972. Indices of car
cass fat in a Colorado mule deer 
population. J. Wildl. Manage. 
36:579-594.

CHEATUM, E. L. 1949. Bone marrow as 
an index of malnutrition in deer. 
New York State Conservationist 
3:19-22.

COLES, E. H. 1967. Veter inary 
Clinical Pathology. W. B. 
Saunders Co., Philadelphia, PA. 
455 pp.

COOK, R. S., M. WHITE, D. 0. TRAINER 
and W. C. GLAZENER. 1 9 7 1 . Mor
tality of young white-tailed deer 
fawns in south Texas. J. Wildl. 
Manage. 35:47-56.

COWAN, I. M. 1950. Some vital 
statistics of big game on over
stocked mountain range. Trans. N. 
Am. Wildl. Conf. 15:581-588.

DASMAN, R. F. 1 9 6 6. Wildlife 
Biology. John Wiley and Sons
Inc., New York, NY. 231 pp. 

DIM0P0ULL0S, G. T. 1970. Plasma 
proteins. pp. 97-129. In: 
Cli n ica1 B iochemi stry of Domestic 
Anima1s . Vol. I. J. J. DANEKA
and C. E. CORNELIUS, eds. 
Academic Press, New York, NY.

FLESH, P. 1954. Hair growth:
nutritional factors, pp. 6 0 1-6 6 1 . 
In: Phys i ology and Biochemistry
of _the Skin. S. ROTHMAN, ed. 
Univ. Chicago Press, Chicago, IL. 

FRANZMANN, A. W. and P. D. ARNESON.
1976. Ma rrow fat in Alaskan moose 
femurs in relation to mortality 
factors. J. Wildl. Manage. 
40:336-339.

FRANZMANN, A. W. and R. E. LERESCHE. 
1978. Alaskan moose blood studies 
with emphasis on condition evalua
tion. J. Wildl. Manage.
42:334-351.

FRANZMANN, A. W . , R. E. LERESCHE, P.
D. ARNESON and J. L. DAVIS. 1976. 
Moose productivity and physiology. 
Alaska Dept. Fish and Game, P-R 
Prog., Final Rep. 87 pp. Mul
ti 1 i th.

GREER, K. R. 196 8. A compression
method indicates fat content of 
elk femur marrows. J. Wildl. 
Manage. 32:747-751.

GREER, K. R. 196 9. Femur marrow 
reveals the condition of game 
animals. Montana Fish and Game 
Dept. Research Bulletin. 10 pp. 

HARRIS, D. 1945. Symptoms of mal
nutrition in deer. J. Wildl.
Manage. 9:319-322.

193



to a point where catabolism occurs. 
At this time body protein tissue 
rather than food intake, is used to 
supply the energy needs of the 
animal. A decrease in albumin levels 
may occur with increased catabolism 
(Dimopoullos 197 0).

Siqns--Post Mortem

Fat deposition in most ungulates 
first disappear over the rump, 
chronologically followed by the 
disappearance of subcutaneous fat, 
kidney and mesenteric fat and 
pericardial fat (Harris 19^5)- The 
last fat deposits to disappear are 
those of bone marrow (Cheatum 19^9), 
and consequently measuring this fat 
reserve has been utilized to reveal 
condition of ungulates (Anderson et 
al. 1972, Franzmann and Arneson 1976, 
Greer 1968). Other indices of car
cass fat such as bled carcass weight, 
eviscerated carcass weight, kidney 
fat index, carcass density, percen
tage of carcass fat, and depth of 
back fat have been used to evaluate 
ungulate body conditions (Anderson et 
al. 1972). Elk (Cervus elaphus) were 
considered in excellent condition 
with femur marrow fat of 80% or more 
and in poor condition below 20% 
(Greer 1969). Femur marrow fat 
values below 10% dry weight may 
reliably identify moose that have 
starved (Franzmann and Arneson 1976). 
Fat deposits can be used as a direct 
measure of an animal's condition by 
reflecting its physiological adjust
ment to the environment (Riney 1955).

Post mortem examination of the 
quantity and quality of stomach, 
rumen, or digestive tract contents 
may assist in assessing potential 
malnutrition. Skeletal ratios were 
used to reflect range related growth 
differences in black-tailed deer 
(Odocoileus hemionus) (Klein 1964). 
Histopathological changes in starved 
Wisconsin white-tailed deer were

described as; abundant hemosiderin in 
the spleen, decreased fat in marrow, 
a reduction in number and size of 
follicles in the spleen and fatty 
degeneration of the heart (Rausch 
1950). Signs and causes of neonatal 
starvation were reported for white
tailed deer (Cook et al. 1971j Verme 
1962) and elk (Cowan 1950).

Pi aqnos i s

Some or all of the above signs may 
be seen with a variety of diseases 
with or without a specific etiology. 
Malnutrition accompanies or may 
predispose many specific disease syn
dromes, but it also accompanies a 
lack of quantity or quality of food 
intake. It is therefore important 
that infectious and parasitic 
diseases be eliminated as causative. 
Malnutrition confirmation may be 
strengthened by the history of the 
population as reflected by reproduc
tive success, behavioral and feeding 
characteristics and seasonal or cy
clic period. Physical examination of 
the animal and subsequent clinical 
pathology results will support a mal
nutrition assessment. Post mortem 
signs as outlined will provide ad
ditional evidence when a dead animal 
is presented, or when collecting a 
sample from the population is 
poss i ble.

Specific forms of malnutrition 
which begin to attain a specific 
etiology have been identified and may 
be the next progression in a diag
nosis. Making a specific diagnosis 
as to a component of nutritional in
take entails a detailed diagnostic 
procedure as outlined for the copper 
deficiency syndrome in moose (this 
chapter), and will serve as a guide 
to diagnosis of other potential 
mineral deficiencies as outlined for 
domestic animals (Hays and Swenson 
1970, Nicholas and Egan 1975, Under
wood 1977).
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less definite regularity. Neverthe
less, lack of food supply and subse
quent starvation are integral parts 
of the mechanism, and knowledge of 
the timing of these events is helpful 
in wildlife disease assessment.

Early signs of malnutrition may 
formulate from observing the behavior 
of a population coupled with a good 
understanding of the habitat require
ments of the population. In 
ungulates for example, if the animals 
are concentrating their feeding ac
tivity on vegetation not generally 
considered a select food or known to 
be of low nutritional quality, we 
have a clue that malnutrition may oc
cur. Behavioral aberrations such as 
animals moving and migrating out of 
traditional use areas may signal food 
shortages; Increased aggressive 
behavior as well as timid behavior
may add to our case history.

Feeding and behavioral aberrations 
of a population do not provide a
diagnosis, but provide a sound 
history for the case. It becomes ap
parent that the observer must have a 
firm knowledge of the ecology of the 
species in question to build a diag
nosis. Clues from the population
history .may be subtle, but they may 
be so obvious that overlooking them 
would be disastrous.

A physical examination of the live 
animal may reveal signs that reflect 
malnutrition, such as; lack of fat 
cover, poor muscle development, 
general weakness, poor hair or fur 
coat, dry and flaky skin and rela
tively decreased antler and/or 
skeletal size. A condition scale was 
developed for white-tailed deer 
(Odocoileus vi rqin ianus) (Robinson 
I96 0) and adopted and used for moose 
which takes into account the physical 
characteristics and attitudes of the 
animal and classifies the animal on a 
scale from 1 (poorest) to 10 (best) 
(Franzmann et al. 1976).

Impaired growth or loss of hair is 
a common and early non-specific 
response to many nutritional 
deficiencies in animals (Flesh 1954). 
Any reduction in food consumption 
will affect hair growth however, some 
specific deficiencies have been iden
tified. These deficiencies include; 
vitamins A, B complex, and E, and 
mineral deficiencies of copper, zinc 
and iron (Ryder 1958).

Reindeer (R anqifer tarandus) 
introduced to St. Matthew Island, 
Alaska increased from 29 to 6000 over 
19 years and subsequently suffered a 
crash die-off. Body weights fol
lowing the crash decreased by 38% for 
adult females and 43% for adult males 
(Klein 1968).

Sampling and analysis of blood 
components may further assist in 
identifying malnutrition. Studies of 
moose blood chemistry and hematology 
values have provided a tool for com
parative evaluation of populations 
(Franzmann and LeResche 1978). Cer
tain blood values (packed cell 
volume, hemoglobin, calcium, phos
phorus, total protein, albumin, beta 
globulin and glucose) were used to 
rank relative condition of moose
populations in Alaska. Using these
condition influenced blood para
meters, the following blood levels in 
adult moose were concluded to 
represent moose in average or better 
condition: packed cell volume— 50%, 
hemoglobin-- 1 8 . 6 g/dl, calcium 1 0 . 4
mg/dl, phosphorus 5 . 2  mg/dl, total 
protein--7.5 g/dl, albumin--4.5 g/dl, 
beta globulin--0.7 g/dl and 
glucose--l40 mg/dl (Franzmann and 
LeResche 1978). Levels lower than
these from a moose population should 
alert the observer that there is a 
physiological aberration. Blood urea 
nitrogen levels reflect protein in
take and cholesterol levels reflect 
saturated fatty acid intake (Coles 
1967). Blood urea nitrogen levels 
decrease as protein intake decreases
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Malnutrition and Starvation

Albert W. Franzmann

Introduct ion and H i story

Malnutrition (poor or inadequate 
nourishment) and it's negative 
consequence--starvation, are the most 
prevalent disease syndromes in free- 
roaming mammal populations. Both can 
occur at any time of year. Winter 
starvation is generally associated 
with ungulates and other herbivores 
dependent upon vegetation for food. 
Some carnivores, omnivores and winter 
hibernators may experience greater 
food shortages during summer months. 
For example, wolves (Can i s 1upus) on 
the Kenai Peninsula depend primarily 
on moose (Alces a 1ces) for food, and 
are aided in their predation by deep 
crusted snow and peak pack organiza
tion. During summer the pack is less 
organized (whelping and pup raising) 
and of course there is no snow. 
Weight, general condition, and blood 
parameters in summer are lower than 
in winter from Kenai Peninsula wolves 
(Paterson and Franzmann, unpub. 
data).

The question may arise as to why 
concern ourselves with a natural 
phenomenon over which we have little 
control? Persons concerned with 
wildlife diseases must be able to 
recognize malnutrition and starvation 
in animals. Other diseases may be 
predisposed by malnutrition, and 
judgement errors in diagnosis may be 
made. Conversely, other diseases may 
predispose malnutrition and starva
tion and must be recognized.

We will not dwell on the basic 
causes of malnutrition and starvation 
which stem from lack of quantity 
and/or quality of available food 
because this involves a complex of 
many factors related to animal 
habitat requirements. An under
standing of basic ecological prin

ciples (Odum 1971, Smith 1966) and 
wildlife management (Dasman 1966, 
Leopold 1933) is necessary to back
ground the causes of food shortages 
in free-roaming populations.

Malnutrition and starvation are as 
much a part of Alaskan mammal popula
tion dynamics as anywhere; no popula
tions are immune. In fact, with many 
mammal populations at the northern 
limits of their distribution in 
Alaska, starvation may have a rela
tively greater impact than elsewhere.

Siqns--Live Animal

The best measure of the success of 
a population is that population's 
productivity as reflected by 
reproduction, survival and growth of 
young, and recruitment of breeding 
animals into the population. 
Measurement of these qualities may be 
difficult, but in some populations 
these data are obtained, particularly 
for game animals by state management 
agencies. These data may be impor
tant in developing a case history, 
and perhaps critical when extreme 
situations occur. For example, in 
the early 1 9 7 0s nearly 100% moose 
calf mortality was experienced on the 
Kenai Peninsula due to persistence of 
snow depths which limited available 
food.

Fluctuations of animal populations 
that are more regular than one would 
expect by chance are called cycles. 
The 2 most common in Alaska are the 3 
to b year brown lemming (Lemmus 
sibiricus) cycle and the 9 to 10 year 
snowshoe hare (Lepus amer i canus) and 
lynx (Felis lynx) cycles (Smith 
1966). Many theories have been ad
vanced concerning the cause of these 
cycles, and other animal cycles of
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Introduction
Albert W. Franzmann

Wildlife disease interest, ac
tivity, and reporting have primarily 
concentrated on parasitology and in
fectious diseases; disease entities 
with specific and identifiable 
etiologies. In the relatively new 
field of wildlife diseases this is 
understandable, and is based upon 
modern trends in human and veterinary 
medicine. With the discovery of 
pathogenic agents in the 1 9th cen
tury, a narrowing of the definition 
of disease from the time of Hip
pocrates was embraced. Hippocrates 
defined disease as disharmony within 
the body, between the body and mind, 
and between man (or animal) and the 
environment. The 20th century 
redefinition espoused that disease 
resulted from a collision between a 
pathogenic agent and a susceptible 
individual.

The consequence of concentrating 
on specific etiology in disease has 
led to emphasis on cure and not 
prevention. Thereby, the focus was 
on individuals rather than popula
tions. The pendulum has made its 
full swing, and many researchers and 
clinicians today recognize the falacy 
of a narrow interpretation of disease 
(Dixon 1978).

One of our goals in this compen- 
d i um is to make the wildlife disease 
student cognizant of the broad 
definition of disease. Wildlife 
diseases, in particular, are related 
to populations of animals and their 
response to environmental forces. 
Involvement in wildlife diseases 
generally concerns disharmony syn
dromes rather than diseases with

specific etiologies. Difficulty in 
identifying causes of disease without 
a specific etiology and, in the past, 
a lack of research effort on dishar
mony syndromes has resulted in a poor 
understanding of mechanisms involved. 
For example, the most common disease 
of free-ranging mammal populations is 
malnutrition, yet many times this 
syndrome is not recognized, and the 
discovery of specific pathogens 
secondarily associated with the syn
drome are labeled as causative. This 
is not to infer that diseases with a 
specific etiology do not regularly 
occur, in fact some non-infectious 
diseases as well as infectious 
diseases do have an identifiable 
single etiology. However, most non- 
infectious diseases of free-ranging 
animals are primarily environmentally 
related, and can be broadly con
sidered as resulting from habitat al
teration by natural, mechanical or 
chemical means resulting in stress, 
deficiencies or toxicities cul
minating in impairment and possibly 
death.

In this treatise we have clas
sified the non-infectious diseases of 
land mammals as metabolic diseases, 
stress and degenerative diseases, 
diseases of physical and chemical 
origin, and congenital and miscel
laneous non-infectious diseases.
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dently realizing that it is not 
likely to be struck twice by the 
same insect. The animal appears 
nauseated and walks a few steps 
with its head elevated, sneezing 
and showing signs of nasal irrita
tion.

Coughing and nasal discharge oc
curs, but the effects of nose bot 
larvae on the host are not as severe 
as for warbles.

Fleas (Siphonaptera:
Pulicidae and Vermipsy11idae)

Glenn E. Haas

Euhop1opsy11 us glacial is 1 ynx
(Baker), the hare flea, is a true 
parasite of the snowshoe hare in 
North America and probably of the 
lynx (Felis lynx) as well (Holland 
19^9, 1963j Hopla 1965). This_ flea 
is recorded from many localities in 
the Interior and Copper River Basin; 
on the Killey River, Kenai Peninsula; 
on Jim Creek near Palmer and near 
Willow, Susitna Valley (Geary 1953? 
Gill 1954, Haas et a l . 1978, Hopla
1 9 6 5 , Jel1ison and Kohls 1939, Philip 
1938, 1939).

The life cycle is unusual among 
fleas in that egg laying and larval 
development occur on the host, an 
adaptation for the absence of nesting 
by hares (R. Elbel, unpub. data).

Chaetopsylla tuberculaticeps
(Bezzi), the bear flea, i s w i d e 1y 
distributed across Europe, Asia and 
northwest North America on brown 
bears (Ursus arctos) (Holland 1949, 
1 9 6 3 , Hopkins and Rothschild 1956). 
In Alaska, black bears (U. 
amer i canus) are also sometimes in
fested (Hopla 1965, Jellison and 
Kohls 1939, Jellison and Senger 
1976), and we have specimens from a 
coyote (Canis latrans) (Haas et al.

1978). This flea is known from the 
Kenai Peninsula, Matanuska Valley, 
Copper Basin, the Interior, Admiralty 
Island and Chichagof Island (Haas et 
al. 1978, 1979, Hopla 1965, Jellison 
and Kohls 1939, Jellison and Senger 

1976).

The life cycle of the bear flea 
has not been described, but in their 
review paper Rogers and Rogers (1976) 
suggest it is tied to denning habits 
which is 1 reason that few black 
bears are heavily infested, that is, 
they tend to use a different den each 
winter and a different bed each night 
during the summer.

Chaetopsylla setosa Rothschild, a 
s e 1dom-co11ected flea of black bears 
and certain other carnivores in 
British Columbia and Montana (Holland 
1949, Hopkins and Rothschild 1956, 
Jellison and Senger 1973), was re
cently collected from a black bear in 
southeastern Alaska by L. Johnson (G. 
Haas, unpub. data).
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Normally, 95-99% of the warbles are 
killed in each treated animal and, 
with widespread application, the 
number of surviving warbles can be 
reduced to such low numbers that 
retreatment of the herd will not be 
needed annually, but only every few 
years unless untreated animals are 
introduced into the area.  ̂ Total 
eradication of this parasite is dif
ficult; without repeated treatments, 
warble numbers will eventually in
crease.

A ballistic implant system is cur
rently being tested at the University 
of Alaska to treat reindeer for 
warbles. This system uses a gun 
powered by compressed air to implant 
a biodegradable pellet filled with 
medication. This control method may 
have application to other species of 
wildlife in the treatment of their 
diseases in the future.

Nasal Bots 

Robert A. Dieterich and Glenn E. Haas

Nasal bots (Cephenemyia trompe) 
are members of the order Diptera 
(Bennett and Sabrosky 1962). They 
are commonly found in Alaskan rein
deer and caribou (Ranqifer tarandus) 
and white-tailed deer (Odoco i1eus 
v i rq i n i anus) in North America (Ben
nett and Sabrosky 1962). Adult nasal 
bots closely resemble mature warble 
flies in appearance. Female bot 
flies deposit larvae, not eggs, near 
the openings of the nares. These 
larvae migrate up the nostrils into 
the area of the pharyngeal pouches 
where they remain through the winter. 
In the late spring and early summer 
these yellow colored elongate larvae 
(10-25 mm long) are sneezed out of 
the nasal area onto the ground and

form pupae. The pupae in turn form 
adults and the life cycle begins 
aga i n.

A second species of nose bot 
(Cephenemyia iel1 isoni) was recorded 
in Alaska by Klein (19^5) who found 
bots in pharyngeal pouches of Sitka 
black-tailed deer (Odocoileus
hemionus sitkensis) in early spring 
on Coronation and Woronkofski Is
lands. He stated that the bot has 
been associated with winter deer mor
tality i n Alaska.

It is possible to control nasal 
bots with the same drug that is used 
in treating reindeer for warbles
(Warbex). The nasal bot's major harm 
appears to occur when the adult fly 
is harassing the host during the lar
va depositing process.

During the summer when mature bots 
and warbles are prevalent, entire 
caribou herds frequently panic at the 
presence of these flies, and race 
from hill to hill in their attempts 
to escape. A vivid description of 
the interaction of the bot fly and 
reindeer was given by Hadwen (Hadwen 
and Palmer 1922):

The effect on reindeer...is most 
marked. The animals are terrified 
by the insect's attack, and when 
it is hovering in front of their 
noses they assume a terror- 
stricken look, their eyes staring, 
their mouths open, and their 
bodies in a tensely strained at
titude. When a reindeer is in 
this rigid state, the slightest 
touch on any part of the animal 
will cause muscular contractions 
which shake the whole body, just 
like an electric shock. When the 
insect deposits its larvae, such a 
shock follows, it is succeeded by 
a total relaxation, the deer evi-
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Figure

Larvae burrows through skin, 
migrates to reindeer back,  
creates a breathing pore, 
grows larger over winter to 
become a full -sized warble.

N o t u r a l  size

Each egg hatches in 
6 days to produce 
a tiny larva.

2  x

Adult flies appear
May 2 0  to August 2 5 ,  live 
6 to 8 days, m ate ,  females 
lay eggs in reindeer hair.

WARBLE

Warble emerges and drops  
to tundra April 2 0  to July 20, 
and begins pupal stage.

A f t e r  3 0  to 35  day  
pupation, insect 
emerges as adult fly.





5. Numerous intact and recently ruptured vesicles on the foreflipper of a 
northern fur seal (Callorhinus ursinus) characteristic of San Miguel Sea 
Lion Virus (H. Gelberg).

6. Hemorrhagic lesions throughout the lungs of a reindeer (Ranqifer taran- 
dus) typical of respiratory virus infection (R. Dieterich).

7. Swollen, fluid-filled carpal joints of a reindeer (R^ tarandus) infected 
with brucellosis. Swelling on the right carpus is extreme; animals in
fected with brucellosis that exhibit swollen joints usually resemble the 
smaller, left carpus (J. Dau; R. Dieterich).

8. Enlarged testicles of a caribou (R. tarandus) infected with brucellosis 
(D. Hartbauer; R. Dieterich).
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9. Inflammatory tissue response in the liver of a snowshoe hare (Lepus 
amer i canus) caused by Franc i sel1 a tularens i s (R. Dieterich).

10. The hoof of a reindeer (f*. tarandus) with lesions typical of necrobacil- 
losis. The causative agent of necrobaci1losis is Fusobacter i um 
necrophorum (R. Dieterich).

11. The larva of Taen i a ser iali s localized in subcutaneous tissue of a 
snowshoe hare (L. americanus) (R. Dieterich).

12. Fibrotic scars in the liver of a snowshoe hare (J.. americanus) caused by 
migrating larvae of Taenia pisiformis (R. Dieterich).
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13. Carnivory is an important mode of transmission for many agents of wild
life diseases. This illustration is particularly applicable to the
transmission of Diphy11obothrium ursi from its second intermediate host,
i.e. chum salmon (Oncorhynchus keta), to its definitve host, i.e. brown
bears (Ursus arctos) (A.W. Franzmann).

14. A parasitic roundworm in a spruce grouse (Canachites canadensis) breast 
(R. Zarnke).

15. Setaria yehi free in the abdominal cavity of a reindeer (R. tarandus) (R. 
Dieterich).

16. Larvae of the arctic form of Tr i ch i nel1 a sp i rali s encysted in muscle tis
sue. This nematode is the causative agent of trichinosis (R. Dieterich).
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17- The back of a reindeer (R. tarandus) with larvae of the warble fly 
(Hypoderma (OedemaqenaT tarandi). Each lump represents a single larva 
that is encapsulated in connective tissue under the skin. This 
photograph was taken in early May just before the larvae begin to emerge 
from their cysts and enter pupation on the tundra (R. Dieterich).

18. The breathing hole of a warble fly (JH. tarandi) larva in the skin of a 
reindeer (R. tarandus). Larvae emerge from their cysts that are beneath 
the skin by burrowing out through this hole (R. Dieterich).

19. Warble fly (H. tarandi) larvae in cysts of host-generated connective tis
sue on the underside of a reindeer (R. tarandus) hide (R. Dieterich).

20. Larvae of the bot fly (Cephenemyia trompe) in the pharyngeal pouch of a 
reindeer (j*. tarandusjT  The 1 arvae are the grub-like organisms in the 
center of the photograph. This picture was taken during early May (R. 
D i eter i ch).
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Mature warble (H. tarandi) and bot (C. trompe) flies. The warble fly has 
a light orange abdomen and is oriented perpendicular to the hair; the bot 
fly has a darker abdomen and is oriented parallel to the hair, facing the 
warble fly (photo by J. Wright; identification verified by Dr. D.M. Wood, 
Biosystematics Research Institute, Ottawa, Ontario).

The exudate-filled lungs of a reindeer (R. tarandus) that suffered from 
pneumonia (R. Dieterich).

A tumor (papillomatosis) removed from the skin of a reindeer (R. taran- 
dus) (R. Dieterich).

Keratitis (pink eye) in a reindeer (R. tarandus) (R. Dieterich).
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Introduction

L. Michael Philo

Documentation of avian diseases in 
Alaska has been infrequent. This is 
partially due to lack of reporting 
rather than to a true scarcity of 
diseased birds. Considering Alaska's 
large expanses of uninhabited wilder
ness, one can easily imagine many, if 
not most, individual cases and even 
outbreaks going undetected. Those 
which are detected may be ignored or 
perhaps diagnosed but not reported. 
As a result, present data probably do 
not begin to reflect the actual 
prevalence of avian disease in 
A1aska.

The diseases which we discuss here 
have been documented rarely, if at

all, in this state. However, based 
on the natural histories of the hosts 
and the ecology of the infective or
ganisms, it is quite possible that 
these diseases are actually present.

One can not overemphasize the 
importance of making every attempt to 
diagnose and report any obvious or 
even suspected avian disease. Such 
information is vital to understanding 
the epidemiology of these diseases. 
This, in turn, is important to the 
management of wild avian species and 
to the protection of pet birds and 
commercial flocks which are often 
victims of disease spread from wild 
spec i e s .
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VIRAL DISEASES



Inclusion Body Disease of Raptors

L . Michae1 Philo

Introduct i on

Inclusion body disease of raptors 
(IBDR) is an acute and uniformly 
fatal disease of falcons and owls but 
has not yet been reported in hawks 
(Hal 1i we 11 1979). The herpesviruses 
which cause the disease have been 
isolated from falcons, owls and 
pigeons which have succumbed to the 
disease. These viruses are closely 
related to one another (Potgieter et 
al. 1 9 7 9 ) but are distinct from the 
herpesviruses of duck virus enteritis 
(Peckham 1975)* 1aryngotracheitis of 
chickens and Pacheco's parrot disease 
(Potgieter et al. 1979).

Of the species presently known to 
be susceptible (Burtscher and Sibalin 
1975, Graham et al. 1975» Kocan et 
al. 1977, Peckham 1975» Sileo et al. 
1975), those found in Alaska (Robbins 
et al. 1966, Udvardy 1977) include 
the American kestrel (Falco spar- 
ver i us) , peregrine falcon (F_. 
pereqrinus tundrius), gyrfalcon (IF. 
rust icol us), great horned owl (Bubo 
vi rgi n ianus) and snowy owl (Nyctea 
scandiaca).

H i story

A viral disease syndrome which is 
apparently identical to IBDR was 
reported in owls in Austria in 1915 
(Burtscher and Sibalin 1975). In 
1932 IBDR was reported in the United 
States in a great horned owl (Sileo 
et al. 1975). Since the 1960s the 
disease has been repeatedly reported 
from Germany (Burtscher and Sibalin 
1975) and in the 1970s began to be 
reported more often in the United 
States (Graham et al. 1975, Kocan et 
al. 1977, Potgieter et al. 1979,

Sileo et a l . 1975, Ward et al. 1971). 
None of these reports however, have 
originated in Alaska.

Transmi ss i on

Experimentally, IBDR can be trans
mitted by oral, nasal, aerosol or in
tramuscular inoculation, with an in
cubation period of 6 to 12 days. The 
mode of natural transmission however, 
is unknown (Graham and Ha 11i we 11 
1978, Ha 11iwe 11 1979). Similar in
clusion body diseases have been 
reported in a variety of mammalian 
and other avian species which may 
serve as prey for raptors (Ward et 
al. 1971). Because the disease is 
uniformly acute and fatal in raptors, 
it appears that the herpesviruses may 
be poorly adapted to these hosts. 
These findings have led investigators 
to speculate that the disease is sub- 
clinical in certain prey species 
which then serve as reservoirs 
(Graham et al. 1975, Graham and Hal- 
liwell 1978).

S i gns, Symptoms and 
Pathogenes i s

Inclusion body disease is in
variably fatal in raptors. It at
tacks primarily the liver and organs 
involved in blood cell production 
(i.e. bone marrow, lymphoid tissue, 
spleen, lung, kidney and remnants of 
thymus). Most cases develop so 
rapidly that no signs are seen; the 
bird is simply found dead, often 
within a few hours of eating (Graham 
and Halliwell 1978). in some cases 
there have been very generalized 
clinical signs: regurgitation, diar
rhea, lethargy, ruffled feathers and
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anorexia, but even these individuals 
have died within 2k to 72 hours 
(Graham et a l . 1975, Graham and Hal- 
liwell 1978, Halil we 11 1979). In the 
field a bird may collapse in mid
flight or, when approached, fly a 
short distance and collapse (Sileo et 
al. 1975).

The most striking finding at 
necropsy is an enlarged liver heavily 
studded with tan, yellow or yellow- 
grey necrotic foci 1-3 mm in 
diameter. When the liver is sliced 
the foci are seen to extend 
throughout the body of the organ. 
The spleen too, is often enlarged and 
studded with necrotic foci. The in
testines and bone marrow have tan 
streaks or nodules of necrosis. When 
tissue immediately adjacent to these 
necrotic areas is examined under a 
light microscope, one can readily see 
the intranuclear inclusion bodies for 
which the disease is named (Graham et 
al. 1975, Kocan et al. 1977, Sileo et 
al. 1975, Ward et al. 1971).

There is no treatment and no 
commercially available vaccine 
(Graham and Ha 11iwe 11 1978).

D i aqnos i s

A positive diagnosis is based on 
the gross lesions, microscopic le
sions, isolation of the virus through 
growth on cell culture and iden
tification of the virus by virus
neutralization or with fluorescent 
antibody (Burtscher and Sibalin 1975, 
Peckham 1975).

Good quality close-up photographs 
of the intact organs with lesions 
will be helpful in diagnosis and 
documentation. Small sections of
liver, spleen, gastrointestinal 
tract, bone marrow, kidney, lung, 
nasal and oral mucosae, thymus (if

present) and adrenal gland should be 
collected and placed in 10? neutral 
buffered formalin. As it may not be 
possible to collect all of these 
samples, one should collect, as a 
minimum, sections of all abnormal 
t i ssue.

For virus isolation, specimens 
from liver, spleen and if possible, 
bone marrow should be collected asep- 
tically and frozen to -20 to -70C as 
quickly as possible. They are stored 
at these temperatures until further 
process ing.

Significance and Control

At this time it is difficult to 
determine the significance of IBDR in 
Alaska. This is partly because no 
cases have been reported in the 
state, but even more important is the 
fact that so little is known about 
host range and mode of infection that 
it is not possible to predict the 
potential impact upon Alaskan rap
tors. Some investigators (Ward et 
al. 1971) feel however, that the 
potential for disease in wild popula
tions of birds of prey is great.

Acknowledqments

The assistance of Mr. James R. Dau 
in assembling the pertinent litera
ture is gratefully acknowledged.

References

BURTSCHER, H. and M. SIBALIN. 1975. 
Herpesvi rus striqis: Host spec
trum and distribution in infected 
owls. J. Wildl. Dis. 11:164-169.

GRAHAM, D. L . , C. J. MARE, F. P. WARD 
and M. C. PECKHAM. 1975- Inclu
sion body disease (Herpesvirus in
fection) of falcons (IBDF). J. 
Wildl. Dis. 11:83-91.

284



GRAHAM, D. L. and W. H. HALLIWELL.
1978. Virus diseases of birds of 
prey. pp. 260-265. In: Zoo and
Wild Animal Med i c i n e . M. E.
FOWLER, ed. W. B. Saunders Co.,
Philadelphia, PA.

HALL I WEL L , W. H. 1979. Diseases of 
birds of prey. Vet. Clin. North 
Am. Small Anim. Pract. 9:5^1-568.

KOCAN, A. A., L. N. D. POTGIETER and 
K. M. KOCAN. 1977. Inclusion 
body disease of falcons (Herpes
virus infection) in an American 
kestrel. J. Wildl. Dis. 
13:199-201.

PECKHAM, M. C. 1975. Herpesviruses
of pigeons, owls and falcons, pp. 
256-262. In: Isolation and Iden-
tification of Avian Pathogens. S. 
B. HITCHNER, C. H. DOMERMUTH, H.
G. PURCHASE and J. E. WILLIAMS, 
eds. Arnold Printing Co., Ithaca, 
NY.

POTGIETER, L. N. D., A. A. KOCAN and 
K. M. KOCAN. 1979. Isolation of 
a Herpesvirus from an American 
kestrel with inclusion body
disease. J. Wildl. Dis. 
1 5 : 1^ 3 - 1^ 9 .

ROBBINS, C. S., B. BRUUN and H. S. 
ZIM. 1966. B i rds of North 
America. Golden Press, New York, 
NY. 3^0 pp.

SILEO, L., H. C. CARLSON and S. C. 
CRUMLEY. 1975. Inclusion body 
disease in a great horned owl. J. 
Wildl. Dis. 11:92-96.

UDVARDY, M. D. F. 1977. The Audubon 
Soc i ety Field Gu i de to North
American Bi rds: Western Region.
Alfred A. Knopf, Inc., New York, 
NY. 854 pp.

WARD, F. P., D. G. FAIRCHILD and J. 
V. VUICICH. 1971. Inclusion body 
hepatitis in a prairie falcon. J. 
Wildl. Dis. 7:120-124.

Duck Viral Enteritis (Duck Plague)

L. Michael Philo

Introduct i on

Duck viral enteritis is a herpes
virus infection of domestic and wild 
ducks, geese and swans; no other 
species are known to be affected. It 
is acute, contagious, 
and characterized by 
rhages and free blood 
cavities (Leibovitz
1978).

highly fatal 
tissue hemor- 
in the body 
1971 , Sandhu

H i story

From 1923 to the early 1960s 
viral enteritis was reported in

duck
the

Netherlands, France, Belgium, India 
and China (Leibovitz 1971, Sandhu
1978). In 1967 the first reported 
outbreak in the United States oc
curred in domestic ducks in New York, 
and shortly thereafter the disease 
was found in wild ducks and Canada 
geese (Branta canadensis) in the area 
(Leibovitz 1968). Subsequent out
breaks occurred in Maryland, Pennsyl
vania (Leibovitz 1971), California 
(Snyder et a l . 1973), South Dakota, 
Wisconsin (Jacobsen et al. 1976) and 
Alberta (Hanson and Willis 1976). It 
has not yet been reported in Alaska.
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Transmi ssion

Duck plague can be transmitted by 
contact with an infected bird or con
taminated environment. Experimental 
inoculations have shown that the 
virus is successfully administered 
via oral, intranasal, intravenous, 
intraperitonea1, intramuscular and 
cloacal routes. Water is perhaps the 
main vehicle for natural transmission 
since it is a common medium for 
feeding, drinking and body support. 
As new susceptible populations of 
waterfowl arrive at a contaminated 
site and become infected, the local 
survival and even increase of the 
virus are assured. There is also 
speculation that natural transmission 
occurs by bloodsucking arthropods 
(Dardiri and Gailiunas 1969, 
Leibovitz 1971).

Recovered birds are immune but may 
remain carriers (Sandhu 1978); virus 
has been recovered from healthy wild 
waterfowl up to 4 years post infec
tion (Burgess et al. 1979).

S i qns, Symptoms and 
Pathoqenes i s

In natural epornitics as in 
domestic duck die-offs, most birds 
are found dead without prior signs of 
disease. Those in which clinical
signs are seen show lethargy, ruffled 
feathers, diarrhea and increased 
secretions from the eyes and nose.
Dead birds often have soiled or 
blood-stained feathers around the 
vent and blood or blood mixed with 
ingesta flowing from the nostrils
(Dardiri and Gailiunas 1969, Hanson 
and Willis 1976, Jacobsen et al. 
1976, Leibovitz 1971, Sandhu 1978, 
Snyder et a l . 1973)•

The gross lesions result from 
vascular damage. There are usually 
pinpoint and larger hemorrhages of 
most visceral organs, supporting 
structures and mesenteries. As the

disease progresses, many of these 
hemorrhagic areas become raised and 
covered by whitish plaques, par
ticularly on the surface of the 
liver. The body cavity and lumen of 
the digestive tract contain free 
blood (Leibovitz 1971, Sandhu 1978).

D i aqnos i s

Preliminary diagnosis can be made 
on the basis of the gross lesions, 
but one must also consider avian 
cholera, erysipelas and duck virus 
hepatitis in the differential diag
nosis. Virus isolation and iden
tification are necessary for confir
mation.

Sample collection should begin 
with the aseptic opening of a carcass 
and removal of pieces of spleen and 
liver. These are placed in sterile 
containers and frozen at -20 to -70C. 
Blood samples for virus isolation 
should be collected from the heart 
and the serum later removed and 
frozen at the same temperature; all 
handling should be aseptic and all 
containers sterile. Histopathologic 
sections should be collected from the 
heart, all abdominal organs and mul
tiple locations along the digestive 
tract from esophagus to cloaca 
(Leibovitz 1975). Good quality color 
photographs, including close-ups of 
organs with lesions, can be taken 
after collection of virus isolation 
samples and will be quite helpful in 
documentat i o n .

Siqnif icance and Control

As with many avian diseases, the 
significance in Alaska is difficult 
to determine. One must keep in mind 
however, that duck plague has oc
curred in a number of sporadic out
breaks in North America and that im
mune carriers exist. Thus, it may be 
possible for migrating waterfowl to 
bring the disease into the state.
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This appears to have been the case in 
Wisconsin (Jacobsen et al. 1976) and 
Alberta (Hanson and Willis 1976). It 
is also possible that isolated out
breaks have occurred in remote loca
tions and simply not been discovered.

There is no practical treatment 
for duck plague, particularly in the 
wild. There is a commercial vaccine 
which is effective in domestic ducks 
(Sandhu 1978), but its effectiveness 
in wild species is not known. In 
studies with attenuated virus, mal
lards (Anas piatyrhynchos) responded 
with antibody formation and resisted 
challenge, while Canada geese did not 
produce antibodies and succumbed to 
the challenge (Butterfield and 
Dardiri 1969). Therefore the prac
ticality and effectiveness of vac
cinating wild populations are highly 
quest ionable.

Control measures in domestic 
waterfowl populations consist of 
depopulation, sanitation, disinfec
tion and removal of birds from the 
contaminated environment. This of 
course is practically impossible to 
do when an outbreak occurs in a wild 
populat ion.

Any cases of duck plague should be 
reported to the Alaska State-Federal 
Laboratory.
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Avian Pox

L. Michael Philo

Avian pox is a viral disease 
caused by several strains of Poxvi rus 
avi u m . Most wild and domestic avian 
species are susceptible to 1 or more 
of these strains with infections 
reported in over 60 species (20 
families) (Kirmse 1967b).

Introduct i on

H i story

Pox infections have been described 
in wild and domestic birds since the 
1800s and distribution appears to be 
worldwide. Since the turn of the 
century, the use of histopathology 
and viral culture techniques has im
proved the capabilities for diagnosis 
and documentation of the disease 
(Karstad 1971)? and reports of new 
hosts and new locations frequently 
appear in the literature.

Canary pox, a highly lethal strain 
of poxvirus which infects species of 
the family Fringillidae (finches) 
(Fowler 1978), was recently diagnosed 
in a group of common canaries 
(Serinus canaria) kept as pets in 
Fairbanks, Alaska (L. Winterer, pers. 
comm.). The diagnosis of avian pox 
in a juvenile green-winged teal (Anas 
crecca caroli nens i s ) from Minto 
Flats, Alaska in 1978 represents the 
first reported case in wild birds in 
the state as well as the first report 
of the disease in a migratory duck 
(Morton and Dieterich 1979)-

Transmi ssion

Avian pox can be transmitted to a 
susceptible bird by contact with an 
infected individual or with con

taminated objects such as perches. 
An open skin lesion, even a tiny 
abrasion, is sufficient for the virus 
to enter the body, but the unbroken 
skin is an effective barrier (Karstad 
1971). Skin lesions occur regularly 
from fighting and pecking, especially 
at the angles of the mouth (Kirmse 
1967a). Raptors commonly have 
traumatic skin lesions on their feet, 
facilitating poxvirus infection after 
contact with contaminated perches or 
prey (Graham and Ha 11iwe 11 1978).

Mosquitoes and perhaps other 
blood-consuming or biting arthropods 
can act as mechanical vectors, car
rying infective virus on contaminated 
mouthparts. In some cases this ap
pears to have been the only possible 
source of infection (Halliwell 1972, 
Karstad 1971, Kirmse 1967a).

S i gns, Symptoms and 
Pathogenes i s

The virus strains are classified, 
according to their host specificity, 
as mono-, bi-, or tri-pathogenic. 
For example, the pox strain infective 
to the yellow-shafted flicker 
(Colaptes auratus) shows strict host 
specificity and is thus
monopathogenic (Kirmse 1967a); most
virus strains however, seem to be
tri-pathogenic (Karstad 1971). This
flicker is found in Interior Alaska 
(Robbins et al. 1966), but pox has 
not yet been reported in the species 
in the state.

Avian pox is seen in 2 forms, a 
cutaneous and a diphtheritic form. 
The former, which is also the more 
common, appears generally as discrete 
nodular proliferative lesions which



eventually develop scabs. These are 
primarily, though not exclusively, on 
the unfeathered areas, i.e. legs, 
feet, eyelids and beak. In the 
latter form, moist necrotic lesions 
are found on the mucous membranes of 
the upper respiratory tract and mouth 
(Karstad 1971). The wet diphtheritic 
form has not been reported in rap
tors, but cutaneous lesions on the 
face may extend into the mouth and 
onto the hard palate (Graham and Hal- 
liwell 1978). Keratitis, which ap
pears as a clouding of the cornea, 
has been seen in flickers (Kirmse
1967a). The cutaneous lesions may be 
so extensive, proliferative and even 
invasive that the legs and/or face, 
head and bill are grossly distorted. 
Distortions of the head appear to be 
characteristic of Anseriformes
(Leibovitz 1969, Pearson and Pass
1975). In some waterfowl, nodular 
proliferations of the tip of the bill 
have been seen (Harris et al. 1978, 
Hill and Bogue 1978, Morton and 
Dieterich 1979).

In most cases the birds appear to 
be in otherwise good health and no 
internal gross lesions are seen (Hal- 
liwell 1972, Kirmse 1966, Simpson et 
al . 1975). In wild birds most of the 
cutaneous lesions are few in number. 
They regress, presumably due to 
developed immunity, after a variable 
amount of time of from several weeks
to over 1 year. Duration of infec
tion in wild birds tends to be 
markedly longer than in domestic 
species. This, coupled with the 
generally low mortality in wild 
birds, probably indicates a host- 
parasite relationship which has 
evolved over a long period of time, 
such that survival of both species is 
maximized (Karstad 1971, Kirmse 
1967a). Some mortality does occur
however. In some cases, as with the
canary strain, the disease appears to 
be uniformly fatal, showing

generalized signs (Fowler 1978). 
Within Anseriformes, some species may 
sustain higher mortality than others 
(Harris et al. 1978, Hill and Bogue 
1978, Leibovitz 1969). Most, if not 
all cases of mortality are probably 
only secondarily related to the pox 
infection. The proliferative lesions 
can physically interfere with locomo
tion, acquisition and ingestion of 
food, respiration and sight (Harris 
et al. 1978, Hill and Bogue 1978, 
Leibovitz 19 6 9, Pearson and Pass
1975). Secondary bacterial infection 
of the lesions is common and can also 
lead to the demise of the bird or to 
loss of a toe or foot (Graham and 
Hal 1iwel1 1978, Harris et al. 1978, 
Karstad 1971, Leibovitz 1969).

D i aqnos i s

When sections of affected skin 
tissue are examined under a light 
microscope, large intracytoplasmic 
inclusion bodies called Bollinger 
bodies are seen and are considered 
diagnostic (Crawford et al. 1979, 
Graham and Halliwel1 1978, Karstad
1971, Kirmse 1966, Moffatt 1972, Mor
ton and Dieterich 1979). Appearance, 
under electron microscopy, of imma
ture virus particles in the cytoplasm 
and mature virions within the inclu
sion bodies are also considered diag
nostic (Pearson and Pass 1975, Simp
son et al. 1975). Virus culture is 
confirmatory, but due to the host 
specificities of the poxvirus strains 
and the limited types of cell cul
tures available, virus isolation is 
often unsuccessful (Karstad 1971)-

Samples collected in the field 
should be multiple sections of 
cutaneous lesions from face and legs. 
Sections from dead birds should be 
deep enough to include the full 
thickness of the lesion plus adjacent 
healthy tissue. If samples are col-
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lected from otherwise healthy birds, 
1 or more lesions may be sliced from 
the feet and legs. The specimens are 
placed in 10? neutral buffered for
malin. If proper preservative is
available, duplicate specimens can be
collected for electron microscopy. 
If facilities and equipment are 
available, sections of lesions can be 
collected aseptically and placed in 
sterile containers at -20 to -70C to 
be stored and transported for virus 
isolation. Good quality color
photographs will be helpful in
documentation and diagnosis.

Significance and Control

The significance of avian pox in 
Alaska is only beginning to be ap
preciated and is by no means com
pletely understood. Since the green
winged teal from Minto Flats was a 
juvenile and had not yet migrated, it 
had to have acquired the disease 
within the state (Morton and 
Dieterich 1979). Thus, the disease 
did and probably does still occur in 
Alaska, but it is not known to what 
extent or in what species. Although 
the source of the canary infection is 
unknown, the affected birds had no 
known contact with wild species 
either before or after the disease 
outbreak. The important thing now is 
to be aware that the disease can and 
does occur in Alaska and to make 
every effort to collect all data that 
become ava i1able.

A number of control measures are 
effective in controlling avian pox in 
domestic bird populations: mosquito
control, dust control, isolation of 
diseased birds, provision of ample 
space to minimize cannibalism and in 
some cases, vaccination (Karstad 
1971). Unfortunately these proce
dures are hardly practical or effec
tive in the field.

Avian pox cases should be reported 
to the Alaska State-Federal 
Laboratory.
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Newcastle Disease

L . Mi chael Ph i1o

Int roduct i on

Newcastle disease is a highly in
fectious disease caused by several 
strains of a myxovirus. It infects 
domestic waterfowl and poultry, wild 
waterfowl, perching birds, raptors 
and many other avian species. Birds 
may have subclinical to fatal infec
tions with varying involvement of the 
respiratory tract, gastrointestinal 
tract and central nervous system 
(Graham and Halliwel1 1978, Palmer
and Tra i ner 1971).

H i story

The clinical disease was first 
described in 1926 in poultry of 
England and Korea and gradually 
spread throughout the world. It 
probably reached the United States by

1 9 3 5 , though it was not identified 
until 9 years later. It is now en
demic in the country (Palmer and 
Trainer 1971). An outbreak in 
California in 1971 occurred when a 
group of infected psittacine birds 
was imported for sale as pets (Fowler
1978). Several years later the virus 
was isolated from apparently healthy 
Canada geese (Branta canadens i s ) in 
the Atlantic flyway (Rosenberger et 
al. 1975).

Transmi ss ion

The primary avenues of virus in
fection are probably inhalation and 
ingestion. The virus is quite viable 
when free in the environment, so it 
may be infective in water and dust. 
It may be eaten in contaminated food 
or in contaminated or infected prey
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(e.g. earthworms, external parasitic 
arthropods, other birds). The virus 
is probably released in exudates, ex
creta, eggs and carcasses (Palmer and 
Tra i ner 1971).

Antibody titers and virus isola
tion from clinically normal birds 
plus, in some cases, transmission to 
susceptible avian test animals have 
demonstrated the presence of infec
tive carriers among a number of wild 
and domestic species (Bozorgmehri- 
Fard and Keyvanfar 1979, Friend and 
Trainer 1970, Graham and Halliwel1 
1978, Okoh 1979, Palmer and Trainer 
1971, Pearson and McCann 1975)- 
Domestic and wild waterfowl species 
may have a particularly high 
resistance to clinical disease 
(Friend and Trainer 1970, Palmer and 
Trainer 1971, Rosenberger et al.
1975).

S i g n s , Symptoms and 
Pathogenes i s

The virus may attack the 
respiratory system, gastrointestinal 
tract, central nervous system or any 
combination with corresponding 
clinical signs. There may of course, 
be no signs at all. Mild forms may 
show combinations of sneezing, head 
shaking, difficulty in breathing, 
diarrhea, depression, incoordination, 
paralysis of legs and wings; the head 
may be cocked to 1 side and turned or 
stretched over the back. More 
serious cases can be fatal (Fowler 
1978, Palmer and Trainer 1971). Rap
tors usually exhibit those signs 
related to central nervous involve
ment (Graham and Halliwel1 1978).
There are usually no gross or 
microscopic lesions.

D i agnos i s

Clinical signs are not sufficient 
for diagnosis because they are so 
variable with host susceptibility and

virus strain and because they are so 
general that they could represent any 
of a number of other diseases. 
Definitive diagnosis can only be made 
by virus isolation and serological 
i dent i f i cat i o n .

Samples for histopathology should 
be collected from lung, air sacs, 
serial sections of gastrointestinal 
tract, liver, kidney and myocardium. 
Samples for virus isolation should be 
collected aseptically from lung, in
testine, liver, spleen and brain; 
they should be frozen, stored and 
transported in sterile containers at 
-20 to -70C.

S j qn i f i cance and Control

Newcastle disease has not been 
reported in wild avian species in 
Alaska, but the presence of sub- 
clinical carriers in migratory water
fowl provides the potential for tran
sporting the virus into the state. 
Perhaps it is even endemic now and 
has not been identified. Control of 
outbreaks in wild populations is not 
practical. There has been at least 1 
attempt to vaccinate a wild popula
tion with grain soaked in vaccine, 
but the effectiveness is unknown 
(Palmer and Trainer 1971).

Care must be taken when handling 
suspect birds because eye infections 
and generalized inf1 uenza- 1 ike infec
tions have occurred in humans (Hanson
1975).

Newcastle disease infection should 
be reported to the Alaska State- 
Federal Laboratory.
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Chapter 2.

BACTERIAL AND FUNGAL DISEASES

Avian Cholera

L . Michae1 Philo

Introduct ion

Avian cholera is an infectious 
disease of domestic and wild birds 
and occasionally nonavian species 
(Korschgen et a l . 1978, Rosen 1969)- 
The causative organism is the bac
terium Pasteurel1 a mu 1 toe i d a , a Gram 
negative coccobaci11 us which has 
bipolar staining characteristics when 
stained with Wright's, Giemsa's or 
methylene blue stain.

The disease is most often reported 
as an outbreak in which large numbers 
of birds, usually waterfowl (Rosen 
1971), are found dead. Though deaths 
have also been reported in small wild 
passerines (Locke and Banks 1972), 
crows (Corvus brachyryhnchos) (Zinkl 
et al. 1977a) and birds of prey (Hal- 
liwell and Graham 1978, Rosen 1972), 
this is usually in association with, 
and presumably the result of the out
break in waterfowl.
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During the 40 years since the 
first recorded outbreak of avian 
cholera in this country, most reports 
are from waterfowl wintering grounds 
such as California (Oddo et al. 1978, 
Rosen 1971), Texas (Rosen 1971) and 
portions of the east coast (Klukas 
and Locke 1970, Locke et al. 1970); 
along migratory routes such as 
Nebraska (Zinkl et al. 1977a) and 
Saskatchewan (Wobeser et al. 1979); 
and in summer breeding grounds such 
as Maine (Korschgen et al. 1978).

Estimated losses for individual 
species during these die-offs are 
generally quite variable, from almost 
none (Rosen 1972) to as high as 20% 
(Zinkl et a l . 1977a) of the in
dividuals in the area. Possibly the 
largest estimated number of birds of 
all species to have succumbed during 
1 outbreak is 70,000 in California in 
the winter of 1965-1966 (Rosen 1972). 
The number of each species lost in 
these outbreaks does not appear 
related to number present (Rosen 
1971).

H i story

Transmi ss ion

The mode of transmission of avian 
cholera among wild birds is usually 
undetectable, but there are several 
possibilities. One is the contamina
tion of water by infective nasal 
discharges (Rosen 1971? 1972) and
feces (Rosen 1969) of diseased water
fowl or by tissues of diseased car
casses (Zinkl et al. 1977a). This is 
supported by the finding that water 
from ponds in or around which water
fowl have died of avian cholera con
tains infective P̂. mu 1 toe i da 
(Korschgen et a l . 1978, Rosen 1969, 
1971). The bacteria are apparently 
taken into the bodies of uninfected 
waterfowl through ingestion of the 
contaminated water or inhalation of

aerosol formed by birds landing and 
flapping their wings (Rosen 1971). 
Food supplies can be contaminated by 
the same infective material.

High density of individuals ap
pears to be another contributing fac
tor in disease transmission and may 
occur through colonial nesting e.g. 
common eider ducks, Somater ia mol 1i s- 
sima dresseri (Korschqen et al.
1978); snow geese, Anser caeru1escens 
(Wobeser et al. 1979); Ross' geese, 
Anser ross i i (Wobeser et al. 1979) , 
roosting e.g. coots, Fuli ca 
americana (Klukas and Locke 1970) or 
forced concentration by storms or un
seasonably cold weather (Locke et al. 
1970, Zinkl et al. 1977a). These 
concentrations tend to be in shallow 
water near shore, which is the area 
where winds tend to concentrate car
casses and where contaminated feces 
and nasal discharges are most likely 
to occur in greatest concentration.

In some outbreaks, diseased 
domestic fowl, especially chickens 
and turkeys, may be the source. Con
taminated offal may be carried to 
bodies of water by scavenging gulls 
and lead to infection of wild water
fowl (Korschgen et al. 1978).

Several investigators hypothesize 
that migrating waterfowl carry the 
disease organism north from the win
tering sites to their breeding 
grounds (Rosen 1972, Wobeser et al.
1979). Endemic avian cholera is 
known to occur in at least 2 win
tering sites, California and Texas 
(Rosen 1971), and would thus serve as 
the source. Such a hypothesis 
however, brings up the question of a 
carrier state. Existence of carriers 
is controversial, but there does ap
pear to be some support for it. 
Despite many negative findings 
(Donahue and Olson 19 6 9, Rosen 1971), 
there have been a few isolations of 
_P. multoe i da from apparently healthy
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waterfowl (Korschgen et al. 1978, 
Quortrup et al. 19^6 ), and a snow 
goose which survived a case of avian 
cholera suddenly died of the disease 
3 months later (Rosen 1972).

Another possible mode of transmis
sion is ingestion of contaminated 
carcasses by scavengers such as gulls 
(Korschgen et al. 1978, Locke et al.
1970), crows (Zinkl et al. 1977a) and 
birds of prey (Locke et a l . 1970,
Rosen 1972). However, many of these 
species do not show the large losses 
seen in waterfowl (Klukas and Locke 
1970, Locke et al. 1970, Rosen 1972), 
suggesting a greater resistance.

S i gns, Symptoms and 
Pathoqenes i s

Many of the signs of avian cholera 
are thought due to endotoxins 
released by the infecting bacteria 
after they enter the body and are 
carried to various organs by the 
bloodstream (Rosen 1971)* The 
disease may be acute, peracute or 
chronic, though the outbreaks in wild 
birds seem to be acute or peracute. 
In these cases the onset is so rapid 
and mortality so high that hundreds 
of birds may be found dead and only a 
few moribund (Rosen 1971)-

A bird sick with the acute or 
peracute form may show anorexia, oral 
mucous discharge and diarrhea (Hal- 
liwell and Graham 1978). Frothy, 
bloody nasal discharge has also been 
noted (Klukas and Locke 1970). Some 
investigators have observed sick 
waterfowl swimming in circles (Klukas 
and Locke 1970) or flying upside down 
before plunging into the water or on
to the ground (Zinkl et al. 1977a). 
Other birds were too weak to swim or 
fly (Klukas and Locke 1970). The 
disease progresses rapidly to death, 
and often a sick bird dies within 5 
minutes of the time it is first ob
served (Zinkl et a l . 1977a). A
diseased bird becomes incapacitated 
with the head moved back over the

shoulder or forward in a prostrate 
position and may be seen shivering, 
convulsing or slowly beating its 
wings; often the tail, wings and legs 
are spread (Rosen 1971, Zinkl et a l . 
1977a).

The chronic form, as seen in cap
tive waterfowl, may occur after the 
acute form or in older animals. 
Diarrhea and labored breathing are 
typical signs (Hal 1 iwel1 and Graham
1978).

Upon examining a fresh carcass, 
some or all of the following lesions 
can be seen. Pinpoint hemorrhages 
may be observed at the surfaces of 
the heart, mesenteries and gizzard 
and in the abdominal fat. The liver 
is often enlarged, copper- or 
greenish-colored and friable, with 
numerous small necrotic foci on the 
surface. The kidneys and spleen are 
sometimes misshapen and mottled or 
may appear perfectly normal. The in
testines may show hemorrhagic en
teritis or no abnormalities at all. 
The air sacs usually appear normal 
but may contain yellow fibrinous 
materal, and the lungs are usually 
consolidated and hemorrhagic (Hal- 
liwell and Graham 1978, Klukas and 
Locke 1970, Korschgen et a l . 1978, 
Locke et a l . 1970, Rosen 1971,
Wobeser et al. 1979* Zinkl et a l . 
1977a). Despite the lesions, many 
birds have considerable amounts of 
subcutaneous fat and ingested food 
because the disease develops and 
progresses so rapidly (Locke et a l . 
1970, Wobeser et al. 1979, Zinkl et 
al. 1977a).

D i aqnos i s

A presumptive diagnosis can be 
made on the basis of the lesions, 
particularly the petechial (pinpoint) 
hemorrhages and the focal necrosis of 
the liver. This is further supported 
by finding the typical bipolar bac
teria in stained blood smears or 
liver impressions. Confirmation must
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be made by bacterial isolation and 
identification (Halliwel1 and Graham 
1978, Rosen 1971).

Samples for culture should be col
lected and transported to the 
laboratory using aseptic technique 
and sterile containers. These should 
include, if possible, heart blood, 
liver and lung. If the carcass is 
not fresh or is decomposed, samples 
should also be taken from the brain 
and bone marrow. In the case of 
waterfowl, a sample of water near 
shore may be helpful. Blood smears 
and liver impressions will also be 
helpful if the carcass is fresh.

If the specimen is fresh, tissue 
samples may be placed in 10% neutral 
buffered formalin for histopathologic 
examination. These should include 
liver, lung, kidney, spleen, sections 
of digestive tract, heart and any 
other organs which appear abnormal. 
These results alone will not confirm 
the diagnosis, but may support a 
preliminary one and will aid in 
documentation of the case.

While awaiting confirmation, one 
should also consider duck plague, 
erysipelas and Escher i ch i a coli 
infections in the differential diag
nosis, as these diseases have signs 
in common with avian cholera (Rosen 
1971).

S i gn i f i cance and Control

No outbreaks of avian cholera have 
been reported in Alaska. Neverthe
less, the disease is potentially of 
great importance in view of some of 
the previous reports. The outbreaks 
in Saskatchewan (Wobeser et al.
1979), Nebraska (Zinkl et al. 1977a) 
and Maine (Korschgen et al. 1978) 
plus the finding of some apparent 
carriers (Korschgen et a l . 1978,
Rosen 1972) demonstrate the potential 
for the disease to be transported to 
Alaskan waterfowl breeding grounds 
from the wintering areas where it is

endemic. Furthermore, many of the
breeding grounds in Alaska are in 
remote areas, minimizing the 
likelihood that outbreaks will be 
discovered and reported.

If an avian cholera outbreak 
should be reported, then every at
tempt must be made to minimize the
possibility of its spreading to
scavengers and by these scavengers to 
waterfowl in uncontaminated areas. 
Scavengers may sometimes be con
trolled by mass shooting, but this 
may cause dispersal of infected or 
contaminated individuals to new areas 
(Rosen 1971). In the past there has 
been successful control of some 
localized outbreaks by collecting and 
burning all carcasses which can be 
found.

In addition, if the contaminated 
bodies of water involved are small 
and empty directly into a river or 
ocean, they might be successfully 
flushed. They are completely drained 
then allowed to refill (Rosen 1971, 
Zinkl et a l . 1977b). In cases where 
there are multiple bodies of water as 
along many Alaskan coastal areas, 
this method may be not only imprac
tical but unwise as clean ponds may 
become contaminated if adjacent ones 
are drained into them. In wetlands, 
it may be necessary to drain the en
tire area (Rosen 1971)*

In some instances of localized 
outbreaks, small flocks of waterfowl 
have been hazed by aircraft so that 
they move out of the area before
becoming infected. This may be a
particularly useful method where
there is a threat to endangered 
species, but it requires prior
preparation to facilitate obtaining 
the necessary permits (Zinkl et al . 
1977a). In the past, attempts to 
control large areas of disease out
break (e.g. thousands of square 
miles) have been futile (Rosen 1971).

A study is now underway to develop 
a killed avian cholera bacterin for
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use in captive-reared individuals of 
an endangered species, the Aleutian 
Canada goose (J. Price, pers. comm.). 
It is hoped that the expected 6 month 
duration of immunity will protect the 
geese while they are overwintering in 
California. This should increase the 
chances of capture-raised birds sur
viving to breeding ages, when they
will hopefully become part of the 
wild breeding population.

Avian cholera is transmissible to 
humans, so care must be taken when
handling carcasses or live birds
which are avian cholera suspects. 
Humans infected with £. mu 1 toe i da are 
often subclinical carriers, but
stress can cause them to develop the 
disease syndrome (Rosen 1975).

All cases of avian cholera should 
be reported to the Alaska State- 
Federal Laboratory in Anchorage.
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Avian Botulism

Jim Dau

Introduct i on

Avian botulism (1imberneck, duck 
disease, western duck sickness) is a 
paralytic disease usually associated 
with warm, shallow marsh environments 
subject to stagnation with high or
ganic detritus levels. The disease 
affects the peripheral nervous system 
via toxins produced by 1 or more non- 
proteolytic, sporeforming, anaerobic 
types of the bacterium C 1ostridium 
botuli num. Clostr i d i um botuli num 
types A, B and F are usually as
sociated with human botulism; types C 
and D usually affect both birds and 
mammals; type E affects only humans 
and certain avian species (Holdeman 
1970, Rosen 1971).

Many avian species indigenous to 
Alaska have been reported susceptible 
to intoxication. Most of these 
Alaskan species winter in western 
North America where the most sig
nificant losses recorded have oc
curred, thus the potential for 
Alaskan epornitics does exist. 
Species comprising 95% of the total 
mortality of a type C epornitic were 
pintail (Anas acuta), green-winged 
teal (Anas crecca) and northern 
shovelor (Anas clypeata) (McLean 
1946). Fay et al. (1965) as reported 
by Rosen (1971) reported common loons 
(Gavia immer) , herring gulls (Larus

arqentatus) and ring-billed gulls (J.. 
delawarensis) to comprise 9 3% of the 
mortality in a type E outbreak.

H i story

The first report of a possible 
botulism outbreak in ducks was made 
during 1876 (Kalmbach and Gunderson 
1934). Subsequent outbreaks in 
California duck populations prompted 
intense, diversified research late in 
the 1 9 2 0s that encompassed soil 
chemistry, water analysis, para
sitology, bacteriology and pathology. 
This resulted in identification of £. 
botu1i num type C as the causative 
agent of western duck sickness and 
technological developments to control 
the disease. Recent research has 
focused on understanding botulism 
etiology to determine mechanisms that 
initiate pathogenicity.

Avian botulism occurs worldwide. 
Though the disease has never been 
reported in Alaska, current projects 
under consideration, e.g. the Susitna 
Hydroelectric Project and the inten
sifying Delta agricultural effort, 
may alter these relatively un
developed areas making them more con
ducive to botulism outbreaks.
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Transmi ss ion

Transmission is the most complex 
and least understood aspect of avian 
botulism. The medium of transfer, be 
it the C 1ostr i d i um organism per se or 
its toxin, is still being discussed. 
Two hypotheses have been proposed ex
plaining avian botulism transmission.

The sludge-bed hypothesis suggests 
botuli num organisms, which nor

mally inhabit the mud or soil of 
lakes, marshes or fields, proliferate 
under favorable conditions, e.g. 
flooding and stagnation. When 
decaying organic matter accumulates 
and depletes the oxygen supply, 
anaerobic conditions stimulate 
Clostr idi um growth and produc
tion/release of toxin into the en
vironment (Bell et a l . 1955)- Low 
concentrations of toxins that are ob
served in the environment during 
epornitics do not necessarily falsify 
this hypothesis if intoxication is a 
cumulative function of toxin inges
tion (Crisley et al. 1968).

The microenvironment hypothesis 
suggests pathogenic, anaerobic 
botuli num organisms exist in small, 
discrete, particulate environments, 
e.g. invertebrates or decomposing 
organic matter that contain re
quisites for growth independent of 
the ambient environment (Bell et al. 
1955)- Toxins are not released from 
the microenvironment into the 
macroenvironment; infection results 
from ingestion of microenvironments 
containing pathogenic toxins.

High proportions of predaceous and 
scavenger aquatic invertebrates have 
been shown to contain botu 1 i num 
type C toxin (Duncan and Jensen
1976). This suggests: 1) inver
tebrates may concentrate the toxin
via feeding in contaminated areas or 
2 ) invertebrates may constitute 
discrete microenvironments suitable 
for toxin production. The experimen
tal determination that animal rather

than vegetative detritus is the 
superior medium for toxin production 
may be due to the presence of the or
ganism in animals at the time of 
death. If invertebrates constitute 
the primary mechanism of transmis
sion, a positive feedback cycle ap
proaching exponential growth could 
occur. Bird carcasses fostering in
creased invertebrate numbers and 
causing increased bird mortality 
would explain the explosive nature of 
botulism epornitics. Eight blow fly 
larvae could contain sufficient toxin 
to kill an adult ring-necked pheasant 
(Phasianus colchicus). A single con
taminated carcass heavily infected 
with larvae could theoretically be a 
mortality source for 200 to 300 birds 
(Lee et a l . 1962). Toxins apparently 
persist through invertebrate larval 
metamorphoses into pupal life stages 
(Duncan and Jensen 1976).

Avian botulism exhibits a seasonal 
periodicity of highest intensity 
during late summer to early fall. 
Outbreaks of lower severity oc
casionally persist throughout the 
winter. This depressed severity may 
be due to differential utilization of 
invertebrates as a food source 
between seasons or a correlation of 
toxin production to growth phase of 
the C 1ostr i d i um organism (Boroff
1955).

In general, immunity does not 
result from previous exposure. 
However, some scavenger species, e.g. 
gulls (Larus spp.) and vultures 
(Cathartidae) exhibit immunity for 
specific botuli num types (Rosen
1971).

S i gns, Symptoms and 
Pathoqenes i s

Neuromuscular involvement re
sulting in complete or partial 
paralysis characterizes avian
botulism. The degree of paralysis 
varies with the amount of toxin
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ingested and with individual host. 
Clinical symptoms include power loss 
expressed as the inability to 
initiate or sustain flight or loss of 
leg use; fluid accumulation beneath 
the nictitating membrane leading to 
cementation of eyelids; dyspnea;
greenish diarrhea; and paralysis of 

cervical muscles producing a 
prostrate head and neck posture 
(limberneck) (Rosen 1971).

After ingestion, the toxin is as
similated across the mucous membranes 
of the intestinal wall into the lymph 
system, possibly by altering in
testinal wall permeability. The 
toxin is transported to the cir
culatory system and eventually 
reaches the myoneural junction of the 
parasympathetic motor nerves where it 
interferes with the release of 
acetyl-choline at the presynaptic 
sites and causes complete or partial 
paralysis. Death may result from 
drowning, respiratory failure, ex
posure or increased susceptibility to 
predation (Rosen 1971) -

Botulism does not exhibit primary 
pathologic tissue alterations (Rosen 
1971). Secondary pathologic condi
tions, e.g. eye involvement and 
plugged vent are occasionally ob
served. Continued exposure to 
sublethal toxin levels may invoke 
chronic infections characterized by 
emaciation and a distended gall 
bladder.

D i aqnos i s

A tentative diagnosis of avian 
botulism is suggested by the clinical 
symptoms previously described. A 
definitive diagnosis is complicated 
by the frequency with which 
botu 1 i num can be found in healthy 
birds and by the rapid secondary in
vasion of the bacteria following 
death from other causes. Thus, post 
mortem demonstration of the organism 
is of little diagnostic value for at

tributing the cause of death to C.  
botu1i num.

Definitive diagnoses are usually 
based on the mouse protection test. 
Anti-toxin for specific C_. botu 1 i num 
types are administered to individual 
groups of laboratory mice prior to 
inoculation with serum from a sick 
bird suspected of harboring a 
botulism infection. All mice will 
succumb except those treated with the 
anti-toxin specific for the 
botu1 i num type causing the infection 
(Rosen 1971).

A fluorescent antibody test using 
conjugated anti-toxin which binds to 
erythrocytes of affected ducks has 
also been used (Rosen 1971)-

S i gn i f i cance and Control

The significance of avian botulism 
as a mortality source for waterfowl 
is exemplified by the recorded death 
of 2 5 0 ,0 0 0 ducks during a single 
epornitic (Rosen 1971). Severe 
losses in shorebird, marine and 
upland game bird species have been 
documented (Rosen 1971).

Environmental conditions predis
posing to botulism outbreaks allow 
epornitics to be predicted. These 
include high bird densities, 
flooding, shallow areas of warm stag
nant water and large quantities of 
decaying organic matter.

Methods of control that have been 
developed lend themselves primarily 
for use with aquatic or semiaquatic 
species. These techniques are:

1. Manipulation of water level and 
flow rate to dilute and remove 
toxins and maintain aerobic con
ditions unfavorable for
pathogenic C 1ostr i d i um spp.

2. Removal of organic matter to pre
vent bacterial growth through
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carcass incineration or wetland 
burning and disking to decrease 
vegetative biomass

3. Substrate alteration to minimize 
shallow water shoreline ecozones

4. Harassment, special emergency 
hunting seasons or provision of 
alternate artificial food sources 
to minimize use of contaminated 
areas by susceptible species

5. Retrieval and treatment of in
fected birds (Rosen and Bischoff 
1953)

Control is complicated by the 
presence of the environmentally 
resistant spores of botu1inum and 
the persistence of toxins through 
various life stages of invertebrates.

It appears humans are not 
susceptible to toxins from types C 
and D. Despite the past practice of 
market hunters augmenting their 
waterfowl harvests with botulism mor
talities and presumably ample ex
posure of hunters to the disease, no 
substantiated cases of human botulism 
resulting from either toxin type have 
been recorded (Rosen 1971)- Ap
parently, either the heat labile 
toxins are destroyed in cooking, the 
toxin is not assimilated or the 
biochemical receptors at the 
presynaptic sites are not compatible 
with the toxin proteins.

The potential for botulism epor
nitics in Alaska certainly exists. 
The high proportion of Alaskan 
species that winter in areas having 
histories of botulism epornitics 
provides a potential source. In 
light of the ubiquitous nature of 
Clostr idi um spp., stress alone may 
suffice to lower avian resistance to 
the point where infection results.

Conditions favoring botulism out
breaks often result from environmen
tal alterations that provide inunda

tion of large amounts of organic 
matter. This has a two-fold effect: 
(1) it enhances anaerobic conditions 
and growth of C 1ostr i d i um organisms 
and (2) it concentrates avian species 
by providing areas of high quan
tity/low quality food. Damming and 
some agricultural practices that al
low high residual amounts of vegeta
tion to go unharvested may fulfill 
these conditions. This is pertinent 
to (1) waterfowl management, which 
often employs both of these tech
niques to wetlands and (2) Alaska in 
general, considering proposed
hydroelectric projects and developing 
agricultural areas. Johnson (1970) 
seemed to have Alaska in mind when he 
stated:

It is the abrupt change in the 
environment such as deforestation, 
reforestation, plowing up of land 
for agriculture, especially when 
associated with irrigation and the 
building or urban communities in 
otherwise natural environments, 
that predispose to disease.
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Aspergillosis

L . Michael Philo

Introduct i on

Aspergillosis is an acute to 
chronic fungal disease caused by 
Asperq i11 us species, primarily A. 
fumi qatus (Richard 1975) but oc
casionally others (e.g. A. glaucas,
A. niqer) (Altman 1979? Arnall 19 6 9). 
It probably occurs in all species of 
wild and captive birds (Altman 1979), 
but it has also been reported in man 
and a number of wild and domestic 
known as brooder pneumonia, pseudo
tuberculosis, cytomycosis, broncho- 
mycosis and chick fever (O'Meara and 
Witter 1971).

H i story

The disease was first recognized 
in wild fowl in the early 1800s when 
fungal growth was observed in the 
lungs and air sacs of a scaup duck

(Aythya sp.) and a jay (O'Meara and 
Witter 1971, Richard 1975). Since 
then its occurrence has been 
documented worldwide (O'Meara and 
Witter 1971). Although Antarctica is 
a notable exception, penguins 
(Sphenisciformes) in captivity com
monly become infected (O'Meara and 
Witter 1971, Redig 1978).

The Alaska State-Federal Labora
tory has on record, 3 cases of 
(species not recorded), a murre (Ur i a 
sp.) and a whistling swan (01 or 
columbianus) (R. Barrett, pers. 
c 0111111.).

The difficulty in finding 
published accounts of avian aspergil
losis in Alaska should not neces
sarily be attributed to low incidence 
of the disease. Most likely it is 
due to a low likelihood of dead or 
ill birds being presented to in-
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dividuals or institutions capable of 
making the diagnosis and perhaps
failure to publish individual case 
reports.

Transmi ssion

Avian aspergillosis most commonly 
occurs as a respiratory infection. 
It usually results from ingestion of 
contaminated material or from punc
ture wounds (O'Meara and Witter
1971). The organism is ubiquitous in 
the soil. It is a saprophyte and has 
been isolated from decaying corn 
stalks, cobs and parts of other 
plants in winter and spring (Herman 
and Sladen 1958). Generally it con
stitutes a hazard not in the soil, 
but after it has become inoculated 
into the plant or other organic 
matter which readily supports its 
growth (Friend and Trainer 1969).

Many investigators hypothesize 
that the disease occurs by primary
exposure, but others feel that most 
birds have a high level of natural
resistance (Altman 1979). A healthy 
and highly resistant bird which in
hales spores may develop and harbor 
nonproliferating foci of aspergil
losis in the lungs or air sacs for up 
to several years instead of im
mediately becoming diseased. When 
the bird is subsequently subjected to 
stress, its resistance is lowered, 
the fungus proliferates and the bird 
quickly succumbs (Redig 1978). This 
may explain instances where only 1 or 
a few birds in a flock become in
fected.

Actually both views are probably 
correct. In some large outbreaks and 
die-offs, primary exposure through 
contaminated food sources has been 
blamed (Adrian et a l . 1978, Pearson
1969). In others, large numbers of 
birds have died when the stress of 
winter or competition for limited 
food supply lowered their natural 
resistance to previously non

proliferating infections (Herman and 
Sladen 1958, Redig et al. 1980). The 
sources of still other outbreaks have 
remained undetected (Zinkl et al.
1977).

One source of natural resistance 
in wild birds is probably similar to 
that reported in domestic fowl. 
There is a mucus sheet lining the 
respiratory tract. It is continually 
moved to the outside by cilial action 
and may remove spores faster than 
they can be inhaled. However, at 
humidity less than 10% or with severe 
dust this system may be impaired to 
the point where individual suscep
tibility is greatly increased 
(O'Meara and Witter 1971).

Increased susceptibility probably 
also occurs through use of con
taminated nesting materials, high 
nesting population density, capture 
and confinement, feeding habits e.g. 
dump feeding by gulls (Larus spp.) 
and ravens (Corvus corax), and seed- 
eating by waterfowl (Anseriformes) 
and young age (especially young of 
the year) (Adrian et al. 1978, Herman 
and Sladen 1958). Adverse weather 
increases susceptibility through 
stress, release of spores from air 
strata by raindrops (O'Meara and 
Witter 1971) or by forcing birds to 
eat contaminated food (Adrian et al.
1978). Other environmental factors 
can be of great importance, too. For 
example, the disease commonly 
develops in wild waterfowl confined 
for treatment after being recovered 
from oil spills. Presumably it is 
the result of physical and 
physiological stress (Harris and 
Smith 1977).

Signs, Symptoms and 
Pathoqenes i s

Aspergillosis in birds is 
primarily a respiratory disease. The 
avian respiratory system is quite 
complex in comparison to the mam
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malian system, being made up of 
lungs, air sacs and often air 
cavities in bones. These provide an 
extensive surface area upon which the 
fungus can become established, no 
doubt a primary contributing factor 
i n the high mortali ty.

Affected birds may be lethargic 
and approached to within very close 
distances, perhaps 10-20 m or less 
(Herman and Sladen 1958). When they 
do flee it will likely be only a 
short distance and often by walking 
when too weak to fly. Those more 
severely affected may be easily
caught with a long-handled fish-net 
or by hand. They are in poor condi
tion, quite listless and showing 
difficulty in breathing, often to the 
point of gasping. The wings are
often drooped and the feathers 
ruffled. Some individuals may have a 
cheesy exudate about the tongue, bill 
and nares (Friend and Trainer 1969). 
Raptors may exhibit hoarseness if the 
bronchial tree or syrinx is involved 
(Redig 1978). Some may have diarrhea 
and occasionally ataxia or other ner
vous signs. Death usually occurs 
within a few days (Herman and Sladen 
1958, O'Meara and Witter 1971). 
Asperq i11 us may also occur as a 
secondary invader, as it did in an
outbreak of web necrosis in mute
swans (Cyqnus olor) (Yates et al.
1969). In some cases birds will show 
no visible signs of the disease, but 
necropsy reveals the typical lesions. 
Massive primary exposure of young 
birds may cause death before typical 
lesions have time to develop, but 
most cases develop slowly enough for 
them to occur (O'Meara and Witter 
1971).

Within the lungs the body responds 
by forming a fibrous wall around the 
expanding foci of fungal infection. 
This results in white nodules which 
resemble the tubercles of tuber
culosis (O'Meara and Witter 1971). 
The lungs themselves may be firm and 
dark red, either in whole or in part,

such that they resemble the liver in 
appearance (Adrian et al. 1978). A 
different appearance occurs where the 
fungal spores develop on the surfaces 
of the lungs and digestive organs or 
on the linings of the chest, ab
dominal cavity and air sacs. Here 
typical plaques form. These are 
masses of fungal fruiting organs and 
in waterfowl are large and green or 
bluish to white or yellow, resembling 
the surface of bread mold (Adrian et 
al. 1978, O'Meara and Witter 1971). 
These lesions may be single or mul
tiple, pinhead size to several mil
limeters in diameter, spongy soft to 
hard and firmly or loosely attached 
(O'Meara and Witter 1971). They 
result in loss of tissue effective
ness plus actual damage by the fungal 
hyphae. Many necropsies, especially 
in waterfowl, reveal pinpoint and 
larger areas of hemorrhage clearly 
visible beneath the thin epicardium 
which covers the heart (Adrian et al. 
1978). It is also suspected that 
fungal toxins are produced and have 
some importance, but this has yeit to 
be confirmed (Herman and Sladen 1958, 
O'Meara and Witter 1971). The lungs 
or air sacs may contain a green dust 
which is the Asperq i11 us spores. 
This seems to be prevalent especially 
in waterfowl and gulls (Herman and 
Sladen 1958).

D i agnos i s

Diagnosis is based on the gross 
appearance of the lesions, micro
scopic identification of fungal 
hyphae in the lesions and culture on 
differential media in the laboratory. 
In the past, serology has not been a 
reliable means of diagnosis, but re
cent work with immunodiffusion 
(Napolitano et al. 1978) has been 
shown to be highly reliable and thus 
shows great promise for the future.

During carcass examination and 
sample collection, disposable gloves 
and surgical masks should be wor*n as
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a precaution. With aseptic tech
nique, swabs may be taken from the 
trachea, lungs and air sacs and 
placed in sterile transport medium 
for transportation to a laboratory. 
Positive or negative cultures from 
these locations are not conclusive by 
themselves, so further samples must 
be collected to provide sufficient 
information. Tissue samples con
taining intact individual lesions 
should be collected aseptically and 
placed in sterile containers for cul
ture. Samples of all affected organs 
should be collected and placed in 10% 
neutral buffered formalin for micro
scopic examination.

Significance and Control

The status of aspergillosis in 
Alaska is unknown, but the potential 
for outbreaks and die-offs is cer
tainly present. It is possible that 
some have occurred but either have 
not been discovered or have not been 
recognized. If and when such an 
epornitic (avian epizootic) is 
reported in Alaska it is likely that 
it will be in waterfowl; these 
species' migratory habits increase 
the likelihood that they will contact 
fungal spores, and they are subject 
to the physical stresses of flying 
long distances. It will of course, 
be more difficult to determine the 
status in less gregarious species 
because the likelihood of large 
numbers becoming simultaneously 
stressed and/or exposed to large 
concentrations of fungal spores is 
low, and 1 or a few dead or visibly 
diseased birds brings much less at
tention than a large number. 
Furthermore, occurrence of aspergil
losis is more likely to be observed 
in game species than in non-game 
species, not due to increased 
probability of occurrence, but simply 
because their game status brings them 
relatively more attention.and impor
tance. Ravens may constitute an ex
ception because they are large,

gregarious and often congregated in 
areas of human habitation.

Practically every avian species is 
susceptible and the disease is world
wide, so any bird showing signs 
and/or lesions compatible with 
aspergillosis should be suspected. 
Samples should be taken in an attempt 
to confirm the diagnosis because the 
occurrence may indicate a concen
trated source of Asperqi11 us spores 
nearby and therefore a potential 
eporn i t i c.

It must also be remembered that 
most mammalian species, including 
man, are susceptible to the disease, 
so areas of spore concentration 
represent a hazard to them, too. 
Even more important is the possible 
consumption, by carnivorous mammals, 
of infected birds which they may 
easily catch. A danger to humans 
arises from improper handling of 
diseased game bird carcasses.

In any wild avian species the 
diagnosis of aspergillosis is of much 
greater importance than treatment. 
Therefore it is advisable to humanely 
dispatch a diseased bird and collect 
the appropriate samples rather than 
to attempt treatment. It is unfor
tunate that the sanitation and con
trol practices successfully used for 
game farm and captive birds (O'Meara 
and Witter 1971) are not practical in 
free-living populations.
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Avian Tuberculosis

Jamie K. Morton

Avian tuberculosis is a conta
gious, chronic disease caused 
primarily by Mycobacter i um avi u m , but 
birds are also susceptible to M. 
bovi s and more rarely to tuber-
culosi s . Although it is distributed 
geographically worldwide, it is most 
frequent in the North Temperate Zone. 
The disease has been reported in 
numerous species indigenous to Alaska 
including wild geese, ducks, swans 
and raptors (Buchanan and Gibbons 
1974). Twenty serotypes of M. avi um 
are recognized, types 1 and 2 being 
the most common (Montali et al.
1976).

Introduct ion

History

Avian tuberculosis was first 
reported in fowl in London in 18 6 9. 
Several reports of the disease in 
captive birds followed. It was first 
recognized in the U.S. around 1900 
but not reported until the early 
1920s. Corvan reported the disease 
in wild geese and swans in 1941 (Gale 
1971)- In 1977 a sandhill crane 
(Grus canadensis) killed near Palmer, 
Alaska was reported positive for M. 
avi um (Thoen et al. 1977).

quatus) and ruffed grouse (Bonasa 
umbel 1 us) are thought to stem from 
association with domestic fowl (Gale
1971). McDiarmid (1956) reported 
transmission from brooding pigeons to 
squab.

Lesions in birds may include ul
cerating tubercles of the intestinal 
tract. Thus, large numbers of or
ganisms can be shed with the feces 
and persist in the soil for months or 
even years (Karl son 1978).

S i gns, Symptoms and 
Pathogenes i s

Signs of the disease in birds are 
variable and may be lacking. Emacia
tion is the most frequent clinical 
sign. Skin lesions may be observed 
on the legs, around the eyes or beak 
or at the wing joints. Liver and 
spleen are more frequently infected 
than the lung. Intestinal lesions 
are also common.

Yellowish-gray nodules are formed 
as a reaction to the organism. A dry 
necrosis develops which is in con
trast to the liquifying necrosis 
which is seen in mammalian infections 
(Gale 1971).

Transmi ss ion

Avian tuberculosis appears to be a 
function of feeding habits. 
Predatory birds acquire alimentary 
tract infections by ingestion of in
fected prey. Scavenger species, e.g. 
gulls (Larus spp.), become infected 
by ingestion of contaminated sewage 
effluents. Infections in ring-necked 
pheasants (Phas i anus colch i cus tor-

D i agnos i s

The intradermal tuberculin test 
has been used in domestic fowl. 
Tuberculin is injected into the 
wattles or comb and the reaction 
checked in 48 hours. Feathers are 
plucked to expose a suitable site on 
birds without wattles. A whole blood 
rapid agglutination test has also 
been found reliable for use in
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chickens. Neither of these methods 
has proven satisfactory for use in 
exotics (Karlson 1978, Montali et al.
1976). Applications of the mammalian 
lymphocyte transformation test are 
being evaluated (Karlson 1978).

Bacteriologic evidence is based on 
culturing the spleen, liver, bone 
marrow or peritoneal tubercles using 
techniques described for mammals 
(Karlson 1975)- Caseous contents 
from lesions on the liver or spleen 
are preferred for histopathologic ex
amination (Karlson 1975).

Signif icance and Control

Avian tuberculosis is known to be 
a significant disease in birds in 
zoological parks. Mycobacter i um 
av i um is also pathogenic for cattle 
(Bos spp.), deer (Odocoi1eous spp.), 
mink (Mustela v i son) , rabbits 
(Lagomorpha), rats [Rattus spp.), 
sheep (Ovi s spp.) and especially 
swine (Sus spp.) (Karlson 1978). Al
though the prevalence of the disease 
is not known in migratory birds, the 
disease could become widespread if 
nesting or resting grounds are con
taminated. Humans normally are 
highly resistant to avian tuber
culosis, but have been infected in a 
few instances.

Control is based on eliminating 
infected individuals and preventing 
the use of contaminated areas by non
infected birds. Application of these 
measures in free-living birds is dif
ficult due to the asymptomatic nature 
of the disease. The mechanics of at

tempting to limit the use of con
taminated areas may themselves con
tribute to the dispersal of the or
gan i sm.
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Chapter 3.

PROTOZOAN BLOOD PARASITES



Plasmodium

L. Michael Phi1o

Among the avian malarias is a 
parasitism of the peripheral blood 
caused by protozoa of the order 
Haemosporidia, family P 1asmodiidae, 
genus Plasmodium. There are a number 
of PIasmodi um species which infect 
many species of domestic and wild 
perching birds, pigeons and doves, 
waterfowl, gallinaceous birds, rap
tors . and other birds in North 
America. Still other species cause 
malarias of man and other mammals 
(Soulsby 1968).

H i story

The first information on avian 
malaria was acquired about 90 years 
ago in Algeria, and shortly before 
the turn of the century an avian 
PIasmodi um species was used for the 
first demonstration of the transmis
sion of malaria. Throughout the 20th 
century more information has been 
collected on host-parasite relation
ships and many new avian host species 
have been discovered (Bennett and 
Laird 1973).

From 1968 to 1972 a cooperative 
study between Canada and the United 
States revealed that waterfowl using 
the Atlantic flyway had up to 15% in
cidence of P 1asmod i u m . This was 
based on thousands of blood smears 
from captured and released ducks and 
geese (Bennett and Laird 1973» Ben
nett et al. 1974, 1975). The disease 
has been reported in other eastern 
locations (Forrester et al. 198 0, 
Kocan and Knisley 1970), the 
southwest (Loven et a l . 1980) and

Introduct i on west (Clark and Swinehart 1966, King
ston et al. 1976, Stabler et al. 
1977). In 1956 a dead gyrfalcon 
(Falco rust icoli s ) from the Colville 
River region in Alaska was diagnosed 
as having died of avian malaria 
caused by _P. reli ctum (Beebe and 
Webster 1964).

Avian PIasmod i um species are 
worldwide in distribution, but North 
American waterfowl may be more 
heavily parasitized than those of 
other regions. Waterfowl in the 
eastern Canadian high arctic may be 
an exception as most seem to be 
parasite-free (Bennett and Laird
1973).

Transmi ssion

The life cycle of avian Plasmodi um 
species is shared by 2 hosts. Asex
ual reproduction (schizogony) takes 
place in birds while sexual reproduc
tion (gametogony) requires a blood
sucking arthropod, usually mosquitoes 
of the genera Culex, Aedes and 
sometimes Anopheles. In PIasmod i u m , 
schizogony occurs in the red blood 
cells and also in endothelial cells 
of inner organs.

Sporozoites are introduced into a 
susceptible avian host by an infected 
mosquito and eventually reproduce 
twice, asexually, in skin macrophages 
and fibroblasts to form merozoites. 
The second generation merozoites 
enter either red blood cells or en
dothelial cells. Those which 
reproduce in the endothelial cells 
give rise to merozoites which then 
enter erythrocytes. Inside the red
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cell the parasite forms a 
trophozoite, a small cell with a 
large vacuole which displaces the 
cytoplasm to the periphery of the 
parasite cell. The nucleus at 1 pole 
gives it the classical "signet ring" 
appearance seen in blood smears. 
Each of these produces a number of 
new merozoites by schizogony, 
digesting hemoglobin in the process. 
This process is synchronized in all 
red blood cells and can apparently 
continue indefinitely.

Eventually some merozoites develop 
into macrogametes (female) or 
microgametes (male) within erythro
cytes. When these cells are ingested 
by a mosquito the gametes are 
released in the midgut and unite to 
form zygotes called ookinetes. These 
penetrate the gut wall and form 
oocysts. Each oocyst nucleus divides 
to form many sporozoites. After 
about 10 to 20 days the ooycyst rup
tures and the sporozoites migrate to 
the salivary glands. (For more 
detail see Soulsby 1968).

In many avian species, circulating 
parasite levels drop in winter and 
increase again in spring, presumably 
in response to changes in host hor
mone levels (Applegate 1971, Ap
plegate and Beaudoin 1970, Loven et 
al. 1980, Stabler et al. 1977). The 
spring increase corresponds to in
creased incidence of infection within 
avian populations because it coin
cides with emergence of the arthropod 
vectors. Under favorable conditions 
the rate of transmission equals or 
exceeds the rate needed to replace 
birds which succumb directly or in
directly to the infection (Applegate 
et al. 1971, Beaudoin et al. 1971).

S i qns, Symptoms and 
Pathogenes i s

The vast majority of birds diag
nosed as infected with P 1asmod i um 
were not noted as having clinical 
signs (Altman 1977, Bennett et al. 
1974, 1975, Clark and Swinehart 1966,

Halliwel1 1979, Kocan 19 6 8, Kocan and 
Knisley 1970, Stabler et al. 1977)- 
However, the disease can certainly 
not be considered nonpathogenic. Af
fected birds may be listless, 
weakened and anemic (Ward 1978); 
young birds may have a depressed 
growth rate (Forrester et al. 1980) 
in addition to the other signs. In 
some cases, up to 100% of the red 
cells can be infected, with no mor
tality (Kocan 1968). Enlarged 
spleens are often seen on necropsy 
(Forrester et al. 1980), probably in 
response to the requirement for 
removal of large numbers of damaged 
erythrocytes. The signs can be suf
ficiently mild to be unnoticed when 
large numbers of birds are handled 
during screening studies. They can 
be severe enough to cause death, but 
the level of mortality among wild 
bird populations appears to be very 
1 ow.

D i aqnos i s

Avian malaria caused by P 1asmod i um 
species can be diagnosed by iden
tification of the intraerythrocytic 
schizonts and gametocytes in blood 
smears (Altman 1977). Morphology of 
the gametocytes, along with avian 
species affected, is then helpful in 
differentiating among species of the 
parasite (Keymer 1969, Soulsby 1968). 
Latent infections or those with only 
gametocytes in the red blood cells 
are very difficult to diagnose, par
ticularly since the gametocytes 
closely resemble those of 
Haemoproteus (Keymer 1969, Kocan
1968). Samples for histopathology 
should be collected from reticuloen
dothelial tissues (e.g. lung, thymus, 
spleen, lymphoid tissue, bone marrow) 
and liver, but these may still not 
lead to definitive diagnoses in those 
difficult cases.

Birds are thought to remain in
fected for life, but after initial 
infection and parasitemia, the 
parasite may not be seen on 
peripheral blood smears until relapse
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of the disease. Even histopathology 
may not be helpful. The technique of 
subinoculat ion or isodiagnosis is 
needed to detect these cases. Blood 
from a suspect donor is inoculated 
into a recipient whose blood is then 
periodically examined with smears. 
Latent infections in donors will 
produce detectable parasitemia in the 
recipients. This method has revealed 
a 60% infection rate in a population 
of Canada geese (Branta canadensis) 
while peripheral smears of the donors 
showed no Plasmodi um at all (Herman 
et a l . 1966).

Differential diagnosis includes 
pox, ornithosis and pantothenic acid 
deficiency (Keymer 1969).

Siqnificance and Control

The significance of Plasmodi um 
infections in Alaskan birds is dif
ficult to determine because the in
cidence and severity in the state are 
unknown. However, based on what is 
known about the disease in other 
locations, one might expect to find 
at least a low level of parasitism 
among the migratory and perhaps resi
dent bird populations.

The disease appears to predispose 
certain avian populations to in
creased mortality from weather, 
predators and other diseases by 
decreasing overall resistance and 
body condition (Forrester et a l .
1980). The extent to which this oc
curs in Alaska is unknown but may be 
found to be very important.

Another consideration pointed out 
by avian malaria investigators (Ben
nett et al. 1975) is that the avian 
malarias must be considered and their 
significance understood in planning 
for "improved wetlands." The in
creased crowding of migratory water
fowl in these wetlands may increase 
mortality by these vector-borne 
parasi t i sms.

In isolated infections of domestic 
fowl or captive populations of wild 
birds, control of mosquitoes and 
treatment of affected birds with 
quinacrine hydrochloride or chloro- 
quine phosphate have been successful 
(Altman 1977, Kingston et al. 1976). 
Unfortunately these measures are not 
practical in natural populations.
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Leucocvtozoon

L. Michael Philo

Another of the avian malarias is a 
protozoan blood parasite of the order 
Haemosporidia, family Haemoproteidae, 
genus Leucocytozoon. The scope of 
avian species infected is as exten
sive as that of Plasmodi um: 
passerines, pigeons and doves, water
fowl, gallinaceous birds, raptors and 
others, but these parasites are found 
only in birds (Cook 1971> Soulsby 
1968, Ward 1978).

Introduct i on

H i story

Leucocytozoon infection was first 
reported in 1915 when it was found in 
a domestic duck in Ontario, Canada 
(Herman et a l . 1975)* Nearly 20
years later it was reported in wild 
ducks and a domestic goose. It was 
found in Canada geese (Branta 
canadens i s ) in the late 1930s. Since 
then it has been reported throughout 
North America but its incidence is 
worldwide (Bennett and Laird 1973 > 
Herman et a l . 1975)•

Screening studies in the north
western section of the Atlantic fly
way have revealed a prevalence of up 
to 14% among wild waterfowl (Bennett 
et a l . 1974, 1975, Kocan and Knisley
1970), while somewhat higher percen
tages were found for wild ducks from 
northwestern Canada (Williams et al.
1977)• In the Seney National Wild
life Refuge in northern Michigan, up 
to 80% of adult Canada geese may be 
infected and goslings sustain sig
nificant losses from the parasite 
(Herman et al. 1975).

In 1965j 162. rock ptarmigan
(Laqopus mutus), age 6 weeks to over

2 years, were captured near Eagle 
Summit, Alaska. Nearly 90% had 
Leucocytozoon infection. Three wil
low ptarmigan (j.. laqopus) from Eagle 
Summit all had Leucocytozoon 
parasites. No clinical signs were 
reported in any of these birds 
(Stabler et a l . 1967)•

Transmiss ion

Leucocytozoon has a life cycle 
similar to that of PIasmodium, but 
these parasites, in contrast to 
P 1asmodi u m , undergo only ex- 
oerythrocytic schizogony. This oc
curs in the endothelial and paren
chymatous cells of the lungs, lym
phoid tissue, liver, heart, kidney, 
brain, spleen and other organs. Some 
merozoites form megaloschizonts in 
these tissues beginning 4 to 6 days 
after infection; these are very large 
and are useful in making a diagnosis. 
Gametocytes appear in the circulating 
leukocytes or erythrocytes 6 to 8 
days post infection, causing the host 
blood cells to become grossly 
distorted and spindle shaped (Keymer 
1969, Soulsby 1968). The insect vec
tors for this parasite are black 
flies (family Simuliidae) of the 
genera Simu 1i um and rarely 
Prosimulium (Cook 1971, Soulsby 
196̂

S i qns, Symptoms and Pathogenes i s

Although most birds found to be 
infected are not reported as having 
clinical signs (Bennett et al. 1974, 
1975? Loven et al. 1980, Stabler et 
al. 1967, 1977, Williams et a l .
1977), Leucocytozoon simondi appears 
to be the most lethal protozoan blood
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parasite of wild waterfowl (Bennett 
et al. 1974). Infection in avian 
adults appears to be chronic (Wil
liams et al. 1 9 7 7 ) and mortality 
probably occurs only rarely, if at 
all (Kocan and Knisley 1970, Ward
1978). The disease has its most 
severe effects on young birds of per
haps all affected wild and domestic 
species, and mortality can be quite 
high (Cook 1971, Desser et al. 1978, 
Herman et al. 1975, Karstad 19 6 5, 
Keymer 1969, Soulsby 1968). Inten
sity of clinical signs varies from 
mild to severe to death. Diseased 
birds may show varying degrees of 
weakness, neurological signs, anemia, 
poor growth, anorexia (poor appetite) 
and difficulty in breathing, often 
with rapid onset (Cook 1971, Desser 
et al. 1978, Herman et al. 1975, Kar
stad 1965, Soulsby 1968). Those 
which succumb do so either as a 
direct result of the disease or to 
some other cause to which their 
weakened condition leaves them 
susceptible. Leucocytozoonosis can 
be the major cause of losses of young 
of the year in waterfowl populations 
and take up to 90% of the young 
during epizootics. Those which sur
vive retain the infection and become 
carriers (Desser et al. 1978, Herman 
et al. 1975).

Necropsy may show no gross abnor
mal ities or may reveal an enlarged 
spleen (Desser et al. 1978).

D i aqnos i s

Diagnosis can be made by clinical 
signs plus identification of the 
gametocytes in blood smears. The ab
sence of pigment granules is an 
important point in distinguishing 
Leucocytozoon from other avian 
protozoan blood parasites. The 
gametocytes are not always present, 
so it is wise to take specimens for

histopathologic examination from 
lung, heart, brain, lymphoid tissues 
(including thymus, lymph nodes and 
intestinal sections), liver, spleen 
and muscle. These are examined for 
presence of schizonts or
mega 1osch i zonts.

Significance and Control

As with PIasmod i u m , one must be 
aware of the potential epizootics 
which might occur from Leucocytozo- 
onosis in waterfowl breeding grounds. 
However, the results are apt to be 
more devastating in a Leucocytozoon 
outbreak than with PIasmodium as many 
or most of the young of the year may 
be lost. It is thought that this 
protozoan may be an important 
populat ion-1imiting factor in watei—  
fowl in North America (Bennett et al.
1974), but the significance for 
Alaska is unknown. The parasite may 
be important to other Alaskan avian 
populations, particularly the various 
species of ptarmigan. Unfortunately, 
it is extremely difficult to deter
mine just how important it is in 
these species because there are so 
few data.

Control of the disease in wild 
avian populations is not practical.
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Haemoproteus

L. Michael Ph i1o

Haemoproteus is a protozoan blood 
parasite of the order Haemosporidia, 
family Haemoproteidae. It is world
wide in many avian and some reptilian 
species (Soulsby 19 6 8).

This protozoan has been found in 
most surveys for avian hematozoa in 
North America, occurring in up to 50% 
of the birds examined. In some cases 
it was the most common blood parasite 
found (Bennett and Laird 1973, Ben
nett et al. 1974, 1975, 1980, Clark
and Swinehart 1966, Kocan and Knisley
1970, Loven et al. 1980, Marx 1966, 
Stabler et al. 1977). Results of 1 
of the surveys showed that the 
parasite occurred in up to 10% of the 
mallard (Anas piatyrhynchos) and pin
tail (A. acuta) ducks collected in 
the Northwest Territories of Canada 
(Williams et a l . 1977).

The life cycle is similar to those 
of PIasmod i um and Leucocytozoon. 
Gametogony and sporogony occur in 
blood-sucking louse flies (order Dip- 
tera, family Hippoboscidae) and 
midges (family Ceratopogonidae, genus 
Culi coi des). In contrast to
P 1asmod i u m , only developing and ma
ture gametocytes occur in host 
erythrocytes, while schizogony occurs 
only in endothelial cells of blood 
vessels in the lungs, liver, spleen, 
kidneys and other internal organs. 
Histological sections of these tis
sues along with the blood smears are 
diagnostic (Cook 1971, Soulsby 1968).

This species is considered non- 
pathogenic or mildly pathogenic for 
most or all wild avian species (Cook
1971, Keymer 1969, Soulsby 196 8), 
though there are rare reports of 
clinical signs and mortality, espe
cially in young birds (Cook 1971,

Julian and Galt 1980, Keymer 1969, 
Soulsby 1968). Control measures for 
wildfowl infections are not prac
tical, but this is of little impor
tance because of the low 
pathogen i c i ty.

The main significance of the in
fection is in distinguishing it from 
the other protozoan blood parasites. 
If gametes were to appear in a 
PIasmod i um infection before
erythrocytic schizogony occurred this 
could be mistaken for Haemoproteus 
infection (Cook 1971). In such a 
case, distinguishing between the 2 
can be difficult, but the typical 
halter shape of the Haemoproteus 
gametocytes along with histopatho
logic findings may be sufficient to 
make the proper determination.
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Trypanosoma

L. Michael Philo

Several species of trypanosomes 
have been found in birds, but they 
are considered nonpathogenic (Keymer 
1969, Soulsby 1968). They are world
wide in distribution (Bennett and 
Laird 1973) and have been observed in 
a variety of wild fowl in Canada 
(Bennett 19 61, Williams et al. 1977) 
and in rock ptarmigan (Lagopus mutus) 
and willow ptarmigan (j.. lagopus) at 
Eagle Summit, Alaska (Stabler et al. 
1967).

The vectors may be louse flies 
(family Hippoboscidae), black flies 
(family Simuliidae), or mosquitoes 
(Aedes aegypt i) (Bennett 1961, Keymer
1969). Trypanosoma is probably of 
little significance in Alaska other 
than its occurrence as a non- 
pathogenic parasite.
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Chapter 4.

MISCELLANEOUS CONDITIONS

Lead Poisoning

Jim Dau

Introduct ion and H i story

Lead poisoning has been recognized 
as a significant mortality source in 
waterfowl since the late 1800s. It 
is a non-infectious condition caused 
by ingestion of spent shotshell pel
lets introduced into the environment 
by hunters. Research has embraced 
essentially 3 aspects of the disease: 
(1) determination of waterfowl losses 
attributable directly or indirectly 
to lead poisoning, (2) evaluation of 
its physiologic effects and (3) in
vestigation for lead shot sub- 
st i tutes.

Potentially all invertebrate and 
vertebrate species worldwide may be 
susceptible to the disease; however, 
feeding habits and food preferences 
of certain waterfowl species, the 
methods employed to hunt them and 
public awareness concerning game 
species have focused attention on the 
effects of lead poisoning in this 
avian group. Species which tend to 
probe shallow water substrates for 
tubers and seeds, e.g. mallards (Anas 
platyrhyncos), pintails (A. acuta) 
and Canada geese (Branta canadens i s ), 
appear most likely to ingest lead



shot (Bellrose 1959» Cook and Trainer 
1966, March et a l . 1976). Waterfowl 
species that prefer small seeds and 
animal matter are not as likely to 
ingest lead shot as are species which 
exploit coarser foodstuffs, e.g. 
corn. Large species, e.g. white- 
fronted geese (Anser albifrons), tend 
to ingest more pellets than small 
species, e.g. mallards.

S igns, Symptoms and Pathoqenes i s

Ingestion of shot appears to be 
strictly accidental; lead shot is not 
preferentially ingested as grit 
(Bellrose 1959). The number of pel
lets ingested is related to the 
availability of shot in feeding areas 
and by the size of the bird species. 
Areas most conducive to lead 
poisoning are those subject to heavy 
hunting pressure, especially where 
annual blinds are situated near 
preferred feeding locales, and having 
solid rather than mucky substrates in 
calm, shallow, ice free water. 
Detritus accumulation and settling of 
the high specific gravity pellets in
to aquatic substrates makes the an
nual carry over of shot negligible 
(Bel 1 rose 1959)•

Lead poisoning usually peaks soon 
after the closure of waterfowl 
hunting seasons (late fall to early 
winter) when accumulation of spent 
shot has reached its maximum. Water
fowl previously denied access to 
these areas by gunning pressure 
resume feeding there and ingest the 
shot with food.

Ingested shot is retained by birds 
if not passed in the feces within 3 
days. Approximately 6 5 % of the lead 
volume is absorbed within this ini
tial period regardless of dose. As
similation of the remaining 35% re
quires roughly 45 days (Cook and 
Trainer 19 6 6). Lead shot in the 
gastrointestinal tract does not 
necessarily prove fatal. Birds may

recover from low doses or after 
passing the shot, without lasting ef
fects or reduced fertility (Cook and 
Trainer 1966). The effects of as
similated lead are cumulative, 
however.

Tolerance to ingested lead varies 
among species. For example, laughing 
gulls (Larus atrici1 la) are reported 
more resistant than waterfowl. Pre
fledging laughing gulls had lead 
concentrations equal to concentra
tions found in adults, indicating an 
equilibrium of dissolved lead in soft 
tissues before fledging (Munoz et al .
1976).

Lead appears to affect birds in 
mainly 2 ways: (1) via food depriva
tion and (2) through mitochondrial 
damage (March et al. 1976). Lead in
teracts physiologically with calcium 
and may replace it in certain blood 
proteins. Since high calcium levels 
depress food intake, it is suspected 
that lead can do the same. Weight 
loss and starvation result. Impair
ment of the mitochondria depresses 
the capability for aerobic lipid 
metabolism which is necessary for 
sustained activity. This causes the 
affected birds to become inactive and 
eventually moribund.

Ingested lead is metabolical1y 
degraded by gastric juices into lead 
salts (molecular compounds produced 
by biochemical reactions whereby lead 
displaces the hydrogen of an acid). 
Lead salts are absorbed from the 
small intestine into the circulatory 
system where they associate with 
erythrocytes. These lead con
stituents have an affinity for amino 
and sulfhydryl ligands. Lead 
chemically bound with these groups 
may cause inhibition of enzymatic ac
tivity and active transport of potas
sium in the erythrocytes resulting in 
anemia. Which 1ead-macromolecule 
(i.e. proteins) complexes form deter
mines the fate and toxicity of as- 
s imi1ated 1ead.
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Lead accumulation occurs primarily 
in bone (60%), liver (25%) and kidney 
(4%) tissue. Lead not assimilated is 
passed in bile excretions, urine and 
feces. Lead may be absorbed in
tramuscularly; thus, the effects of 
lead shot wounds in waterfowl are not 
limited solely to traumatic 
(mechanical) tissue destruction, but 
include the biochemical effects of 
lead toxicity (Oehme 1978). Dogs 
(Cani s fami 1iar i s ) have been observed 
through radiography to carry large 
numbers (50 or more) of shotshell 
pellets intramuscularly without ap
parent effect, however (R. Dieterich, 
pers. comm.). Absorption and 
mobilization of lead stores are in
fluenced by diet, vitamin D levels, 
hormonal activity, acidosis (relative 
reduction of alkali reserves in the 
blood and other body fluids) and 
chelation (Oehme 1978). More 
detailed discussions of lead 
poisoning toxicology are provided by 
Hammond (1978) and Osweiler and Van 
Gelder (1978).

Gross symptoms of lead poisoning 
include anorexia with emaciation 
(Bellrose 1959, Cook and Trainer 
1966, March et al. 1976), esophageal 
impaction distended gall bladder and 
bile stained liver (Cook and Trainer 
1966, Munoz et al. 1976), lethargy 
(Bellrose 1959, Cook and Trainer 
1966, March et al. 1976), swollen 
head and greenish diarrhea (Cook and 
Trainer 196 6)- Histologic tissue 
changes include lung hyperemia and 
hemorrhage, patchy necrosis of kid
neys, heart and gizzard and in
solubility of interstitial heart fat. 
Acute manifestations of the disease 
from large doses may preclude macro- 
or microscopic tissue changes and 
kill birds prior to emaciation.

D i agnos i s

Diagnosis is based upon clinical 
signs, histopathologic tissue
changes, increased lead levels in

plasma and tissues and presence of 
shot as detected through radiographic 
techniques and direct examination. 
Preferred samples are intact gizzards 
and liver and brain tissue. Soft 
tissues show only recent exposure to 
lead; life-time lead accumulation is 
revealed by bone and feathers (Munoz 
et a l . 1976).

Significance and Control

Surprisingly few pellets will sig
nificantly reduce a bird's likelihood 
of survival beyond 2 months post 
ingestion. Two number 6 pellets 
decrease a drake mallard's 
probability of survival by 25%; 6 
number 6 pellets by 50%. In 1959 
when hunting pressure was much lower 
than today, it was reported that 
approximately 25% of wild mallards in 
North America ingested 1 or more pel
lets annually (Bellrose 1959)- If 
this seems unfeasible, consider 
hunters average 1 duck for every 5 
shots fired (Bellrose 1959). This 
translates into 1400 pellets in
troduced into waterfowl habitat per 
duck taken if hunters use a 12 gauge 
shotgun with number 6 shot. A study 
that involved 45 whistling swans 
(Olor columbianus) reported an 
average pellet count of 50 per bird 
with a maximum of 201 pellets 
recovered (Cook and Trainer 19 6 6).

Consequences of lead poisoning, 
besides direct mortality, are in
creased susceptibility to hunting, 
predation and disease and decreased 
ability to migrate in terms of rate 
and distance (Bellrose 1959). The 
significance of this condition is a 
function of the inherent tolerance 
and feeding habits/food preferences 
of the species involved (Bellrose 
1959, Munoz et al. 1976), shot 
availability and stress (Bellrose 
1959). Sportsmen may underestimate 
the significance of this condition by 
assuming all dead and dying birds ob
served are merely unrecovered
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cripples. Also, since mortalities
peak after waterfowl hunting seasons 
close, most intoxications probably go 
unnoticed. The ramifications of
reduced weight gain and lowered
ability to migrate are not fully 
known.

Alaska is no more exempt from this 
condition than any state where duck 
hunting occurs. Though the legal 
duration of waterfowl hunting seasons 
in northern Alaska are generous, the 
actual period of hunting before 
autumn waterfowl out-migrations is
rather short. Thus, long term ac
cumulation of shot is reduced in this 
area.

It has been suggested that birds 
may be more susceptible to lead 
intoxication during breeding seasons 
(Cook and Trainer 1966). This may be 
significant considering this state's 
unspoken condonation of spring sub
sistence hunting for waterfowl and 
proposed legislation that would 
legalize this practice. As Alaska 
becomes more populated and big game 
hunting becomes more restrictive, 
duck hunting may intensify and in
crease the potential for lead 
poi son i ng.

Waterfowl management decisions 
outlawing lead shot in certain fly- 
ways have forced technological ad
vances in the development of steel 
substitutes for lead shot to minimize 
the incidence of lead poisoning.
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Splendidof i laria

Jim Dau

Two species of this parasitic 
roundworm occur in Alaska: Ŝ . pec-
toral i s and _S. papi 1 locerca. Avian
hosts of both species are apparently 
restricted to the family Tetraonidae. 
Two parasitological surveys of non- 
gal linaceous birds from British 
Columbia and portions of Alaska 
failed to discover Splendidofi1aria 
spp. The reported geographic
distribution of these parasites
encompasses the area from southcen
tral British Columbia to the Cariboo 
region of Alaska. They are fre
quently found in the Livengood-
Fairbanks-Delta region of this state 
and may appear in large proportions 
of grouse in some populations (J. 
Dau, pers. obs.)

Splend i dof i1ar i a pectorali s has 
been found in blue grouse
(Dendragapus obscuris), spruce grouse 
(Canachi tes canadens i s ), ruffed
grouse (Bonasa umbel 1 u s ) and sharp-
tailed grouse (Pedioecetes phasianel- 
1 u s ) from British Columbia and 
Alaska. Splendidof i1ar ia papi1locer
ca has been documented in white
tailed ptarmigan (Lagopus 1aqopus) 
from Russia (Sonin 1966 as reported 
by Gibson 1968). Filarioid
nematodes, probably Ŝ. pectoral is, in 
tetraonids of Alaska were first 
reported by Babero (1953).

Both Si. pectoral i s and Ŝ.
papi11ocerca are white and inhabit 
subcutaneous tissue in the pectoral 
region. Mature male IS. pectora 1 i s 
roundworms average 12.8 mm long; 
females are considerably larger,
averaging k O . b mm in length. The 
posterior portion of the males and 
females of both species is curved in 
the shape of a buttonhook. 
Splendidof i1ar ia papi1locerca was

described from a very limited sample 
of worms (1 male and 2 females); the 
male was 10.6 mm long and the females 
were 35*7 and 31+ mm long. Gibson 
(1968) provides a list of charac
teristics for differentiating the 2 
spec i e s .

The life cycle of Splendidofi1aria 
spp. is incompletely understood. The 
first larval stage of this parasite 
is termed a microfilaria. 
Microfilariae inhabit the circulatory 
system of the definitive host. 
Blood-sucking arthropods are thought 
to ingest the microfilariae when they 
feed on an infected bird. Within the 
arthropods, the microfilariae develop 
to the stage that is infective for 
the final hosts. These larvae escape 
from the intermediate hosts when the 
arthropods land to ingest another 
blood meal. The stimulus that 
prompts the microfilariae to escape 
from the arthropods and the means by 
which microfilariae determine the 
suitability of prospective hosts, if 
such a means exists, are unknown.

Gibson (1967) reported finding
fourth stage larvae of Ŝ. pectora 1 is 
in tetraonids as early as July 2h.  
By August all worms collected were 
considered mature. Microfilariae 
were present by early September. The 
rapid host response of tetraonids 
quickly encapsulates and destroys 
these parasites. This suggests that 
the realized lifespan of
Splend i dof i1ar i a spp. in their
definitive hosts may be short. The
higher incidence of infection in
grouse chicks (16 of 32; 50.0%) than
in adults (5 of 19; 26.3%) suggests
that intermediate hosts may tend to 
feed on young birds or that recovery 
leads to immunity.
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While skinning grouse and ptar
migan, sportsmen frequently find the 
adult roundworms coiled in masses of 
connective tissue. These parasites 
can easily be removed from the car
cass, do not impair the taste or ap
pearance of the meat and do not 
represent a threat to human health. 
The significance of Splendidofilaria 
spp. in Alaskan tetraonids has not 
been establi shed.
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25* Necrotic foci on the liver of a gyrfalcon (Falco rusticolus) with inclu
sion body disease of raptors (IBDR) caused by a herpesvirus (L.G. 
Swartz).

26. Necrotic foci on the spleen of a gyrfalcon (F. rusticolus) with IBDR 
(L.G. Swartz).

27. Avian pox in a green-winged teal (Anas crecca carolinensi s ) (R. 
Dieterich).

28. Plaques characteristic of aspergillosis on the air sacs of a gull (Larus 
sp.) (R. Dieterich).





Part III 

FISH



Introduction

Roger S. Grischkowsky

Disease in fish populations is not 
limited to hatchery operations. 
Natural incidences of specific 
diseases vary from absent to present 
in minor percentages to omnipresent. 
The significance of disease in wild 
fish populations is little known. 
Known natural disease involvements 
have rarely been associated with 
major mortalities. Sick fish behave 
abnormally and are quickly preyed 
upon. In hatcheries the presence of 
an infectious agent under the right 
set of environmental conditions, ones 
which favor the pathogen and not the 
host, frequently results in mor
talities of epizootic proportions.

Stress events can mediate the 
susceptibility of a host to an agent. 
Unsatisfactory water quality
parameters are stressors as are other 
external factors such as the confine
ment, handling and density of fish, 
predation, competition and numerous 
others. Most diseases of fish are 
stress mediated. Often stress causes 
the difference in expression between 
the asymptomatic carrier state and 
the diseased state.

Mortality investigations and 
disease or carrier surveys are ways 
in which diseases can be studied at 
the population level. Three aspects

which should be immediately con
sidered during mortality investiga
tions are: 1) environmental assess
ment, 2) nutritional consideration 
and 3) disease. Even when a disease 
is detected, a cause and effect 
relationship is often difficult to 
establish. Dead fish must be fresh 
to be of any value in determining 
whether a disease was involved in 
their demise. Live fish are best for 
having signs of the disease and 
reflecting abnormal behavior pat
terns.

Surveys which enumerate diseases 
and pathogen incidences can effec
tively indicate the potential for 
disease related mortality, and point 
out populations which may be more 
susceptible to the affects of stres
sors. Populations showing substan
tial incidences are probably ones 
from which individual fish should 
best be kept out of hatchery opera
tions, or ones in which preventative 
measures are appropriate for disease 
control.

The chapters that follow are 
discussions of diseases either found 
in wild or hatchery related popula
tions of fish, and have the potential 
to occur in Alaskan populations.

Note: The use of a trade name doesn't indicate endorsement by the authors
or Alaska Department of Fish and Game.
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Chapter I. 

VIRAL DISEASES



Infectious Hematopoietic Necrosis Virus

Roger S. Grischkowsky

Introduct ion

Infectious hematopoietic necrosis 
( IHN) virus is an RNA rhabdovirus
which causes disease in hatchery
reared, incubated or susceptible 
juvenile fish or eggs. It is 
restricted to North America (Amend et 
al. 1973) and Japan (Sano 1976, Sano 
et a l . 1977). Susceptible species
include sockeye salmon (Oncorhynchus 
nerka) , chinook salmon (Oncorhynchus 
tshawytscha), chum salmon (Oncor
hynchus keta) (Sano 1976, Sano et al.
1977) and rainbow and steelhead trout 
(Sal mo qa i rdner i). The virion is 
present in gonadal fluid of spawning 
adult fish. Vertical transmission
between adult and eggs establishes 
infection in progeny. Waterborne 
transmission is effective for 
experimental challenge as water flows 
past incubating eggs in redds or in
cubators and as particles are shed 
from overt infected alevins, 
fingerlings or smolts to other 
juvenile susceptible species in the 
immediate vicinity. Mortality occurs 
during the freshwater incubation or 
rearing period for salmon and steel- 
head or the first 2 years for rainbow 
trout. Epizootics are not uncommon 
in artificially propagated stocks and 
have been documented in nature (Wil
liams and Amend 1976). Mortalities 
in Alaska due to IHN virus have taken 
place only in sockeye hatcheries, al
though it has been detected in a few 
chinook fish lots.

The anterior kidney (called the 
head kidney) is the hematopoietic 
(erythrocyte producing) organ in 
fish. This is the target organ of 
IHN virus disease. Death is from a 
severe electrolyte and fluid im
balance due to renal failure (Amend 
and Smi th 1975).

History

Infectious hematopoietic necrosis 
virus has caused loss of sockeye sal
mon artificially propagated in 
Alaska. Substantial mortalities of 
juveniles have occurred at Kitoi Bay 
Hatchery on Afognak Island near 
Kodiak (1973-1975), Sitka estuarine 
rearing pens and Auke Creek Hatchery 
in Southeast Alaska (1975) and at Big 
Lake Hatchery (1979)* Mortalities 
during these epizootics have ranged 
from 10-99% with the higher portion 
of the range most frequently encoun
tered.

Alaska

The virus is distributed 
throughout all sockeye salmon popula
tions in Alaska (Grischkowsky and 
Amend 1976). It is detected in 
asymptomatic carrier adult gonadal 
fluids of fish at or near spawning 
and moribund juveniles dying from the 
disease. In this state the virus has 
been detected in only a few chinook 
salmon populations and not in trout. 
In Alaska it continues to prevent 
sustained artificial propagation of 
the sockeye salmon.

Washington

The virus history on the west 
coast other than Alaska commenced 
with the investigation into a conta
gious disease outbreak of sockeye 
salmon thought to be of virus origin 
at the U.S. Fish and Wildlife Service 
station, Leavenworth, Washington in 
1951 (Rucker et al. 1953). Fish in
volved were sockeye and kokanee, a 
landlocked variety of the same 
species. A filterable agent was im

339



plicated in this outbreak by its 
production of the infection in heal
thy salmon with injections of bac- 
teria-proof, filter-processed suspen
sion from moribund fish showing 
characteristic signs. Previous mor
talities as early as the 19^8 sockeye 
salmon brood were probably caused by 
the same infectious agent (Rucker et 
al. 1953)- The source of the infec
tious agent was indicated as raw 
sockeye viscera from Alaska, British 
Columbia and Washington used without 
pasteurization for fish feed in that 
hatchery (Rucker et al. 1953). It 
was from this early work that the 
basis for transmission, fish signs, 
necropsy gross abnormalities, defor
mation of survivors, kidney necrosis 
and isolation and identification of 
the agent later to be termed IHN 
virus was established.

the mortality closely resembled that 
reported in 1953 in Washington (Wing
field et al. 1969). The virus from 
that disease outbreak has been used 
as the type source for what was then 
termed the Oregon Sockeye Virus 
(OSV). The virus is present in some 
Pacific salmon and rainbow trout in 
that state (Amend et al. 1969).

Cali forn i a

California's IHN virus problems 
have centered around juvenile chinook 
salmon reared at the Coleman National 
Fish Hatchery and Nimbus Hatchery 
near Northern Californian tributaries 
of the Sacramento River (Wingfield 
and Chan 1970). The name initially 
given that agent was the Sacramento 
River Chinook Disease (SRCD).

British Columbia and Washington

A British Columbia epizootic from 
a virus later called IHN virus oc
curred at 2 different hatcheries near 
Chilliwack. The mortalities involved 
sockeye salmon and rainbow trout in 
1967 (Amend et al. 1969). Amend and 
Wood (1972) conducted an IHN virus 
survey from the Fraser River of 
British Columbia to the Columbia 
River between Washington and Oregon. 
Its presence was detected in 2 
Washington sockeye salmon stocks but 
not in chinook, coho (Oncorhynchus 
ki sutch) or chum salmon tested. Out
breaks of the disease in rainbow 
trout occurred in a private hatchery 
by 1973 in Washington (Amend 1975)-

Oregon

Oregon records of IHN virus 
epizootics commenced in 1958 at the 
Willamette River Salmon Hatchery in 
sockeye salmon juveniles. Its
characteristics and the pattern of

Other States

Rainbow trout IHN virus epizootics 
have also occurred in Minnesota 
(Plumb 1972), Idaho, Montana, South 
Dakota (Amend et al. 1973)» Colorado 
and West Virginia (Wolf et al. 1973). 
These rainbow trout outbreaks ap
peared to have originated in egg 
shipments from 1 hatchery (Amend
1975).

Transmi ss ion

Infectious hematopoietic necrosis 
virus is transmitted vertically from 
asymptomatic carrier spawning adults 
to progeny via gonadal fluids which 
surround the egg at deposition. It 
is not known whether IHN virus gains 
entrance to the egg interior either 
during oogenesis or prior to 
micropore closure after extrusion. 
Mass mortalities in Alaska due to the 
virus, at Kitoi Bay and Big Lake hat
cheries, indicate embryonic infection 
prior to hatching or immediately
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after the chorion is broken during 
the hatching process. Infection has 
occurred in disinfected eggs ini
tially on pathogen-free well water. 
Surface water from Meadow Creek at 
Big Lake Hatchery was used to ac
celerate development at or near 
hatching. That water intake is adja
cent to a sockeye salmon spawning 
ground of typically high virus in
cidence levels. The virus is 
generally not detectable in water 
supplies, but the author has isolated 
it in the effluent from moribund 
sockeye salmon in troughs. Other in
vestigators (Wingfield and Chan 1970) 
have implicated fish to fish water
borne transmission. They placed 
chinook juveniles native to that area 
below a hatchery with chinook ex
periencing an epizootic of IHN virus. 
Within 7 to 10 days the test fish 
showed signs. Mortality reached *t0%. 
The purpose of this experiment was to 
determine how eggs from virus-
negative adults could result in 
virus-diseased fish. Waterborne 
transmission can explain that occur
rence.

The latent period following ex
posure preceding the advent of signs 
and mortality was reported as 6 to 12 
days for sockeye alevins (Amend 1975) 
and 7 to 10 days for chinook
juveniles (Wingfield and Chan 1970) 
by waterborne challenge. Waterborne 
transmission was confirmed and was 
approximately as effective as dietary 
transmission using rainbow trout 
(Amend 1975).

Adult asymptomatic carriers are 
reservoirs of infection. Females 
have consistently higher virus in
cidences than males. Attempts to
find other reservoirs of infection 
have failed. Fish examined in Alaska 
for IHN virus with negative findings 
include rainbow trout, coho salmon, 
chum salmon, pink salmon, arctic 
grayling (Thymal1 us arcticus),

threespine stickleback (Gasterosteus 
acu1eatus), dolly varden (Salveli nus 
malma), Tong-nose sucker (Catostomus 
catostomus) and an unidentified scul- 
pin (Cottus sp.). These above tested 
fish were taken from IHN virus 
present systems.

Infected sockeye alevins, not suc
cumbing immediately after hatching, 
migrate from the emergence site to 
the nursery lake. After a lacustrine 
residence of 1 to 3 years, the smolts 
migrate out to sea. After 1 to 3 
years they return to the spawning 
ground, infect the progeny by the 
transovarian mode and complete the 
transmission cycle. One natural 
epizootic of sockeye from IHN virus 
has been studied in depth by Williams 
and Amend (1976). The egg to fry 
survival was the lowest ever recorded 
in the Chilko River of British Colum
bia from the 1972 brood. Fry to 
smolt survival for that year group 
approached normal level. This in
dicates the occurrence of IHN virus 
mortality primarily during the migra
tion to the nursery lake. The 
progeny from the 1976 adult return of 
the 1972 brood resulted in only one- 
third of that expected from the egg 
deposition. The virus was again 
isolated (Williams and Amend 1976). 
Amend (1975) similarly indicated 
signs usually occur 21 to 35 days 
post hatching after a natural chal- 
1enge.

S i qns and Pathoqenes i s 

Behavior

The disease first appears in 
juvenile salmonids as behavior abnor
malities. At that point, initial 
differences are not diagnostic for 
IHN virus but generalized to possibly 
include other health problems. One 
of the first behavioral signs of this 
disease is anorexia (failure to feed,

341



loss of appetite). In the case of 
alevins, feeding will not have com
menced. The gastrointestinal tract 
upon necropsy is empty and juveniles 
appear pinheaded or emaciated with 
the head protruding laterally. Fish 
will swim in the tail down position 
primarily at the effluent end of 
troughs. Juveniles begin ac
cumulating at the container screens 
and rolling over or floating at the 
surface. Mortality is typically 
rapid. Any stress such as dip 
netting, will cause immediate death 
as exhibited by this rolling over 
phenomenon.

Listlessness is common during the 
initial behavior abnormality stage. 
Rapid irrigation is present during 
this period while fish are swimming, 
rolled over ventral up at the surface 
or held against the outlet screen is 
present. Fish when prodded may swim 
frantically in the tail down mode. 
Carrier adults are asymptomatic.

Gross External Pathology

As mentioned previously, pin- 
headedness results from not having 
commenced feeding. Trailing fecal 
casts are present in many fish. 
Petechiae or small hemorrhagic spots, 
grouped in a strawberry pattern, ap
pear early and mid-ventral1y and at 
the base of fins and the anal vent. 
Deformation of the vertebral column, 
both laterally (scoliosis) and dorso- 
ventrally (lordosis), is common in 
the later stages of the epizootic and 
in survivors (see Figs. 1 and 2).

Gross Internal Pathology

Internal characteristics patho
gnomonic for IHN virus include 
petechiae on pyloric caecae and 
musculature and pale kidney. Ad
vanced cases show hemorrhagic areas

internally which developed from the 
petechial sites. Hemorrhagic areas 
and petechia can be distinguished 
from blood released during dissection 
by attempting to wipe it off. Loose 
blood can be removed easily while 
that resulting from a diseased condi
tion is protected from removal by a 
mucous layer. Hematocrits are so low 
as to make blood collection difficult 
or not possible. Hematocrits 
gathered would be reduced from the 
normal 35-^0% cells to low twenties 
or high teens.

Microscopic Pathology

The target organ for this disease 
is the anterior kidney. This
hematopoietic (blood cell producing) 
organ shows massive necrosis during 
the progression of IHN virus disease. 
The normal sockeye juvenile kidney is 
shown in color Figure 38. Major
voids after necrosis can occur with 
edema and destruction of parenchyma 
surrounding tubules. Other patho
gnomonic microscopic characteristics 
are below included from various 
studies by Yasutake, Amend, Chambers 
and Mead (Amend et al. 1969» Amend 
and Chambers 1970, Yasutake 1970, 
1975, Yasutake and Amend 1972). In 
the anterior kidney there is an in
crease in macrophage-1ike cells, a 
decrease in undifferentiated blast 
cells, chromatin margination of 
macrophage nuclei, pyknotic and 
necrotic lymphoid cells, extensive 
pyknosis and karyorrhexis and 
leucopenia (reduction in number of 
leucocytes) (Saunders 197^) • Kidney
pathology is detectable in 3 days
post exposure. Less pronounced 
necrosis occurs in spleen, liver, 
pancreatic and granular cells. 
Splenic tissue shows the same cel
lular changes as kidney but less con
spicuously. Minor hepatic parenchyma 
degeneration appears as localized 
necrotic foci and karyorrhexis. Pan-
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Fig u re  1. Lordosis in a sockeye smolt typical of that caused by IHN virus. 
The fish was caught at Frazer Lake where the virus is common in 
sockeye salmon adults (R. Grischkowsky).

343



Figure 2. Scoliosis in a sockeye smolt thought to be caused by IHN virus 
from Frazer Lake, Alaska (R. Grischkowsky).
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creatic changes induced by IHN virus 
are dominated by large intracytoplas- 
mic inclusions in islet and acinar 
cells. Extensive granulation of the 
stomach and intestine walls occurs. 
These granules are concentrated in 
the subcompactum and stratum 
granulosum of the submucosas. Death 
of infected fish probably occurs from 
a severe electrolyte and fluid im
balance from renal failure (Amend and 
Smith 1975).

Cytopathic Effect

Necrotic changes of fathead minnow 
epithelial (FHM) cells used for diag
nosis of IHN virus is not generally 
detectable until 3 or more days post 
inoculation. Plaques first form with
localized changes followed by a
retreating edge of affected cells
which degenerate. The result is
change of a confluent monolayer (see 
Fig. 3) to lumps of grape cluster 
like pyknotic cells. Considerable 
thickening of the nuclear margin is 
first detectable. Thickening of the 
nuclear membrane and enlargement of 
the nucleus are visible with careful 
discernment. Rounding of the cells 
as pyknosis occurs, results in 
floating cells sloughed off from the 
growing surface (see Fig. 4).

Virus Morphology 
and Characteristics

According to Amend and Chambers 
(1970) IHN virus is bullet shaped 
with an RNA core and a 158-181 x 
90-91 nm size and is sensitive to pH, 
ether and heat. It has been clas
sified as a rhabdovirus and was suc
cessfully serially cultured in a 
human diploid cell strain and a 
hamster cell line both at 18C (Clark 
and Soriano 197^)•

The presence of the agent is diag
nosed by virology and histopathology 
means.

D i aqnos i s

Virus Culture

Culture of the virus in FHM cells 
is possible when present in gonadal 
fluids of susceptible species at or 
near spawning. It is more readily 
detectable in ovarian fluid than 
seminal fluid. Organ or whole fish 
cultures of juveniles dying from the 
disease are also effective. The an
terior kidney is the currently 
preferred tissue. Samples are 
preliminarily processed by cen
trifugation and addition of an
tibiotics to prevent contamination. 
Inoculated cells held at 12C show CPE 
in 3 to 14 days. Cells exhibiting 
CPE are cultured twice to a final 
dilution of 10^6 . Negative samples 
are blind pass cultured twice to a 
final dilution of 10-l+. Diluting 
while subculturing eliminates tox
icity induced by contaminants. Blind 
passing removes any protein or enzyme 
masking effect. Samples showing 
typical CPE in serial cultures can be 
serum neutralized. Cultures ex
hibiting atypical CPE should be serum 
neutralized for confirmation. Con
trol cultures should always be in
cluded. Heat lability of IHN virus 
requires maintenance of sample tem
peratures at less than 21C for 
sustained periods (Pietsch et al.
1977). Gonadal fluids can be frozen 
prior to preliminary or final 
processing, but should not be kept 
fresh for more than 5 days (at 5C). 
Whole fish or organ samples should 
not be frozen due to selective virus 
reductions.
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Figure 3. Confluent fathead minnow epithelial cells not infected with virus 
(100X)(R. Grischkowsky).

Fiqure b . Fathead minnow epitheal cells infected with infectious
hematopoietic necrosis virus. Cytopathic effects including plaque 
formation, rounding up of cells, lifting off substrate surface and 
floating "grape clusters" are present (100X) (R. Grischkowsky).
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Paraffin histotechnique provides 
the most rapid means of identifica
tion. The presence of several of the 
previously described pathognomonic 
traits in susceptible species is 
diagnostic for IHN virus. Fish of 
the same species and similar stage of 
development should always be used as 
comparisons. Slides exhibiting 
deliberate post mortem necrosis and 
environmental deterioration should be 
used as additional controls.

Hi stopathology

S iqn i f i cance and Control 

S i gn i f i cance

Infectious hematopoietic necrosis 
virus has caused the death of tens of 
millions of sockeye salmon juveniles 
in Alaska since 1973 (see color Fig. 
39). Chinook salmon stocks are now 
showing a minor incidence and as such 
are threatened. Combined, these are 
the most valuable commercial salmon 
species. It has necessitated the 
destruction of sockeye and chinook 
salmon fish lots and the elimination 
of programs designed to increase 
numbers of some stocks. This disease 
is the limiting factor for sockeye 
salmon artificial propagation in 
Alaska.

Control

Control of IHN virus disease is at 
best very difficult. In general, the 
best combination is to use virus-free 
stocks in a disinfected hatchery with 
depurated surface waters or well 
water.

Water depuration. Clear water is 
the first priority. If infected or 
carrier fish are upstream from the 
hatchery the water is contaminated. 
Well water if possible, should be 
utilized. It is generally pathogen- 
free. If well water is not desired

due to temperature incompatibility, a 
heat exchanger should be considered 
to change the water temperature ap
propriately. If surface water must 
be used, it should be depurated using 
ultraviolet (UV) irradiation, ozone 
(03 ) generation or chlorination- 
dechlorination. Risks to fish and 
hatchery workers are present with 03 
and chlorination water and air 
residual. Irradiation by UV presents 
a visual hazard and may allow raw 
water to pass during an electrical 
failure if gravity flow is used.

Surface d i s i nfect i o n . Surface 
disinfection of eggs may allow the 
use of carrier stocks while reducing 
disease loss and occurrence. An or
ganic iodine complex called iodophor 
is routinely used for surface disin
fection of salmonid eggs. Its ef
ficacy against IHN virus is substan
tiated (Amend and Pietsch 1972), but 
some disagreement exists relative to 
its effectiveness against naturally 
exposed eggs. Iodophor was effective
against all known salmonid viruses at 
25 ppm iodine for 5 minutes. 
Chlorine as sodium hypochlorite at 10 
ppm Chlorine for 30 minutes was also 
effective against IHN virus (Amend 
and Pietsch 1972). Amend et al. 
(1973) performed laboratory and field 
tests of an iodophor with rainbow 
trout. After contamination of eggs 
with ovarian fluid containing IHN
virus, half the eggs were disinfected 
for 5 minutes at 50 ppm iodine. 
After 6 weeks, 3% of control fish 
died as opposed to 80% of the treat
ment group. The disease was not
detected in the control fish. A 
rainbow trout hatchery with annual 
IHN virus disease in juveniles has 
received 75 ppm iodine for a 10 
minute egg disinfection since 1970 
with no reoccurrence of the disease 
(Amend et a l . 1973)•

E 1evated water temperature.
Elevated water temperature has been 
used as a control measure for this 
disease. Amend (1970) determined
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that the disease could be controlled 
if water temperature was raised to 
18C for 4 to 6 days commencing within 
24 hours post infection. Reinfection 
must be prevented as fish are 
susceptible afterwards (Amend 1970). 
Carrier fish survivors may result 
from this method (Amend 1970). Water 
temperatures above 15C tend to in
crease fish resistance to the virus. 
The effect is apparently not due to 
the inability of the virus to grow at 
15-18C (Clarke and Soriano 1974) but 
perhaps from interferon protection of 
the host (Amend 1970). Virus inac
tivation in vitro increased directly 
with temperature but survival of the 
virus was still substantial at 27C 
(Pietsch et al. 1977). Inactivation 
was complete at 32C within 8 hours 
(Pietsch et a l . 1977).

Rearing juvenile chinook salmon in 
the Sacramento River at 15C is 
thought adequate for control of the 
disease (Wingfield and Chan 1970). 
Elevated water temperatures may have 
limited applicability to sockeye sal
mon in Alaska as high temperature 
lethality of the host must be con- 
si dered.

Selective breeding. The pos
sibility of increasing the number of 
fish that can tolerate the disease by 
selective breeding was suggested by 
McIntyre and Amend (1978). In that 
paper, heritability (contribution 
from 1 generation to the next) for 
IHN virus in sockeye salmon was about 
30% as determined by survival by fry 
of IHN virus challenges.

Vacc i nat i o n . Use of a killed or 
attenuated live vaccine to protect 
salmonids against IHN virus disease 
has some potential and considerable 
difficulties. Government approval 
must be achieved prior to use and 
interstate transport. Research, 
development and licensing costs are 
extensive and difficult to bear for 1 
agency or company. One field test of 
1 IHN virus vaccine was performed in

Alaska at Crooked Creek and Kitoi Bay 
hatcheries of the Kenai Peninsula and 
Afognak Island respectively. Only 
low levels of protection were gained. 
Immunocompetence and time of infec
tion commencement pose difficult 
technical problems.

In Alaska, infection has occurred 
at or near hatching. Protection of 
fish at that time would be necessary 
for a vaccine to contribute meaning
fully. At the present an IHN virus 
vaccine is a hope for the future.
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Viral Erythrocytic Necrosis

John Burke

Introduct i on

Viral erythrocytic necrosis (VEN) 
(Evelyn and Traxler 1978) has not 
been observed in Alaskan fish, but it 
is probably present in the marine en
vironment and at least 2 anadromous 
fish, pink (Oncorhynchus qorbuscha) 
and chum (Oncorhynchus keta) salmon. 
Because there have never been exten
sive surveys for VEN in Alaska; the 
signs of the disease are not grossly 
obvious; and the disease is present 
in adjacent waters of British Colum
bia, it would follow that VEN will 
eventually be found in Alaska.

Knowledge of VEN is only recent 
and very sparse. The viral agents of 
the disease have not been isolated, 
grown in cell culture, or satisfac
torily taxonomically placed. The 
conditions predisposing the disease 
are not known, and the marine reser
voir of the virus has not been iden
tified (Evelyn and Traxler 1978).

H i story

What were thought to be intra- 
erythrocytic protozoans have been 
noted in lizards for more than 65 
years (Johnston and Davies 1973).

More recently, some of these presumed 
protozoans have proven to be viral
inclusion bodies. Similar misinter
preted inclusions have been noted in 
the erythrocytes of other reptiles
and amphibians (Johnston and Davies
1973).

Laird and Bullock (1969) encoun
tered this abnormal condition which 
they called piscine erythrocytic 
necrosis (PEN) in several marine
species. The condition was charac
terized by an inclusion in the 
cytoplasm of affected erythrocytes 
and was clearly pathological to
Atlantic cod (Gadus morhua). The 
etiology of the disease was not 
determined, but the authors were
aware that it could have been viral. 
Walker (1971), while looking at cod 
from the same area, found cytoplasmic 
inclusions associated with large
icosahedral virions which he compared
to lymphocystis virus. The range of 
known marine hosts was listed for 
Atlantic fishes by Walker and Sher
burne (1977).

Appy (Appy et a l . 1976) used elec
tron microscopy to examine infected 
cod erythrocytes and found virus as
sociated with the inclusions. Walker 
and Sherburne (1977) also examined
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infected cod erythrocytes with elec
tron microscopy and noted a small 
cytoplasmic viroplasm with an adja
cent coherent group of large 
icosahedral virions. Both Appy (Appy 
et al. 1976) and Walker and Sherburne
(1977) described infected cells and 
the associated virions. Infected 
cells had basophilic cytoplasmic in
clusions, with or without an attached 
group of granules (virions), nuclear 
destruction (pyknosis and karyor
rhexis), and were generally 
distorted. The inclusion was round, 
compact and Fuel gen positive (con
tained DNA) and often had attached 
granules. Electron micrographs 
showed that the round inclusion was 
viroplasm and that the granules were 
virions (Walker and Sherburne 1977)- 
The virion had a sharply defined en
velope with a side-to-side diameter 
of 300 nm. The nucleoid was electron 
dense and spheroidal, approximately 
230 in diameter. Each virion had a 
surcoat of unknown origin, virus or 
erythrocyte. The intensity of infec
tion in Atlantic cod ranged from less 
than .01% to greater than 99% of the 
mature erythrocytes (Walker and Sher
burne 1 9 7 7 )*

Reno et a l . (1978) used electron 
microscopy to examine Atlantic 
herring (Clupea harenqus harenqus) 
showing this condition. These 
authors found a much smaller virion, 
145 nm in diameter, than previously 
described in cod. They presumptively 
classified the virus within the 
Ir i dovi r i dae.

More recently, Evelyn and Traxler
(1978) called attention to a disease 
of pink and chum salmon which was 
characterized by a single cytoplasmic 
inclusion in affected erythrocytes. 
This condition had been seen as early 
as 1964 in chum salmon and was recog
nized in cultured pink salmon in
1972. Sockeye (Oncorhynchus nerka), 
chinook (Oncorhynchus tshawytscha), 
and coho (Oncorhynchus k i sutch) 
salmon reared in pens adjacent to 
those holding infected pink and chum

salmon did not have the disease. An 
attempt to experimentally transmit 
erythrocytic necrosis virus (ENV) to 
the sockeye, chinook and coho salmon 
was unsuccessful. Evelyn and Traxler 
(1978) proposed changing the name of 
the disease from PEN to viral 
erythrocytic necrosis (VEN), feeling 
VEN was more descriptive and would 
more widely designate the disease in 
other fish and animals.

Most recently, MacMillan and Mul- 
cahy (1979) found the presence of VEN 
ranged from 0-17% in geographically 
different chum salmon stocks in Puget 
Sound, Washington. In addition, they 
found the disease incidence varied 
from 4-59% in different Pacific 
herring (Clupea harenqus pal Iasi) 
stocks from Puget Sound.

Transmi ssion

MacMillan and Mulcahy (1979) were 
able to experimentally transmit the 
disease to chum, pink, coho, sockeye, 
chinook, and Atlantic (Salmo salar) 
salmon and rainbow (S a 1 mo qa i rdner i), 
brown (Salmo trutta) and brook 
(Salvelinus fontinalis) trout with an 
intraperitoneal injection of virus 
taken from naturally infected chum 
salmon. Chum salmon and brook trout 
were infected by waterborne virus 
from chum salmon, and chum salmon 
were infected with virus taken from 
herring. The differences in species 
susceptibility between the results of 
Evelyn and Traxler (1978) and those 
of MacMillan and Mulcahy (1979) were 
related to the smaller, presumed more 
susceptible fish used by the later 
authors.

Transmission experiments have 
clearly shown that VEN is infectious 
and that its agent is a virus (Evelyn 
and Traxler 1978). The disease has 
not been seen in fish held only in 
freshwater, though it was experimen
tally transmitted through freshwater 
to a susceptible host (MacMillan and 
Mulcahy 1979). Natural infection of
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salmonids has only been seen in chum 
and pink salmon which share the 
behavioral pattern of migration to 
saltwater shortly after hatching. 
The above information suggests that 
the causal agent is of marine origin, 
an agent these 2 species contact 
while still of susceptible size.

S iqns and 
Pathoqenes i s

The signs of VEN are neither ob
vious nor pathognomonic. Infected 
fish are anemic, which can be seen in 
pale gills, heart, liver, kidney and 
alimentary tract. Fish infected by 
ENV had low hematocrits (2-10% com
mon) and their blood clotted slowly 
or not at all (Evelyn and Traxler
1978). Histopathological changes oc
curred in the kidney which exhibits 
active hematopoiesis (Evelyn and 
Traxler 1978). MacMillan et al. 
(1980) suggested that the progression 
of the infection might relate to the 
developmental stage of infected 
erythrocytes seen in the blood. Two 
or 3 weeks after injection with the 
virus, experimental fish showed a 
significant erythroblastosis with 
erythroblasts (immature erythrocytes) 
of the periferal blood containing VEN 
inclusions. This condition desig
nated later stages of infection 
(MacMillan et a l . 1980).

D i aqnos i s

Diagnosis is based on giemsa- 
stained blood smears. The fish were 
considered ENV positive if any 
inclusion-bearing erythrocytes were 
detected in the examination of 50 
microscopic fields ( 1 0 0 x  objective 
lens). If inclusion-bearing erythro
cytes were not found in this examina
tion, the fish were designated ENV 
free (Evelyn and Traxler 1978).

S iqn i f icance and Control

Little can be said about the sig
nificance of VEN or its control. 
Evelyn and Traxler (1978) noted that 
the disease was diagnosed over a wide 
temperature range (6.5-19 C ), but that 
it seemed most severe during the 
summer. This knowledge may even
tually have some bearing on control 
of the disease. The course of VEN 
appeared to be chronic with low mor
tality rates (up to 0.3% per day) 
among pen-reared pink and chum sal
mon. Natural outbreaks of VEN in 
pink and chum salmon were usually 
complicated by vibriosis or bacterial 
kidney disease (Evelyn and Traxler
1978).

MacMillan et al. (1980) examined 
some of the secondary consequences of 
ENV infections. Erythrocytic
necrosis virus-infected fish had a 
three-fold greater mortality rate 
from vibriosis, a significantly 
decreased tolerance to oxygen deple
tion, and a decreased ability to 
regulate serum sodium and potassium 
in saltwater. This combination of 
secondary effects of ENV infection 
might prove a problem during salt
water pen rearing of susceptible sal
monids. There is some speculation 
(J. MacMillan, pers. comm.) that the 
disease may debilitate infected adult 
salmon so that they do not have the 
strength to spawn when their required 
spawning migrations are greater than 
several miles upstream from salt
water .

Viral erythrocytic necrosis is 
probably widespread in the Pacific 
and Atlantic marine environments. It 
is possible that salmonids are not a 
principle host in the dynamics of the 
disease, and that they represent an 
offshoot from the main course of in
fection. Until the vectors and 
dynamics of ENV transmission are 
known, little can be done to control 
the disease.
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(Top) Viral erythrocytic inclusion (arrow) in the cytoplasm of an 
erythrocyte from the peripheral blood of a chum salmon (0. keta). 
Bar = 2.5 micrometers (J.P. MacMillan).

(Bottom) Erythrocytic necrosis virion (arrow) associated with a 
cytoplasmic inclusion in an erythrocyte from the peripheral blood 
of a chum (0. keta) salmon. Bar = 2 micrometers (J. P. MacMil
lan).

Figure 5.
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Infectious Pancreatic Necrosis Virus
I

John Burke

Introduct ion

Infectious pancreatic necrosis 
(IPN) disease results from a viral 
infection of salmonids. Infectious 
pancreatic necrosis virus (IPNV), 
found in North American salmonids, 
was the first piscine virus isolated. 
The virus is made up of double 
stranded, segmented RNA and is con
sidered somewhat ambiguously a reo- 
1 ike vi rus.

In recent years IPNV has been 
spread to almost every major trout 
growing area in the world. The acute 
form of IPN primarily affects 
juvenile fish and occasionally larger 
fish. The disease also commonly oc
curs inapparently as a benign carrier 
state in yearling and adult fish.

H i story

Acute catarral enteritis was 
described by M'Gonigle (19^0). At 
the time, this condition was con
sidered a physiological disease of 
brook trout (Salvelinus fontinalis) 
and Atlantic salmon (Salmo salar) 
from hatcheries in Canadian Maritime 
Provinces. The original description 
of IPN was published in 1955 (Wolf 
1976, Wood et al. 1955) and in 1960 
the viral agent was isolated (Wolf et 
al . 1960). Since these early
publications more than 100 reports 
have been published on the virus or 
the disease it causes. Some of the 
more interesting work is summarized 
and listed by Wolf (1976).

Probably the most significant 
historic aspect of IPN is its spread 
by fish culturists to nearly every 
major trout growing area of the 
world. It is thought the disease was

moved from North America throughout 
both Europe and Japan by transporting 
infected fish or eggs. The disease 
also has likely been taken to 
Australia and Tasmania in the same 
manner.

Virtually all salmonids can be in
fected by IPNV. This virus also oc
curs, or at least exhibits long term 
survival, in the guts of fish-eating 
birds and some invertebrates (Son- 
stegard 1970). This disease does not 
occur in Alaska at present, and this 
is one of the foremost reasons for 
fish and egg transfer regulations in 
the state.

Transmi ssion

The 3 primary routes of IPNV 
transmission have been by water, 
feed, and eggs from carrier adults 
who have survived an epizootic. 
During an epizootic the virus is shed 
into the water with the feces of in
fected fish. Uninfected fish down
stream from the epizootic can become 
infected with this waterborne virus. 
All of the fish infected with IPNV do 
not die, some recover and develop to 
maturity. These fish may appear 
healthy and yet are often carriers of 
IPNV which is found in feces, 
peritoneal washings and in spermatic 
and ovarian fluids. The virus is 
then passed to the next generation 
with the eggs of these carrier 
females (Seeley et al. 1977)-

Signs and Pathoqenesis

The first sign of an IPN epizootic 
is a sudden increase in mortality. 
The most healthy appearing fry are 
often the first affected. Whirling
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is common among terminally infected 
fish with death following in several 
hours. External signs often include 
darkening, exopthalmia, ascites and 
hemorrhage at the base of fins. 
Internally, petechia (pin point 
hemorrhages) in the area of pyloric 
caeca and a pale liver and spleen can 
denote the disease. The digestive 
tract is usually empty with a clear 
to milky mucous filling in the 
stomach and anterior intestine 
(sometimes called a mucous plug). 
These signs are very similar among 
fish suffering from several different 
viral diseases, so that virus isola
tion and the history of the affected 
stock is necessary for diagnosis and 
direction (Wolf 1966).

Histopathological examination
shows that pancreatic tissue is a 
target organ. This tissue contains 
cytoplasmic inclusions and shows pyk- 
nosis (nuclear shrinkage) and 
karorrhexis (a pyknotic nucleus 
undergoing fragmentation) of infected 
cells. The liver and spleen also 
demonstrate pathological changes. 
Nonspecific hyalin degeneration 
(characterized by a monogeneous pink 
appearance under the light micro
scope) is another unexplained major 
histopathological change seen in IPNV 
infected fish (Snieszko et al. 1957).

D i agnos i s

Clinical signs of the IPN may be 
useful in diagnoses, but their ab
sence cannot be relied upon to in
dicate the absence of the virus. 
Diagnosis of IPN must involve 
virological (isolation) and iden
tification (neutralization) tests. 
The virus can be isolated on a number 
of fish cell lines, rainbow trout 
gonad (RTG-2), fathead minnow (FHM), 
and bluegill (BG-2) are used most 
commonly in this procedure. Incuba
tion at 20C has been recommended

(Amend and Wedemeyer 1970) but 18C is 
more commonly used. Characteristic 
CPE (cells feather, elongate, are 
spiderlike as compared with IHN where 
cells round up) can usually be noted 
in from 2b to 48 hours after inocula
tion. Positive confirmation requires 
isolation of the virus as described 
above and serologic neutralization.

The most sensitive test for the 
detection of IPN involves the use of 
internal organ homogenates (whole 
fish with fry) or the sex products 
from spawning adults. Unfortunately, 
sampling the internal organs requires 
sacrifice of the fish and sampling 
sex products can only be done during 
spawning. To circumvent this 
problem, feces are sampled and have 
proven fairly reliable, though not as 
sensitive as the first 2 samples men
tioned in the detection of carrier 
f i sh.

Siqnif icance and Control

The significance of the initial 
mortality among fry is related to 
several factors. The first variable 
is the age of the fish, which become 
more resistant to the disease as they 
get older. The second major is the 
particular strain of IPNV involved. 
The virulence of different virus 
strains varies as do resultant mor
talities, from 10-90% (Wolf 1976). 
With this range of prognoses for IPNV 
epizootics and the knowledge that 
survivors become vertical trans
mitters of the disease, it is obvious 
that the best treatment for the 
disease is avoidance. Since IPNV is 
not in Alaska and there are strict 
regulations designed to prevent its 
importation, it is possible the 
disease can be avoided. If the 
virus is present, fish culturists 
must be concerned with water 
purification, carrier detection, egg 
and brood stock movement, and even
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sea gulls and invertebrates which can 
sustain the virus for long periods of 
time after a meal of infected fish or 
detritus. There is no successful 
treatment for IPNV infected fish nor 
is there a totally successful manage
ment scheme to control the disease 
once it has spread throughout a 
system. Wolf (1966) advises that the 
sole means of handling the problem in 
an infected watershed is to an
ticipate a loss of one half or more 
and to provide extra eggs.
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Chapter 2. 

BACTERIAL DISEASES



Bacterial Kidney Disease

A. J. Didier, Jr.

1ntroduct i on

Bacterial kidney disease (BKD) is 
a systemic infection caused by a 
small (0.3-0-5 um x 0.5-1.0 um), non- 
motile, non-acid fast, Gram positive, 
dipiobaci11 us. The proposed name for 
this organism is Corynebacter i um sal
mon i s (Sanders and Fryer 1978). All 
salmonid fish (subfamily Salmoninae) 
are considered susceptible to infec
tion. There are no known cases of 
BKD in non-salmonids.

An additional name change was re
cently proposed by Sanders and Fryer 
(1980) which would result in the BKD 
causative agent being called 
Ren i bacter i um salmon inarum gen. nov., 
sp. nov.

H i story

An infection which became known as 
"Dee disease" was first reported in 
Scotland in 1933 (Bullock et al. 
1971, Mackie et al. 1933). The 
etiologic agent was a small Gram 
positive bacillus which produced le
sions in the spleen and other organs 
of Atlantic salmon (Salmo salar). In 
1935, a similar condition was 
reported in trout in Massachusetts 
(Belding and Merrill 1935, Bullock et 
a l . 1971). Since that time, BKD has
been reported frequently in cultured 
salmonids in the United States, and 
its geographic range has been ex
tended to include Canada, Japan and 
France (American Fisheries Society 
1979). Bacterial kidney disease may 
now be one of the most prevalent bac
terial diseases of salmonid fishes.

In Alaska, BKD was first detected 
at Petersburg in 1975- Substantial 
losses of coho salmon (Oncorhynchus 
kisutch) smolts at the state salmon 
hatchery there were directly at
tributable to this disease. Infected 
fish had been shipped to state 
facilities in Juneau and Sitka; BKD 
was later detected at both sites. In 
1978, this author conducted a survey 
of salmon stocks in 26 watersheds of 
Southeast Alaska and found BKD to be 
much more widespread than previously 
realized (unpub. data). Coho, chum 
(Oncorhynchus keta) or pink salmon 
(Oncorhynchus qorbuscha) carriers 
were detected in half of the systems 
sampled, although the incidence
levels in these systems varied
widely. Carrier rates were generally 
less than 10% but several were 
greater than 25%. Carriers were
found in virgin stream systems as 
well as in those which had received 
transplants of hatchery reared fish. 
Recently, others have detected BKD in 
Dolly Varden char (S a 1velinus m a 1m a ) 
from the Juneau area and in coho sal
mon from Seward (R. Grischkowsky, 
pers. comm.) As further sampling 
programs are conducted in other areas 
of Alaska, it is likely that the 
geographic range of the disease will 
be extended.

Transmi ss ion

The bulk of current information 
indicates that a primary path of BKD 
transmission is vertically from 
adults to juveniles through the egg 
(Bullock et al. 1978, Klontz 1978). 
Oral transmission is possible but in
fection is not always certain (Wolf
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and Dunbar 1959, Wood and Wallis
1955). Transmission through the 
water has been possible only when the 
skin has been broken or abraded prior 
to exposure (Wolf and Dunbar 1959). 
Success of infection is dependent on 
a variety of factors, including 
species specific susceptibility to
the disease. Of the major trout
species, brook trout (Salvelinus fon- 
tinalis) are the most susceptible,
brown trout (Salmo trutta) are inter
mediate and rainbow trout (Salmo 
qai rdneri) are most resistant (Bul
lock et al. 1971). Among the Pacific 
salmons, BKD is most frequently ob
served in sockeye (Oncorhynchus ner
ka) , chinook (Oncorhynchus tshawyt- 
scha) and coho, since all these
species typically require long hat
chery rearing periods. Sanders et 
al. (1978) showed that sockeye were
more sensitive to BKD than either
coho or steel head trout (_S. qai rd
ner i). Susceptibility differences 
also appear within a given species. 
For example, Suzumoto et al. (1977) 
found different levels of resistance 
to BKD in coho salmon which had dif
ferent genotypes for transferrin, an 
iron binding plasma protein.

Water quality and ecological 
parameters also play a role. Warren 
(1963) surveyed federal salmon hat
cheries in the United States and 
found that the severity of BKD inci
dents increased as water hardness 
decreased. It was noted that these 
observations could be due to several 
indirect factors, such as the effect 
of water chemistry on the salmonid 
immune response, or its influence on 
possible intermediate BKD vectors. 
Mitchum et a l . (1979) attributed in
creased BKD incidence in the head
waters of their test stream to lower 
volumes and velocities of water, fre
quent pools, softer water, and stress

resulting from severe annual water, 
level fluctuations. After noting 
that fish with BKD were also fre
quently infected with parasites, Wood 
and Yasutake (1956) suggested that 
parasites may contribute to BKD in
cidence by either lowering a fish's 
general resistance to infection or by 
providing a portal of entry for the 
BKD organism.

In hatchery environments, diet is 
considered a major factor influencing 
BKD incidence. Wood (1974) credited 
the use of diets containing cotton
seed meal rather than corn gluten 
with significantly reducing BKD in 
Washington state hatcheries. He also 
indicated that coho salmon fed dry 
diets suffered higher BKD losses than 
those fed moist formulas. Wedemeyer 
and Ross (1973) found that the in
cidences of BKD in lots which were 
fed corn gluten and cottonseed meal 
formula diets were similar, but 
demonstrated that the non-specific 
stress of infection was greater in 
groups fed corn gluten.

Bacterial kidney disease infec
tions can occur over a wide range of 
temperatures, but the progression 
rate of the disease is highly tem
perature related. Sanders et al.
(1978) tested coho and sockeye salmon 
and steelhead trout, and found that 
BKD infection and mortality could oc
cur in all species at temperatures 
from 3-5-20.5C. However, mean time 
of death following infection at 6.7 
was 60 to 71 days while at 15-20.5C, 
it was only 21 to 34 days. Sockeye 
suffered severe mortalities over the 
entire temperature range while coho 
and steelhead suffered peak mor
talities at 6.7-12.2C. In the latter 
2 species, the disease appeared to be 
somewhat depressed at temperatures 
above 12.2C.
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Typically, the course of BKD is 
slow and the epizootic appears as a 
continual, chronic loss. Acute 
losses have been reported, generally 
at the moderate temperatures 
(13“ 18 C ). In either case, external 
signs may include exopthalmos, ab
dominal swelling, and blisters or 
blebs in the skin. These blisters 
are filled with a clear amber to 
cream colored purulent fluid. If 
broken, the lesions appear as large 
open sores. Abscesses have also been 
reported in the musculature and in 
the orbit of the eye.

Internally, the kidneys are often 
pale and swollen. Macroscopic le
sions containing bacteria, leucocytes 
and cell debris may appear in the 
kidney, liver or spleen (color Fig. 
37). Ascitic fluid may be present in 
the abdomen. The intestine is 
usually distended and filled with a 
white to yellow viscous fluid. At 
water temperatures below 8.3C, a 
white, false membrane may envelope 
the heart, liver, spleen, gonads or 
air bladder.

It should be noted that in the 
early stages of an infection or in 
the carrier state, affected fish may 
show none of these gross pathological 
signs. In these cases, presence of 
the organism may be demonstrated 
through microscopic examination of 
tissues or tissue smears.

Several descriptions of the 
histopathology of BKD are available 
(Smith 1964, Wood and Yasutake 1956, 
Young and Chapman 1978). To compara
tive pathologists, it is said to 
resemble mammalian renal diseases 
such as glomerulonephritis. After 
becoming systemic and penetrating the 
internal organs, focal necroses occur

S i qns and Pathoqenes i s in the kidney, liver and spleen. 
Bacteria may be found in large 
numbers at all these sites. In the 
kidney, the condition is also charac
terized by fat deposits, and edema in 
the glomerulus and renal tubules. 
The false membrane mentioned earlier 
differs from the true diphtheritic 
membrane caused by Corynebacter i um 
diphtheriae in that it is superficial 
and does not penetrate the organs it 
covers.

Diagnosis

Bacterial kidney disease may be 
difficult to diagnose in that it may 
occur simultaneously with other fish 
diseases such as furunculosis 
(Aeromonas salmonicida), bacterial 
septicemia (Aeromonas hydrophila) and 
infectious pancreatic necrosis virus. 
In these cases, BKD may not be the 
primary cause of death. Presumptive 
diagnosis of BKD is usually possible 
through observation of the gross 
pathology and examination of gram 
stained tissue smears from target or
gans. There are few other Gram posi
tive fish pathogens, and the size and 
shape of Corynebacter i um sa1mon i s is 
usually distinctive. Fresh or frozen 
sample materials are preferred, but 
formalin preserved tissues are also 
usable.

Various strains of £. salmonis are 
serologically homologous and distinct 
from non-BKD organisms (Bullock et 
al. 1974), so positive diagnosis can 
be based on the use of the fluores
cent antibody technique (FAT). 
Direct and indirect staining tech
niques are available (American 
Fisheries Society 1979, Bullock and 
Stuckey 1975). Both use specific 
anti-BKD serum and in both cases, the 
primary dye is fluorescein 
isothiocyanate (FITC) with a
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F i gure 6. Cel 1s of Corynebacter i um salmon i s sta ined wi th the di rect f 1uores-
cent antibody technique (100OX) (A. Didier).

rhodamine counter stain to reduce 
background fluorescence. When 
stained with this preparation and ex
amined with an incident light 
fluorescence microscope, cells of £. 
salmonis fluoresce with a brilliant 
green color against a dark background 
(Fig. 6). Since the FAT is rela
tively fast, simple and definitive, 
it is usually the method of choice in 
most diagnostic laboratories. Poten
tial test tissues include kidney, 
liver, spleen, lower intestine, fecal 
material and gonadal fluids. Fresh 
or frozen materials may be used.

Serologic diagnosis is also 
possible using immunodiffusion in 
agar gels (Chen et a l . 1974). The
technique requires little elaborate 
equipment, and is useful in providing 
positive confirmation of overt cases. 
However, practice has shown it to be 
relatively insensitive in detecting

asymptomatic carriers (Evelyn 1978). 
Fresh materials are preferred for 
this procedure.

Culture of the organism is a third 
method for positive diagnosis com
monly used with other bacterial 
pathogens, but with £. salmonis there 
are a number of distinct problems. 
The organism has an absolute require
ment for L-cysteine hydrochloride, 
and the best medium currently 
available is a pH 6.5 nutrient agar 
fortified with cysteine and blood 
serum (Evelyn 1977). Even under op
timum conditions however, incubation 
periods of 10 days to 3 weeks may be 
required for development of visible 
colonies from the initial inocula
tion. If other bacteria are present, 
overgrowth of £. sa1mon i s with other 
faster growing forms is a constant 
problem. Sample dilution with 
ordinary saline may inactivate the
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organism, and there even appears to 
be anti-BKD activity in tissue 
fluids. In spite of these difficul
ties, culture may be one of the most 
sensitive detection techniques cur
rently available (Evelyn 1978).
Fresh materials are required for this 
procedure.

S i qn i f i cance and Control

The significance of BKD in hat
chery operations has been well
documented. At some Alaskan
facilities, losses of coho salmon 
fingerlings have ranged from 2-5% per 
month during the final months of
freshwater or estuarine rearing. 
Mortalities can also occur in salmon 
smolts during their transition to 
seawater, and in prespawning adult
salmon after they return from the
ocean. Annual BKD epizootics in 
feral trout populations were reported 
by Mitchum et al. (1979)* Clearly,
BKD can have a detrimental impact at 
any point in the life history of sal
monid fishes. However, Suzumoto et 
al. (1977) concluded that BKD 
resistance played only a small role 
in the overall viability of coho sal
mon at the Big Creek Hatchery
(Oregon) when they found that the
genotype which was most resistant to 
BKD comprised only a small portion of 
the total population. Either there 
were other factors which were more
important, or there were negative
traits associated with BKD 
res i stance.

Since the incidence of BKD in in
dividual stream systems varies so 
widely, it is likely that the impact 
of BKD must be evaluated on a case- 
by-case basis. In systems where the 
carrier rate is less than 10%, BKD is 
detrimental to individual fish, but 
its impact on the population as a 
whole is probably small. At higher 
carrier rates, the negative influence 
may be more noticeable.

Some degree of prevention in hat
cheries is possible using standard 
iodophor disinfections of fish eggs. 
Corynebacterium salmonis is sensitive 
to these compounds (Smith 1964) and 
any bacteria clinging to the external 
surfaces of the eggs should be 
killed. Bullock et al. (1978) 
reported that iodophor disinfection 
did not eliminate the disease but 
reduce its severity. Apparently, 
some bacteria are transmitted within 
the egg and cannot be reached by sur
face disinfection.

Treatment of BKD epizootics has 
always been difficult, probably 
because the bacteria may occur 
intracel1ularly. In the past, sul
fonamides were used to control BKD 
epizootics but the disease usually 
reappeared once the treatments were 
stopped. Wolf and Dunbar (1959) 
tested the efficacy of 34 agents for 
controlling BKD and found that 
erythromycin was the drug of choice. 
Recently, Klontz (1978) has reported 
considerable success in treating BKD 
through use of the water soluble 
form erythromycin phosphate.
Prespawning adult salmon losses were 
prevented with subcutaneous injec
tions of erythromycin phosphate at
11.0 mg/kg body weight. Juvenile 
losses were prevented by water 
hardening freshly spawned eggs for 30 
minutes in a 1-2 mg/L solution of 
erythromycin phosphate. However, the 
use of this chemical has not been ap
proved by the Food and Drug Ad
ministration in fish to be used for 
human consumption. Several groups 
are actively seeking an exemption 
from this restriction for newly fer- 
t i1i zed f i sh eggs.

Control through either acquired or 
genetic immunity is not an available 
option. Evelyn (1971) showed that 
salmonids do form antibodies against
C.  salmoni s , but the level of 
response was highly variable. Con
siderable work is still necessary to 
determine the proper methods of an
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tigen preparation and presentation 
before a BKD vaccine becomes a 
reality. The work of Suzumoto et al. 
(1977) indicated that there may be 
some genetic basis to BKD resistance, 
but much more work is needed to 
determine the specific factors in
volved, and whether or not they are 
linked to other undesirable traits. 
For the present, control of BKD will 
depend on rigid sanitation at hat
chery facilities, disinfection of all 
cultured lots of fish eggs, and 
restriction of the movement of in
fected fish.
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Bacterial Septicemias Caused 

by Aeromonas and Pseudomonas
Jill E. Fol1ett

Introduct i on

Septicemias in freshwater fishes 
caused by bacteria of the genera 
Aeromonas and Pseudomonas are common 
worldwide. These Gram negative, ox
idase positive bacteria are generally 
saprophytic, but may invade fish as 
opportunistic pathogens. Infections 
tend to be low grade with a low level 
of mortalities. Usually, infections 
are precipitated by some environmen
tal stress, or a previous infection 
with a pathogenic bacterium or a 
protozoan parasite.

H i story

Aeromonas hydroph i1 a and
Pseudomonas f 1uorescens are the 
primary agents of this type of sep
ticemia. Aeromonas hydroph i1 a has 
also been implicated in a bacterial 
hemorrhagic septicemia or infectious 
dropsy in carp (Bullock 1971) which 
differs from the septicimias found in 
Alaska. The first recorded case of 
bacterial septicemia in Alaska was 
found at the Halibut Cove Lagoon 
rearing facility in June of 1974. 
Frequently, several species of 
Aeromonas and Pseudomonas are in
volved. F 1avobacteria are often 
found in addition. At the Ship Creek 
facility, these opportunistic 
pathogens have been present as secon
dary invaders to infections of
Aeromonas salmonicida, a more viru
lent bacteria. A few disease in
cidences have occurred just following 
transport, which is stressful to the 
fish. In the state of Washington, 
Wood (1974) noticed that infections 
of A. hydrophi1 a occur when there is 
a build up of excess food, excrement

and dead fish followed by cleaning of 
the ponds. The cleaning exposes fish 
to high levels of bacteria which have 
been allowed to multiply in the or
ganic debris.

Transmi ssion

Aeromonads and pseudomonads occur 
naturally in the water especially 
when it is high in organic matter. 
Accumulation of excess food, excre
ment and dead fish allow ideal 
breeding places for the bacteria. 
When the opportunity arises, they 
will invade the fish through the in
testinal tract or external lesions. 
Bullock (1965) was able to experimen
tally infect goldfish (Carass i us 
auratus) with a Pseudomonas only 
after a few scales were removed, al
lowing access to the interior of the 
fish. Once an infection is 
established, the infected fish 
probably transmit organisms to the 
non-infected ones.

S i qns and Pathoqenes i s

The establishment of an aeromonad 
or pseudomonad septicemia is almost 
always precipitated by some other 
stress factor such as poor environ
ment, handling, or pre-existing in
fection of some other type. Once
established, the pathogenesis is 
similar to that of other Gram nega
tive bacteria. Endotoxins released 
from cell walls upon autolysis of
dead cells cause the disease process. 
The signs will not differentiate
whether the septicemia is caused by 
an aeromonad or pseudomonad.
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Frequently, in these low grade in
fections there are no signs, just a 
low level of mortalities. Infected 
fish may be lethargic 2 to 3 days 
prior to death and gather in quiet 
areas of the ponds or raceways. 
Internally, capillaries break down in 
the body cavity and organs.

Bloody or ascitic fluid may be 
present in the body cavity. As the 
disease progresses, hemorrhages in 
the body wall can be seen internally 
and occasionally externally. Bloody 
fluid may be extruded from the vent 
if pressure is applied. The kidney 
may be soft, the spleen and other or
gans pale. Other signs that may be 
present include hemorrhaging at the 
base of fins, pale gills and 
exopthalmia (protuding eyes) (Sniesz
ko and Bullock 1976). Signs and 
pathology resemble those of other 
septicemias caused by Gram negative 
bacter ia.

D i aqnos i s

This disease occurs primarily in 
freshwater. Definitive diagnosis can 
be made on the basis of signs, and 
isolation and identification of the 
etiologic agents. Since signs may be 
few and resemble those of other 
diseases, usually the causative agent 
must be isolated.

Isolation of the agents can be 
done on blood or tryptic soy agar 
(TSA). If the isolate is a short to 
medium, Gram negative, oxidase posi
tive, motile rod, it can be presump
tively identified as a pseudomonad or 
aeromonad. Occasionally 1 of these 
will be non-motile (Bullock 1965). 
Further differentiation is based on 
biochemical tests. Biochemical
characteristics of A. hydroph i1 a 
include glucose fermentation, produc
tion of 2,3-butanediol and starch hy

drolysis. It is the only known 
2,3-butanediol positive organism in 
the aquatic environment. Until re
cently, it was named A. 1iquefac i ens 
and will be frequently seen as such 
in the literature. Biochemical 
characteristics of P. f 1uorescens 
include oxidative or alkaline reac
tion in glucose, production of 
fluorescent pigment and no starch hy
drolysis. The greenish-yellow
fluorescent pigment is usually 
visible in daylight in cultures on 
TSA within a week. It is elicited by 
media containing 0.15% each of 
dipotassium phosphate and magnesium 
sulfate. Examination with ul
traviolet light should reveal the 
presence of fluorescing pigments. 
Other aeromonads and pseudomonads may 
be isolated from septicemias. 
Species of the former produce a 
fermentative reaction, and the latter 
an oxidative or alkaline reaction, in 
Hugh and Leifson's 0/F medium (see 
section on Furunculosis). Additional 
methods for identification are 
described by Bullock (19 61, 19 6 5)•

Siqnif icance and Control 

S i gn i f i cance

Presently, this disease is 
responsible for losses at several 
hatcheries at various times. Since 
the organisms are naturally oc
curring, it is not feasible to com
pletely eliminate them. Losses are 
not usually large and can be reduced 
by proper fish culture. Wild fish 
are not likely to become naturally 
infected unless conditions became un
favorable. The organisms can also 
cause human infections in a weakened 
host, but is is unlikely to be trans
mi tted from fish.
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Control

Prevention. Prevention is a 
matter of good fish culture prac
tices. Ponds should be cleaned 
regularly and dead fish picked daily. 
Handling stress should be minimized. 
Eliminate reservoirs of infection 
which allow bacteria to multiply. 
Prophylactic treatment prior to 
tagging or transporting may diminish 
losses. To reduce hauling stress, 
calcium chloride can be added to the 
transport water.

Treatment. Treatment is done with 
oxytetracycline (OTC) at a dosage of 
1 g/kg fish/day/15 days. Oc
casionally, organisms resistant to 
OTC will be isolated. In these 
cases, treatment can be done with 
sulfamethazine at 1.1 g/kg 
fish/day/15 days (R. Grischkowsky, 
pers. comm.).
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Bacterial Gill Disease

Jill E. Fol1ett and Roger S. Grischkowsky

Introduction

Bacterial gill disease is charac
terized by proliferation of gill 
epithelium and presence of myxo- 
bacteria on the gills. It is common 
in cultured salmonids and found oc
casionally in warmwater fish. 
Several types of myxobacteria may be 
isolated from the gills but a causa
tive organism is not always found. 
Although other bacteria such as 
Pseudomonas spp. and columnar is or
ganisms can cause gill disease, the 
term bacterial gill disease usually 
refers to that caused by miscel
laneous myxobacteria. Apparently, it 
is precipitated by poor environmental 
conditions and stress. Death is 
caused by fish being unable to get 
adequate oxygen due to gill clubbing, 
or to the massive amounts of bacteria 
on the gills.

Hi story

Bacterial gill disease was first 
described by Davis (1926, 1929) as a 
disease of trout (Salveli nus fon- 
t inalis and Salmo qa i rdner i) in Ver
mont. It has since been found to af
fect all species of salmonids 
throughout the world. Warmwater 
fishes such as bass (Micropterus sp.) 
and crappie (Pomox i s sp.) have also 
been affected by a similar disease 
(Davis 1953).

Historically, gill disease in 
which myxobacteria were found was 
called the eastern or bacterial type. 
By definition, no bacteria were found 
in the western type (Rucker et al.

1952). It is now known to be caused 
by a deficiency of pantothenic acid 
and is referred to as nutritional 
gill disease. By 1935, a western 
type of bacterial gill disease was 
found, thus eliminating the need for 
geographical identification. The use 
of vitamin fortified diets has vir
tually eliminated the occurrence of 
nutritional gill disease. Several 
other agents, both infectious and 
non-infectious, can have detrimental 
effects on gills.

Alaska

The first report of bacterial gill 
disease in Alaska occurred in coho 
(Oncorhynchus kisutch) at Fire Lake 
Hatchery in May 1975- The rising 
water temperature was suspected as 
being partially responsible. During 
2 weeks in May of 1976, mortalities 
due to bacterial gill disease reached 
25% in a lot of coho being held at 
Starrigavan rearing facility. Condi
tions which led to the outbreak in
cluded the feeding of starter mash 
and overcrowding of the fish in 
plastic wading pools. Treatment with 
Diquata and spreading out the fish 
reduced mortalities.

Another outbreak occurred at Big 
Lake Hatchery in chinook salmon 
(Oncorhynchus tshawytscha) during the 
fal 1 of 1976. Several additional in
cidences have occurred at the Fire 
Lake facility, most probably due to 
the eutrophic water supply.

^iquat--registered trade name of California Chemical Company.
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Transmi ss ion

Since myxobacteria are commonly 
found in soil and water, transmission 
initially occurs from water to fish. 
After an outbreak has begun, fish to 
fish horizontal transmission occurs 
as the disease spreads.

Bacterial gill disease has been 
successfully induced by exposing 
fingerling trout (S. fontinalis or S. 
gai rdneri) to stress factors (Bullock
1972). These factors were a combina
tion of crowding, high levels of am
monia, low levels of DO (dissolved 
oxygen) and presence of particulate 
matter. The stressed fish were 
probably exposed to additional un
favorable factors which were unknown. 
Use of only 1 factor did not induce 
the disease.

Attempts to transmit bacterial 
gill disease with cultures of myxo
bacteria or mixed eubacteria, or by 
using dead, diseased trout have not 
been successful. However, the 
disease has been transmitted when 
live diseased trout (£. fontinalis or 
£. qa i rdner i) were added to a tank of 
stressed fingerlings (Bullock 1972). 
Transmission occurred more rapidly 
than induction; in 3 to 5 days as op
posed to 11 days. Bullock suggested 
that bacterial cultures failed to 
cause gill disease because they may 
have lost their virulence upon sub
culture. The failure of dead, 
diseased trout to transmit disease 
could possibly be attributed to an 
overgrowth of saprophytic bacteria on 
the gills of dead trout which masked 
the effect of any pathogenic form.

Bacterial gill disease is 
primarily an environmental disease 
and secondarily a bacterial disease. 
When fish are stressed by unfavorable 
conditions such as low DO, crowding 
or eutrophicat ion and the bacteria 
are favored, an outbreak may be 
precipitated. Most outbreaks occur 
in the springtime when fish are ac

tively growing and these conditions
are likely to exist. The use of 
chemicals is an additional factor. A 
scenario proposed for a disease out
break is that formalin treatment of 
eggs to control fungus will coagulate 
protein (Klontz 1979) and mucus on 
the gills of the alevins causing 
epithelial proliferation and gill 
clubbing. Additionally, fry are 
treated with chemicals such as
quarternary ammonium germicides and 
Diquat which increase chemical
clubbing. If fish are overfed with
mash, this will increase suspended 
solids leading to eutrophication, in
creased biological oxygen demand, 
decreased oxygen and increased am
monia. These conditions favor the 
pathogen, not the host, and an out
break will be precipitated.

The incubation period ranges from 
3 to 7 days. Yearlings and older 
fish are less susceptible than fry. 
Hatchery fish develop a low antibody 
titer against myxobacteria which 
protects them from the disease 
(Snieszko 1970).

S i qns and Pathoqenes i s 

Behavior

The first indication of bacterial 
gill disease is that the fish cease 
feeding. They tend to be lethargic, 
pale and to ride high in the water. 
Frequently, affected fish will line 
up against the current near the water 
inlet in an attempt to obtain ad
ditional oxygen. Irrigation of the 
gills usually increases. The gill 
cover or operculum may be abnormally 
extended. Epizootics can be explo
sive with losses exceeding 50% in 2h 
hours (McDaniel 1979).

Gross Pathology

Upon gross examination of the 
gill, excessive mucus secretion is
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usually seen. Gills may appear swol
len, congested and deeper red than 
normal. In severe cases, the gill 
may become infected with fungus 
(Davis 1953).

Microscopic Pathology

A normal salmonid gill is shown in 
Figure 7- When gills are infected, 
they appear clubbed and the filaments 
fused, especially at the distal ends 
(Fig. 8). Long, slender myxobacteria 
can be seen in wet mounts or stained 
preparations (Fig. 9). Hyperplasia 
of the gill lamellae begins at the 
distal end and may extend inward as 
opposed to nutritional gill disease 
where hyperplasia begins at the base 
of the lamellae and extends outward 
(Amlacher 1970). Some authors 
(Rucker et al. 1952, Wood and 
Yasutake 1959) have also described a 
"plaque" which appears to be a 
developmental feature in bacterial 
gill disease. It consists of single, 
globuse cells projecting from the 
lamellae. Frequently, these cells 
are filled with intensely basophilic 
granules. As the hyperplasia 
develops, the cells either disappear 
or are obscured by other cell types. 
An increase in the typical filamen
tous bacteria occurs at this point.

D i aqnos i s

Bacterial gill disease is diag
nosed by the microscopic examination 
of gills revealing hyperplasia, 
swelling, clubbing, fusing of fila
ments and lamellae, and the presence 
of large numbers of myxobacteria. 
Since several different morphological 
types of myxobacteria have been 
isolated from gill disease, more than 
1 species may be involved in causing 
the disease (Bullock 1972, Wood
1974). Myxobacteria associated with 
gill disease differ immunologica11y 
from those associated with columnaris 
disease, and probably also from those

causing cold water disease (Snieszko 
1970), although FIexi bacter colum- 
nar i s has been implicated in gill 
disease (Klontz 1979). General 
characteristics of the myxobacteria 
include long, thin Gram negative rods 
(about 0.5 um x 5-10 um) which may 
exhibit a swinging motion when at
tached to gill surfaces, or lie flat 
on the gill surface in parallel 
whorls. They may also appear in 
clumps or haystacks, or in a con
tinuous layer lying side by side in 
some cases (Davis 1953). Infected 
tissue can be crushed and stained to 
reveal the masses of bacteria.

Myxobacteria are difficult to grow 
in culture, but can be isolated on 
semi-solid media (Anacker and Ordal 
1959). Aerobic incubation at 25C is 
preferred. Yellow or white colonies 
with spreading edges are formed. No 
microcysts or fruiting bodies are 
produced. Myxobacteria may exhibit 
creeping motility on surfaces.

Significance and Control

S i gn i f i cance

Occurrence of bacterial gill
disease can cause a large percentage 
of losses in a short time. It is en
demic in some hatcheries. Poor 
environmental conditions weaken the 
fish, making them unable to resist 
infection by the pathogen. When the 
disease occurs, it indicates that 
good fish culture practices are not 
being followed. If this is a common 
occurrence at a facility, the culture 
techniques and water quality should 
be analyzed.

Control

Prevention. Since bacterial gill
disease is primarily environmental 
and secondarily bacterial, it can be 
prevented by proper environmental
conditions. One precipitating factor
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Figure 7. A normal salmonid gill. Hematoxy1in-eosin (H 6 E) stain (10O X ) 
(R. Grischkowsky).
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A salmonid gill showing fusing of the gill filaments. 
(100X) (W. Yasutake).
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Bacterial gill disease. Long, dark organisms are myxobacteria in 
an infected gill (450X) (W. Yasutake).
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is crowding. Wood (1974) found that 
nearly all outbreaks in chinook sal
mon were associated with pond feeding 
levels approaching .02L kg of 
feed/day/L/minute inflow. Coho ap
peared to be more resistant in a
similar rearing environment. He
recommended keeping pond feeding 
levels below .014-.018 kg
feed/day/L/minute for chinook. 
Spreading out feeding times will also 
help to prevent high accumulation of 
metaboli tes.

Another way to prevent gill 
disease is by using a water supply 
free of silt, mud and organic debris. 
If refuse water is used, it should be 
filtered, the ammonia oxidized, and 
water current sufficient to remove 
excess food and feces.

Excessive use of chemicals such as 
formalin, Diquat and quaternary am
monium compounds should be avoided as 
they can cause gill clubbing and al
low the bacteria to become 
established in the gills. Over
feeding with mash can also be 
detrimental to the gills.

Treatment. Treatment will depend 
on what precipitated the outbreak. 
In every case, steps should be taken 
to increase the DO and reduce 
suspended solids within the water. 
If fish are crowded, they should be 
spread out and water flows increased. 
If fish have been on mash, feeding 
should cease for a few days and tanks 
cleaned to remove excess food and 
debris. The source of gill irrita
tion must be removed before the gills 
will heal. The use of salt dips can 
be helpful, and may be better than 
toxicity caused by some chemicals.

Chemicals have been frequently 
utilized for treatment. Borg (1960) 
reported a considerable degree of 
control from a quaternary ammonium 
compound. Unfortunately, this only 
treats the signs and unless the

causes are addressed, the disease 
will reoccur. Also, excessive use of 
chemicals will cause further gill 
clubbing. Chemical treatments which 
appear to be effective are Diquat 
baths (2-4 ppm Diquat cation) for 1 
hour on 3 to 4 consecutive days; ben- 
zalkonium or benzethonium chlorides 
at 2 ppm active ingredient for 1 hour 
on 3 to 4 (Wood 1974), and a quater
nary ammonium compound at 4 ppm for 1 
hour daily not to exceed 3 days 
during any 14 days (Klontz 1979). 
Diquat treatments destroy ATPase re
quired for smoltification and should 
not be used within 30 days of salt
water release. They appear to be 
toxic to coho salmon. Potassium per
manganate baths at 2 ppm for 1 hour 
on 1 to 3 days may be more effective 
than either of the above, but some 
problems may be associated with its 
use. Its toxicity and efficacy will 
vary with water quality and tempera
ture. Anytime a new treatment is 
tried, it should be tested with a few 
fish before application to the entire 
lot. One other method of control is 
copper sulfate dips. A 1 minute dip 
at 500 ppm is utilized. This disease 
is best controlled by prevention 
rather than resorting to chemicals.
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Cold-W ater Disease

Roger S. Grischkowsky

Introduct ion

Cold-water disease, also known as 
peduncle disease and low temperature 
disease (Pacha and Ordal 1970) is a 
disease of coho salmon (Oncorhynchus 
kisutch), chinook salmon (Oncorhyn
chus tshawytscha), sockeye salmon
(Oncorhynchus nerka) and rainbow 
trout (Salmo qai rdner i) (Rucker et 
a l . 1953Ti Primarily affected are 
coho salmon juveniles. It is 
typically caused by myxobacteria of 
the Cytophaqa psychroph i1 a type. 
Initial infections of the dorsal and 
peduncle area worsen until large le
sions occur or even the peduncle
falls off or the vertebral column
becomes visible. Low water tempera

ture is involved in the onset and 
continuation of this fatal condition. 
The agent causes an acute septicemia 
in gill respiratory cells, kidney le
sions and renal tubule necrosis (Wood 
and Yasutake 1956). Cytophaqa psy
chroph i1 a is a relatively new desig
nation and has an uncertain generic 
designation. It is probably a 
FIexibacter but characterization of 
more isolates is necessary (Buchanan 
and Gibbons 1974). The known disease 
distribution in the continental 
U.S.A. is predominantly in the 
Northwest (American Fisheries Society
1979) and in Alaska.
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Figure 10. Myxobacteria from coho (Oncorhynchus nerka) lesions (phase- 
contrast 2000X) (R. Grischkowsky).

H i story

Cold-water disease was first 
reported in 19^6 (Davis 1970) in 
juvenile rainbow trout within a West 
Virginia hatchery. The name £. psy- 
chrophi1 a was assigned in 1960 as a 
new species because of its low tem
perature growth capability, and the 
ability to kill fish under cold con
ditions (Borg 1960). That finding 
resulted from an outbreak in coho 
salmon in Washington state.

In Alaska, cold-water disease was 
found by the author during the winter

of 1973-197^ affecting coho salmon at 
Halibut Cove Lagoon. These were
juveniles in estuarine rearing pens
at super cooled water temperatures 
approximately 0.5C. Severe peduncle 
erosion resulted in mortality of 
approximately half of the fish during 
the coldest portion of the winter.
Myxobacteria were present in lesions 
as were other bacilli and cocci. 
Figure 10 displays myxobacteria
isolated from such an outbreak in
Alaska.
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Transmi ss ion

Cold-water disease is transmitted 
waterborne or from fish to fish (Bul
lock and Snieszko 1970). Transmis
sion occurs both in freshwater and 
seawater.

S i qns and Pathoqenes i s 

Signs

Tail darkening, loss of dermis or 
lesions on the dorsal, or posterior 
surfaces for fish under low tempera
ture conditions are characteristic of 
cold-water disease. Fish affected 
will not be feeding as is also 
typical with most other fish 
di seases.

Pathogenesis General

The condition begins with a 
whitening of the adipose fins, 
discoloration proceeds to the base 
and to the posterior end of the 
caudal peduncle. A color change to 
dark brown of the peduncle and disap
pearance, erosion, of the adipose 
fins occur until the dermis on the 
entire peduncle is broken down ex
posing musculature. Eventually the 
vertebral column is exposed, and the 
caudal fin falls off if the fish does 
not die first. Within muscle tissue, 
hemorrhage occurs breaking down blood 
vessels and releasing bacteria 
promoting waterborne transmission 
(Davis 1970). Inflammation and 
swelling contribute to the muscula
ture destruction. Yolk sacs of 
alevins may be ruptured by direct 
bacterial action (Bullock and Sniesz
ko 1970).

Temperature Considerations

The optimum temperature for lab 
growth of £. psychrophi1 a is 15~20C 
whereas the optimum temperature for

the disease is 4- 10C (Wood “[ S i b ) . 
The suggested reason for this dif
ference is that fish are less
resistant at 10C or lower, and young 
fish are less resistant than older
fish. By the time the water tempera
ture is higher than 10C the fish are 
larger and more resistant. Tempera
ture increases, once infection is 
established, to more than 20C do not 
reduce mortalities (Wood 197*0- The 
disease typically develops at 7“ 10C
with an incubation period of less
than 10 days (Bullock and Snieszko 
1970). In this state the infection 
is generally a bC or lower occur
rence.

Stages of Infection

A chronic form of infection 
results in lordosis and scoliosis 
while the acute form, (more typical) 
includes lesions, darkening and mor
tality (American Fisheries Society
1979). Losses are inversely propor
tional to the stage of development of 
the fish. The most susceptible time 
for fish infection is 2 to 3 weeks 
within the time of yolk absorption 
(Wood 1974).

D i aqnos i s

Cold-water disease is best 
presumptively diagnosed by the 
presence of lesions in susceptible 
species under low temperature condi
tions, and by the presence of 
myxobacteria in these lesions as 
quickly determined by phase-contrast 
examination of a wet mount or by Gram 
stain of lesion scrapings. The 
agent's cellular morphology is 
characteristic: long thin rods of
uniform width usually curved with 
blunt ends (see Fig. 1). The size of 
these rods is about .75 x 1.5-5 um 
(Davis 1970, Pacha and Ordal 1970). 
They appear essentially non-motile in 
wet mount and Gram negative.
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Culture attempts from lesions are 
sometimes unsuccessful. Reliance 
upon cultures should not be made due 
to recovery difficulties. The le
sion, a complex entity, is impossible 
to duplicate in the lab. Dilute 
semi-sol id media can be used to grow 
most myxobacteria. The presence of 
some seawater w i 11 enhance the growth 
of many of these bacteria, and should 
routinely be added when fish held 
under estuarine conditions are being 
investigated. Colonial morphology of 

psychroph i1 a includes yellow, 
translucent colonies that are 
spreaders on a cytophaga agar 
(American Fisheries Society 1979). 
These should exhibit a twitching type 
motion on semi-solid agar or moist 
plates. This motility is
historically termed "gliding." The 
organism is aerobic and grows readily 
at 4-23C in .8* NaCl but not 2% 
(Pacha and Ordal 1970).

Confirmatory diagnosis can be made 
using a rapid slide agglutination 
test using a prepared antiserum, or 
by performing biochemical testing to 
determine a pattern essentially iden
tical with psychrophi1 a (American 
Fisheries Society 1979). These 
results include sensitivity to
chlortetracycline, bacitracin,
di hydrostreptomyci n, erythromycin, 
neomycin, penicillin and oxytetracy- 
cline (OTC). Isolates are
proteolytic and degrade gelatin,
casein albumen and also tyrosine 
(American Fisheries Society 1979)• 
Generally the presumptive testing is 
all that's necessary. Techniques 
sensitive enough to detect asymp
tomatic carriers may be unavailable
(American Fisheries Society 1979)•

Siqnificance and Control

Significance

The disease can be quite serious 
affecting as much as 50% of juvenile 
coho during a winter season (Pacha

and Ordal 1970). In Southcentral 
Alaska, the disease limits over
wintering of coho in estuarine 
rearing pens. Mortalities are low 
level but consistent, amounting to 
major portions of cultured fish. Af
flicted fish do not recover from the 
acute stage.

Control

Temperature. Temperature in
creases to 12.8C have resulted in a 
sharp decline in mortality, and an 
inability to isolate the organism 
after 1 week according to 1 publica
tion (Rucker et al. 1953). Placing 
fish unaffected under warmer condi
tions should increase their 
res i stance.

Removal of affected fish. Culling 
of obviously affected fish as they 
will not recover, will reduce the 
reservoir of infection and should 
reduce both waterborne and fish to 
fish transmission.

Chemotherapy. Effective chemical 
treatment of this condition is dif
ficult. Its presence internally and 
externally makes the task rigorous. 
To treat the septicemia, a 
therapeutic blood level must be 
reached. Lesions can be treated 
primarily by topical application of 
concentrated solution. The use of an 
oral route for chemical administering 
is complicated by the generalized 
anorexia (loss of appetite), a part 
of that disease. The affect is sum
marized: "The fish that eat it,
don't need it; and, the fish that 
need it, don't eat it" (Wood 197*0.

A nitrofuran has been used for
rapid control of this disease (Wood 
197*0. It is rapidly taken up
directly through the integument and 
gills. The recommended dose is a 1 
hour bath at 10-15 ppm (Wood 197*0.
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Sulfamethazine is effective when 
blood levels reach or exceed 5-6 
mg/100 ml (Wood 197*0. Due to 
anorexia, therapy must be initiated 
before serious outbreak occurs. 
Chemical baths are ineffective at the 
yolk sac stage (Amend 1970). Sul
famethazine and sulf isoxazole at 200 
mg/kg/day have been recommended as 
oral sulfonamides as has OTC at 50 
mg/kg/day/10-14 days (Bullock and 
Snieszko 1970). Chemotherapy by that 
route should be combined with ben- 
zalkonium chloride application for 
external disinfection (Bullock and 
Snieszko 1970).

Control of this disease under 
cold-water conditions is difficult at 
best.
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Furunculosis

Roger S. Grischkowsky

Furunculosis is a disease of fish 
caused by a short bacillus Aeromonas 
salmon i c i da (see Fig. 11). It is 
typically restricted to freshwater, 
but saltwater occurrence exists. The 
disease results in boil-like 
furuncles on fish and ultimate death 
in most cases (see Fig. 11). 
Susceptible genera include Pacific 
salmon (Oncorhynchus) and trout 
(Sal m o ). All salmonids are 
susceptible although differences oc
cur, and trouts are the most 
susceptible (Snieszko 1969). Of the 
trouts, brook trout (Salveli nus fon- 
tina1 is) is the most susceptible and 
rainbow trout (Sal mo qa i rdner i) the 
least (Snieszko 1969).

I n t r odu c t  i on

H i story

U.S. and Worldwide

Furunculosis is believed to have 
originated in western U.S. rainbow 
trout stocks and was thought dis
seminated by general distribution of 
Shasta rainbow trout in 1880 fish 
cultural operations (Fish 1937). It 
was first described as Bacterium sal
mon i c i d a , the causative agent of 
trout epizootics in Germany (Emmerich 
and Weikel 1894). Simultaneously it 
was in Michigan trout as Bacter i um 
truttae (March 1903). Primarily a 
salmonid disease, it was reported in 
non-salmonids by several authors in 
1911 and 1912: grayling (Thymal1 us
thyma11 us), tench and pike, chub 
(Squa 1 i~nus cepha 1 us) and dace 
(Leuciscus leuciscus) (Arkwright 
1912, Plekn 1911, Surbeck 1911). In 
the 1930s an intensive research ef

fort resulted in the finding of 
furunculosis in Rocky Mountain 
whitefish (Prosop i um w i 11i amson i) 
(Duff and Stewart 1933), carp 
(Cypr i nus carp i o ) , catfish (S i1urus 
qlan i s ) and sculpins (Cottus spp.) 
(Mackie et al. 1930). A hatchery 
plagued with furunculosis in Berlin, 
New Hampshire was disinfected after 
destruction of all fish in 1938 
without reoccurrence (Thompson et al. 
1973). The causative agent was given 
the generic term of Aeromonas in 1953 
(Anderson 1972). Other names have 
included Bac i11 us salmon i c i da and 
Proteus sa 1 mon i c i dâ  (Buchanan and 
Gibbons 1974).

Furunculosis was first found in 
Swedish trout farms (Salmo trutta, 
Sal mo salar, 5>. qa i rdner i and 
Salvelinus namaycush) in 1951 (Johan- 
son 1973). By 1959 the disease 
spread to 15 fish farms, but only 2 
are still registered as having that 
agent. It is found in wild Swedish 
fish populations. A mass mortality 
in minnows (Phoximus phoximus) 
occurred in the Norwegian Lake due to 
an abberrant achromogenic strain 
(Hastein et al. 1978). The agent was 
found in chinook (Oncorhynchus 
tshawytscha), steelhead trout (5>.
qa i rdner i) and coho salmon 
Oncorhynchus k i sutch) in Oregon
hatcheries (Fryer and Conrad 1965), 
the chestnut lamprey ( Ichtyomyzon 
castaneus) in Michigan (Hall 1963)
and goldfish (Carass i us auratus) 
(Mawdesley-Thomas 1969, Shotts et al. 
1978). Epizootic magnitude infec
tions have been reported in carp 
(Cyprinus carpio), catfish (Si 1urus 
qlanis) and sculpins (Cottus spp.) 
(Mackie et a l . 1930), brassy minnow 
(Hyboqnathus hank i nson i), northern
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red belly dace (Chromosus eos), brook 
sticklebacks (Culaea i nconstans), 
yellow perch (Perea f 1avescens), 
flathead minnow (Pimephales promelas) 
and the creek chub (Semot i1 us 
atromacu1atus) (McFadden 1970).
Furunculosis is now present almost 
everywhere salmonids are raised with 
the exceptions of Australia, New 
Zealand and Tasmania (Snieszko 1973).

Alaska

Aeromonas sa1mon i c i da was
discovered in Alaska by the author in 
January 1975 in coho salmon juveniles 
in estuarine rearing pens off Douglas 
Island. A year later it was found in 
rainbow trout adults and chinook sal
mon juveniles in 2 Anchorage hatch
eries (see Fig. 12). Sheefish 
(Stenodus 1euc i chthys) from the Yukon 
River died from the agent during 
ripening at 1 of the Anchorage hatch
eries in October 1976. The following 
year marked the finding of A. sal
mon i c i da in arctic grayling
(Thymallus arcticus) in Tolsona Lake. 
The disease has become the major 
limiting factor to salmonid produc
tion at an Anchorage hatchery. Fifty 
percent of coho juveniles and 
prespawning rainbow adults are 
routinely lost each season due to 
that disease. Chinook there are af
fected but to a lesser extent. These 
joint infections with Saproleqn i a 
paras i t i c a , an aquatic phycomycete, 
are common and a difficult combina
tion to control. This joint involve
ment has recently been reported with 
minnows. Mortalities are early fall 
to late summer. Prespawning and 
postspawning rainbow trout usually 
die from it November through March 
while coho juveniles die during late 
spring and early summer. Similar 
temporal variations have been 
reported in coho of Washington state 
where late spring to early summer is

the classical outbreak with aberrant 
occurrences late autumn to early 
winter and late winter to early 
spring. The use of heated cooling 
water from the fossil fuel electric 
generation plant there provides ideal 
temperature water for furunculosis 
development even during the coldest 
winter months. Oil spills at the 
base uphill from the hatchery since 
the 5 0 's has resulted in hydrocarbon 
exposure for those fish. It is 
possible this exposure has reduced 
immune response of the fish and in
creased susceptibility to furun
culosis.

Transmission

Transmission of furunculosis is 
primarily fish to fish. In hatch
eries this occurs by generalized use 
of nets, spawning gloves and other 
utensils. Desquamation, mucus
removal and inoculation with a net 
are accomplished simultaneously. 
Waterborne and transovarian transmis
sion have been implicated (Sinderman 
1974, Snieszko 1973, Wood 1974). It 
is an obligate pathogen found in 
water, only when contaminated by 
diseased or carrier fish. In Alaska 
it has not been found in water even 
at locations of acute mortality. In
vestigation into A. sa1mon i c i da 1s 
capability to survive in water showed 
it had <.20% survival after 2 days at 
26.7-37.8C (Ross and Smith 1974). It 
has a sensitivity to elevated tem
perature and was less able to survive 
in water than Aeromonas 1iqu i fac i ens 
and Pseudomonas fluorescens.

Signs and Pathoqenes i s

External Signs

External effects of furunculosis 
include anorexia (failure to feed),

384



#

Figure  11

I

m

Aeromonas salmonicida rods about 0.6 x 0.8 micrometers (upper pic
ture phase-contrast 2000X; lower picture electron micrograph 
25,088X) (R. Grischkowsky).
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lesions (particularly on anterior 
ventral or dorsal areas), hemorrhagic 
areas (progressing from petechia to 
open body cavity penetration) and 
erythremia of eyes, base of fins and 
anal vent (see color Fig. 30 and Fig. 
12). Dark pigmentation around outer 
edges of lesions and around eye and 
mouth as well as destruction of upper

and lower jaw bones have also been 
reported (Hastein et al. 1978).

Lesion involvement includes brain, 
eye and muscle tissue internally 
(Hastein et al. 1978).

Figure 12. Rainbow trout with joint infection. Head and ventral lesions are 
caused by Aeromonas sa1mon i c i da while white blotches represent 
Saproleqn i a peripherally and furunculosis centrally (R. Grisch- 
kowsky).
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Internal Signs

Furunculosis is a systemic infec
tion. Kidney necrosis is present 
during the most pronounced infection 
stages (Snieszko 19^9)• Petechiae on 
mesentaries in pancreatic tissue are 
pronounced signs. Gross necrosis at 
the site of furuncle formation is 
prevalent (see color Figs. 31 and 
32). This proceeds from petechial to 
full penetration of the body cavity. 
Internal pathology additionally in
cludes localized gross hemorrhages in 
intestine and liver and darkened 
hypertrophied spleens (McFadden 1970) 
(see color Fig. 32).

Pathogenes i s

Incubation period for A. sal
mon i c i da is 1 week optimally and up 
to 10 days for susceptible strains 
(several hours for experiment infec
tions) (Snieszko 1969, 1973). At < 
7C the infection becomes latent 
(Snieszko 1969). Although the op
timum is 13-21C , outbreaks have oc
curred at less than 2C, (Wood 197*0 
and mortality is directly propor
tioned to the temperature (Groberg et 
a l . 1978). The investigators found
2-26% mortality at 3*9 and 6.7C and 
93-100% at 2Q.5C for coho and chinook 
salmon and steelhead trout after i.m. 
(intramuscular) or i.p. (in- 
traperitoneal) injection.

Stages of i nfect i o n . The b forms 
of the disease designated are acute, 
subacute, chronic and latent with 
mortalities and signs most numerous 
in the acute stage and completely 
lacking in latent form. It has been 
hypothesized that summer temperatures 
favor the host (op. cit.). Low tem
perature takes the disease from 
chronic to latent, and high tempera
ture from chronic to acute (Herman 
1973).

Deta i1s of i nfect ion. Bacteremia 
occurs early in the infective

process. In capillaries, bacteria
break down the walls of the vessels
allowing blood and serum to leak out 
into surrounding tissue causing a 
furuncle (Wood 197*0. Large numbers 
of cells are needed to initiate in
fection (Wood 1974). Lesions are 
formed from either inside or outside. 
These are characterized by 
pathological changes in epidermis and 
stratum spongiosum with edema,
distortion of scales, hyperemia, 
minor hemorrhages, leucocytic infil
tration, myopathy of underlying
musculature and myotomal (myomere) 
muscle fiber damage (Hastein et al.
1978). Acetate was also found incor
porated more rapidly into lipids by 
livers from A. salmonicida infected 
brook trout in vitro and in vivo 
(Shieh 1976).

B 1ood parameters. Major blood
parameter changes from furunculosis 
in carp included decrease in blood 
sugars, increase in creatine and non
protein nitrogen and a reduction in 
fibrin clot capabilities.

Vi rulence factors. Smooth (S) and 
rough (R) forms of A. sa1monicida 
have been discovered (Anderson 1972,
1973). The S form was found to be 
the virulent one. Lipopolysaccharide 
(LPS) was present as an additional 
external layer in the S form. The 
LPS was endotoxin. A glycoprotein 
has been isolated from broth culture 
supernatant fluids which is more 
prevalent in virulent strains (Fuller 
et al. 1977).

D i agnos i s

Gross Detection

Fish first will be off feed and 
appear listless early during a furun
culosis outbreak. Petechiae form
ventrally first, easily seen in con
trast to white ventral salmonid sur
faces. Erythremia becomes apparent
at anal vent, eyes and fin bases.
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Internal petechiae in pancreatic tis
sue and mesentaries are also visible 
early. These signs are not specific 
for that disease and are similar to 
those seen with infectious 
hematopoietic necrosis virus and 
vi br iosi s.

Bacter iology

Basic procedures for fish furun
culosis diagnosis is provided in the 
Fish Health Blue Book (American 
Fisheries Society 1979). Media con
taining tyrosine or phenylalanine 
promote the production by A. sal
mon i c i da of water soluble brown p i g— 
ment [Wolke 1975) (see color Fig. 
29). It is also produced by some 
Aeromonas hydrophila (Paterson 1974). 
Three subspecies of A. salmonicida 
have been suggested: salmonicida-
classical, achromoqenes-atypica1
achromogenic strains for salmonids, 
and nova atypical strains emerged 
from nonsalmonids (McCarthy 1978). 
Only minimal DNA homology divergence 
was detected from these subgroups 
(McCarthy 1978). An alternate divi
sion includes salmonicida,
achromoqenes and masou i c i d a , a term 
for the masou (Oncorhynchus masou) 
infections (Buchanan and Gibbons
1974).

Colonies typically are clear, 
glossy, smooth, round and entire. 
They are Gram negative, non-motile, 
cytochrome or Kovacs oxidase positive 
which ferment glucose (see Fig. 13). 
The vibrio-stat 0/129 (2,4
d i ami no-6,7~d i i sopropyl pter i d i ne) 
does not inhibit A. salmonicida nor 
does 2,3-butanediol, typically the 
tests used to differentiate it from 
vibrios and A. hydrophi1 a .

A green medium for presumptive 
identification of aeromonads causes 
them to appear bright yellow (McCoy 
and Pilcher 1974).

Triple sugar iron agar reaction is 
alkaline slant and hydrogen sulfide 
or acid butt. Variability exists in 
novobiocin sensitivity and hemolysis 
on 5% human blood agar. Other 
typical characteristics include 
penicillin resistance, oxytetracy- 
cline (OTC), polymyxin B and 
erythromycin sensitivity (see Fig.
14).

Fluorescent Microscopy

Fluorescent antibody technique 
(FAT) is used successfully to detect 
and identify A. sa1mon i c i da in cul
tures or fish tissues. Methods 
established involve direct or in
direct fluorescence technique and in
cident light (American Fisheries 
Society 1979, Bullock and Stuckey
1975). Fluorescein isothiocyanate is 
conjugated with anti-A.* salmonicida 
identification (Rabb et al"! 19 6 9) •

Siqn-ificance and Control 

Significance

In Alaska, furunculosis is a 
limiting factor for fish production 
at 1 hatchery and affects programs 
involving wild grayling and sheefish 
as it is frequently present in those 
species. When present it restricts 
rainbow trout culture.

Control

One of the best examples of furun
culosis control is in Sweden (Johan- 
son 1973). After the first outbreak 
of furunculosis in 1951, it spread by 
1959 to 15 fish farms. Strict 
sanitation prevented further spread. 
These were effective, as wild fish 
populations there do not have the 
agent. In 1959 a health control 
program was established. This in
cluded monitoring, destruction of
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13.F i gure Oxidation and fermentation of glucose testing of Gram negative 
fish bacilli. The two left most tubes (yellow) indicate the 
aeromonad or vibrio reaction which is oxidative and fermentive.
The first and third tubes were provided essentially anaerobic con
ditions using heating to expell gasses and sterile mineral oil 
over lay. These appear yellow with utilization of glucose. The 
right most two show different reactions. Tubes are green showing 
no reaction (R. Ward).
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Figure 14. Aeromonad culture spread plated on Muel1er-Hinton agar to test an
tibiotic disc sensitivity. This isolate shows the novobiocin (N B ) 
resistance, oxytetracycline (T) sensitivity, erythromycin sen
sitivity, ("E" disc not clear but located between "T" and "NB"), 
sulfamerazine (SM) sensitivity, 0/129 vibrio static substance 
(center unlabeled disc) resistance, polymicin B sensitivity and 
penicillin sensitivity (R. Grischkowsky).
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diseased fish and disinfection with 
nonanadromous fish and by 
chemotherapy when anadromous fish are 
involved. Utensils were routinely 
disinfected or separate equipment 
used for each rearing unit, disinfec
tion of hauling trucks, change from 
fresh diet to pelleted, replacement 
of earthen ponds with concrete and 
fiberglass, high water flow used 
(10-15 1/minute/m2) and low density 
established (<5 kg/m2). Fish disease 
control legislation was adopted to 
include an import license for live 
and egg transport allowed only for 
fish certified free of that agent, 
all fish movement was diagnosed to 
allow time for investigation, egg 
transport was allowed only from in
volved hatcheries only after egg sur
face disinfection, and stocking of 
fish allowed only if free from infec
tious diseases. An international 
fish disease control program later 
addressed transportation, forms and 
certification procedures, fish farm 
health status indicators, listing of 
pathogen hatchery codes and designa
tion of certifiable diseases (Food 
and Agriculture Organization 1977). 
By 1973 only 2 hatcheries were still 
registered as having that agent.

Envi ronmental changes. Reported 
environmental changes to control 
furunculosis include lower water tem
perature (Sinderman 197**, Snieszko
1973), higher dissolved oxygen 
(Kingsberry 1961, Snieszko 1973), 
stringent environmental sanitation 
(Herman 1968, Snieszko 1973), reduced 
density (Snieszko 1973) and water 
depuration or use of well water (Her
man 1968). Densities of less than 
2.5 fish/m3 are reported to prevent 
furunculosis spread (Snieszko 1973)-

Fish destruction. Destruction of 
diseased hatchery stock is effective 
in preventing introduction to new 
areas. Removal of infected fish 
within the hatchery, carrier fish 
from the water source, hatchery

disinfection, and fish replenishment 
with clean fish are effective com
binations in eliminating furun
culosis. This type of control has 
real potential due to the apparent 
difficulty of A. salmon ic ida to
propagate outside a host (Snieszko
1973). He found its survival to be 
in seawater 1 day, freshwater 1 week, 
sewage or organic matter water 1 
month.

Chemotherapy. Control recommenda
tions for this agent are OTC at
2.5-3-5 g/45.4 kg/day (Snieszko
1969), potentiated sulfonamide at 50 
mg/kg/d (Bullock et al. 1974), sul- 
phamerazine at 120-220 mg/kg body 
weight and nitrofurans at 25-50 mg/kg 
body weight/day (Ghittino 1972). Use 
of OTC (orally, i.m. and i.p.),
sodium sulfamethazine, and a 
nitrofuran derivative have not been 
effective in Alaska. Resistance from 
excessive drug use is a reason for 
lack of control. Aeromonas sal - 
mon i c i da was found to have plasmid
exchange with Pseudomonas and 
Enterobacteriaceae which allows for 
the exchange of drug resistance fac
tors between plasmids and subsequent 
redistribution to other bacteria 
(Olsen and Wright 1976). The agent 
could donate or receive R-factors. 
It is doubtful that chemotherapy will 
be an effective means of control in 
the near future.

Select i ve breed i n q . Selective 
breeding of trout for resistance to 
furunculosis has a potential for con
trolling the disease (Sinderman 1974, 
Snieszko and Hoffman 1963). The 
susceptibility of trout was found, in 
1933, to increase with age. Great 
variation in susceptibility was noted 
(Davis 1970, Furunculosis Committee 
of Great Britain 1933). This dif
ference in susceptibility was thought 
chiefly a matter of heredity. Older 
trout rarely die from the agent ex
cept immediately prior to and during 
spawning when mortality was heavy
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(Davis 1970). Sel ective breeding to 
control furunculosis in brook and 
brown trout was proposed in 1954
(Wolf 1954). Considerabl e variation
with brook trout to furunculosis was 
found, and slower growing fish were 
more resistant (Snieszko et al. 
1959). The first hatchery trials
from this effort resulted in control 
mortalities of 8.6-14.5% versus
0.6-1.9% for selected as resistant 
fish over 1-6 months (Ehlinger 1964).

Outbreaks of furunculosis in brook 
trout, thought to be resistant to 
this disease, have occurred (Snieszko 
1964, 1973). These fish were asymp
tomatic carriers requiring only an 
adverse environment for disease on
set .

Oral preparations have been 
treated and found both ineffective in 
protecting against A. salmon i c i da 
(Spence and Fryer 1965, Udey and 
Fryer 1978) in coho salmon and effec
tive against salmon and trout (Klontz 
and Anderson 1970). Active immunity 
has been conferred using coho salmon 
via i.p. and parental injections of 
whole cell bacterins with adjuvants 
and endotoxins (Paterson and Fryer 
1974, Udey and Fryer 1978).

Passive immune serum from rainbow 
trout has been shown to provide tem
porary protection in coho salmon 
juveniles (Spence and Fryer 1965)*

The nature of immune responses to
A. salmon i c i da have been in
vestigated. These findings apply to 
this type of furunculosis control. A 
survey for naturally acquired im
munities to A. salmonicida in brook 
trout in Pennsylvania hatcheries 
showed a range of reactive in
dividuals of 0.8-87% in 24 popula
tions (Krantz and Heist 1970). The 
percent reactive individual increased 
with age of the populations.

A comparison between the develop
ment of agglutin titer in rabbits,

and trout (brook and brown, 55. trut- 
ta) indicated the response of trout 
to bacterial antigenic stimulation 
was similar to that of rabbits but 
with a delay of (2 to 3 months) an
tibody formation (Krantz et al.
1970).

Precipitations were demonstrated 
by gel diffusion after a single 
parental exposure to the soluble an
tigen of A. salmonicida (Anderson and 
Klontz 1970TT No component similar 
to rabbit gamma globulin was 
detected. Four IgM-like subunits 
were found in purified anti-A. 
salmonicida antibodies. These were 
175 macroglobulins (Cisar and Fryer
1974).

Vaccination. Vaccination has some 
potential for furunculosis control. 
Research in Alaska has not suggested 
any protection of trout by vaccina
tion. Both active immune and passive 
immune experiments have failed to in
crease survivals from lab challenges.
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Vibriosis

Roger S. Grischkowsky

Vibriosis is a bacterial disease 
which affects a wide range of ver
tebrates and invertebrates. All sal
monids and many other teleost fishes 
are susceptible. The causative agent 
i s genera 11y Vibrio angu i11 arum but 
sometimes other vibrios are involved. 
The cause, a marine bacillus, has 
wide ranging growth capabilities 
making it an excellent pathogen. 
Primarily the infection occurs in 
estuarine conditions, but freshwater 
juvenile mortalities have taken 
place, and anadromous adults can 
bring vibrios from the neritic waters 
to the freshwater environment where 
prespawning vibriosis mortalities 
have also occurred.

Vibrio disease in fishes is a 
systemic infection, septicemia, which 
results most frequently in death of 
the fish. Necrosis of the abdominal 
muscles results in penetration of the 
gut in highly infected fish. Migra
tion across gut tissue layers is 1 
mode of action in vibrios. Access to 
humoral fluids results in rapid sep- 
t i cemi a .

Introduct ion

H i story

Vibrios have been known to be 
responsible for epizootics of ver
tebrate fishes for many years. 
Anderson and Conroy (1979) compiled a 
review article that shows vibrio- 
associated (V. angu i11 arum, Vibrio 
ichthyodermi s and Vibrio p i sc i um) 
diseases in 42 species of teleost

fishes in 16 countries. Fishes in 
the U.S. list are smelt (Ather i nops 
afinis), herring (Clupea pal Iasi), 
killifish (Fundulus parv i p i nn i s ), 
Pacific cod (Gadus macrocepha1 us), 
goby (Gillichtys mi rab i1 i s ), blenny 
(Hypsoblenni us q i 1bert i), 3 Pacific
salmon pink (Oncorhynchus qorbuscha), 
chum (Oncorhynchus keta), chinook 
(Oncorhynchus tshawytscha), rainbow 
trout (SaImp qa i rdner i) and queenfish 
(Seriphus poli tus). The clinical 
signs shown by fish infected with 
vibrios include discoloration of the 
skin, hemorrhages of body surface in
cluding the eye, septicemia and a 
decrease in hematocrit. Bergman
(1909) first described V. anqui1larum 
wh4ch he implicated as the causative 
agent of "Rotseuche des Aales, 
pestris rubra angui1larum," red pest 
of eels. The disease had had 
epizootic reports in 1718, 1790,
1825, 1850, 1864, 1867, 1892
(Canestrini 1893), 1901, 1903 in Den
mark, Germany and Holland and in 
1884, 1885, 1889, 1898 and 1899 in 
the Adriatic Sea (Bergman 1909).
July was isolated as the worst month 
for occurrence of this disease in 
either fresh or saltwater (Canestrini 
1893). These early reportings gave a 
syndrome of red flecks, lesions and 
hemorrhagic areas of the surface of 
the head (Bergman 1909). Vibrio
angu i11 arum was there described as 
having the following characteristics:
1.5-2.7 um long x 1 um wide, Gram
negative, liquifies gelatin, grows
best at 16C but grows to 35C, not 
harmful to warm-blooded animals but 
pathogenic for eels, salamanders, 
goldfish, frogs and sticklebacks.

Portions of this work are from the author's copyrighted dissertation.
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Nybelin (1935) described V.
angu i11 arum as comma shaped, 
monotrichous, Gram negative, without 
spores or capsules, gelatin liq
uified, gelatin stab cholera-like, 
without gas but fermentative in dex
trose and maltrose, H2S not produced, 
without reducing capability,
halophilic, upper temperature range 
37-40C and pathogenic for fish. 
Buckman (1952) isolated V. angui1 -
1 arum from the underside of gills, in 
body fluid, brain tissue, heart 
blood, kidney, liver, intestines and 
in internal lesions of the muscula
ture of flat fish (Pleuronectes
piatessa). The syndrome was a
general reddening, lesions and ul
cerations of the opercula, nasal or
bitals and bony exterior of the head.
Rucker et a l . (1953) found vibrio
disease present in Pacific salmon:
pink, chum, chinook and coho
(Oncorhynchus ki sutch). A similar
pathology was found also in Pacific 
herring, C 1upea pal 1 asi, seined in 
Puget Sound. The syndrome was exten
sive hemorrhages throughout the
musculature with massive concentra
tions of vibrios in these lesions
followed by heavy mortalities from
April through the end of summer
whenever the water temperature ap
proached 10C. Schaperclaus (1953)
determined the temperature range of
V. angu i11 arum to be 6 to 37-40C
while the salt range was 0.07-8.5%. 
The same disease of eels in Europe
and the Baltic Sea resulted typically 
in 15-25% mortality after 1 to 10 
days with a syndrome of red patches
on the head, hemorrhagic areas and
red lesions of the musculature.
Vibriosis has been reported of the
pike, called "Hechtpest" (Pike pest), 
which killed 5-62% of the fish per 
year during the period 1926-1931 with 
a syndrome of lesions, paleness,
listlessness and hemorrhagic areas on 
the dorsal head surface (Schauper-
claus 1953).

The vibrio disease known in Europe 
for more than 2 centuries was not

found extensively in America until
1951 when it was found in chum salmon 
fingerlings in Deception Pass (Puget 
Sound) saltwater (Rucker 1959). The 
reported syndrome was redness at the 
base of the fins and on the sides of 
the fish, inflammation of intestinal 
tract and a general septicemia. In
1952 Rucker and Ordal found the same 
disease in rainbow trout and steel- 
head trout (Ŝ . gai rdner i) in a Van
couver, Washington hatchery (Rucker 
1959).

Isabel Smith (19 61) isolated V. 
angui11 arum from finnock (immature 
S a 1 mo trutta) in Scotland, showing a 
syndrome of hemorrhagic vent and 
fins. The same organism was found 
pathogenic for finnock, eels, brown 
trout {S. trutta), perch, plaice (£. 
platessa) and saithe (Pol 1ach i us 
vi rens) (Smith 19 61). Muroga and 
Egusa (1967) found V. angui11 arum 
responsible for an endemic disease of 
ayu (PIecoglossus altivelis) in Lake 
Hamana in Japan. Haastein and Holt 
( 1972) found V. angui11 arum in coal- 
fish (Gadus vi rens), Atlantic salmon 
(Salmo sa1a r ) and cod (Gadus morhua), 
flounder (PIeuronectes f 1esus), 
plaice and dab (Limanda 1imanda). 
The isolation was apparently as
sociated with a mortality in Norwe
gian waters which had the highest 
rate during summer and late fall.

The first proven outbreaks of 
piscine vibriosis in Canada were 
recorded by Evelyn (1971) in 4 
species of Pacific salmon (chum, 
sockeye, pink and chinook salmon) 
cultured in seawater at facilities in 
Nanaimo and West Vancouver, B.C. The 
mortalities occurred during July 1958 
and August and September 1969 with 
the following syndromes: redness at
the base of paired fins, vent and 
gill isthmus, diffuse hemorrhages on 
the body surface and musculature. 
Cardwell and Smith (1971) cited a 
small outbreak of Vibrio sp. in 
chinook salmon in seawater on a 
floating laboratory on Elliot Bay in
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Puget Sound. The bacteria apparently 
resulted in damage to erythropoietic 
system or accelerated destruction of 
red blood cells. An almost complete 
mortality of a half million chinook 
salmon occurred from vibriosis at 
Lint Slough near Waldport, Oregon in 
1968 (Cisar and Fryer 19 6 9).

In Alaska, V. angu i11 arum and 
Vibrio sp. are responsible for major 
losses of coho, sockeye (Oncorhynchus 
nerka), chinook and pink salmon. 
Vibrios were responsible for 90-98% 
mortality of all coho, sockeye and 
chinook salmon during July through 
September at the Little Port Walter, 
Baranof Island estuarine rearing pens 
(ERP) in 1972. Heavy vibriosis 
losses prevented seawater acclimation 
of fingerlings at this facility 
(Heard and Martin 1973). Previous 
years of rearing, 1969 and 1970, had 
lower mean water temperatures and no 
apparent mortality. Survivors of 
this 19 73 epizootic exhibited reduced 
growth rates.

Pink salmon juveniles in an ERP at 
Kitoi Bay, Afognak Island, near 
Kodiak, experienced substantial mor
talities during October and November 
of 1975 from V. angui11 arum. More 
recently, mortalities have been sub
stantial at Starrigavan ERP near Sit
ka in October 1976 in chinook salmon, 
at Halibut Cover Lagoon ERP in 
sockeye salmon and Beaver Falls ERP 
near Ketchikan in chum salmon, both 
during the summer of 1977 and at 
Halibut Cover Lagoon ERP in pink sal
mon. The chum salmon mortality was 
in the vicinity of 50% while the pink 
salmon mortality totaled 96.7%.

Transmi ss ion

Initial infection is thought to be 
waterborne, but fish to fish once it 
is established in a population (Bul
lock 1977). The incubation period 
after natural or waterborne exposure 
typically is 3 to 21 days (Bullock

1977). In i.p. (intraperitoneal) in
jections with rainbow trout and 
chinook salmon, death occurred in 5 
days when susceptible species were 
used with virulent strains.

Removal of slime layer portions 
and desguamation contribute to trans
mission facility. Virulent strains 
are such good antigens, exposure by 
almost any method is adeguate to com
mence an infection. Exposure to 
seawater containing vibrios is ade
guate for commencement of the disease 
at 12C or greater and has been suc
cessfully used as a challenge 
procedure (Fryer et a l . 1976).

S i qns and Pathogenes i s

External Signs

The characteristic syndrome ob
served in moribund or dead fish in
jected with V. angui11 arum or other 
vibrios or fish naturally infected 
with vibriosis is as follows: red
eye, hemorrhagic areas present in
cluding cranial caps, opercula cover 
and anal opening, darkening of the 
dorsal surface, bloating and open 
penetration of abdominal cavity and 
pale pink gills (see Fig. 15). 
Bleeding throughout the body surface 
was so pronounced that white filter 
paper underneath the specimens soon 
became red stained. The syndrome as 
noted agrees with those early reports 
for vibriosis (Bergman 1909, Buckmann 
1952, Rucker 1959, 1972, Schaperclaus 
1954).

Internal Signs

Vibriosis internally will most 
promiminently show erythremia,
petechiae and hemorrhagic areas in 
internal organs and mesenteries. 
Destruction of kidney tissue has been 
found using histopathology of
moribund coho salmon. Other changes 
have included muscle necrosis, hemor
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Figure 15. Chinook salmon (Oncorhynchus tshawytscha) showing signs of
vibriosis after being injected with a vibrio Vibrio angui11 arum 
pathogenic to fish. Penetration of the gut and hemorrhage at the 
anal vent and around eyes are present. Erythremia is general.
The filter paper under the fish shows this condition (1.1X ) (R.
Gr i schkowsky).

rhages between muscle fibrils and 
inflammation of the intestinal tract 
(Fryer et al . 1972, McCarthy et al.
1974).

Pathogenes i s

Exposure to the agent by a
susceptible species is followed by a 
septicemia and organ involvement.

Petechiae develop at mesenteries, 
pancreatic tissue sites and ventral 
areas. Lesions follow with gut 
penetrations and death at any time 
during disease development.

Specific isolates of the bacterium 
are effective against specific hosts 
while other vibrios are pathogenic 
for other even unrelated species.
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Umbreit and Ordal (1972) deter
mined that goldfish (Carass i us 
auratus) is easily infected with V. 
angu i11 arum isolated from young 
chinook salmon. The organism acted 
apparently by producing a toxin and 
it was at least partially responsible 
for lethal effects obtained. When 
dose levels were relatively high (105 
cells), survivors were immune.

Vibriosis is a stress mediated 
disease. Its presence in eutrophic 
waters is greater than in 
obiigotrophic waters. These
eutrophic environments favor the 
pathogen and not the host. Elevated 
water temperature is another factor 
which benefits the pathogenesis to 
the detriment of the host. In 
Alaska, many of the epizootics have 
been precipitated by handling, 
grading or marking.

Presumptive Diagnosis

Vibriosis can be rapidly diagnosed 
in fish by spleen sguash wet mount 
examination using a light or phase- 
contrast microscope. The presence of 
very motile rods, usually slightly 
curved in the spleen indicates a sep
ticemia. Fish raised in estuarine 
salinity conditions, summer water 
temperatures with hemorrhagic areas 
internally or externally are presump
tively positive for the disease.

I sol at ion

Kidney spleen' or lesion culture, 
using almost any total bacterial 
count agar or broth plus 1.5-2% NaCl 
or 50% seawater are effective for 
isolating from symptomatic fish.

I dent i f i cat ion

Vibrio is a genus of bacteria con
taining Gram negative rods charac
teristically motile by means of a

single polar flagellum (recently 
peritrichous flagella have been 
reported) (Baumann et al. 1973), and 
freguently showing curvature par
ticularly on initial isolation (see 
Fig. 16). They are oxidase positive, 
but dissimulate sugars fermentatively 
without production of gas. They pos
sess molar percent guanine plus 
cytosine values in the 40-48 range. 
The eighth edition of Bergey's Manual 
recognized V. angui11 arum (including 
V. p i sc i um and V. ichthyodermis 
(Buchanan and Gibbons 1974). Two 
main types of V. angui11 arum exist in 
Pacific Northwest fish: traditional
fast growing strain and an abberant 
slow growing isolate. The aberrant 
strain has not been isolated in 
Alaska although disease involvement 
with Vibrio a 1ginolyticus and other 
vibrios exists.

Vibrios are facultative anaerobes 
with a respiratory electron transport 
system for growth aerobically at the 
expense of oxidizable organic sub
strates. Under anaerobic conditions 
a mixed-acid fermentation occurs with 
the production of lactic, succinic 
and formic acids and ethanol without 
gas (Stanier et al. 1970).

A method for differentiation of 
Vibrio and Pseudomonas was presented 
by Shewan et a 1. (1954). According
to the authors, rapid differentiation 
of asporogenous Gram negative bacilli 
could be accomplished by testing sen
sitivity towards penicillin,
oxytetracycline (OTC) and a vibrio- 
static compound called 0/129. 
Neither Vibr io nor Pseudomonas were 
sensitive to penicillin. Pseudomonas 
was found insensitive to 0/129 and 
variable in sensitivity towards OTC. 
Vibrios were sensitive to both of the 
mentioned inhibiting agents. A 
determinative scheme for identifica
tion of Gram negative asporogenus 
rods classified as Pseudomonas, 
Aeromonas and vibrios was prescribed 
by Bain and Shewan (1968). Gram 
negative, motile, polar flagellated,
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Figure 16. Vibrio angui11 arum culture of a strain found pathogenic for
chinook salmon ((). tshawytscha). Typical cellular morphology is 
shown: curved bacilli, rounded ends, singly and in pairs
generally 0.5 x 1.5~3*0 micrometers (R. Grischkowsky).

oxidase positive rods are tested in 
Hugh and Leifson's medium with NaCl 
added, against 0/129 and arginine 
dihydrolase. Pseudomonas species are 
not fermentative in Hugh and Leif
son's medium while Aeromonas species 
do ferment glucose usually with gas 
production but are insensitive to 
0/129- Vibrios are sensitive to 
0/129 and fermentative in glucose but 
without gas. Vibrio spp. pathogenic 
for poiki1othermic animals are ar
ginine dihydrolase + and lysine 
decarboxylase -.

In summation, among the motile 
Gram negative rods, Pseudomonas is 
easily identified by its oxidative 
only characteristic in Hugh and Leif
son's medium. Aeromonas and vibrios 
are fermentative, but the former is 
insensitive to 0 / 1 2 9  while the 
vibrios are guite sensitive to this 
vibriostatic agent. One exception is 
Aeromonas sh iqelloides which is sen
sitive to this agent.
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Historic losses to vibriosis in 
Alaskan ERP's from 1974-1976 have 
totaled 18% of 1.9 million fish. 
Many investigators agree vibriosis is 
1 of the principal deterrents to 
estuarine rearing and further 
development of mariculture at many 
places in the world (Fryer et al. 
1976, Sinderman 1974). It doesn't 
result in mortalities every year and 
is affected by meteorological and hy
drographic conditions. When mor
talities occur in Alaska due to 
vibrios, they do so simultaneously at 
several places throughout the state. 
Other locations traditionally have no 
incidence of the disease. Vibrio 
abundance in seawater is generally 
May to October in Southeast waters 
and July to October in Southcentral 
Alaskan waters. These are peak 
levels and traditional vibriosis 
season timings. Release of fish 
prior to abundant vibrio levels will 
reduce the possibility of that 
disease reducing survival.

Significance in Alaska of this 
agent requires a site by site 
analysis and determination of 
historic involvement.

S i q n i f i c a n c e  and C o n t r o l

Control

Control methods for vibriosis in
clude environmental changes,
chemotherapy, selective breeding and 
vaccination. Efficacy of control 
measures in Alaska has varied con
siderably according to species, 
rearing site, water temperature, fish 
density, handling and general level 
of health.

Environmental changes. Environ
mental requirements of fish are 
highly specific for maintenance of 
optimum fish health. Specific 
environmental conditions provide the 
balance between host and pathogen. 
Salinity decreases, density reduc

tions and temperature lowerings 
during an epizootic will improve fish 
survival. Although vibriosis can oc
cur at all times of the year, it is 
most prevalent at 14-20C. In Alaska, 
vibrio epizootics occur generally at 
8C or higher. Temperatures in excess 
of 12-14C are infrequent. Densities 
of 8-16 k g / m 3, common to ERP's may 
stimulate the disease condition 
(Novotny and Harrell 1975). Reduced 
densities, as long as feeding 
threshold response is maintained, 
should reduce mortalities. Placing
affected fish into freshwater may 
reduce mortality during an epizootic. 
Although freshwater vibriosis occurs, 
it is rare. Once septicemia occurs, 
freshwater exposure w i 11 not decrease 
mortalities. Osmoregulatory stress
may increase death rates. Reduction 
of stress before an exposure which 
could produce an outbreak may prevent 
the disease. Stressors harmful to
fish in saltwater include marking, 
grading, handling and crowding.

Chemotherapy. Sulfamethazine,
sulfamerazine, OTC and nitrofuran 
compounds have been suggested for the 
control of vibriosis with salmonids 
(Fryer et al. 1972). Rucker cited
OTC as the antibiotic of choice for 
decreasing mortalities of Pacific 
salmon from latent pathogens in
cluding vibrios (Rucker et al. 1953)* 
He recommended 250 mg/kg of fish. 
Chemotherapy has only been marginally 
effective in Alaska. Once an 
epizootic is started, treatments will 
be of little value. As entrance into 
seawater, warm water temperature and 
vibrio incidence are generally
predictable and prophylactic treat
ments with OTC are recommended. Such 
treatments, 4.5 g/45 kg/15 days, are 
thought beneficial administered 2
weeks prior to a major stressor. 
Also prerelease OTC treatments may 
reduce neritic migrations vibrio af
fects. Treatments at subclinical
levels may promote drug resistance 
factors.
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Selecti ve breeding. Selective 
breeding has been suggested as a 
means of vibriosis control (Bullock 
1977). Selection experiments have 
been conducted with Atlantic salmon 
parr (Gjedrem and Aulstad 1974). A 
difference in resistance between
river strains was found.
Heritability was estimated as 0.12
and 0.07 for respective sire and dam 
components. The results indicated 
selection against vibrio disease 
would yield genetic change.

Immunization. Immunization of 
fish against pathogenic vibrios has 
received considerable attention. 
Fish form antibodies when antigenic 
substances are injected. Large
numbers of fish in hatchery situa
tions make oral immunization the most 
practical. In an early experiment, a 
lyophilized sonicate was prepared 
from V. angui1larum cells. At Lint 
Slough near Waldport, Oregon, mor
tality was decreased from 98% in con
trols to h5% in the vaccinated group 
at 12.4C (Fryer et al. 1972). 
Snieszko (1970) showed fish gain some 
immunity by the intestinal route by 
an apparent exchange between bac
terial antigens within the intestine 
into tissues via leucocytes. He 
found oral immunization conferred a 
low degree of protection under 
favorable conditions, but was less 
effective under stress conditions.

Vibrio bacterins, killed broth 
culture preparations, have been ad
ministered to steel head trout and 
Pacific salmon using oral, vacuum 
infiltration, hyperosmotic, dip and 
spray methods. Evaluation of im
munizations have included ERP sur
vival, lab challenge and adult 
returns. Results from these efforts 
relate to size, species, site, 
weather, release timing and stress.

Oral vaccination affords low level 
protection adequate for protection of 
host under favorable conditions. 
Under stress, low level protection

may not be adequate (Snieszko 1970). 
Chinook salmon were afforded protec
tion from natural vibriois challenge 
at Lint Slough by oral administering 
of V. angui1larum lyophilized 
sonicate of cel 1s (Tvelyn 1971)- 
Protection of steelhead trout against 
vibriosis was afforded by orally fed 
V. angu i11 arum live low-virulence 
cultures (Braaten and Hodgins 1976). 
Oral vaccination is not as effective 
as spray technique in protecting coho 
salmon (Garrison and Gould 1976). 
Results using oral administering are 
variable. No tests have been made in 
Alaska. Immune response build up re
quires 2 weeks or more.

To afford protection, the build up 
must occur prior to exposure to the 
antigen. For vibrio disease protec
tion, fish after vaccination must be 
kept in freshwater or seawater with 
no vibrio abundance. Anamnestic 
secondary increase in immunogenic 
response has not been demonstrated in 
fish. Accordingly, boosters are not 
generally administered. Vacuum 
infiltration utilizes a vacuum 
chamber for pressure reduction and 
bacterin uptake. Hyperosmotic tech
niques utilized 6-8% NaCl dip to 
remove body fluids followed by 
isotonic bacterin dips to result in 
uptake via the lateral line system, 
gills and directly through integument 
(Amend and Fender 1976). These tech
niques were determined to be unneces
sary with this agent as it is such an 
effective antigen easily taken up by 
immersion at 1 atmosphere.

Vibrio bacterin administering is 
effective in reducing ERP mortalities 
from vibriosis. In Alaska, vibrio 
disease oocurs sporadically. Protec
tion is needed where historically 
vibrio disease has been present.

A prophylactic program of bacterin 
administering is beneficial during 
the rearing stage of anadromous sal
monids. Adult return increases have 
not routinely occurred after vibrio 
bacterin application.
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Coho salmon vaccinated during 
field trials with coded wire tags in 
Alaska have not had significantly 
different returns. Pink salmon sur
vivals were significantly higher than 
non-vaccinated controls. Vibriosis 
protection has not been an all or 
none phenomenon. Vaccinated fish can 
sustain vibriosis mortalities.
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Enteric Redmouth

Joseph Sul 1ivan

Introduct ion

Enteric redmouth is a systemic 
bacterial disease associated with 
Yers i n i a rucker i. It has been called 
"Hagerman redmouth" and simply "red
mouth," although the latter term has 
also been applied to diseases with 
the same clinical signs involving 
other bacteria. Yersinia ruckeri is a 
member of the Enterobacteriaceae, the 
only one commonly found to be 
pathogenic to salmonids. Normally an 
intestinal dweller, it causes disease 
when it is given the opportunity to 
cross the gut wall barrier.

The salmonids it has been reported 
to infect are rainbow trout (Salmo 
qai rdner i), cutthroat trout (Salmo 
clarki) ~  Atlantic salmon (Salmo
salar), brown trout (Salmo trutta), 
brook trout (Salveli nus font i nalis), 
chinook salmon (Oncorhynchus tshawyt
scha) , coho salmon (Onchorynchus 
ki sutch) and sockeye salmon
(Oncorhynchus nerka) (American 
Fisheries Society 1979). It can
probably infect any salmonid. A 
reservoir host in the Hagerman Valley 
of Idaho has been reported to be
crayfish (McDaniel 1971), but both
there and at 1 location in Alaska 
(Woody Springs near Kotzebue), _Y- 
rucker i was isolated from spring 
water where no known reservoir host 
exi sts.

H i story

Enteric redmouth was first recog
nized as a problem by Rucker (1966) 
in the 1950's in rainbow trout at the 
Hagerman National Fish Hatchery. 
Near perfect conditions existed for

the disease to spread and it did. 
Vast quantities of good quality 
spring water at the optimum tempera
ture of 15C soon made the Hagerman 
Valley the most important locus for 
the commercial production of rainbow 
trout in the United States. The 
aquifer itself contained Y. rucker i 
so that exposure to the bacteria was 
nearly inevitable. Huge quantities 
of fish were shipped out to many 
locations and _Y. ruckeri with them.

Originally called "redmouth," 
McDaniel (1971) proposed the name 
"Hagerman redmouth" to distinguish it 
from similar diseases involving 
nonenteric bacteria. However, as the 
disease became better known, 
researchers found that some old stock 
cultures of unidentified Gram nega
tive, cytochrome oxidase negative 
rods were, in fact, Y_. ruckeri and 
some could not be traced back to the 
Hagerman Valley. Bullock et al. 
(1977) reported 2 cultures taken in 
1952 from rainbow and brook trout at 
the Leetown National Fish Hatchery, 
West Virginia and several others from 
a 1960 Australian epizootic in rain
bow trout. The Leetown cultures were 
at least as old as Rucker's original 
isolate and the Australian fish had 
not been exposed to American diseases 
for many years. "Enteric redmouth" 
was more descriptive, removed the 
questionably valid stigma from the 
Hagerman Valley and has been in use 
since 1975 (Busch and Ewing 1975).

The ERM (enteric redmouth) bac
terium received its formal appela- 
tion, Y. rucker i, and was 
biochemically described in 1978 by 
Ewing et al. (1978). Considering the 
properties that other authors
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(Analytab Products 1978, Busch 1978) 
and we in the Fish Pathology Section 
of the Alaska Department of Fish and 
Game have observed, it appears that 
either the species is very plastic or 
that a species complex is involved. 
Some of the differences may be due to 
the temperatures at which the cul
tures were incubated or the sen
sitivity of the tests used (O'Leary 
et al. 1 9 7 9 ).

The first record of ERM in Alaska 
was made by McDaniel (1971)* Subse
quent communications with him 
revealed the case to be a prespawning 
sockeye mortality at Karluk Lake in 
1969.

Enteric redmouth has only been 
identified a few other times in 
Alaska, primarily with the recent ac
quisition of sensitive identification 
techniques. It is not known whether 
ERM was endemic to the state or was 
imported here. On the one hand, 
rainbow trout from Hagerman, Idaho 
were imported into Southeast Alaska 
in 1964, 2 years before ERM was first 
reported in the literature. 
Southeast hatcheries and hatcheries 
that have exchanged stocks with 
Southeast hatcheries, have yielded 
Gram negative cytochrome oxidase 
negative rods from their fish since 
then. Positive identifications of 
these cultures were never made, but 2 
stocks of fish later diagnosed as 
having ERM were among those 
previously shown to be carrying the 
unidentified bacteria. Conversely, 
Ŷ . ruckeri was reported from water at 
Woody Springs which, untreated, may 
be incapable of supporting fish. 
Though seemingly parallel to the 
situation in Idaho, subterranian host 
animals could exist in the Hagerman 
aquifer whereas they probably cannot 
survive in Woody Springs. However, 
if not endemic, it is hard to see 
where this may have originated. Per
haps both have some veracity.

Even if Ŷ . rucker i was not en
demic, and Gram negative, cytochrome

oxidase negative rods were ERM, the 
shuffling of stocks among hatcheries 
may have distributed the disease to 
many of the planted areas of the 
state. Its occurrence hereafter 
should come as no great surprise.

Transmi ss ion

Simplistical1y , Y. rucker i is 
horizontally spread through the water 
multiplying in the gut, passing out 
with the feces and being ingested by 
other fish. Disease occurs when the 
bacteria cross the gut wall and 
initiate a septicemia, but this is 
not necessary for the organism to be 
transmitted. In the Hagerman Valley 
along the Snake River, the ultimate 
source appears to be the aquifer it
self. George W. Klontz (pers. comm.) 
isolated Ŷ . rucker i from water taken 
several feet into the aquifer. But 
Klontz and Huddleston (1979) found 
that the ERM bacteria in spring water 
samples survived only 2 to 3 weeks 
leading them to surmise that a host 
is necessary. No potential subter
ranean hosts are known there, but 
conditions are good for their ex- 
i stence.

Klontz and Huddleston (1979) also 
noted that spring dwelling crayfish 
had a 30% Y. ruckeri carrier rate at 
500 or greater organisms per gram of 
visceral homogenate. As with many 
diseases, removal of carriers (fish, 
crayfish etc.) from the water source 
is important. In 1967, escaped fish 
from the incoming spring water above 
the raceways at the Hagerman National 
Fish Hatchery (the "type locality" 
for ERM) were removed; this prevented 
further access to the area, and ef
fectively subdued the disease as a 
problem (Klontz and Huddleston 1979)- 
There has been only 1 outbreak of the 
disease since then.

Recirculating systems without 
depurating devices are analogous to 
systems with infected fish in the 
water source. They may likewise keep
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the numbers of bacteria artificially 
high in the water, paving the way for 
a disease outbreak.

S i gns and Pathoqenes i s

The clinical signs for ERM are 
roughly the same as those for other 
systemic Gram negative bacterial 
diseases. The hemorrhaging and ero
sion around the mouth or "redmouth" 
is, as previously stated, common to 
many diseases. Acute and subacute 
infections may display exophthalmia, 
swollen abdomen (from ascites) and 
reddened opercula and fin bases and 
inflamed, hemorrhagic vent (color 
Fig. 33)• Unless the environmental 
conditions have also been poor, the 
fins are usually not frayed. Longer 
term "screen hangers" may be very 
thin and hollow bellied, may have 
lost pigment control and be darker 
fish. Bloody diarrhea can often be 
expressed from the anus, unlike other 
septicemias. This sign is also com
mon to returning adult salmon in
fected with Ceratomyxa shasta, but 
this protozoan disease is not known 
to occur in Alaska.

Internally there may be inflamma
tion and hemorrhaging in most of the 
visceral organs (color Fig. 34) in
cluding the visceral fat, and some 
hemorrhaging may be seen in the 
muscles along the abdominal wall. 
The hematopoietic tissues may undergo 
necrosis. There may be edema in the 
spleen, liver and kidney. The liver 
may become a pale, cream color (color 
Fig. 35). Fluids may accumulate in 
the abdominal cavity, stomach and in
testine. The inflamed, hemorrhagic 
lower intestine (color Fig. 3 6) with 
bloody diarrhea is particularly 
notable with ERM. Other septicemias 
may result in the inflammation of the 
intestine, but enteric redmouth 
begins here and therefore this sign 
is more common with ERM.

Yersinia rucker i may reside in
definitely in the lower intestine of 
fish without causing disease. Nor
mally, the bacteria, although mul
tiplying, are being shed with the 
feces and a balanced condition 
exists. However, when some stress 
takes the fish off their feed, the 
fish stops defecating and the numbers 
of bacteria increase. The overabun
dance initiates necrosis of the 
mucosa. When the stress is removed 
and feeding resumes, this dead tissue 
is sloughed. This exposes the under
lying layers, access to the blood 
vascular system therefore occurs and 
the septicemia begins. Acute out
breaks occur about 3 to 5 days after 
the stress is removed. The disease 
may then become chronic with an even
tual loss of 30-70%.

D i aqnos i s

Although the bloody diarrhea is 
very indicative, diagnosis cannot be 
made only on the basis of clinical 
signs. Diagnosis is made by the 
isolation and identification of the 
causative organism, the slide ag
glutination test or the indirect 
fluorescent antibody test. The Fish 
Health Section of the American 
Fisheries Society (1979) allows a 
presumptive identification of Y. 
rucker i if the organism is a Gram 
negative, cytochrome oxidase negative 
rod, does not produce indole in tryp- 
tone broth, gives an alkaline/acid 
reaction on triple sugar iron agar (a 
change from "acid/acid" in the 1975 
edition), ferments glucose and is 
motile. Motility is variable (our 
observations and O'Leary et al.
1979), but the rest agrees with 
previous descriptions. If the 01—  
ganism does not fit within the more 
restrictive boundaries of previously 
described strains, confirmatory diag
nosis may rest on the slide ag
glutination or fluorescent antibody 
test.
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These are at least 3 serotypes of 
ERM and without testing against all 
of them, false negative fluorescent 
antibody and slide agglutination 
tests may result. The procedures may 
be found in the Fish Health Section 
of the American Fisheries Society 
(1979).

Significance and Control

Occurrence of ERM in the wild 
fishes of Alaska is probably insig
nificant. However, since diseases at 
hatcheries affect the numbers of fish 
released, there is an effect.

Hatchery epizootics of enteric 
redmouth are primarily a sign of poor 
culture technigues. Without stress, 
the fish can usually coexist with Y. 
rucker i and not develop the disease. 
Any sort of stress that would cause a 
disturbance of normal digestive 
processes could precipitate an out
break.

Rucker (1966) recommended a 
therapeutic treatment of sul- 
famerazine at 20 g/100 kg of 
fish/day/5 days followed by 3 days of 
oxytetracycline at 5.0 g/100 kg/day. 
Klontz (1979) recommended that 6.6 kg 
of each/100 kg be given simul
taneously. This may cause less renal 
damage due to the sulfamerazine and 
create less likelihood of the bac
teria becoming resistant to both 
drugs. Use of these drugs reguires a 
3 week withdrawal period for mar
keting or stocking from the last date 
the drug was fed to the fish.

For systemic bacterial infections 
(which would include ERM), Poupard
(1978) recommends a 5:1 mixture of a 
conventional sulfonamide, e.g. sul
fadiazine and a potentiated sul- 
foamide, e.g. trimethoprin at 5*5 
g/100 kg fish/5-10 days. This should 
give enhanced antimicrobial effects 
without the toxicity and palatability 
problems of higher doses.

Problems with resistance to these 
drugs have arisen in Alaska, although 
poor environment may also have hin
dered the fish's ability to respond 
to the disease.

Although poor fish culture tech
nigues will eventually be expressed 
in some sort of mortalities or 
failure to meet goals, avoiding ex
posure of fish to _Y. ruckeri is the 
wisest approach.

If exposure has occurred and is 
henceforth unavoidable, precautions 
can still be taken. Eliminate any 
continuous source of infection, prac
tice good sanitation, calculate the 
carrying capacities of the 
facilities, stay within them and 
accomplish what needs to be done with 
a minimum of stress.

Because of the required withdrawal 
period, this should not be done if 
the fish are being sorted for 
stocking or processing.

There are at least 2 commercially 
available vaccines against ERM. If 
the disease is a known problem it 
might be wise to consider immunizing 
the fish against it. An early trial 
with 1 of these was so stressful that 
fish carrying infectious pancreatic 
necrosis virus became clinically ill 
and suffered b~!% mortalities (Busch 
et al. 1978). The recent versions 
are more safe and are applied in a 
dip treatment or under a shower. 
Vaccination is not cheap, not without 
stress, and should not be used as an 
alternative to good fish culture.
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Chapter 3. 

PARASITIC DISEASES



Costiasis

A. K. Hauck

Costiasis, the fish disease caused 
by the cosmopolitan, flagellated,
protozoan ectoparasite Ichtyobodo 
sp., is of considerable importance in 
the propagation of both warm and 
cold-water fish (Ellis and Wootten 
1978, Fish 1940). Although
Ichtyobodo has been recorded as in
festing salmonids in saltwater
(Wedemeyer et al. 1976, Wood 1974), 
it is normally considered a serious 
pathogen only in freshwater. This 
obligate parasite is capable of
seriously infesting all species of 
pond fishes, salmon and trout (Fish 
19^0 ).

Ichtyobodo spp. belong to the 
class Zoomastigophorea, order
Kinetoplastida and family Bodonidae 
(Margolis and Arthur 1979). There 
are 2 described species of 
I chtyobodo: J_. necator (= necatr i x )
and J_. pyriformis, both capable of 
parasitizing salmonids and producing 
costiasis (Davis 1953). Ichtyobodo 
necator (Pinto 1928) was originally 
described as Bodo necator (Fish 
19^0). Later it was relegated to the 
genus Cost i a from which the term 
costiasis was derived.

Conditions which will precipitate 
costiasis include state of suscep
tibility and immunocompetence of the 
host and environmental conditions 
such as crowding, low dissolved oxy
gen and excessive size variation 
among the fish (Robertson 1979, 
Wedemeyer et al. 1976).

History

Costiasis is widely distributed in 
Europe and North America (Amlacher

I n t r o d u c t i o n 1970, Davis 1953, Margolis and Arthur 
1979). It most likely occurs univer
sally, since the parasite has cos
mopolitan distribution.

Recorded Canadian hosts for J_. 
necator are the threespine stick
leback (Gasterosteus aculeatus) , 
sockeye salmon (Oncorhynchus nerka) 
and brook trout (Salveli nus fon- 
t inal i s ) (Margolis and Arthur 1979).

In Alaska, several Ichtyobodo 
infestations occurred in 1975; 
costiasis in East Creek Hatchery 
(Lake Nunavaugaluk) sockeye salmon 
and in Halibut Cove Lagoon (Kachemak 
Bay) coho salmon (Oncorhynchus 
kisutch), and infestations of Auke 
Bay (Juneau) sockeye salmon, of Kitoi 
Bay Hatchery (Kodiak Island) sockeye 
salmon and of Crystal Lake Hatchery 
(Petersburg) coho salmon. The Auke 
Bay and Kodiak records both occurred 
concurrent with an epizootic caused 
by infectious hematopoietic necrosis 
virus in the same groups of fish. In 
addition, Ichtyobodo was isolated in 
1977 from Ship Creek Hatchery (An
chorage) rainbow trout (Salmo qaird- 
neri) and Little Port Walter (Baranof 
Island) chinook salmon (Oncorhynchus 
tshawytscha). Since 1977, the 
parasite has not developed infesta
tions of significance or caused 
serious fish mortalities in Alaska.

Transmi ssion

Reproduction of Ichtyobodo is 
accomplished asexually by longitu
dinal fission. As the attached or
ganism approaches division, b ad
ditional flagella are produced making 
a total of 8 flagella. Accompanying 
the newly divided organism are 4 of 
these flagella, which by motile means 
will direct it to either the same
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host or to a new host. Being an 
obligate parasite, Ichtyobodo must 
find a suitable host within approx
imately 1 hour after division to sur
vive (Amlacher 1970). Attachment of 
the daughter organism to a host was 
thought to be accomplished by means 
of the flagella (Fish 19^0), possibly 
because the flagella are not visible 
in attached forms. However, more re
cent electron microscope studies have 
shown Ichtyobodo to attach by means 
of a flat disc (Rogers and Gaines
1975).

Signs and Pathoqenesis

Early Ichtyobodo investigators 
have suggested that the organism 
parasitizes debilitated fish in poor 
condition (Amlacher 1970, Robertson 
1979). More recent reports, while 
indicating this may be true of older 
fish and brood stock with residual 
Ichtyobodo infestations, have found 
no correlation between fish condition 
and intensity of infestation. These 
same reports postulate that of 
primary importance in establishing a 
state of costiasis are the host's 
state of susceptibility and immuno- 
competence. Environmental variables 
and state of health are considered 
secondary (Robertson 1979).

Environmental aspects which will 
facilitate costiasis are crowded con
ditions, low dissolved oxygen, exces
sive size differences of fish and pH 
(Amlacher 1?70, Wedemeyer et al .
1976). Water temperatures do not ap
pear to be important since infesta
tions have been known to occur 
between 3-5 and 16C (Robertson 1979).

The host's age is also an impor
tant factor in establishing disease.
Ichtyobodo apparently has a 
preference for young fry or 
fingerlings, and costiasis is seldom 
of conseguence in older fish. In

fact, the most severe epizootics have 
occurred in fry within a few weeks 
after the first feeding (Fish 19^0, 
Wood 1974).

The parasite has been found to 
show a definite periodicity in its 
infestations. After being discovered 
on first feeding fry, Ichtyobodo 
guickly increases in numbers, and the 
peak of infestation is at about h 
weeks. Following this is a progres
sive decline in intensity of infesta
tion after 11 and 13 weeks on gills 
and skin, respectively. After this 
period the parasite is virtually ab
sent (Reichenbach-Klinke 1973). A 
progressive series of 3 phases seems 
to occur in the Ichtyobodo 
infestation of salmonid fry: gills
only, gills and skin and skin only. 
When a heavy infestation is found on 
the skin, few parasites are seen on 
the gills (Robertson 1979)-

Signs generally are similar to 
those common with infestations of 
external parasites, e.g. loss of ap
petite and flashing. An increase in
daily mortalities will ensue. In ad
vanced cases, a blue-gray film ap
pears on the surface of the fish. 
This coloration is caused by the 
marked mucous production and general 
hyperplasia of the body epithelium in 
response to the irritant (Fish 19^0, 
Rogers and Gaines 1975)-

Gill alterations include acute
hyperplasia and cell necrosis. Fu
sion of secondary lamellae, ap
parently to enclose the parasite, has 
been observed. The host also 
responds by producing large numbers 
of both goblet cells on secondary 
lamellae and melanin granules adja
cent to primary lamellar blood ves
sels. Prominent lymphocyte infiltra
tion has also been observed (Ellis 
and Wootten 1978, Fish 19^0). Skin 
lesions include hyperemia (increased 
blood resulting in distended blood
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vessels) and necrosis (Amlacher 1970, 
Robertson 1979). Also evident is a 
marked reduction in epidermal 
cytoplasmic content (Robertson 1979)• 
This reduction in cytoplasm may be 
caused by the fact that the parasite 
extends small microtubules into the 
host cell through which vacuolated 
food is returned to the host (Rogers 
and Gaines 1975).

The tissue alterations in Alaskan 
fish from East Creek Hatchery and 
Halibut Cove Lagoon showed severe 
hyperplasia and fusion of secondary 
lamellae (color Fig. 41). Increased 
number of goblet cells, cytoplasm 
reduction and lymphocyte infiltration 
(Ellis and Wootten 1978, Fish 1940, 
Rogers and Gaines 1975) were not evi
dent in the above Alaskan samples.

Death is caused by osmoregulatory 
failure followed by hemodilation and 
circulatory failure (Robertson 1979). 
Death has been reported to be caused 
by the presence of the parasite only 
on the gills (Savage 1935); however, 
infestation of the skin is also con
sidered important in causing death of 
the host (Robertson 1979).

D i aqnos i s

Costiasis is seldom accurately 
diagnosed possibly because of the 
small size and sedentary nature of 
the causative organism (Fish 1940).

The dorsal fin epithelium and tips 
of gill filaments are 2 areas of the 
fish providing the most likely sites 
for infestation of Ichtyobodo (Fish 
1940). The velvet-like, bluish cast 
on the skin should not be considered 
diagnostic for Ichtyobodo, since this 
same sign is caused by Chilodonella, 
Trichodina, Ood i n i u m , Gyrodacty1 us
and water hyperalkalinity
(Reichenbach-Klinke 1973).

Temporary wet mounts, particularly 
in 0.7% physiological saline, should 
be examined immediately after 
preparation, since the organism will 
not normally live longer than 5 
minutes on a temporary mount. If 
more time is required, filaments from 
live specimens should be fixed in 
neutral formalin for later examina
tion.

Two forms of X. necator may be 
found in epithelial smears: 
parasites attached to epithelium and 
a smaller number of free-swimming 
forms (Fish 1940). The attached 
forms are pear-shaped (color Fig. 
42); the free-swimming forms are 
ellipsoid in outline, measure approx
imately 8 x 4 u and are dorso ven
tral ly compressed (Ellis and Wootten 
1978, Fish 1940).

Few structural details may be 
discerned in the living parasite. 
When properly fixed and stained, 1 or 
more large vacuoles, smaller, darker 
staining inclusion bodies, and a 
dark, spherical nucleus surrounded by 
a halo are visible. The free- 
swimming forms have 4 flagella, 2 
long and 2 short, which arise from 
the anterior end, lie along a funnel 
shaped groove on the organism's ven
tral side. The long flagella fre
quently extend beyond the body of the 
organism (Fish 1940, Reichenbach- 
Klinke 1973). The flagella are not 
readily visible on the attached form 
(Fish 1940).

Siqnificance and Control

Ichtyobodo is considered by many 
as the most important flagellate 
protozoan parasite of salmonid cul
ture (Robertson 1979). Heavy in
festations of up to 15 parasites/host 
epithelial cell have been observed 
(Fish 1940).
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Although normally considered a 
problem of fry, costiasis has also 
been known to occur in older fish. 
Heavy mortalities to Atlantic salmon 
(Salmo salar) smolts have occurred 
when the fish were infested by 
Ichtyobodo prior to transport (Ellis 
and Wootten 1978). Also, unsuccess
ful adaptation of chinook salmon 
smolts to seawater has been known to 
occur as a result of residual 
I chtyobodo infestations (Wood 197**). 
This sheds additional light on the 
ability of the parasite to affect its 
host's osmoregulatory mechanism.

Wounds produced by Icthyobodo will 
also facilitate infection by secon
dary invaders (Fish 1940, Rogers and 
Gaines 1975) and result in additional 
mortali ties.

Controls for this parasite are 
both mechanical and chemical. The 
elimination of crowded conditions, 
increase of dissolved oxygen, and ef
fective grading will help prevent or 
relieve the problem. There are many 
chemical controls (Amlacher 1970, 
Fish 1940, Hoffman and Meyer 1974). 
Those effectively used on salmonids 
include acetic acid, formalin and 
pyridyl mercuric acetate (PMA) (Hoff
man and Meyer 1974). Before treat
ment, the chemical should have cur
rent FDA or EPA registration as ap
propriate for food fish.

To prevent the possibility of
costiasis from occurring in seawater- 
cultured salmonids, it is important 
to ensure that smolts are uninfested 
before transport. If fish are in
fested, transport in medicated fresh
water might properly control the 
pathogen (Ellis and Wootten 1978).

Although the occurrences of
costiasis in Alaska presently are
few, it will most likely become a
more significant Alaskan disease en
tity in the future, as new fish

hatchery and incubation facilities 
become operational.
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Ichthyophthiriasis

A. K. Hauck

Introduct ion

Ichthyophthiriasis, commonly known 
as white-spot disease or "ich," is 
caused by Ichthyophth i r i us mult i f i1i s 
Fouquet, 18 7 6. This protozoan is an 
obligate parasite belonging to the
class Ciliatea, order Hymenostomatida 
and family Ophryoglenidae (Margolis 
and Arthur 1979). It is a
holotrichous ciliate, i.e. it has a 
uniform covering of cilia over its
ent i re body.

Ichthyophthi r ius mult if i1 is enjoys 
cosmopolitan distribution, being 
known to parasitize feral, hatchery 
and aquarium freshwater fish (Cheng 
1973, Meyer 1972). Its marine
counterpart, which closely parallels 
J_. mul t i f i 1 i s in life cycle and 
produces a similar pathology in fish, 
is Cryptocaryon i rr i tans (Rogers and 
Gaines 1975).

This parasite knows no host boun
daries, although catfish (S i1urus 
1 an i s ) , salmonids, yellow perch 
Perea f 1avecens) and eels are con

sidered to be the most susceptible 
hosts (American Fisheries Society
1979).

H i story

Ich was first described from 
France in 1 8 7 6 . Since that time, it 

has been reported from all European 
countries, North America, China, In
dia, Indonesia, Australia and the 
USSR. Ich is most likely found in 
every country which has engaged in 
foreign fish exchange, particularly 
those which have imported goldfish 
and other aquarium fishes (Hoffman 
1970).

In Canada its recorded hosts in
clude the freshwater drum (Aplod i no- 
tus qrunniens), white sucker 
(Catostomus commerson i), threespine 
stickleback (Gasterosteus aculeatus), 
brown bullhead ( Ictalurus nebulosus), 
smallmouth bass (Micropterus dolo- 
mieui), largemouth bass (Micropterus 
sal mo ides), whitebass (Morone
chrysops), yellow perch, (Perea 
f 1avescens), Atlantic salmon (Salmo 
salar), brook trout (Sa1veli nus fon- 
t i n a 1 is), coho salmon (Oncorhynchus 
ki sutch), chinook salmon (Oncorhyn
chus tshawytscha), cutthroat trout 
(Salmo cl ark i), rainbow trout (Salmo 
qa i rdner i) and brown trout (S a 1 mo 
trutta) (Margolis and Arthur 1979) •
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In Alaska the known history of ich 
is limited to 3 recordings: in 1975
ich produced heavy prespawning mor
talities in sockeye salmon (Oncor
hynchus nerka) at Meadow Creek (near 
Big Lake), in 1978 ich caused heavy 
mortalities in threespine stick
lebacks of Six Mile Lake (near An
chorage), and in 1979 ich 
trophozoites were observed on skin, 
nares, and gills of Big Lake Hatchery 
sockeye salmon which were dying from 
Saproleqn i a infection of nare and 
brain tissues. It is noteworthy that 
the threespine sticklebacks (mor
tality of 1978) also showed concur
rent infections of the larval cestode 
Sch i stocephalus soli dus, the external 
protozoan Trichodina sp., the eye 
fluke D i piostomulum sp., the in
testinal fluke Crepidostomum sp. and 
an unidentified nematode in the 
lamina propria (connective tissue of 
the stomach). In spite of this, the 
ich infestation was considered the 
primary cause of mortality.

At this writing the parasite has 
not been found on Alaskan fish north 
of 62° latitude. This northern range 
corresponds nicely with the report 
that J_. mu 11 i f i1 i s has not been found 
north of 60-65° northern latitude in 
Russia (Hoffman 1970).

Transmi ssion

The life cycle of J_. mul t i f i 1 i s is 
both direct and complex. The infec
tive form or theront, is a free- 
swimming form which seeks contact 
with a new piscine host. Death oc
curs if the theront fails to locate a 
host within 48 hours; however, at op
timum temperatures (approximately 
22C), infective stages have been 
known to survive for 96 hours. The 
theront possesses an incompletely 
developed cytostome (mouth), which 
becomes completely developed only 
after the ciliate has established it
self under the host's epidermis. 
When finding a host, the theront

penetrates the epithelium, with aid 
from strong ciliary movement, to the 
hypodermis, where the parasite 
becomes enclosed in host epithelial 
tissues, matures and grows (Cheng 
1973, Meyer 1972, Reichenbach-Klinke
1973).

The mature parasite is thought to 
gain nourishment by imbibing host 
fluids and consuming host tissues, 
possibly detached by both the growth 
and the rotatory movement of the or
ganism (Meyer 1972, Reichenbach- 
Kl inke 1973). In preparation for its 
benthic, encystment stage apart from 
the host, the organism is known to 
deposit glycogen and amylopectin food 
reserves in its cytoplasm (Cheng
1973). Maturation normally occurs 
within 10 to 14 days in water tem
peratures > 15C and in 35 days at 
temperatures < 10C. When the or
ganism has attained a certain matura
tion stage, it penetrates the host's 
epithelium and leaves the skin or 
gills (Meyer 1972). The organism may 
swim for 2 to 6 hours before at
taching to a substratum (Meyer 1972). 
Little preference is shown in the 
choice of substratum, since benthic 
forms have been found on surfaces of 
aquariums or ponds, on plants, 
debris, or some even remain free
floating (Davis 1953, Meyer 1972).
After attachment, the organism
secretes a thin gelatinous membrane 
over its surface. This membrane 
forms a cyst and aids in holding the 
organism in place (Meyer 1972).
During the benthic stage, asexual 
fission occurs inside the cyst,
producing between 250 to 2000
tomites. The number of tomites
formed depends upon the size of the 
matured organism at encystment. The 
tomites are pyriform, entirely 
ciliated, and measure between 18-45 
pm. After 7 to 24 hours, the tomites 
are released from the cyst, become 
free-swimming theronts and select a 
new host (Cheng 1973, Meyer 1972,
Reichenbach-Klinke 1973). It has
been noted that the food reserves
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stored by the mature organism are 
completely depleted prior to encyst
ment of the tomites (Cheng 1973).

The completion of the life cycle 
requires between 4 to 40 days, 
depending on water temperatures and 
conditions (Hoffman 1970). Ichthy
ophth i r i us mult i f i1i s is considered 
sensitive to lack of oxygen and low 
pH, although its ability to reproduce 
in such great numbers enhances the 
completion of its life cycle and sur
vival (Amlacher 1970, Johnson 1974).

S i qns and Pathoqenes i s

In contrast to many fish diseases 
which occur after the host has become 
weakened, mu 11 i f i 1 i s reportedly
will infest any fish host, regardless 
of its state of health, to complete
its life cycle (Johnson 1974). There
is some confusion in this precept 
however, since 1 investigator found 
that 2 to 3 days after disturbances 
in mucous metabolism had occcurred, 

multifi1 is infestations occurred 
at the site of the disturbance
(Gaines and Rogers 1975).

The action and movement of the 
parasite on the host and the host's 
response to the parasite are impor
tant mechanisms in the pathogenesis 
of Ichthyophthirius. Trophozoites will 
involve in lateral movement below the 
epidermis producing corridors and 
collecting in common chambers (Am
lacher 1970, Bauer 1958). Some in
vestigators have indicated J_. mul - 
t if i1i s has penetrated into the der
mis, blood vessels, cephalic muscles, 
conjunctiva and corneal epithelium 
and lamina propria (Amlacher 1970, 
Dukes 1975).

Others have found _k mult i f i1i s 
beneath the intestinal mucosa of 
small aquarium fish and in the 
visceral cavity of sticklebacks 
(Hoffman 1970). Possibly the 
maturity of the organism plays a role

in these extreme cases, since the 
destructive action of young theronts 
on fish is considered much greater 
than that of mature parasites (Am
lacher 1970).

In response to the actions of J_. 
mul t i f i1i s , the host undergoes cel
lular epithelialization at the sites 
of infection and engulfs the young 
parasites by host cell hyperplasia. 
This occurs within 6 days of initial 
infection. Stasis (diminution or 
stoppage of blood flow) is said to be 
produced in the dermis. Pathological 
signs and lesions produced by Ich
thyophth i r i us include: increased
mucous production, desquamation, 
hyperplasia, reduction of goblet 
cells in the areas of epithelializa- 
tion, appearance of small, white 
pustules on gills and entire body 
surface, and skin erythema (redness). 
The gills become swollen, anemic, 
lose epithelium, turn yellow-grey in 
color and become necrotic. Infected 
fish will lose their appetite, 
congregate near the source of in
coming water or at the edges of the 
pond and become sluggish, emaciated 
and suffer respiratory inhibition 
(Bauer 1958, Davis 1953, Dukes 1975, 
Johnson 1974, Meyer 1972, 
Reichenbach-Klinke 1973, Rogers and 
Gaines 1975). If the infestation is 
heavy or respiration is severely in
hibited, death will ensue.

The Alaskan threespine stick
lebacks which underwent an 1chthy
ophth i r i us epizootic in August of 
1978, showed the following tissue al
terations: young parasites were com
pletely surrounded by host hyper
plastic epidermis, more mature 
parasites had penetrated to the der
mis but not beyond (color Fig. 43). 
A marked reduction of goblet cells 
was particularly evident in the 
epidermis directly surrounding the 
parasite. Gills only showed hyper
plasia at the site of parasite en
cystment. A moderate hyperemia of 
secondary lamellae was evident, al
though no aneurysms were present.
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Fish which have survived ich are 
said to develop temporary immunity, 
which over a period of several 
months, enables them to resist the 
attachment of the infective forms of 
the organism (Hoffman 1970, Johnson 
1974, Reichenbach-Klinke 1973). This 
however, is not a complete immunity 
because the host can still act as an 
asymptomatic carrier (Johnson 1974). 
Rainbow trout, in response to JL mul- 
tifi1 is, have been reported capable 
of producing a serum element which 
purportedly kills the parasite on 
contact (Amlacher 1970). Much more 
work is needed to come to a complete 
understanding of the immune responses 
of fish to ich. It is known however, 
that stressors such as oxygen shor
tages, rapid environmental changes, 
etc., will lessen the ability of a 
fish to produce effective immunity. 
Also, environmental stressors will 
decrease the immunity of symptomatic 
carriers and as a result, disease may 
become active once again (Johnson
1974).

D i aqnos i s

In selecting a fish for examina
tion, living fish are preferred, al
though the parasite may be found on 
dead fish if little time has elapsed 
since death (Amlacher 1970). Loca
tion of the white spots on the skin, 
making the fish appear that it has 
been sprinkled with salt, is presump
tive diagnosis (Reichenbach-Klinke
1973).

Preparation of skin scrapings and 
examination of the gills will help 
confirm the diagnosis of Ichthyoph
th i r i us , and should always be done 
regardless of the appearance of the 
white spots on the skin (Johnson
1974). Confirmation can be made from 
microscopically examining the para
site for the following: large size 
(0.5-1*0 mm diameter), uniform cilia 
giving the organism a rolling motion, 
the anterior end being slightly

protracted and containing a cytostome 
(mouth) and a large, horseshoe-shaped 
macronucleus (color Fig. 44). The 
cytoplasm of the organism frequently 
contains vacuoles and pigment
deposits, and adhering to the
macronucleus is a smaller, spherical 
micronucleus (American Fisheries 
Society 1979, Meyer 1972,
Reichenbach-Klinke 1973).

Significance and Control 

Control

The best control of Ichthyoph
th i r i us disease, as in all fish cul
ture operations, is prevention. The 
prevention of Icthyophth i r i us may be 
accomplished by prohibiting the dis
semination of fish stocks which have 
known records of the parasite to 
watersheds where the parasite has no 
record of incidence. Freguently 
however, fish transports are neces
sary. The purchase of treated and/or 
certified Ichthyophthirius-free fish 
does not insure those fish are free 
of the organism, since the subepider- 
mal \_. mul t i f i 1 i s trophozoites are 
sheltered from treatments and may not 
appear on asymptomatic carriers. 
Therefore, potential carrier fish 
should be guarantined for several 
days prior to introducing them into 
uninfected waters to assist in 
removal of adult epidermal forms 
(Johnson 1974).

Ichthyophth i r i us mult i f i1 is has 
notoriously been disseminated world
wide by both tropical and bait fish 
transports. Therefore, the release 
of aguarium fish into natural waters, 
and the use of bait fishes should be 
prohibi ted.

Because of the long periods in
volved with cold water temperatures 
to ascertain infection, guarantine of 
suspected carriers is most likely an 
impractical control in Alaska.
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Ichthyophthi r ius multif i1 is ceases 
development at high water tempera
tures (approximately 30C) (Johnson
1974). Although this is an effective 
control of Ichthyophth i r i us for warm 
water and aquarium fish (Meyer 1972), 
it is obviously impractical for cold- 
water hatchery situations in Alaska. 
In Alaska where hatchery water tem
peratures are suboptimal for Ichthy
ophth i r i u s , handling stress will 
still lower the resistance of the 
fish to the parasite.

In hatchery situations, the 
elimination of wild fish populations 
from the hatchery water is important, 
since wild fish will act as carriers 
of J_. mul t i f i 1 i s (Johnson 197**). If 
the parasite is found in hatchery 
water, then the best prevention is to 
change to ground water (Johnson
1974). If the parasite is known to 
infect hatchery fish, then a prac
tical method of controlling the 
problem is to hold the infected fish 
in swiftly running water for several 
days or weeks until all the mature 
parasites have dropped off. The 
swift current will carry the 
parasites away before they have 
opportunity to multiply and reinfect 
the hatchery fish (Davis 1953)*

Other effective methods of con
trolling J_. mul t if i 1 is in the hatch
ery are: to treat brood fish with
formalin, to use artificial spawning 
techniques followed by iodophore 
disinfection of eggs, to separate 
adults from eggs before the eggs 
hatch (Wedemeyer et a l . 1976), and to 
permit equipment to disinfect for 
long periods between use in concen
trated potassium permanganate or 
acriflavine hydrochloride (Amlacher 
1970, Hoffman and Meyer 197**, Johnson 
197**).

The chemical controls (Hoffman and 
Meyer 197**, Meyer 1972, Reichenbach- 
Kl inke 1973) for ich infestations are 
too numerous to mention. Generally, 
the most effective chemicals are for

malin and malachite green (Hoffman 
1970). However, if fish are to be 
used for human or animal food, they 
can be treated with drugs and 
chemicals only in accordance with 
current federal (FDA and EPA) laws 
and regulations (Meyer 1972). 
Neither formalin nor malachite green 
are currently registered for use on 
food fishes.

Chemical baths will effectively 
control and eliminate theronts, 
tomites and emerged adults. However, 
no drugs, chemicals, or treatments 
are known which will effectively con
trol the trophozoite and encysted, 
benthic stages (Amlacher 1970, Meyer 
1972, Reichenbach-Klinke 1973)- In 
low water temperatures, encysted, 
benthic stages will hatch normally 
after 20 days. Therefore, baths must 
necessarily be extended to effec
tively eliminate emerging adults, 
preferably to periods longer than 20 
days (Johnson 197**, Reichenbach- 
Kl inke 1973).

The stressful effect of extended 
bath treatments necessary in cold 
waters may be more harmful to the 
fish than the parasite. Therefore, 
the best control of ich in Alaska as 
elsewhere is prevention.

Significance

The holotrichous ciliate, J_. mu 1 - 
t i f i1 is, although providing no ill 
effects to humans (Johnson 197**), 
probably causes more damage to fish 
populations over the entire world 
than any other single parasite 
(Rogers and Gaines 1975). The 
parasite's direct life cycle and the 
ability of a mature organism to 
produce many infective elements aid 
the successful completion of its life 
cycle (Johnson 197**). Ich is also 
dangerous because of its lack of host 
specificity, destructiveness to host 
tissues and difficulty to eradicate. 
Also, the parasite reportedly is
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capable of producing medication- 
resistant strains, causing host im
munity to be short-lived
(Reichenbach-Klinke 1973)•

The hatchery environment provides 
the ideal home for this ciliate. In
vestigators have shown that _L mul- 
t i f i1i s has a natural propensity for 
infesting free-swimming fishes over 
benthic fish. This, combined with 
the often crowded situation in the 
hatchery environment, causes infesta
tion to exceed the natural rate and 
enhances the contagious potential of 
the parasite (Johnson 1974).

Inapparent (asymptomatic) infesta
tions with J_. mul t if i 1 i s are con
sidered common. The consequences of 
release of such carriers into another 
fish population may result in a 
serious health problem for the 
established stock (Johnson 1974, 
American Fisheries Society 1979).

Since ich is not normally of sig
nificance in waters where tempera
tures rarely approach the parasite's 
optimum (approximately 21-24C) 
(Roberts 1975), one might theorize 
that this disease will only occur in 
Alaskan waters when summer tempera
tures produce warm water conditions. 
This possibility is supported by the 
fact that al1 3 known occurrences of 
the disease in Alaska were during 
summer months.
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Hexamitiasis

A. K. Hauck

Introduct ion

Hexami ta (Octomi tus) (Dujardin 
1841) is the generic name designating 
a group of polymastigine, flagellate 
protozoans which are cosmopolitan or 
worldwide in distribution. Hexami ta 
is represented by many free-living, 
commensal and parasitic species. 
Recorded symbiotic hosts include 
leeches, trematodes, univalve and 
bivalve mollusks, arthropods, frogs, 
salamanders, snakes, turtles, birds, 
monkeys, rodents and fish (Uzmann and
Hayduk 1 9 6 3).

Some confusion exists regarding 
the taxonomy of this parasite. 
Octomitus intestinal is (Schmidt) and 
Octomi tus i ntest i n a 1i s truttae 
(Schmidt) were both described in 
1920. Octomitus salmonis (Moore) was 
described in 1922 from trout in 
hatcheries throughout the State of 
New York. The generic name 
(Octomi tus) was later changed to 
Hexami ta. Octomi tus i ntest i nali s 
truttae and 0. sa1mon i s are probably 
the same organism. Also, jH. i n 
testinal is and H. salmonis are most

likely the same organism. If so, 
they should all be called II. in- 
testinalis (G. Hoffman, pers. commTT. 
Since the organism has been widely 
known in recent times as HL salmoni s 
and has been reported predominantly 
from salmonid hosts, it will be 
referred to here as jH. salmon i s .

Hexami ta salmoni s i s a common 
resident in the gastrointestinal 
tract of juvenile salmonids where it 
may result in the condition known as 
hexamitiasis. Although the
pathogenicity of ]H. sal mon i s has been 
challenged (Uzmann et al. 19&5), it 
has been reported to cause catarrhal 
enteritis with desguamation of the 
intestinal mucous membrane by other 
investigators (Sano 1970). Hexami ta, 
on the other hand, has been 
documented as extremely pathogenic to 
fish (Reichenbach-Klinke 1973). 
Hexami ta sp. endoparasites are also 
considered to play an important role 
in the "hoie-in-the-head" disease or 
"Lochkrankheit" of cichlids
(Reichenbach-Klinke 1973) -
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Those species of fishes known to 
be susceptible to Hexami ta spp. in
fections include: brown trout (Salmo
trutta), Atlantic salmon (Salmo 
salar), rainbow trout (Salmo qaird- 
neri), cutthroat trout (Salmo clar- 
k i ), lake trout (S a 1velinus namay- 
cush), brook trout (Salvelinus fon- 
t i n a 1 is), Dolly Varden trout 
(Salvelinus malma), Arctic grayling 
(Thymallus arcticus), round whitefish 
(Prosopium c y 1i ndraceum), sockeye 
salmon (Oncorhynchus nerka), chinook 
salmon (Oncorhynchus tshawytscha), 
pink salmon (Oncorhynchus qorbuscha), 
chum salmon (Oncorhynchus keta), coho 
salmon (Oncorhynchus kisutch), burbot 
(Lota lota), threespine stickleback 
(Gasterosteus aculeatus), longnose 
sucker (Catostomus catostomus) and 
tropical discus fish (Symphysodon 
di scus) (Bykhovskaya-Pavlovskaya et 
al. 1962, Hoffman 1970, Margolis and 
Arthur 1979).

H i story

The FI. sa 1 mon i s endoparasite en
joys worldwide distribution. The 
occurrence of fish hexamitiasis 
accompanying infections with Hexami ta 
appears to occur less frequently (Uz
mann et a l . 1965). The parasite is 
reported to be endemically present at 
trout and salmon hatcheries 
throughout the United States and 
Canada (Davis 1953, Uzmann et al. 
1965). Early investigators reported 
that it was responsible for heavy 
mortalities among fingerling trout 
(Davis 1953), but evidence that 
Hexami ta actually causes mortalities 
and reduces growth is still being 
debated. A causal relationship is 
reportedly not apparent (Uzmann et 
al. 1965).

In Alaska, mortalities of juvenile 
salmonids presumptively caused by 
Hexami ta have been reported on 2 oc
casions from a Southcentral hatchery. 
Both cases occurred at Fort Richard
son Hatchery (near Anchorage) toward

the latter part of December in 1978 
and 1979- Mortalities first appeared 
in the 1978 brood Crooked Creek 
chinook fingerlings. Heavy infec
tions of the parasite were observed 
in wetmounts of gut scrapings from 
both moribund and dead fish from this 
lot. Healthy fingerlings showed 
light to moderately intense infec
tions. Within days of the initial 
report, Hexami ta was isolated from 
Ship Creek chinook, Halibut Cove 
Lagoon chinook and Ennis Alaska rain
bow trout. Parasites were not 
isolated from intestinal contents of 
the Swanson River rainbow trout also 
being reared at the hatchery. Total 
mortalities attributed to Ĥ . sal mon i s 
at Fort Richardson Hatchery were 
20.6% and 1.2% for 1978 and 1979 
respectively. Hexami ta saImon i s was 
later isolated from a group of 
normal-appearing adult fish located 
in the hatchery's water source. 
These included feral Dolly varden 
which had entered the hatchery's 
water system through Ship Creek (a 
feeder stream to the hatchery) and a 
collection of unidentified salmonids 
which had earlier escaped from the 
hatchery's rearing ponds.

Transmiss ion

Hexamita salmonis is transmitted 
horizontally from both asymptomatic 
and moribund carriers. Successful 
transmission is assisted in the 
parasite's ability to rapidly 
reproduce in vast numbers of or
ganisms through 2 forms: trophic and
intracellular (Davis 1953).

The trophic form reproduces by 
binary fission. During this
reproductive process, the organisms 
become rounded and their internal, 
cellular structures, except the 
flagella, divide into equal parts. 
New flagella quickly develop on the 
daughter flagellate cells. The en
tire process occurs rapidly under 
favorable conditions.
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The intracellular form has been 
reported as occurring in the 
epithelium of the intestine and 
pyloric caeca (Davis 1926, 1953).
This form first appears as a small 
round cell which divides into many 
smaller cells, each identical to the 
original. These daughter cells 
spread throughout the host's in
testinal epithelium and repeat the 
cycle. In time these intracellular 
forms of Hexami ta purportedly develop 
into the flagellate form located in 
the intestinal lumen.

When environmental conditions are 
less favorable, the trophic form will 
develop into a cyst which can live 
for a considerable period outside the 
host. The parasite is transmitted by 
a larger, noninfected fish preying on 
a smaller, infected fish or by pas
sive ingestion of cysts which have 
been excreted with alimentary wastes 
(Bykhovskaya-Pavlovskaya et al. 
1962). Older fish normally will not 
develop clinical signs of the 
disease, but they may become reser
voir hosts which transmit the 
parasite horizontally to new hosts 
via alimentary wastes.

Although the intracellular form of 
hexamitiasis ' does manifest itself as 
a pathological condition of some 
importance, the identity of sal
mon i s as its" causal agent has not 
been proven (Uzmann et a l . 19&5).

S i qns and Pathoqenes i s

One of the initial signs of hex
amitiasis is behavioral in nature. 
Fish lose their appetites and 
decrease or completely terminate food 
intake (anorexia). Emaciation then 
results in a "pinhead" appearance, 
where the fish show a large head, at
tenuated body and pinched-in abdomen. 
The fish then become weak and list
less and are frequently seen swimming 
alone near the water surface and at 
the tail of the raceway. In some

cases, fish have been observed
swimming on their sides or in a cor
kscrew motion. Spasmodic twitching 
along the flanks has also been
reported (Davis 1953, Wood 1974).

Internal clinical signs include 
catarrhal enteritis (inflammation of 
intestine with mucous exudate) with 
desquamation (sloughing) of the in
testinal mucous membrane (Sano 1970). 
The exudate is described as a yel
lowish, thick fluid (Wood 1974). In
flamed spots on the gut and stomach
wall have also been reported. Some 
confusion exists with gross findings 
however, since other investigators 
report finding swollen bellies, ab
dominal cavities containing clear, 
ascitic fluid and lack of intestinal 
inflammation (Ferguson 1979). Gross 
findings and signs seen with the 
occurrences of hexamitiasis in Alaska 
have included emaciation, some side 
swimming, spasmodic side twitching 
and gut void of fecal materials, but 
containing both thick and serous yel
lowish fluids. The corkscrew
swimming, inflamed spots on the gut 
and stomach wall, swollen bellies, 
and ascitic fluid in abdominal cavity 
are signs which have been inapparent 
in the 2 Alaskan cases of the 
di sease.

Although the parasite is most com
monly located in the fish gastroin
testinal tract, I have isolated these 
flagellates from the liver of heavily 
infected fish. Therefore, in heavy 
infections, Hexami ta also has access 
to the bloodstream.

In spite of excellent
distributional, morphological and 
life-history information on Hexami ta, 
the pathogenicity of the organism is 
a matter of debate. Some authors 
maintain that the organism is not a 
primary pathogen and that hatchery 
mortalities associated with Hexami ta 
appear following inadequate feeding 
(Amlacher 19 61) or reflect the effect 
of other stressful conditions (Uz-
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mann et al. 1965). Others consider 
the organism the cause of both 
chronic and acute mortalities (Davis 
1953j Roberts and Shepherd 1974). 
Another author, after associating 
Hexami ta with an increase in fish 
mortalities, did not find a simple 
cause and effect relationship ap
plicable to 11. sal mon i s and the 
disease entity hexamitiasis (Ferguson 
1979). Since no other pathogen was 
detected in association with the mor
talities, it was suggested that 
Hexami ta is a more important pathogen 
than the lack of pathological 
findings would indicate and should 
not be underestimated under certain 
environmental conditions (Ferguson 
1979). During the Alaskan enzootics, 
the healthy-appearing fry and 
fingerlings were frequently found 
harboring vast numbers of jH. salmon i s 
without exhibiting either clinical or 
behavioral signs of hexamitiasis. 
During the course of the Alaskan out
breaks, once those healthy, infected 
fish ceased feeding (anorexia), they 
soon showed the listless behavior and 
emaciated condition, and the prog
nosis for those individuals became 
either unfavorable or grave. In 
spite of efforts to deliver a 
medicated feed, those anorexic fish 
would not resume feeding and subse
quently died of starvation. During 
both Alaskan enzootics, the pathogen 
was isolated in heavy intensities of 
infection from fry, fingerlings, 
smolts and adult fish. However, the 
majority of mortalities in both in
stances occurred in fry which were 
approximately 400 fish per pound 
(1.14 gm/fish). Mortalities of both 
smaller and larger fish were ap
preciably lower than those of the 
fish of the above size. A possible 
hypothesis explaining the recurring 
mortalities at the same time each 
year, therefore, is that certain 
environmental qualities occur (low 
water flow, maximum water recircula
tion, etc.) which result in favorable 
growth conditions for the parasite. 
At this time the 1 g chinook are just

beginning to feed adequately and are 
adversely affected by the parasite. 
Concurrently both larger and smaller 
fish, many with equally heavy infec
tions, are relatively free of mor
tal i t ies.

D i aqnos i s

The most reliable method of diag
nosing the condition hexamitiasis is 
by microscopical examination of con
tents from the anterior end of the 
intestine. Fecal contents from any 
part of the gastrointestinal tract 
are appropriate when intensities of 
infection are heavy. A temporary wet 
mount is prepared by immersing 
suspect fecal materials in a drop of 
saline or water. An examination 
under low power using a compound 
microscope is usually sufficient, at 
which magnification the parasites ap
pear as colorless, piriform organisms 
rapidly darting in all directions. 
Identification may be confirmed by 
the pear-shaped body (color Fig. 45) 
with 2 anterior nuclei, 6 anterior 
flagella, 2 posterior flagella and 2 
parallel axostyles (rigid rods en- 
tending the length of the body).

Siqnificance and Control

Hexami t a 1s significance as a 
problematic fish pathogen greatly 
diminished with the advent of moist 
pellet diets. It is unknown whether 
there is a cause and effect relation
ship here (Wood 1974).

Conditions which seem to 
predispose hexamitiasis are inade
quate diet, overcrowding, con
siderable lot size variation, un
suitable water supply, low dissolved 
oxygen, suboptimal water quality and 
poor sanitation (Davis 1953, Uzmann 
et al. 1965, Wood 1974).

The present incidence of 11. sa 1 - 
moni s in only a single Alaskan hatch
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ery can hardly be considered impor
tant as far as overall impact on 
Alaskan fish. Further, the con
tinuing debate regarding the impor
tance of the parasite as a primary 
pathogen might further diminish its 
current importance in Alaska. The 
fact remains however, that H. sa1 - 
mon i s either directly or indirectly 
resulted in the deaths of approx
imately 20% of Fort Richardson Hatch
ery's chinook salmon over a period of 
2 months in late 1978 to early 1979- 
The importance of this parasite as an 
Alaskan fish pathogen may be judged 
by its future impact on Alaskan 
f i shes.

The most effective method of com
bating these organisms is prophylac
tic. The incidence of infection may 
be held in check when fish are held 
under as natural conditions as 
possible and overcrowding is avoided. 
When the incidence of infection in
creases, the intensity of infection 
will likewise increase and
chemotherapy should be considered.

Since 1940, many experimental 
chemotherapeutic controls of Hexami ta 
have been conducted (Hoffman 1970). 
Common treatments historically recom
mended included mercurous chloride, 
N-carbamoy1arsani1ic acid, or MgSO^. 
The first 2 cures have often been 
considered harder on the fish than 
the disease. In fact, experimenta
tion has indicated that unmedicated 
control coho salmon show growth and 
food conversion superior to that of 
medicated fish, despite high levels 
of Hexami ta infection (Uzmann and 
Jesse 1963).

Recent recommendations have been 
for the continued use of MgS0i+ salts 
(3% in the feed for 2 to 3 days) 
(Wood 1974) and furazolidone (75 
mg/kg of fish/14 days) (Ferguson 
1979). Chemotherapy used during the 
Alaskan outbreaks came after experi

mentation with mercurous chloride 1- 
1-2-hydroxyethyl)-2-methyl-5"ni troim
idazole and MgSO 1+ salts. There was 
little difference between the 
effectiveness of MgSO^ salts and 
mercurous chloride; 1-(2-hydroxyethyl) 
-2-1 -(2-hydroxyethyl)-2-methyl -5-n i t- 
roimidazale was less effective. 
Although MgSOi* salts adequately 
purged gastrointestinal tracts and 
resulted in the reduction of mortali
ties, its effect was only temporary. 
After a few days, mortalities due to 
Hexami ta were again higher than nor
mal. A combination of treatments 
using MgSO^ salts (3% in the feed for 
3 days) followed with 2 consecutive 
days of Diquata bath (2 ppm, for 1 
hour) was found to very effectively 
control Hexami ta. Although not tried, 
it is believed that a second treat
ment of MgSO^ salts and Diquat admin
istered 7 to 14 days after the first 
would be even more effective. The 
salts of MgSOit are not considered 
harmful to either the organism or 
fish, whereas Diquat apparently im
pacts the survival of the parasite's 
encysted stage.
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Trichodiniasis

A. K. Hauck

Trichodiniasis is the infestation 
of fish by ciliated protozoans of the 
genus Tr i chod i n a . Tr ichodi na spp. 
are of class Ciliatea, order 
Peritrichida and family Urceolariidae 
(Margolis and Arthur 1979).

Although probably the most common 
external obligate parasites of fresh
water fishes worldwide, trichodinids 
also parasitize marine fishes. Al
most all fish are vulnerable to in
festation by Tr i chod i na, although 
some are specific for certain fishes 
or groups of fishes (American 
Fisheries Society 1979).

There are more than 100 species of 
T r i chod i na recorded from freshwater 
and marine fishes; approximately 60 
of these are from marine fishes 
(Goldstein 1971, Lom 1970). There 
are about 20 freshwater species of 
T r i chod i na known in the U.S., which 
are more commonly found parasitizing 
warm-water fishes than trout and sal
mon (Davis 1953, Goldstein 1971) • 
Freshwater fish also show a seasonal 
variability in incidence, with 
greater incidences seen in warmer 
than colder waters (Lom 1970).

Sites of infestation of Tr i chod i na 
vary with habitat. Freshwater fish
are most commonly infected by
T r i chod i na on the body and fins with
less frequent infestations of gills 
(Davis 1953) and urinary bladder. In 
contrast to freshwater fishes, the
marine parasites attack primarily the 
gills of their hosts (Lom 1970).

In addition to parasitizing fish, 
Tr i chod i na spp. are known to
parasitize the alimentary tracts of 
the soft-shell clam (Mya arenar i a ),

Introduct ion the skin, gills, and urinary bladders 
of juvenile and adult frogs and 
toads, the gills of other amphibians 
(Necturus and T r i turus) and to exist 
as commensals on hydras (Cheng 1973)• 
It is not known if Trichodina infests 
other marine invertebrates (Lom 
1970).

History

Trichodina was first described by 
Ehrenberg in 1831. This old genus 
has since been divided into 5 genera: 
Tr i chod i na, Tripartiella, Foliella, 
Tr i chodinel1 a and D i part iel1 a , all of 
which parasitize fish (Bykhovskaya- 
Pavlovskaya et al. 1962). In this 
treatise, only parasites of the genus 
Trichodina and their effects on fish 
will be cons i dered.

Trichodiniasis is widely
distributed in Europe, Russia and 
North America (Bykhovskaya-
Pavlovskaya et al. 1962, Davis 1953, 
Hoffman 1970, Margolis and Arthur 
1979). It most likely occurs univer
sally, since the parasite is known to 
have cosmopolitan distribution in 
both fresh and marine waters.

In Canada, 12 species of 
Trichodina have been described from 
both marine and freshwater fishes. 
Of these, 10 were from marine and 2 
were from freshwater fish. Marine 
species include: T r i chod i na cot-
t i darum, T. dec i p i ens, T. domerque i 
sa i nt johns i, T. eli zabethae, T. 
galyae, T. jarmi1a e , T. 1 ai rdi, T. 
ovi duct i, T. rectunc i nata and T. van- 
couverense; freshwater species in
clude: T. domerque i and T. tenu i dens
(Margolis and Arthur 1979 T •
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Freshwater hosts recorded from 
Canada (Margolis and Arthur 1979) are 
the threespine stickleback
(Gasterosteus aculeatus), quillback 
(Carpiodes cypr i nus), longnose sucker 
(Catostomus commerson i), mottled 
sculpin (Cottus ba i rd i), slimy scul- 
pin (Cottus coqnatus), carp (Cypr i nus 
carpio), northern pike (Esox lucius), 
brassy minnow (Hyboganthus hank i n- 
son i), brown bullhead ( I eta 1urus 
nebglosus), pumpkinseed (Lepomis qib- 
bosus) , burbot (Lota lota), 
Newfoundland eel pout (Lycodes 
1ava1ae i), largemouth bass
(Micropterus salmoides), white bass 
(Morone chrysops), hornyhead chub 
(Nocomis biquttatus), common shiner 
(Notropis cornutus), blacknose shiner 
(Notropis heterolepis), yellow perch 
(Perea flavescens), Togperch (Percina 
caprodes), trout perch (Percops i s 
omi scomaycus), fathead minnow
(Pinephales promelas), black crappie 
(Pomoxi s niqromaculatus), ninespine 
stickleback (Punqi t i us punqi t i us), 
Atlantic salmon (Salmo salar), brook 
trout (Salveli nus font i nalis) and
creek chub (Semot i1 us atromaculatus). 
Saltwater hosts recorded from Canada 
(Margolis and Arthur 1979) include 
longhorn sculpin (Myoxocephalus 
octodecemspi nosus) , shorthorn sculpin 
(Myoxocepha1 us scorpi us), padded 
sculpin (Arted i us fenestralis), 
lumpfish (Cyclopterus 1umpus), 
moustache sculpin (Triqlops murrayi), 
radiated shanny (U1var i a subbi fur- 
cata), sea raven (Hemi tr i pterus
amer icanus), winter skate (Raja ocel- 
1ata) and thorny skate (Raja
radiata).

From salmonids of North America, 
Tr i chod i na c a 1i forn i ca has been 
reported from the gills of chinook 
salmon (Oncorhynchus tshawytscha), T. 
fulton i from gills of rainbow trout 
(S a 1 mo qa i rdner i), T. truttae on 
gills of cutthroat trout (Salmo clar- 
k i) and T r i chod i na spp. from brook
trout (Hoffman 1970).

In Alaska, T r i chod i na spp. have 
been isolated in 1975 from Kitoi Bay 
Hatchery (Kodiak) sockeye salmon 
(Oncorhynchus nerka); in 1976 from 
Little Port Walter (National Marine 
Fisheries Service, NOAA, Baranof Is
land) coho salmon (Oncorhynchus 
kisutch); in 1977 from Ship Creek 
Hatchery (Anchorage) rainbow trout, 
from Sheldon Jackson College Hatchery 
(Sitka) coho salmon, and from Sand 
Point School Hatchery pink salmon 
(Oncorhynchus qorbuscha); in 1978 
from Sand Point School Hatchery pink 
salmon and from Six Mile Lake (An
chorage) threespine stickleback. In 
May 1979, trichodiniasis occurred in 
rainbow trout and coho salmon at Ship 
Creek Hatchery (Anchorage), and light 
infestations were reported in pink 
salmon at Tutka Bay Hatchery (Homer). 
Trichodiniasis also occurred in June 
1979 in sockeye salmon at Kasilof 
Hatchery (Kenai Peninsula).

Transmi ss ion

Fish are infested by Trichodina 
through direct transmission. There 
are no intermediate hosts necessary 
for successful completion of the life 
cycle. Reproduction is normally 
accomplished by binary fission, al
though these parasites are capable of 
sexual reproduction by conjugation. 
The daughter organisms are smaller 
than the adults and contain only half 
the number of skeletal parts (Davis 
1953).

After its procreation, the 
daughter organism will either attach 
immediately to the parent host or 
seek a new host. The length of time 
the parasite is capable of surviving 
apart from the host depends upon 
water temperatures. Also, the length 
of time the parasite will remain on 
the dead host depends upon water tem
peratures. The parasite reportedly 
will depart from the dead fish within 
12 hours, 72 hours, and 140 hours at
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respective temperatures of 25C, 11C 
and 5C (Davis 1953). Heavy infesta
tions of Tr i chod i na have been 
reported to occur within 12 hours 
(Davis 1953); therefore, at optimum 
water temperatures, the parasite can 
reproduce and spread quickly.

S i qns and Pathoqenes i s

Trichodiniasis is characterized by 
the appearance of white, irregular 
blotches on the head and dorsal sur
face of the fish. Fins may become 
frayed in heavy infestations. Fish 
react to the parasite by flashing, 
becoming weak, losing their appetite 
and becoming sluggish, particularly 
when infestations are heavy. Viewed 
under a bright light, the infected 
fish will exhibit a white, translu
cent film covering the body. This 
film is produced by hyperplasia, ex
cess mucous production and necrosis 
of the epidermis. Scales are 
loosened and skin erythema appears. 
The hyperplasia of the epidermis 
benefits the parasite since it will 
feed on the hyperplastic cells (Davis 
1953, Reichenbach-Klinke 1973).

Tr i chod i na spp. are known to 
infest the skin and gills and infect 
the urinary bladder and ureters of 
fish (Amlacher 1970, Margolis and Ar
thur 1979, Reichenbach-Klinke 1973)- 
Gill epithelium is frequently eroded 
exposing the gill filaments. 
Trichodinids have been reported 
ingesting erythrocytes and producing 
secondary edema of secondary lamellae 
(Kingsford 1975, Rogers and Gaines 
1975). Most likely some haemodilu- 
tion as well as introduction of 
secondary invaders into the gill tis
sues occurs. The skin is reportedly 
destroyed to the subcutis tissues 
(below the epidermis and dermis) 
(Reichenbach-Klinke 1965) in heavy, 
untreated cases. This would also 
facilitate the introduction of secon
dary invaders through the skin. The

effects of Tr i chod i na to urinary 
bladder and ureters are not recorded. 
Most likely some desquamation and 
host inflammatory response occur in 
these tissues. Heavy infestation 
will lead to death if the condition 
remains untreated.

The 1979 incidence of
trichodiniasis at Kasilof Hatchery 
(Kenai Peninsula) produced minor
hyperplasia of the epidermis. In 
this instance, a trichodinid was 
found in subcutis tissues, but only 
hyperplasticity was involved (color
Fig. 47).

D i aqnos i s

Trichodinids are among the most 
highly specialized and structurally 
complicated protozoans. Isolation of 
Tr i chod i na can be done through tem
porary wet mounts from skin/gill 
scrapings. Diagnosis of
trichodiniasis is simplified because 
of the complicated structure of the 
animal.

The trichodinid body is saucer
shaped with a concave aboral (ven
tral) side and a convex adoral (dor
sal) side. On the aboral side is an 
adhesive disk which serves as a hold
fast organ. The disk is composed of 
a complicated arrangement of 3 
concentric rings. The inner ring is
called the denticulate ring (Davis
1953). The great variation in the 
number and shape of the denticles of
this ring is used in species
differentiation (Davis 1953,
Reichenbach-Klinke 1965). The convex 
dorsal side is smooth and bears 3 
girdles of cilia known as the adoral 
ciliature. This ciliature makes a 
complete circuit of the adoral sur
face and leads into the lateral 
mouth. At the ventral margin of the 
body is a band of long cilia known as 
the ciliary girdle, by which the or
ganism moves over the host's surface
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(Davis 1953? Hoffman 1970). Within 
the body are a large, horseshoe
shaped macronucleus, a small, round 
micronucleus, a large contractile 
vacuole, and other smaller vacuoles 
(color Fig. 48).

Diagnosis of trichodiniasis should 
not be done by visualization of signs 
alone, because those signs may all be 
caused by the effect of other 
parasites, i.e. Ichtyobodo, Chi1o- 
donel1 a , Gyrodacty1 u s , Oodi n i um, etc. 
(Reichenbach-Klinke 1973).

Significance and Control 

Control

Trichodiniasis is considered a 
stress-mediated disease of salmonids. 
It may be precipitated by overcrowded 
conditions (especially in fry and 
fingerlings), low dissolved oxygen or 
excessive size differences among fish 
(Wedemeyer et a l . 1976). Prevention, 
reduction, or elimination of stress
ful conditions will help prevent the 
occurrence of mortalities from a 
trichodinid infestation. When the 
situation warrants the use of 
chemicals to control an epizootic, 
T r i chod i na is easily controlled in 
salmonids with the use of many treat
ments, too numerous in extent to men
tion here (Davis 1953, Hoffman and 
Meyer 1974, Reichenbach-Klinke 1973).

S i gn i f i cance

It may be difficult to determine 
the relative importance of T r i chod i na 
as a pathogen, since they are fre
quently accompanied by other 
parasites and possibly secondary in
vaders (Rogers and Gaines 1975). 
This ciliate under normal conditions 
is said to rarely give rise to 
pathological manifestations of
disease, being found sporadically on 
healthy fish. On a weakened host,

its reproduction can reach massive 
proportions (Amlacher 1970, Lom
1970). Light infestations may 
facilitate the entry of secondary in
vaders, but heavy infestations have 
resulted in heavy mortalities (Kings- 
ford 1975). In fact, severe 
epizootics of freshwater fish caused 
by this ciliate have been recorded. 
The only recorded marine epizootic 
involved checkered puffers
(Schoeroides testudineus) (Lom 1970).

In Alaska, this parasite is not 
now, nor will it likely be in the fu
ture, a serious pathogen. The cold 
water temperatures experienced here 
undoubtedly influence its ability to 
rapidly multiply. It is normally
seen only during the few warm months 
of the year, and then it usually ap
pears under stressed hatchery condi
tions. When an epizootic has oc-
cured, the parasite was easily 
treated and controlled by using 
chemicals such as formalin and salt.

Trichodinids are known to be 
hyperparasitized by small amoeba 
(Cheng 1973). In this host-parasite 
relationship, trichodinids may serve 
as transfer hosts, because the amoeba 
may use them as a temporary refuge 
and vehicle for reaching a definitive 
fish host. Due to the unknown
pathological significance of this
relationship, this may give 
Tr ichodi na additional future impor
tance as a pathogen or pathogen car
rier.
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Saprolegniasis

A. K. Hauck

Saproleqnia spp. are a universal 
component of natural freshwaters 
(Hoffman 1969, 1970). Most species 
are considered saprophytes, except 
Saproleqn ia paras i t ica which has 
shown evidence of being a primary 
pathogen (Wolke 1975). As
saprophytes commonly called "water 
molds," Saproleqnia are capable of 
growth and reproduction throughout 
the year on a wide variety of sub
strates including fish carcasses, 
eggs and other dead and decaying or
ganic matter found in freshwater. 
There is evidence that Saproleqn i a 
may also affect fish which inhabit 
low salinities (Wolke 1975). 
Saproleqnia has been labeled as an 
opportunistic facultative parasite, 
e.g. an organism which does not ab
solutely depend on parasitism, but 
will adapt to it if the opportunity 
presents itself (Neish 1977).

Confirmed fungal disease agents of 
fish, which infect fish under both 
natural and experimental conditions, 
make up approximately 3 orders, 10 
genera and 22 species. The order 
Saprolegniales includes approximately 
90 species of fungi (Wolke 1975). In 
the strict definition, the term 
Saproleqnia is a genus of the class 
Phycomycetes. Unfortunately, many 
fungal organisms found associated 
with piscine mycosess have been im
properly identified as Saproleqn i a . 
As a result, the name Saproleqn i a has 
erroneously developed into a term 
commonly applied to several fish 
fungal disease agents (Wolke 1975). 
In order to adequately discuss 
Saproleqnia spp. as a fish pathogen, 
it is necessary to consider both the

Introduct ion age of the infected fish host, and 
the pathogen's ability to function as 
a primary disease agent. Therefore, 
Saproleqn i a will be discussed as it 
affects eggs, juvenile, and adult 
fish and as a primary or secondary 
pathogen.

Hi story

Susceptibility of dead eggs and 
fish to Saproleqn i a is generally 
universal in freshwater habitat. 
Because of its sedentary nature and 
ability to function as both a facul
tative parasite and saprophyte, it 
historically represents the most 
important fish egg pathogen. In 
Alaska, Saproleqn i a is omnipresent in 
feral adult salmon populations which 
are or have completed spawning.

Saproleqn i a is found at all Alaska 
State and private hatcheries where 
fish egg incubation occurs. In these 
cases it functions as a saprophyte on 
dead eggs and as an opportunist in 
spreading infection to adjacent, 
healthy eggs. It has also been found 
in most hatcheries which conduct fish 
rearing programs. In these cases it 
has been associated as a saprophyte 
on dead fish, as a secondary, oppor
tunistic invader to fin and tail rot 
conditions, and with other dermal le
sions caused by bacterial pathogens 
and abrasions from handling trauma. 
For example, it has been associated 
as a secondary invader of dermal 
vesicles resulting from the bacterial 
causative agent of furunculosis, 
Aeromonas sa1mon ic i d a , in presmolt 
chinook (Oncorhynchus tshawytscha), 
presmolt coho (Oncorhynchus kisutch), 
and adult rainbow trout (Salmo qaird-
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Figure 17. Saproleqn i a infestation and erosion of head epidermal tissues of 
Alaskan adult rainbow trout (Salmo qai rdneri) (A.K. Hauck).

ner i) at Ship Creek Hatchery in An
chorage. In many of the adult rain
bow trout at the same facility, 
Saproleqn ia has been found associated 
with chronic head and body lesions 
characterized by severe erosion of 
the epidermis (Fig. 17). The head 
lesions are similar in appearance to 
those caused by ulcerative dermal 
necrosis (Reichenbach-Klinke 1973)• 
Many of these rainbow trout were 
likewise infected with A. sa 1 - 
mon i c i d a .

As a primary pathogen, Saproleqn i a 
has been found in Alaska at 2 hatch
ery facilities. In 1977 it was im
plicated as the cause of death in 
sockeye (Oncorhynchus nerka) fry at 
Kasilof Hatchery; and in 1980 it oc
curred in Big Lake Hatchery sockeye 
fry. In both instances infections 
were associated with the nares.
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Figure 18. Asexual zoospores (Z) within sporangium (s) (1000X, phase- 
contrast) (R. Grischkowsky).

Transmi ss ion

Reproduction of Saproleqnia spp. 
is accomplished through both asexual 
and sexual means. Asexual reproduc
tion occurs through the release of 
flagellated zoospores, (Fig. 18) from 
a sporangium (Fig. 19) which is 
located at the tip of a fungal fila
ment. Each of the zoospores may be 
transmitted via water to other fish 
and eggs where it develops into new 
hyphal filaments. Between 2b and 48 
hours are required to complete a 
minimum life cycle from reproductive 
spore to mycelium (mass of filaments) 
to reproductive spore (Hoffman 1969, 
1970).

female oogonia sex organs (Fig. 20), 
the products from which develop into 
independent filaments which are 
capable of both asexual and sexual 
reproduction (Wolke 1975).

It has been reported that both 
healthy and infertile fish eggs will 
resist fungus invasion for a month or 
more, whereas dead eggs succumb to 
invasion several days after turning 
white (Hoffman 1969). Invasion of 
normal eggs by Saproleqn i a may be at
tributed to the presence of organic 
matter on the eggs, although there is 
no evidence supporting this theory 
(Davis 1953). Host specificity also 
may be a factor influencing transmis
sion of this pathogen (Wolke 1975).

Sexual reproduction is accom
plished through male antheridia and



Figure 19. Asexual sporangia (s) at tips of fungal filaments (f) (10O X , 
phase-contrast) (R. Grischkowsky).

Figure 20. Sexual reproduction involving female oogonium (o) containing
black, spherical oospores (p) and male antheridium (a) (400X) (R. 
Gr i schkowsky).
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Due to the confusion which has 
reigned in the identification of 
fungal pathogens, the pathogenicity 
of the agents has been complicated 
(Wolke 1975)- In many cases it is 
difficult to determine if the agent 
acts as a saprophyte, an opportunist, 
a primary pathogen or as a combina
tion of these.

Saprolegniasis frequently appears 
to be associated with some adverse 
environmental condition (Wolke 1975). 
Fungal lesions often appear on fish 
and eggs after handling, under condi
tions of crowding, trauma from 
spawning, high water temperatures, in 
the presence of pollutants, and in 
conjunction with other diseases and 
conditions. For example, treatment 
of fish with sulfa-medicated diet 
will weaken gill epithelium and in
crease gill infection by Saprolegnia 
(Wood 1974). The initial effect of 
the environmental condition is the 
impairment of normal defenses and 
reparative capacities. Also, the 
environmental stressor increases the 
plasma corticosteroid production, 
which alone will lower the resistance 
of the fish to infection (Neish 1977, 
Wedemeyer 1970). This increase in 
corticosteroid production has been 
positively correlated with saproleg- 
niasis incidence (Roth 1972). In ad
dition, the depletion of ascorbic 
acid reserves of a fish due to 
anorexia (loss of appetite) further 
impairs that fish's ability to repair 
tissue damage (Ashley et al. 1975). 
This impairment is intensified by in
creases in plasma corticosteroids 
(Wedemeyer 1970). The effect of 
decreased immunocompetency from in
creased corticosteroid levels, com
bined with the decreased ability of 
the fish to repair tissue damage, 
might provide the mechanism whereby 
normally nonpathogenic Saprolegn i a 
organisms become pathogens (Neish
1977).

Signs and Pathoqenesis Abrasions and wounds on fish con
stitute the major route of infection 
of Saprolegnia (Wolke 1975). The 
wounding of a fish, although 
facilitating the infection by 
Saprolegnia, does not insure infec
tion (Nei sh 1977). Lesions infected 
by Saprolegn ia can occur anywhere on 
the body of the fish, but are most 
commonly found on the dorsal surface 
of the head, anterior to the dorsal 
fin, near the adipose fin and on 
other fins. Lesions are often as
sociated with ulcers, vesicles and 
wounds resulting from mechanical 
trauma. In some cases, fish with 
fungal lesions on some parts of the 
body also have had obvious wounds 
which have appeared to be uninfected 
by Saprolegnia (Neish 1977). Eyes
and gills may also be infected. Fish 
suffering with concurrent bacterial 
infections frequently have mycosis of 
the gills.

Skin lesions vary in condition
depending on the age of the lesion 
(Wolke 1975). Early lesions appear 
pale with a central zone of scale 
loss and a peripheral zone of 
erythema (redness). Advanced lesions 
may be ulcerated and expose under
lying muscle. Histologically, 
Saproleqnia sp. first destroys the
epidermis, penetrates the basement
membrane and dermis, and in some 
cases is found in the hypodermis and 
musculature. Microscopic lesions 
show mycelial masses over zones of
necrotic and ulcerated epithelium. 
Individual hyphae extend into dermis 
and between muscle fibers. Inflam
matory response is normally absent or 
very slight, with lymphocyte and 
macrophage infiltration into infected 
areas (Wolke 1975). A leucocytic 
infiltration has also been reported 
in cases when the Saproleqn i a 
infection was seen with dermal ulcers 
(Neish 1977). Necrosis and hyaline 
degeneration of striated muscle is 
also seen in the lesion (Wolke 1975)•
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As the infection progresses, fish 
become increasingly lethargic and 
congregate in quieter areas of the 
stream. The fish frequently engage 
in frenzied bouts of activity between 
rest periods. There appears to be no 
correlation between Saproleqn i a 
infected surface area and time of 
death. Time of death is a function 
of the growth rate of the fungus, the 
initial site of infection, the type 
of tissue infected, and the ability 
of the fish to withstand the invader. 
There is no evidence that either 
toxins or systemic infections are 
produced by Saproleqn i a (Neish 1977)• 
Death of adult salmonids injected 
with Saproleqnia has been postulated 
to be caused by osmoregulatory break
down, followed by hemodilation and 
circulatory failure (Richards and 
Pickering 1979).

The disease-causing mechanisms of 
Saproleqnia infections, when the or
ganism was implicated as a primary 
pathogen in sockeye salmon fry at Big 
Lake and Kasilof Hatcheries, needs 
further discussion. Although ob
viously moribund, the fish initially 
did not exhibit the presence of 
external infectious agents. A small 
mycelial tuft was later noticed in 
some fish at the nare opening. 
Histopathologic examination of head 
tissues showed mycelial masses in the 
nares and surrounding connective tis
sues. In some sections, hyphal fila
ments were located in the forebrain 
tissues (telecephalon) (color Fig. 
46) and around the eyes. Host 
leucocytic inflammatory response was 
absent, but the lesion was hemor
rhagic. Growth of the mycelium ap
peared to originate in the nare 
epithelium and extend both to the ex
terior of the fish through the nare 
aperture as well as internally into 
connective, brain, and some optic 
tissues (conjunctiva, cornea and 
iris). Death was presumed to have 
been caused by Saproleqn i a invasion 
of nervous tissues. There was no 
evidence of systemic invasion, as

death may have occurred before the 
infection can became systemic. 
Toxins should not be ruled out as 
producers of lethal side effects. 
More work is required in this area.

Pathogenesis associated with fish 
eggs remains largely undocumented. 
It is assumed that the mechanisms 
causing saprolegniasis of eggs are 
similar to those seen with fish.

D i aqnos i s

The presence of Saproleqnia spp. 
on fish or fish eggs is indicated by 
a white-tan, cottony growth on the 
surface of the animal or enveloping 
the infected egg(s) (Hoffman 1969). 
The mycelium is more easily seen when 
infected materials are inspected 
under water.

Presumptive identification of 
Saproleqn i a may be accomplished by 
observing, under temporary wet mount, 
typical nonseptate, irregularly 
branching filaments (hyphae), each of 
which is approximately 20 um in 
diameter. Saproleqnia may be further 
characterized by the termination of 
older filaments into both club-shaped 
sporangia containing zoospores and 
round oogonia (female sexual 
reproductive structures). Also
characteristic of the genus 
Saprolegnia, is the ability of a new 
sporangium to proliferate into the 
space occupied by an older sporangium 
(Hoffman 1969, 1970).

Saproleqn i a i nvader i s has been 
diagnosed differentially from
Saprolegnia parasitica in its ability 
to initiate internal infection, where 
it proliferates and causes the death 
of the fish ordinarily before the my
celium appears on the fish exterior. 
Saproleqnia parasitica, on the other- 
hand, invades from an external wound 
or lesion, producing the mycelial 
mass on the surface of the fish prior 
to death (Davis 1953). The identifi
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cation of the earlier mentioned 
fungal agent, which infected the nare 
and brain tissues of the Alaskan 
sockeye salmon fry before being 
visually observed at the fish sur
face, presumptively may have been J>. 
i nvader i s due to the unusual 
mechanisms of infection.

Confirmatory Saproleqn i a
identification may be accomplished by 
observing zoospore release via
lateral exit papillae. The use of 
oogonial structures for identifica
tion is unreliable because the
natural production of oogonia is an 
alleged rare event (Neish 1977). 
Oogonia are reportedly obtainable by 
culturing the organism on special 
media (Scott et al. 1 9 6 3).

Because of the multitude of
species involved and the complexity 
of the freshwater fungal organisms, 
the need for a trained mycologist to 
make a final diagnosis is obvious.

Siqnificance and Control

Fish are known to differ in 
susceptibilities to infection by
Saprolegnia, salmonids being highly 
susceptible (Wolke 1975). On the 
basis of current evidence, many of 
the fungi causing saprolegniasis are 
primary pathogens. For example, _S. 
parasitica is known to be pathogenic 
to both injured and uninjured fish 
after exposure to zoospores (Wolke
1975). Also, experimentation with Ŝ. 
decli na shows it capable of being a 
primary pathogen in young coho and 
chinook salmon (Neish 1977). Dif
ferences among species of Saproleqnia 
in ability to perform as primary 
pathogens have been attributed to 
differences in virulence, with Ŝ. 
parasi t ica and Ŝ. ferax considered 
highly virulent. Epizootics caused 
by fungal pathogens have been 
reported to occur, mainly with 
chronic dermal or branchial infec
tions (Wolke 1975).

In Alaska, Saproleqn i a has been 
implicated as an agent producing 
death in fish either directly or in
directly in conjunction with many 
conditions. At Ship Creek Hatchery 
(Anchorage), Saproleqn i a has been 
found infecting salmonids reared in 
the environmentally polluted
(petroleum) and pathogen contaminated 
(A. sa1mon i c i da) waters. Saproleqn ia 
infections have been associated with 
fin and tail rot conditions at sal
monid hatcheries, where juvenile fish 
have experienced gas supersaturation 
or other stress related conditions. 
Fungal infections have also been seen 
on prespawning salmon mortalities in 
both Alaska and elsewhere (Neish
1977), and on normal spawning Alaskan 
salmon in both hatchery and feral 
situations. Saprolegniasis has been 
associated with cold-water disease, 
with fish suffering from infections 
caused by other disease agents, with 
fish stressed from reuse water 
systems, with decaying organic matter 
in freshwater and with all Alaskan 
salmon hatcheries. Saprolegnia also 
constitutes the most important fish 
egg diseases in Alaska in its ability 
to notoriously attack dead eggs and 
later encompass and kill adjacent 
live eggs (Wolke 1975).

The significance of Saproleqn i a as 
an Alaskan fish pathogen is further 
compounded since asexual zoospores 
are more numerous at cold water tem
peratures. In addition, many strains 
of Saproleqn i a have sexual stages 
that occur at low temperatures. 
Also, because skin heals more slowly 
in cold water temperatures, fish with 
dermal abrasions and lesions tend to 
be more vulnerable to infection with 
Saproleqn i a (Wolke 1975).

Control of Saproleqnia is accom
plished through mechanical and 
chemical methods for both eggs and 
fish. Mechanical control is effected 
by removing and disposing dead and 
infected eggs and fish as frequently 
as the condition appears or is
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suspected and not less than 2 to 3 
times a week. When frequent removal 
is impractical, chemical controls 
should be appli ed.

There are many chemical controls 
for Saproleqn i a (Hoffman and Meyer 
1974, Knittel 1966, Wood 1974); 
however, the majority of documented 
control methods have not been ap
proved by FDA or EPA for use on food 
fish. In Alaska both malachite green 
and formalin drips and flushes have 
been used. These chemicals will most 
likely never be registered for use 
with food fish, since registration 
research terminated in 1977 (Warren
1978). There is promise in the use 
of Diquata , in controlling
Saproleqn i a in eggs and juveniles 
(Wood 1974). Hatchery facilities 
located near saltwater have the great 
advantage of using periodic saltwater 
flushes over eggs to effectively in
hibit the growth of Saproleqn i a . 
Those facilities, which do not have 
geographical proximity to natural 
saltwater, will find that the addi
tion of sodium chloride to freshwater 
to treat for Saproleqn i a is counter
productive. If large quantities of 
salt are required in producing a 
specific salinity, both the cost and 
materials required become imprac
tical. It is hoped that chemicals, 
which are proven fungicides or 
fungistats and properly registered by 
the FDA or EPA, will soon be forth
coming for hatchery use.
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Whirling Disease

A. K. Hauck

Introduction and History

A major North American wildlife 
disease that may be significant 
sometime in Alaska's future is 
whirling disease. Whirling disease 
is a serious hatchery disease in Cen
tral Europe, from where it has spread 
to the United States (California, 
Connecticut, Massachusetts, Michigan, 
Nevada, New Jersey, Ohio, Pennsyl
vania, Virginia, West Virginia), 
throughout Europe, Russia, New 
Zealand and South Africa (Hoffman 
1970, American Fisheries Society 
1979) because of both natural and 
man-'induced transfers. Susceptible 
hosts include all species of salmon, 
trout and grayling (Thymal1 us arc- 
t icus) (American Fisheries Society
1979)• Caused by the myxosporidian, 
protozoan parasite Myxosoma
cerebra1 i s , whirling disease is the 
most dreaded myxosporidian disease of 
young rainbow trout.

Transmi ss ion

Transmission is accomplished by 
passage of spores from infected to 
uninfected fish. After spores are 
ingested, trophozoites are released 
in the intestine. These are carried 
in the bloodstream primarily to the 
head cartilage where they reproduce. 
After a few months, infection spreads 
down the vertebrae. At the 26th ver
tebra, damage to sympathetic nerves, 
which regulate pigment production in 
the tail, occurs and the blackened 
tail sign appears. Both dark tails 
and whirling will continue for a con
siderable period after the initial 
infection. If the fish survives, the 
bone abnormalities will remain 
through its lifetime, and it will 
become a natural reservoir for the 
parasite (Reichenbach-Klinke 1973)*
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Signs and lesions produced by this 
disease include lying near the bottom 
of the pond in an exhausted state, 
circular tail chasing, black 
discoloration of the caudal region, 
loss of balance, mandibular defor
mities, scoliosis (horizontal spinal 
curvature), lordosis (vertical spinal 
curvature) and deformities of the 
head and spine (Reichenbach-Klinke
1973).

S igns and Pathoqenes i s

Siqnif icance and Control

Control may be accomplished by 
destruction of infected fish, filling 
ponds with calcium oxide or calcium 
cyanamide (Hoffman and Meyer 1974), 
and never importing rainbow trout 
(Salmo qai rdner i) or other 
susceptible species from areas of 
known incidence into areas where the 
disease does not exist. At the 
present there is no successfully 
known medication for whirling disease 
(Hoffman and Meyer 197*0. Whirling 

the most dreaded

myxospor i d i an-caused 
monids in the world.
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Ceratomyxosis

A. K. Hauck

Ceratomyxa shasta i s a myxo-
sporidian protozoan parasite which
produces the disease ceratomyxosis. 
Ceratomyxosis was originally reported 
as the cause of high mortalities in
hatchery rainbow trout (Salmo gaird
ner i) in northern California (Wales
and Wolf 1955). Since that in
cidence, its range has extended north 
to Oregon, Washington, Idaho and 
British Columbia. Juvenile sal
monids, especially rainbow trout, are 
most susceptible to the disease. 
Hosts include coho salmon
(Oncorhynchus kisutch), chinook sal
mon (Oncorhynchus tshawytscha), 
sockeye salmon (Oncorhynchus nerka), 
chum salmon (Oncorhynchus keta), 
rainbow and steelhead trout (Salmo
qa i rdner i), cutthroat trout (Salmo
clarki), brown trout (Salmo trutta), 
Atlantic salmon (Salmo salar) and 
brook trout (Salvelinus font inalis) 
(American Fisheries Society 1979).
In Canada, the parasite has been 
found within the last 5 years in 
adult and juvenile chum salmon
(Fisheries and Environment of Canada 
1977, Margolis and Evelyn 1975) from 
hatcheries and open seas, respec
tively. Those hatcheries include the 
Capilano River Hatchery (Vancouver) 
and Quinsam River Hatchery (Vancouver 
Island) (Fisheries and Environment of 
Canada 1977). This parasite, al
though not affecting Alaskan fish at
this writing, is considered a sig
nificant pathogen because of its ap
parent northwardly-expanding
di str i but ion.

Transmi ss i on

Salmon are known to become in
fected when exposed to infected water

Introduction and History (Sanders et al. 1970, Wood 1974). It 
is known that water temperatures 
above 10C will initiate infection. 
All freshwater locations where £. 
shasta occurs are associated with a 
lake or reservoir, which may be 
necessary for successful completion 
of its life cycle (Wood 1974). At 
the present time the life cycle of 
this parasite is largely a mystery.

Signs and Pathoqenesis

Signs include sluggish behavior, 
fish seeking quieter waters, swollen 
abdomen, exophthalmia. Lesions in
clude pyloric caecal and intestinal 
swelling, nodule formation in gut 
lumen, lesions of kidney, liver and 
spleen and muscle abcesses. Death is 
reportedly caused by perforated gut 
lesions and peritonitis (American 
Fisheries Society 1979, Wood 1974).

D i aqnos i s

Diagnosis may be accomplished by 
locating spores in wet mounts of con
tents from the lower intestinal wall, 
gall bladder or lesions under light 
microscopy (American Fisheries 
Society 1979). The kidney bean
shaped spores contain 2 polar cap
sules and are approximately 8 x 17 um 
in dimension (Margolis and Evelyn
1975).

Siqnificance and Control

Control may be accomplished by 
lowering hatchery water temperatures, 
killing infected hosts, and pretreat
ment (chlorination and ultraviolet 
irradiation) of infected waters 
(American Fisheries Society 1979).
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The transfer of young or adult fish 
from areas of known infection to non
infected areas should be avoided at 
a l 1 costs.
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Chapter 4. 

ENVIRONMENTAL DISEASES



Gas Bubble Disease

A. K. Hauck

Gas bubble disease (GBD) is a con
dition in fish similar to the bends 
in humans, caused by supersaturation 
of water with air. Supersaturation 
occurs when water contains more air 
than it can normally hold under nor
mal conditions of temperature and 
pressure. Under high pressure or at 
low temperatures water can contain 
more air (Garton 1976).

Gas bubble disease will affect all 
species of fish which inhabit super
saturated waters. Threshold levels, 
those gas levels where significant 
mortalities begin to occur, will vary 
for both species and age of fish 
(Davis 1975, Nebeker et al. 1980). 
Invertebrates are likewise affected 
by gas supersaturated water (Nebeker 
et al. 1976).

Gas supersaturated water has both 
artificial and natural causes. 
Supersaturation is a common problem 
in water below dams (Ebel et a l .
1 9 7 5 ) and also may be caused by 
thermoelectric power plants. At 
dams, the impact of water cascading 
over the spillway carries air into 
the deep basin where, under pressure 
from overlying waters, the air goes 
into solution in the water. As the 
water returns to a lesser depth, the 
pressure is relieved and the water 
becomes supersaturated. At thermal 
power plants, saturated water is 
heated. The warmer water holds less 
air at equilibrium, so it becomes 
supersaturated (Garton 1976). Heated 
water from thermonuclear and steam- 
electric generating stations has been 
documented as having produced super
saturated water lethal to fish

Introduct ion (Demont and Miller 1971, Rucker and 
Kangas 197*0.

Plunge pools at the base of water
falls or at the base of dam spillways 
are another source of supersaturated 
water (Rucker and Kangas 197**, Wood
1974). A common artificially caused 
source of excess gas in water is air 
entering the intake of a water pump. 
Also, excess gas may appear in a 
gravity flow water system if air is 
permitted to enter into the intake 
pipe to a hatchery (Stroud et a l .
1975).

Water from natural springs and 
wells is frequently unsatisfactory 
for rearing fish because of excess 
nitrogen. If under pressure, this 
subterranean water will absorb exces
sive nitrogen and other gases from 
the pressurized air. It will also 
react with organic matter and lose 
oxygen. For these reasons, spring 
and well waters frequently need aera
tion before use in fish culture 
(Rucker 1972, Rucker and Kangas 
197*»).

Melting snow water has reportedly 
caused GBD in hatcheries. Snow water 
is saturated with air at low tempera
tures and may become supersaturated 
with air as it warms (Rucker 1972). 
Natural lake and bay waters have been 
known to cause fish kills through al
gal photosynthetic activity and
warming of surface waters (Stroud et 
al. 1975).

What was initially known as "the 
nitrogen problem" is today known as
air supersaturation (Garton 1976).
Primarily because of newer, more 
precise analytical methods have



researchers been able to study total 
dissolved gas (TDG) pressures in 
water. Results of this experimenta
tion have produced the knowledge that 
total gas supersaturation levels are 
much more important than either in
dividual gases or varying combined 
gas ratios, since fish mortalities 
will not occur unless TDG levels ex
ceed 100% (Nebeker et al. 1976).

History

Air supersaturation was first 
noted in hatchery and aquarium 
facilities in the early 1900s. At 
that time GBD was ascribed as the 
cause of the condition (Garton and 
Nebeker 1977). Dissolved nitrogen 
gas was postulated to be the cause of 
GBD and received primary research em
phasis. Supersaturation caused by 
entrainment of air in spillwater 
first became a problem on the Colum
bia River when Bonneville Dam was 
constructed in 1938. As more dams 
were constructed, the problem inten
sified with the result that the en
tire river could be supersaturated 
during some periods of the year (Ebel 
1969). Because of the potential 
economic and natural loss to salmonid 
stocks exposed to supersaturated 
water in the Columbia River system, a 
Nitrogen Task Force was formed by the 
U.S. Secretary of the Interior and 
the Tri-State Governors Conference 
(Idaho, Washington and Oregon) in the 
early 1970s. This task force, which 
consisted of 23 public and private 
agencies, was organized to in
vestigate the problem at both field 
and laboratory levels (Garton and 
Nebeker 1977). The results of the 
task force accounts for the 
voluminous literature on gas super
saturation problems relating to fish.

Knowledge of the occurrence of GBD 
in Alaska is limited to artificial

situations. The scope of the problem 
is not extensive in Alaska because of 
the lack of dams, reactors and other 
artificial sources of gas super
saturated water. Known gas super
saturation problems have occurred at 
Fort Richardson Hatchery (Anchorage), 
at Crystal Lake Hatchery (Petersburg) 
and at Klawock Hatchery (Prince of 
Wales Island). Mortalities due to 
GBD were low at the above facilities.

S^gns, Symptoms and 
Pathoqenes i s

Before GBD will occur, a specific 
supersaturated gas level or threshold 
must be reached. The threshold will 
vary with age of the fish, species 
and level of exposure to super
saturated water. Eggs, embryos, and 
newly hatched fry have been found to 
be unaffected by high levels of gas 
supersaturated water (127% TDG). At 
about day 16 posthatch when the fish 
begin swimming up, death occurs 
rapidly at this level (Nebeker et al. 
1978). Newly hatched fry, when held 
in supersaturated was as low as 103% 
TDG for long periods, may develop 
GBD. This has been confirmed with 
chinook salmon fry Oncorhynchus 
tshawytscha) at Fort Richardson 
Hatchery (Anchorage) in January 1979.

There are differences in the sen
sitivity of juvenile and adult sal
monids to air-supersaturated water. 
The threshold level, where most sal
mon and trout begin to exhibit ad
verse effects of exposure to super
saturated water, is about 114% (Gar
ton 1976, Garton and Nebeker 1977) 
(Table 1).

Considerable research effort has 
been directed to identify the effect 
of individual gases on fish survival. 
Carbon dioxide gas at levels from 
1 .7 -2 2 . 0  mg / 1  has been found to not
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TABLE 1

Comparative sensitivities of ages and species 
of salmonids to air-supersaturated water

Spec i es*
Average

Threshold Order of Decreasing Age Sensitivity

1 . sockeye salmon 1 1 3 -9%
(Oncorhynchus nerka)

2 . steelhead trout 114.2%
(Salmo ga i rdner i)

3- chinook salmon 114.7%
(£. tshawytscha)

4. coho salmon 115-7%
(0. k i sutch)

smolt - juvenile - adult

juvenile - smolt - adult

(only adults tested)

adult - smolt - juvenile

*Species are listed in order of decreasing sensitivity; sensitivities are 
based on time to 20% mortality (Garton and Nebeker 1977, Nebeker and Brett
1976).
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affect survival of salmonids held in 
constant gas supersaturated water 
levels (Nebeker et a l . 1976, Rucker
1972). Experimentation on oxy
gen/nitrogen ratios has shown that 
mortalities decreased significantly 
when the ratio of O2 /N2 is increased 
(increase in O2 , decrease in N2 ), 
while maintaining a constant total 
percent saturation. However, much 
more extensive and severe signs and 
lesions of GBD appear at high 02 /N2 
ratios. Although oxygen appears to 
play a significant role in the forma
tion of external emphysema, death oc
curs sooner with low O2 /N2 , in
dicating N2 to be the more lethal of 
the gases. Total gas saturation is a 
more important consideration than in
dividual gas levels, since fish mor
talities from GBD will not occur un
less the total dissolved gas satura
tion exceeds 10 0% regardless of 02 /N2 
ratios (Nebeker et al. 1976, 1979, 
Rucker 1976).

Signs of GBD in juvenile and adult 
salmonids are frequently similar. At 
acutely lethal levels of supersatura
tion {>_ 120% TDG), signs exhibited by 
fry are loss of equilibrium, abnormal 
buoyancy, floating at the surface, 
violent head shaking, terminal con
vulsions, flared opercula, blindness 
and death with the mouth open. Adult 
salmonids become blind, will release 
excess gas from the buccal cavity, 
rub their sides against the tank, 
tend to be inactive, and remain as 
close to the bottom of the tank as 
poss i ble.

The severity, and rate of develop
ment of peripheral lesions seem to 
correlate directly to time of ex
posure, age of fish and level of 
supersaturation (Stroud and Nebeker
1976). Lesions are attributable to 
the accumulation of gas in blood 
vasculature (emboli), in tissues (em
physema), or by excessive pressure in 
hollow organs (tympanites).

Fry show hemorrhage of vitelline 
vessels, rupture of yolk-sac mem
branes and denaturation of yolk 
materials. Lesions seen in fry and 
adults are generally identical, e.g. 
subcutaneous bubble accumulations on 
the head, in mouth, in fin rays, in 
lateral line, and on gill arches. 
Other tissue alterations are gill 
hemorrhaging, hyperemia (increased 
blood in tissues from distension of 
vessel) at the base of fins, oper
cular and branchiostegal edema, 
petechial hemorrhage in fins, skin, 
muscle, gonads, nares and brain. 
Also, hyperemia of intestinal 
epithelium, exophthalmia (popeye) and 
hyphema (blood in the anterior 
chamber of the eye) are common le
sions. (Nebeker et a l . 1976, 1978,
1979, Stroud et al . 1975).

Some lesions are reversible 
without permanent damage, provided 
the supersaturated water conditions 
are removed (Stroud et al. 1975) or 
lowered to < 103% TDG. Fish held at 
acute levels of saturated water fre
quently die without exhibiting exter
nal lesions (Stroud et al. 1975). In 
sublethal levels of supersaturation, 
external lesions and gas bubbles are 
more extensive because the fish have 
longer exposures to the gases before 
death (Stroud et a l . 1975, Stroud and 
Nebeker 1976).

It is hypothesized that increased 
muscular activity will result in 
higher blood temperatures causing 
soluble gases to come out of solution 
and move into general circulation. 
Fish held in supersaturated waters 
frequently will die shortly after 
disturbances caused by human ac
tivity, e.g. netting, cleaning, etc. 
(Stroud and Nebeker 1976). This may 
be attributed to the increase in 
muscular activity precipitated by the 
disturbance. A combination of the 
environmental and physiological con
ditions release a "cascading emboli 
effect," during which small bubbles
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coalesce into large bubbles (Stroud 
and Nebeker 1976). Death is caused 
by hemostasis (interruption of the 
flow of blood by blockage of circula
tion) by gas bubbles (Stroud et al. 
1975, Stroud and Nebeker 1976).

D i aqnos i s

Gas bubble disease may be diag
nosed as the cause of mortalities 
simply after observing the signs and 
lesions. A measurement of the gas 
saturation may be necessary when no 
signs or lesions appear or confirma
tion of diagnosis is desired.

Analytical methods for determining 
dissolved gas levels in water are 
many. Modern, acceptable methods in
clude gas chromatography, mass spec
trometry, Van Slyke manometry and 
saturometry (Rucker 1972). The first 
3 methods are impractical and expen
sive for routine needs. The Weiss 
saturometer is inexpensive, simple in 
operation and will provide quick, ac
curate results under routine hatch
ery, field and experimental condi
tions (Fickeisen et a l . 1975).

Both the increase in water tem
perature and the agitation of the 
water sample will result in inac
curate gas readings. Therefore, it 
is important to examine the water on 
site if gas supersaturation is 
thought to be a problem.

Siqnificance and Control

In an experiment conducted by the 
U.S. EPA, the gonadal products of 
adult salmon held in supersaturated 
(110% TDG) conditions were found to 
be normal in appearance and 
consistency, and approximately 90% of 
the eggs hatched. Therefore, there 
is no evidence of any adverse effect 
of gas supersaturation to sex 
products or the ability of resulting

embryos to hatch (Bouck et al. 1976). 
The embolic lesions will appear at- 
106% TDG, and fish will survive until 
hemostasis occurs. If gas levels are 
acute (;L 12 0%), the fry will succumb 
before signs or lesions indicate a 
problem exists. If supersaturated 
conditions are >_103% TDG, salmonid 
fry are stressed and may later 
develop conditions which lead to 
death, e.g. coagulated yolk, fin rot, 
tail rot, etc. (Wood 197**).

Gas supersaturation problems have 
probably been more widespread in 
Alaska than current information would 
indicate. If water is supersaturated 
at acute levels, the signs and le
sions will not have sufficient time 
to appear before death occurs. When 
water contains low levels ( <105%), 
frequently the condition is neither 
suspected nor do the fish show 
typical lesions or signs. Because of 
the delayed effects of levels <105% 
on fish, the theory (Garton 1976) 
that limiting supersaturation levels 
to 1 1 0 % will protect salmonids and 
other sensitive species from GBD is 
not considered valid in this in
stance.

Measures controlling super
saturated water are both natural and 
artificial in scope. Fish and other 
aquatic organisms are able to reduce 
their exposure to supersaturation by 
seeking greater depth and greater 
water pressures (an increase of 1 
meter in depth will lower the super
saturation by 10%) (Garton 1976).

At greater depths, the colder 
water temperatures will also in
fluence salmonid survivals. When 
juvenile steel head trout were tested 
from 9-18C at a constant 116% satura
tion, each degree (C) increase 
resulted in decreased time to 50% 
death (TM50) by about 30 hours. At 
9C the TM50 was 330 hours, whereas at 
18C, the TM50 was about 50 hours. 
Increased temperatures will sig
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nificantly decrease survival time of 
steelhead and chinook salmon, but no 
significant effect was apparent for 
either sockeye or coho salmon 
(Nebeker et al. 1979).

Any method which will forcefully 
expose large water surface area to 
air will help eliminate excess gas.
Methods include spraying, dripping, 
aerating, baffling, etc. Elimination 
of the plunge pool effect or of air 
entrainment into a water pump intake 
or line will prevent excess gas from 
accumulating. Maintaining a suf
ficiently voluminous head of water 
above a gravity flow intake will also 
eliminate gas entrainment.

At power plants, capabilities to 
reduce and break up spillway flows 
(Ebel et al. 1975), increasing flows
through turbines, surfacing the
cooler subsurface waters, and
eliminating thermal plumes are a few 
methods of controlling gas super
saturation. It is expedient that ef
fectively designed supersaturation 
controls be provided at the inception 
of any project which will impact 
water temperatures and pressures and 
possibly produce supersaturated 
water.
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Saltwater Gill Disease

Roger S. Grischkowsky

Introduct ion

Saltwater gill disease is a harm
ful condition of dense Chaetoceros, 
phytoplankter growth typically 
Chaetoceros convolutus, which affects 
some salmonids during marine periods 
of captivity in estuarine rearing 
pens. The Chaetoceros cells (see 
Fig. 21) have very sharp and long 
setae which penetrate gill lamellae 
reducing oxygen exchange and 
resulting in blood loss. These 
phytoplankters can reach concentra
tions thick enough to stop the flow 
of water through a 4 inch line when 
gravity fed into a number 10 
phytoplankton net in 2 hours. Such 
concentrations provide adequate im
palement opportunity to affect the 
population. The detection of direct 
setae affect on lamellae is dif
ficult.

History

Saltwater gill disease as it has 
become known was first recorded in 
1961 when lingcod (Ophiodon 
elonqatus) were held temporarily in 
surface holding pens (Bell 19 61). 
Then the actual penetration of gill 
lamellae by the spines was observed. 
First observations in salmonids, 
primarily sockeye (Oncorhynchus ner- 
k a ) but including other Pacific sal
mon species, were in 1976 (Kennedy et 
al. 1977). Both the 19 61 and 1976 
findings were in the Nanaimo, B.C. 
a rea.

Another case was reported in sal
mon in estuarine rearing pens at 
Camano Island, San Juan Island group 
(L. Harrel, pers. comm.). The 
disease in Alaska has occurred at 2 
locations, Little Port Walter 
National Marine Fisheries Service 
Research Station on Baranof Island

and Kitoi Bay of Afognak Island. The 
former problem was in 1976 while the 
latter was 1977 and 1978. The 3 mor
talities were in estuarine rearing 
pens during spring or summer in pink 
salmon (Oncorhynchus qorbuscha). In 
each incident Chaetoceros was the 
dominant phytoplankter and visible 
blooms were occurring.

Transmi ss ion

The agent is not really trans
mitted, but will grow when introduced 
into different locations as the 
nutrients, water and light conditions 
a 11o w .

Signs and Pathoqenesis 

S i gns

The first sign noticed during the 
initial portions of a mortality will 
probably be respiratory distress 
exemplified by rapid irrigation. The 
fish will also be off feed. The com
mencement of mortalities should bring 
enough focus on the estuarine con
tainer to notice a phytoplankton 
bloom. Microscopic examination will 
confirm the diatom presence.

Pathogenes i s

Typical pathogenesis has been 
reported from investigation into the 
mortality at Camano Island (L. Har
rel, pers. comm.). During this die
off from concentrated £. convolutus, 
detailed involvement with this diatom 
within gill lamellae was demonstrated 
using histopathology. Spines had 
penetrated lamellae and caused direct 
mortality through blood loss and 
reduced oxygen exchange capacity. 
This penetration of spines from
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Figure 21. Chaetoceros taken from a conical shaped vertical raceway holding 
pink salmon (0. gorbuscha) at Little Port Walter, National Marine 
Fisheries Service Research Station, on Baranof Is1. (100OX, phase- 
contrast) (R. Grischkowsky).

diatoms into the gill tissue of ling- 
cod and Pacific salmon had been 
previously reported (Bell 1961, Brett 
et al. 1978). Densities of 32,000 
cells/1 have been detected in all 
stocks and species of Pacific salmon. 
During this mortality deaths ranged 
from 0-8% in chinook salmon 
(Oncorhynchus tshawytscha) to 50% in 
sockeye salmon.

D i aqnos i s

Chaetoceros includes the greatest 
number of species of planktonic 
diatoms, and is the most important

one in abundance of species and 
number of cells in the eastern 
Pacific (Cupp 19^3). This includes 
about 150 species with most being 
neritic. Chaetoceros convolutus has 
a width of 15-23 um (Cupp 19^3). The 
genus is easily recognized by the es
sentially straight or slightly bent 
chains and distinct setae projecting 
from the chain cells (see Fig. 21). 
In Alaska several variations of the 
reported convolutus morphology
have been noticed. The involvement 
of Chaetoceros in these mortalities 
is apparent but speciation has not 
been attempted.
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The diatom's presence in concen
trations dense enough to cause mor
tality is associated with several 
meteorologic and hydrographic condi
tions. Two weeks prior to a bloom is 
typically clear skies, bright sun
shine, rising water temperature 
(15-21C), initially clear water and 
light onshore winds (Brett et a l .
1978).

water coming into estuarine rearing 
pens to exclude the agent and early 
release of fish. The author has 
tried both. The filtering approach 
is labor intensive when phytoplankton 
nets are used, and is ineffective 
once a bloom has started or affected 
a pen. Release may increase survival 
but no evaluation has been made.

$ iqnificance and Control

Chaetoceros is a limiting factor 
of fish farming. Early intense 
blooms have the potential for com
plete decimation of Pacific salmon in 
estuarine environment (Brett et al.
1978). Sockeye salmon are the most 
vulnerable typically, while major 
mortalities have occurred in coho 
(Oncorhynchus kisutch), chinook, pink 
and chum (Oncorhynchus keta) salmon 
(Brett et al. 1978). During the 
1973- 1976 period at Nanaimo, losses 
in sockeye salmon have been light to 
heavy and negligible in the other 
listed Pacific salmon species (Ken
nedy et al. 1977). No bloom was 
reported in 1976 and those noted were 
between mid-September and mid- 
November .

No control is really possible. Of 
potential benefit are filtering of
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Coagulated Yolk Disease

Jill E. Follett

Introduct ion

Coagulated yolk disease, also 
referred to as white-spot, is a non- 
infectious malady of incubating eggs 
or the yolk sacs of alevins. It is 
manifested by the appearance of white 
flecks of coagulated yolk in the eggs 
and later in the fry. These white 
flecks are actually the indication of 
an abnormality. The disease occurs 
sporadically and the cause or causes 
are poorly understood. Afflicted 
fish do not recover. A "white-spot" 
infection that is caused by the 
protozoan Ichthyophth i r i us should not 
be confused with coagulated yolk 
di sease.

H i story

This disease occurs where fish 
eggs are incubated. The earliest 
reported case was found in brook 
trout (Salvelinus font i nalis) by 
Agersborg in 1933 (Mazuranich and 
Nielson 1959). He attributed it to 
insufficient water flow or too little 
oxygen because of overcrowding. In 
1939, Leach recorded white-spot 
disease in Loch Leven (Salmo trutta) 
fry and rainbow trout (Salmo qaird
ner i) eggs (Mazuranich and Nielson 
1959). He speculated that it was due 
to physical injury. Various in
cidences of the disease have been 
recorded but no common cause has been 
implicated. Recent experiments at 
Dworshak National Fish Hatchery and 
National Fisheries Research Center 
have shown that neither malachite 
green nor severe shocking alone cause 
coagulated yolk (Nelson 1979). Bac
teria are often associated with the 
disease, but appear to be secondary 
invaders, not the causative agents 
(Wood 1974).

In Alaska, the first reported 
cases of coagulated yolk disease oc
curred in 1975 at Crystal Lake Hatch
ery in chinook salmon (Oncorhynchus 
tshawytscha) and Deer Mountain Hatch
ery in chum salmon (Oncorhynchus 
keta).

Transmi ss ion

The disease is not infectious and 
cannot be transmitted from fish to 
f i sh.

S i qns and Pathoqenes i s

Gross Pathology

The first sign is the presence of 
white opaque flecks of coagulated 
yolk in the egg or in the alevin 
(color Fig. 40). The spots are nor
mally at the surface of the yolk and 
randomly distributed. In fry, the 
coagulated yolk will be seen a few 
days after hatching. The spots may 
enlarge and coalesce with time. Pin- 
heading, anemic gills, white or 
frayed fins may also be noticed. Fry 
will begin to die about midway 
through the fry stage. In lighter 
infections, the mortality does not 
start until near the end of the fry 
stage.

It has been reported that "tail 
rot" in Alaska may be caused by 
coagulated yolk disease. The unab
sorbed yolk somehow interferes with 
the fish's ability to maintain 
epithelium and this can lead to "tail 
rot" or "fin rot." The affected fins 
or tails develop a whitish ap
pearance. The "tail rot" is usually 
a self limiting condition but 
coagulated yolk is fatal. Wood 
(1974) refers to instances where
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white flecks of coagulated yolk may 
appear and persist after hatching but 
disappear later and cause no problem. 
This is not commonly found.

Hi stopathology

The yolk sac of an infected fry 
may appear not to decrease as the fry 
grows as it does in normal fry. In 
actuality, histological studies show 
that development in an infected lar
vae proceeds much slower than in a 
normal one. The yolk may be resorbed 
but at a considerably slower rate. 
Shishanina (1959) explains this as 
the effect of pathological changes 
connected with metabolic disturbances 
in different organs. He believes 
that these abnormal physiological 
processes are caused by some distur
bance in the physiochemical regime 
necessary for proper development of 
the salmonid larvae. These abnormal 
processes lead to the appearance of 
white inclusions. The inclusions are 
most likely denatured proteins. 
Resultant defects in organs and al
terations in their functions produce 
a toxic dystrophy which causes the 
death of the larvae.

Pathogenes i s

Historically, the pathogenesis of 
coagulated yolk disease has been at
tributed* to a number of factors. 
Rough shocking of eggs or early 
shocking, excessive use of malachite 
green on eggs, rough handling, high 
temperatures and the presence of 
heavy metals in the water have all 
been incriminated at various times. 
A combination of factors probably 
contribute to its occurrence. 
Mazuranich and Nielson (1959) found 
that the disease in Pacific salmon 
(0. tshawytscha and Oncorhynchus 
k i sutch) fry was not related to tem
perature or oxygen deficiency, but 
was caused by frequent use of

malachite green. Environmental fac
tors such as gas supersaturation 
above 102-103%, unfavorable tempera
tures, toxic ions such as copper and 
zinc in the water supply, and mineral 
deficient egg incubation water have 
also been implicated (Wedemeyer et 
al. 1976). Rucker (1975) i nd i cated 
that excess nitrogen gas did not 
cause coagulated yolk in his study. 
Overcrowding has been associated with 
white-spot, but recent data indicated 
that it occurred regardless of the 
seeding density (Nelson 1979). Water 
flow seems to be important. Flow 
that is too low will cause low dis
solved oxygen, while flow that is too 
high will cause physical injury. Egg 
lots that have been split between 
facilities, but treated the same 
otherwise, may have an outbreak in 1 
facility but not others. Several 
hatcheries have mentioned that use of 
an artificial substrate reduced the 
incidence of white-spot (Nelson
1979). A study on yolk sac malforma
tion salmon indicated that chum, pink 
(Oncorhynchus qorbuscha) and sockeye 
(Oncorhynchus nerka) salmon alevins 
were susceptible to coagulated yolk 
when provided with smooth substrate 
but chinook and coho ((). ki sutch) 
were not (Edami 1973)- In sockeye 
salmon, malformation increased with 
temperature increase from 8C to 
12-14C and when water velocity was 
increased at 14C. Presently, 
coagulated yolk cannot be pinned down 
to any 1 cause but seems to be in
duced by many.

Soft water facilities reported 
twice as many white-spot problems as 
hard water stations in Nelson's
(1979) study. Spring chinook and 
coho salmon were susceptible 
primarily in soft water, while other 
species were affected in either hard 
or soft water.
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The appearance of white flecks or 
masses of coagulated yolk in eggs or 
alevins is diagnostic. The fish com
monly develop rigid, frayed, or
whitish pectoral fins and suffer high
mortali ty.

S i qn i f icance and Control

This disease can cause significant 
losses in eggs and fry of reared
fish. The disease has not been
reported in wild fish, but probably 
occurs before fry emerge from the 
gravel. No treatment is known. Con
trol is currently achieved only by 
prevention. The following good fish 
culture practices may reduce the in
cidence: keep nitrogen gas super
saturation levels below or at 100%, 
maintain appropriate water tempera
tures, avoid excessive use of 
malachite green, minimize rough 
handling, avoid early or over 
shocking and observe proper loading 
and waterflow. Soft water stations 
may want to increase salts to prevent 
deficiencies. When the causes are 
more clearly understood, disease con
trol may be more defined.
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29. Reaction of Aeromonas salmonicida on tyrosine containing agar. Brown 
diffusible pigment is produced after 48 hours (R.A. Ward).

30. Aeromonas salmonicida dorsal head lesions in rainbow trout. Hemorrhagic 
areas are prevalent throughout cephalic outer tissue (R.A. Ward).

31. Petechiae in a salmonid on ventral surface showing the beginning of 
hemorrhagic area in submucous (W.T. Yasutake).

32. Furunculosis lesion in coho salmon (Oncorhynchus k i sutch). Internal 
petechiae present in a major erythrymic involvement of the body cavity 
(W.T. Yasutake).
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Chinook salmon (Oncorhynchus tshawytscha) with enteric redmouth. Note 
hemorrhagic fins without fraying and vent (J. Sullivan).

Chinook salmon (0. tshawytscha) with enteric redmouth. Hemorrhaging in 
the visceral organs, particularly in the pancreatic tissue (J. Sullivan).

Chinook salmon (0. tshawytscha) with enteric redmouth. Some inflammation 
of intestine and vent (J. Sullivan).

Chinook salmon (0. tschawytscha) with enteric redmouth. Exophthalmia, 
pale liver and hemorrhaging (J. Sullivan).
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37- Kidney of a juvenile salmonid showing lesions and swelling produced by 
bacterial kidney disease (W.T. Yasutake).

38. Sockeye salmon (Oncorhynchus nerka) fry normal anterior kidney from Lake 
Nunavaugaluk Hatchery in North Bristol Bay, Alaska 1971*. Hematoxylin and 
eosin (HsE) 100X (R. Grischkowsky).

39. Infectious hematopoietic necrosis virus epizootic in sockeye salmon (0. 
nerka) alevins at Big Lake Hatchery in Alaska. This mortality, which oc
curred in 1979, claimed approximately 7 million fish. Signs included 
listlessness, loss of equilibrium, erratic swimming, flashing and 
floating with little motion at the surface in low velocity water (M.J. 
FalIon).

40- Coho salmon (0. kisutch) alevin with flecks of coagulated yolk in the 
yolk sac (arrow! at the Crystal Hatchery, Petersburg, Alaska (R. Zorich).
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41. Hyperplasia and fusion of secondary gill lamellae of sockeye salmon (£. 
nerka) caused by Ichtyobodo. Note the numerous Ichtyobodo flagellates
(i) attached to gill tissues (200X, phase contrast). Hematoxylin and 
eosin (A.K. Hauck).

42. Pear-shaped necator (i) attached to gill tissues of sockeye salmon ((). 
nerka). Note nucleus (n) surrounded by lighter halo (20OX). Hematoxylin 
and eosin (A.K. Hauck).

43. Ich trophozoite (t) surrounded by hyperplastic (h) epidermis (e). Note 
dermis (d) and horseshoe-shaped nucleus (n) (200X, phase contrast).
Hematoxylin and eosin (A.K. Hauck).

44. Ichthyophth i r i us mu 11 i f i1 is Fouquet. Note the horseshoe-shaped nucleaus 
(n) (400X, phase contrast) (R. Grischkowsky).
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^5. Pear-shaped body of Hexamita (h) adjacent to gut epithelium (e) of 
chinook salmon (£. tshawytscha). Nuclei and flagella not visible in this 
preparation (2000X). Hematoxylin and eosin (A.K. Hauck).

46. Growth of hyphal filaments extending from nares and adjacent connective 
tissues (c) into telencephalon (t) of sockeye salmon (£. nerka) (200X, 
phase contrast). Grocott's methenamine-si1ver nitrate (A.K. Hauck).

47. Minor hyperplasia produced in epidermis directly below laterally-viewed 
trichodinid (t) parasitizing Alaskan sockeye salmon (0. nerka) fry (400X, 
phase contrast). Brown and Hopps new Gram stain (A.K. Hauck).

48. Aboral view of Trichodina spp. showing the denticulate ring (d) with 
broad outer hooks and slender pointed hooks projecting inward and the 
ciliary girdle (c) (2000X, phase contrast) (R. Grischkowsky).
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Part IV 

INVERTEBRATES



Shellfish: Public Health Significance 

and Diseases

Richard A. Neve1

The known outbreak of any disease 
in shellfish in Alaska is fortunately 
relatively rare. Any given disease 
could result though from the in
troduction of parasites or pathogens, 
from lack of food, even from chemical 
and physical alterations of the 
water. Also, the genetic makeup of 
any animal cannot be neglected. Per
haps the most important consideration 
of all is the interrelationship of 1 
or all of the above factors in the 
envi ronment.

In recent years it has been shown 
that many bacterial, parasitic, and 
other diseases become a problem only 
if the shellfish or finfish is held 
under environmental conditions un
favorable for the particular marine 
species. This concept has been very 
clearly explained by Snieszko (1973) 
and Wedemeyer (197^)-

The relationship can be presented 
by an equation:

H + P + S 2 = D

where "H" is the host, "P" is the 
pathogen, "S" is the stress caused by 
the environment and "D" is the 
resulting disease.

While the stress factor, e.g. a 
rise in water temperature above 10C 
(this will trigger the appearance of 
"vibrio"), can be measured arith
metically, the stress produced by 
such a change is expressed exponen
tially. Thus, any change in the "S" 
factor will more easily shift the 
equation to the right with the 
resulting appearance of a particular 
d i sease.

Because of the increased fishing 
pressure on all species of fish and 
shellfish in Alaska, diseases once 
considered rare may be encountered. 
This presents a grave problem in that 
advances in the understanding and 
control of disease in marine waters 
have come only in the last 10 to 15 
years. The state is developing more 
hatcheries and more diseases will 
make their presence known. Shellfish 
culture--oysters, abalone, mussels, 
crabs, sea urchins and others--will 
very likely develop in the next few 
years. Diseases which economically 
impact the shellfish industry in the 
"lower 48" are known. These include 
viruses, bacteria, parasites and even 
some worms. In Alaskan waters these 
pathogenic factors could be lying in 
wait for the right environmental 
"stress" trigger to make their 
presence known.

In the absence to date of specific 
disease knowledge, emphasis in this 
portion of the compendium has been 
focused mainly on the long known 
toxin problems associated with 
Alaskan shellfish, and with some 
discussion of toxin problems oc
curring sporadically, but potentially 
very dangerous, in other animals 
encountered by commercial fishermen.

Paralytic Shellfish Poisoning

Shellfish diseases which endanger 
the lives of Alaskans are fortunately 
not numerous. The one we are most 
aware of, and fortunately most know
ledgeable about, is the "Red Tide," 
which technically is not a disease. 
Rather it refers to the condition of 
coastal ocean waters in which the
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water color may range from Campbell's 
tomato soup orange to a bright red or 
magenta. The amount of color in the 
water is a measure of the number of 
small (microscopic in size) 
dinoflagellates. These tiny or
ganisms under the right condition of 
temperature, salinity, nutrients, 
trace elements, and some as yet 
unknown factor(s) will increase and 
multiply their number rapidly. This 
growth occurs at certain times of the 
year, usually but not necessarily, in 
late August or September. The in
creased growth is referred to as a 
"bloom" and is similar to the normal 
plankton "bloom" which occur every 
spring in the Northern Hemisphere 
(March to April), with the important 
distinction that our "RED BLOOMS" or 
TIDES are frequently poisonous.

The name of the "disease" is 
Paralytic Shellfish Poisoning, fre
quently abbreviated as PSP. The 
animals affected in the order of 
importance are primarily molluscs and 
crustaceans, and include clams 
(Saxidomus qiqantea), mussels (My- 
tilus edulis) , oysters (Crassostrea 
qiqas) , cockles (Clinocardium nut- 
tali), aba lone (Hali ot i s kamt-
schat i kana) and sea cucumbers 
(Stichopus californicus). Pink
shrimp (Pandalus boreal is) and the 
crabs: king (Parali thodes camt-
schat i c a ), dungeness (Cancer
magi ster), and tanner (Ch ionecetes 
bai rdi) may contain the poison 
briefly. Historically, the butter 
clam (Saxi domus qiqantea) has been 
the species most adversely affected-- 
and then only because of the economic 
effect of beach closure to clam har
vesting because of the occurrence of 
a red tide. In 19^7 all clam areas 
were closed to commercial harvesting. 
In 1970, under the Department of 
Health and Social Services, 3 beach 
areas were approved for commercial

harvesting. These are Polly Creek on 
the west side of Cook Inlet, Cordova 
Flats, adjacent to Prince William 
Sound and Swikshak, on the Alaska 
Peninsula northwest of Kodiak Island.

Recreational harvesting of razor 
clams (Si 1 iqua patula) is popular on 
the Kenai Peninsula from Clam Gulch 
to Homer. These beaches are easy to 
reach, and therefore easy to monitor 
and to post warning signs if and when 
the need should arise.

Butter clams (Saxi domus qiqantea) 
and littleneck clams (Prototheca 
semi decussata) are also popular 
bivalve edibles both to commercial 
and recreational fishermen. These 
species however, are potentially the 
most dangerous for human consumers. 
They have a black tipped siphon which 
contains up to 60% of the total 
amount of toxin found in any one 
clam. Historically, the butter clam 
is the most notorious for causing 
deaths of many who sampled Alaskan 
clams. There have been over 200 
deaths since the late 1700s along the 
coastline from Puget Sound to Bristol 
Bay attributed to toxic butter clams 
or mussels. The danger in butter 
clams is the very long time that they 
retain the toxin--up to 2 years. Re
cent studies by Alaskan researchers 
(Hall, Reichardt and N eve1) have 
shown that clam areas with the 
highest toxin levels have not been 
exposed to the typical "Red Tide." 
Clams along the beaches of Porpoise 
Island (just outside of Glacier Bay 
National Monument) have been known by 
generations of local natives to be 
quite lethal--but no one remembers 
ever sighting a "Red Tide." The lack 
of such a sighting has been noted by 
fishing boat crews, tug boat 
operators, cruise ship and Alaska 
State Ferry personnel. There is an 
explanation for this unusual
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phenomenon of high PSP toxin levels
and no red tides. Evidence now in
dicates that these high levels are 
caused by the dormant form of
Gonyaulax catanella, the "Red Tide" 
dinof1agel1 ate which exists in many 
areas of Southeast Alaska, Prince 
William Sound--all the way to Bristol 
Bay and the area between Port Mohler 
and Port Heiden. This toxin 
producing organism has been found
from samples as far south as San
Francisco bay. The one problem in
Alaska is that the waters warm up too 
infrequently to always trigger a
visible occurrence of toxic
dinof1agel1ates. The wintering 
(cyst) form of the dinof1agel1 ate can 
produce 10 times the amount of toxin 
found in the motile or swimming form 
and is therefore the real trouble
maker .

Symptoms

A tingling sensation in the lips 
and tongue may develop within a few 
minutes after eating affected clams. 
A feeling of numbness in the legs, 
arms and neck follows. There may be 
a general muscular incoordination. 
There also may be dizziness, weak
ness, drowsiness, incoherent speech 
occasionally, headache, a firm rapid 
pulse of 80 to 100 per minute, some 
respiratory distress, vomiting, 
diarrhea and abdominal pain. The 
stricken person remains clear-headed 
until the later stages when muscular 
paralysis becomes severe and death 
(in severe cases) results from 
respiratory paralysis. The more 
poisonous shellfish eaten, the more 
severe will be the symptoms.

Treatment

There is no known antidote. Par
ticular care should be given to avoid 
alcohol. Vomiting should be induced

as soon as possible (to decrease the 
amount of toxin absorbed) followed by 
a rapid acting laxative. Artificial 
respiration should be administered if 
there are any respiratory difficul
ties, and may have to be continued 
for several hours. The critical
period is 3 to 12 hours after inges
tion of toxic clams. Recovery is 
usually complete within 24 hours if 
the critical period has passed.

A small percent of the population 
will be allergic to shellfish. There 
is an important distinction between 
PSP and an allergic response to 
eating shellfish. The typical signs 
are rashes, urticaria (hives) and
swelling or intestinal disorders.
Recovery requires several days and 
death nowadays is rare. Another name 
for allergenic poisoning is 
erythematous poisoning; it has been 
confused by many with paralytic 
shellfish poisoning. It is important 
to note that shellfish allergy may 
develop after years of normal shell
fish consumption.

Cones (Another Mollusk)

One definite Alaskan cone, tenta
tively identified as Conus striatus, 
and 2 other species could be 
poisonous to commercial fishermen. 
They attach to crab nets or lines 
left on the bottom for any length of 
time. Of the 400 plus species known 
throughout the world, only 15 species 
are considered dangerous--and 
Alaska's north gulf has 1 of them.

The cone is dangerous because it
can inflict a very serious or fatal 
puncture wound. The toxin is in
jected by a hypodermic-1ike tooth 
which is extended from the pointed 
head end of the shell. Therefore, 
handling a poisonous cone is very 
hazardous.
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Coelenterates

This phylum includes the jellyfish 
(Scyphozoa) , hydroids (Hydrozoa) and 
sea anemones (Anthozoa). Many of the 
members of this phylum produce 
stinging cells (Nematocysts) such as 
the Portugese man-of-war (Physalia 
physalis). These species are not 
known to occur in Alaskan waters, but 
2 species of large jellyfish may be 
brought up in nets, or stranded on 
sandy beaches along the north gulf. 
One, Chrysaora melanaster, is dark 
brown-and-purple striped. The other, 
Cyanea capi11at a , is often a shape
less mass of pale orange jelly with a 
lot of tangled tentacles. Both are 
potentially dangerous to anyone with 
allergic problems. Handling them may 
cause a severe rash, or an acute 
allergy shock, depending on the vic
tim's susceptibility and past history 
of exposure.

Echinoderms

Members of the Echinoderm phylum 
are generally bottom-of-the-sea
dwellers. At low tides, sea
cucumbers (Holothuroi dea) can be 
found and at very low tides sea ur
chins (Ch i noidea) can also be ob- 
tai ned.

Sea urchins. Sea urchins are 
fairly abundant in Southeast Alaska 
and out the Aleutian Chain. If not 
handled properly, a puncture wound 
may occur, and secondary infection
from marine bacteria will ensue. 
This can be painful and may last a 
long time. Sea urchins have commer
cial value in that the raw gonads are 
considered a delicacy and are in 
great demand in the Orient. The 
hazard will be more to the commercial 
diver who handles them frequently and 
gets careless. Two species common in 
Alaska are (1) the big red urchin

(Stronqylocentrotus franc i scanus) and
(2) the smaller light green urchin 
(Stronqylocentrotus drobach i ens i s ).

Sea cucumbers. These are the tube 
like animals which can discharge 
their internal organs if disturbed. 
The visceral fluid can be harmful to 
the eyes. The common edible species 
i s St i ckopus ca 1 i f or,n i cus.

Crustaceans

Recent studies (1978 and later) by 
Dr. A1 Sparks, National Marine 
Fisheries Service, Seattle, have 
shown there are several diseases 
unknown until now in the dungeness 
crab (Cancer magi ster). One is a 
protozoan infection found throughout 
most of the host crabs' body which 
destroys much of the tissue that it 
invades. The appearance of tissue 
damage in crabs therefore, should 
alert the observer to the possible 
presence of a protozoan disease.

There is also an unidentified 
fungus which replaces gill tissue. 
An animal infected with either of 
these organisms could be
nutritionally deprived and therefore, 
would look undernourished, and 
probably would not be appealing to a 
sport fisherman. Since crabs are not 
inspected that carefully by commer
cial processors, the meat would 
likely be mixed in with that from 
more wholesome crabs.

Another disease commonly thought 
to infest only the carapace of snow 
crabs is "black mat disease" or 
"black mat syndrome." The condition 
has been known for years--it consists 
of a black mass of fungal hyphae on 
the carapace of snow crabs. It is a 
nuisance in crab processing. The re
cent microscopic studies by Sparks 
and his group show that this disease
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may be systemic, and could be a 
serious disease in the snow crab 
fami 1y .

Nematodes

There is a worm disease found in 
dungeness crab eggs from Alaska to 
California. The worm belongs to the 
Nemertean phylum and the genus is 
Careinomertes. Crabs with a carapace 
width greater than 10 mm show about 
100% infection. The worm penetrates 
the egg casing, and eats the yolk by 
sticking its pharynx into it.

Clinical data on most of the 
Alaskan marine invertebrates is 
simply not available. Your coopera
tion in forwarding to the editor 
information on poisonings from any 
species will be appreciated.
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APPENDIX I
SPECIMEN SUBMISSION

D. Ritter

Rabies diagnostic laboratory services are provided through the Virology- 
Rabies Unit established in Fairbanks. To assure accurate and reliable 
reports, the directions listed below must be followed.

1. Specimens will be accepted from physicians, veterinarians, public 
health officials, health or sanitation aides, wildlife agents,
authorized medical or physician assistants, or individuals desig
nated by the Division of Public Health.

2. Rabies laboratory examinations will be limited to warm-blooded
animals of any type in which there is a clear history of human or 
possible human exposure or animals deemed necessary by health or 
wildlife authorities.

3. Special instructions:
Virology-Rabies Unit must be notified prior to submission of rabies 
specimens. Call Fairbanks 479-7017 or 7018, or on weekends
456-5974. If no answer, dial 452-0890, listen for tone (Beep) and 
leave message. If busy, call 452-1166 and ask for Unit 890.

4. Minimum information:
The following information of a completed Rabies Investigation Report 
(06-1272) must accompany each specimen. This information is essen- 
tial for the evaluation of each case and expediting the transmission 
of results to the responsible physician.

A. Name and address of person(s) bitten and/or exposed.
B. Date of exposure.
C. Location of bite(s).
D. Sever i ty of bi te(s).
E. Date of first aid treatment and name of physician.
F. In the case of a dog or cat, was the animal vaccinated.
G. Provoked or unprovoked attack.
H. Name and address of person sending specimen.
I. Name and address of person to receive the laboratory report.

5* Conditions of shipment:

A. No LIVING ANIMAL will be accepted for rabies diagnostic studies.
B. When killing the animal, DO NOT SHOOT IN THE HEAD or mutilate

the head in any way.
C. Wear gloves when handling the animal, and send the head and part

of the neck of large animals, such as dogs, foxes, wolves, lynx, 
etc. Sever the head at the neck and leave sufficient tissue at
tached to the region of the head to insure inclusion of the
salivary glands. No other part of the animal should be sub- 
mi tted.
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D. Small animals, such as mice, voles and bats, may be sent intact
if recently expired, and on 1y after consultation with the Chief 
of the Vi rology-Rab i es Unit or the State Medical Epidemiologist.

E. Specimens for rabies examination must be fresh. Decomposed
specimens will be evaluated, and if unsuitable for assay, will
be promptly incinerated and NO RABIES ASSAY will be attempted.

A. Wear gloves when handling the animal.
B. Wrap the head in absorbent material, and place into two heavy, 

water-tight plastic bags. Tie-off the bags to prevent leakage.
C. Place the packaged head in a leak-proof container, and pack the 

bag next to a water-tight can of frozen water or freeze packs. 
An alternative is to use a second set of heavy plastic bags and 
fill these with ice cubes and seal the top tightly. Remote 
areas may use river ice, but this type of ice has rough edges 
and will cut the bag. This can be avoided by wrapping the ice 
in newspaper and then pack with absorbent material to prevent 
movement of the ice in the carton.

D. Remove the gloves and either burn the gloves or enclose them 
with the head for disposal, and then wash hands thoroughly with
soap. _ .

E. Check the carton or container for security and include the 
Rabies Investigation Report. Please inc1ude contact telephone

7. Labeli ng:

A. All rabies specimens must bear the special Rabies Biohazard 
label or the following statements:

6. Packing:

numbers.

MEDICAL MATERIALS 
PACKAGING CONFORMS 
WITH STANDARDS IN 
49CFR173.387.42

BIOHAZARD: RABIES

CFR72.25(c), and 
NIH GUIDE OF
FEBRUARY 10, 1975

This carton contains the head of an 
infected animal. Please refrigerate 
on arrival and contact the Virology- 
Rabies Unit at 479-7017 or 479-7018.
On weekends: 456-5974. if no answer,
dial 452-0890, listen for tone (Beep) 
and leave message. If busy, call 
452-1166 and ask for Unit 890.

B. Address all shipments to:

Virology-Rabies Unit
Alaska Division of Public Health
Arctic Health Research Building, Room 233
University of Alaska Campus
Fairbanks, Alaska 99701
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8.  Sh i pp i ng:

A. Specimens may be brought directly to the Virology-Rabies Unit.
B. Ship specimens by AIR FREIGHT or AIR SPECIAL PACKAGE SERVICE.

If mail service must be used, send via AIR MAIL--SPECIAL
DELIVERY or EXPRESS MAIL, if available.

C. All shipments must be prepaid unless prior arrangements have 
been worked out with the Virology-Rabies Unit.

9. Reports:

A. A preliminary fluorescent microscopic report will be called on
all positive animal heads and human exposure cases within 24 to 
48 hours after specimen receipt, and confirmation copies of
reports will be mailed to the submittors.

B. The final report will be forwarded 28 days after completion of 
the animal inoculation observation period.

10. Further information on rabies antiserum and vaccine for human use:
Contact Alaska Division of Public Health Regional Health Officer of 
Laboratory serving your area.

Northern Regional Health Officer 
Medical Dental Arts Building 
Drawer 34, Suite 223 
1919 Lathrop Street 
Fairbanks, Alaska 99701 
Phone: 452-1592

Southcentral Regional Health Officer 
338 Denali Street 
Room 222, MacKay Building 
Anchorage, Alaska 99501 
Phone: 274-1715

Southeast Regional Health Officer 
210-A Ferry Way 
Juneau, Alaska 99801 
Phone: 586-1120

Medical Epidemiologist
Section of Communicable Disease Control
338 Denali Street
Room 313 MacKay Building
Anchorage, Alaska 99501
Phone: 272-7534

Virology-Rabies Unit
Alaska Division of Public Health
Arctic Health Research Building, Room 233
University of Alaska Campus
Fairbanks, Alaska 99701
Phone: 479-7017 or 479-7018
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APPENDIX I I
SPECIMEN COLLECTION AND PRESERVATION 

Jim Dau

Introduct ion

Nearly everyone associated with 
wildlife in either a professional or 
recreational capacity, contacts 
diseased animals or their remains 
afield. Additonally, professional 
wildlife personnel receive specimens 
and/or queries from sportsmen con
cerned with the palatability of game 
animals that exhibit parasites or 
gross abnormalities. One purpose of 
this compendium has been to provide 
accurate descriptions of specific 
diseases to enable formulation of 
tentative diagnoses based on clinical 
symptoms or gross pathologic ap
pearances. However, tentative diag
noses are not adequate substitutes 
for definitive diagnoses based on 
laboratory analyses of properly col
lected and preserved samples. The 
purposes of this appendix are: 1) to
provide a procedural guideline for 
sample collection and preservation, 
and 2) to note the special aspects of 
collecting samples for the major 
wildlife disease categories.

The procedures listed are very 
general for 2 reasons. First, a 
detailed coverage of techniques for 
sampling each specific disease condi
tion of mammals, birds, fish and 
invertebrates is beyond the scope of 
this publication. Second, asymp
tomatic acute diseases, conditions 
that manifest ambiguous symptoms, the 
tendency of disease to predispose 
free-living animals to other mor
tality sources, tissue deterioration, 
and an array of other factors often 
preclude establishment of even broad 
etiologic categories at the time of 
necropsy. Thus, a general procedural

format that will hopefully not ex
clude any causative agent seems more 
useful to the wildlife field 
biologist than techniques written for 
specific etiologies.

Necropsy Procedures
and Techn i ques

General comments. Before delving 
into the mechanics of what, where and 
how to collect samples for disease 
analysis, a few preliminary remarks 
are appropriate. Since many wildlife 
pathogens are infective for man, and 
considering that ubiquitous micro
organisms normally maintained at sub- 
pathogenic levels by the host animal 
may proliferate to pathogenic levels 
during decomposition of the host, all 
specimens should be treated as poten
tial reservoirs of human disease. 
Protection of personnel against in
fection should always be the primary 
concern of everyone involved in the 
sampling process. The essence of 
this is to "think clean," wear ade
quate protective clothing and follow 
aseptic techniques during the necrop
sy. Minimization of contamination 
results in better samples and reduced 
environmental contamination, while 
decreasing the probability of infec- 
t ion for personnel.

Documentation is an essential 
aspect of the sampling process. Com
plete, accurate, legible field notes 
specifying the circumstances of the 
animal's death, i.e. species, loca
tion, environmental characteristics, 
clinical symptoms and other pertinent 
observations, are necessary for 
generating "path. reports" that
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complement tissue samples. Photo
graphs of parasites or lesions are
extremely useful for determining 
diagnoses and indicating patho
genicity. A label showing the
specimen number and some reference of 
scale (i.e. centimeter markings along 
1 edge or simply a coin or knife) 
should appear in the photo. Exposure 
numbers with brief descriptions 
should be recorded in the field notes 
if many exposures are taken.

Spec imen preparation. The pro
cedure listed is for terrestrial mam
mals sampled under ideal conditions 
but can be applied to marine mammals, 
birds and fish with a little creative 
effort. Usually, conditions are 
somewhat less than ideal, and 
biologists must salvage what they can 
from a decomposing carcass under 
inclement weather conditions. Two 
people are ideally needed to conduct 
an efficient necropsy. This allows 1 
person ("dirty") to actually remove 
tissues and 1 person ("clean") to 
take photographs, record notes, label 
and hold sample bags. For large 
animals, a third person may be 
desired to help disarticulate legs, 
move organs and aid in contaminating 
tasks.

1. Collect a blood sample. This 
will apply only when animals are 
living or can be sampled within 
minutes after death. The best 
sources for blood are the jugular 
vein, femoral artery or the heart. 
Avoid taking blood from open wounds 
as it will contain cellular debris. 
Blood should not be allowed to freeze 
or be exposed to excessive heat or 
agitation to prevent hemolysis. A 
suitable anticoagulant, i.e.
E.D.T.A., should be added to whole 
blood samples to be used for 
measuring cell counts, packed cell 
volume, glucose assays (enzyme in
hibitor also needed) or other 
parameters. Blood serum for antibody

detection can be carefully pipetted 
or decanted into a sterile vial after 
allowing the blood to clot. The clot 
will form after standing about 12 
hours at room temperature. Serum may 
be stored frozen, though repeated 
freezing and thawing should be 
avoi ded.

If the animal is found dead, serum 
many times can be collected from the 
heart clot. The whole clot or the 
yellow "chicken fat" portion if 
separation has occured, is placed in 
a plastic bag, allowed to stand for 
12 hours, and then free serum is col- 
1ected.

2. Visually inspect the carcass 
for external parasites, hair loss, 
traumatic injuries, discharges from 
the nose, mouth or vent and other 
abnormalities. Photographs, swabs of 
exudates, and external parasites 
should be taken at this time.

3. Position the animal right side 
down if it is important to collect a 
sterile sample of spleen tissue (i.e. 
for many bacterial surveys). 
Positioning the animal left side down 
exposes the liver and positions the 
rumen beneath the viscera and out of 
the way. Remove the skin from the
upper side of the animal (Fig. 1). 
The testes or mammary glands should 
not be exposed or damaged during 
skinning if they are to be sampled. 
Making an incision through the skin 
along the dorsal surface of the 
animal and skinning the animal from 
its back towards its belly will 
reduce the possibility of acciden
tally harming testes or mammaries. 
This method of skinning also 
minimizes the possibility of opening 
the rumen in animals, i.e. caribou 
(Rang i fer tarandus) that tend to
bloat quickly after death. Bloating 
stretches the skin and muscles that 
cover the belly very tightly and 
makes it difficult to avoid punc-

494



Figure 2.  D isar t icu la t in g  the le f t  hip joint.
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Figure 3.  Chest and abdomen fully exposed.
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turing the rumen with the tip of the 
knife. Take care when skinning 
around subdermal lymph nodes, i.e. 
prescapular, prefemoral and man
dibular lymph nodes, if these are to 
be sampled. Disinfect instruments 
each time before they are used to 
handle tissues. Tissues should not 
contact the sides of containers when 
placed inside. Remove the lymph 
nodes and testes or mammary glands 
after the upper surface of the animal 
has been skinned. To avoid con
tamination, remove 1 side of the 
animal before it is rolled over to be 
skinned on the other side. The 
external surface of the carcass can 
be kept fairly clean if the loosened 
skin is used as a surface to work on.

4. Raise the upper foreleg and 
cut beneath the scapula until the leg 
and shoulder can be laid back (Fig.
1). Disarticulate the upper rear leg 
at the pelvis by cutting the muscles 
through the coxo-femoral joint (Fig.
2). If time is critical, the carcass 
can be temporarily left at this point 
as cooling will proceed. Sampling 
should resume as soon as possible to 
prevent tissue deterioration, espe
cially in high ambient temperatures.

5. Open the abdomen to the ster
num, taking care not to cut the in
testines or rumen. Incising the 
upper surface of the abdominal wall 
as the animal lays on its side, in
stead of the ventral midline as is 
commonly practiced, will hold the 
viscera in the body cavity rather 
than allow these organs to spill out 
on the ground and become con
taminated. Split the sternum with a 
knife or saw, being careful not to 
puncture the thoracic organs. Free 
the diaphragm from its upper costal 
attachment. Cut the intercostal 
muscles between every second or third 
rib and break them back at their 
points of articulation with the ver
tebrae. Split the pubis to expose

the pelvic organs if desired. The 
specimen is now ready for removing 
tissue samples from the internal or
gans (Fig. 3).

Birds should be completely wetted 
with disinfectant before the skin 
covering the breast and abdomen is 
removed. Removal of the sternum and 
pectoral muscles at their points of 
articulation facilitates access to 
the internal organs.

Fish can usually be frozen or 
preserved whole. Large fish may re
quire removal of the viscera and gill 
arches prior to preservation. A 3-5 
cm kidney sample from large fish can 
be prepared by taking a cross section 
of the fish and dissecting away all 
other tissues except the kidney from 
the skeleton. The skeleton and kid
ney can then be preserved.

Ti ssue collect ion. Before dis
turbing the viscera, record an 
estimate of the time of death, gross 
internal abnormalities and the 
presence of visible internal 
parasites (e.g. Setar i a ).
Aseptically collect samples of the 
major organs (heart, lung, liver, 
spleen and kidney) approximately 2 to 
3 cubic centimeters in size, and 
place individually in containers 
labeled with specimen number and tis
sue type. (Note: whirl packs make
very good containers as they are un
breakable, relatively fluid-tight and 
require a minimum amount of space). 
Collect internal lymph nodes if 
desired. Dissect out the reproduc
tive organs and place in a separate 
container. These tissues should be 
frozen for subsequent culturing.

Samples of the major organs, 
skeletal muscle, diaphragm and tongue 
can now be collected for histology. 
These tissues can be placed in a 
single container with a suitable fix
ative (i.e. 10% buffered formalin).
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Tissues for histology should not be 
mutilated, since the ultimate 
analysis is based on the structure 
and organization of cells.

Examine the carcass for endo- 
parasites after collecting tissue 
samples. Readers are encouraged to 
consult the parasitological litera
ture for specific hosts and areas of 
parasite infestation. In general, 
the digestive tract, subcutaneous 
tissue, lungs, liver, heart and 
skeletal muscles may be required for 
a thorough parasitological examina
tion.

Causat ive Agents

Bacterial, mycotic and viral 
diseases may be indicated by: 1)
large epizootics involving many in
dividuals of a population, 2) bloody 
mucous discharges from the mouth, 
nose or vent, 3) reddened and 
congested lungs, kidneys and in
testines, 4) an enlarged, dark 
colored spleen, 5) an enlarged, off 
colored liver and 6) the presence of 
pus. Fish may exhibit external le
sions or redness at the base of fins. 
Preserve both frozen and formalin- 
fixed tissue samples and blood serum 
when possible if bacterial, mycotic 
or viral etiologies are suspected.

Ectoparasites (i.e. fleas, ticks 
and lice) are usually visible with 
the naked eye so require no further 
elaboration. Host reactions to en- 
doparasites may result in cysts that 
obscure the parasitic organisms per 
se. Collect these cysts in their en
tirety by removing the affected block 
of host tissue. The best

parasitological material, when
dealing with the mature parasites and 
not cysts or eggs, results if the 
parasites are relaxed and cleansed in 
a warm saline solution and fixed in 
hot (not boiling) preservative. 
Endoparasites are often specific as 
to host species and anatomical region 
of attack. Therefore, it is impor
tant to note both of these aspects of 
the condition as well as the number 
of parasites present. Most parasites 
can be preserved in 70% alcohol with 
5% glycerol added.

Non-infectious diseases, i.e. tox- 
icities and nutritional or mineral 
deficiencies are often indistinct. 
Hair bundles approximately 2 cm in 
diameter should be collected along 
with whole blood. Localized mor
bidities/mortalities may indicate a 
non-infectious etiology. Collect 
soil and water samples, in addition 
to tissue samples, and place them in 
inert containers (i.e. glass or 
plastic vials). These samples must 
be analyzed as quickly as possible as 
many toxins rapidly break down in 
moist conditions. Containers holding 
water should not contain any air 
space after being covered. Soil 
samples should extend a minimum of 10 
cm deep. Plants for mineral assays 
or toxin analyses are collected in 
their entirety, quickly pressed and 
dried. Stomach samples from
ruminants can be placed in porous 
cloth, and excess water squeezed out 
before placing in 10% formalin. The 
entire stomach of monogastric animals 
can be placed directly in 10% for
malin, if small enough, or portions 
of their contents removed and 
preserved.
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Suggested Equipment for Field Necropsy Kits

1. Nalgene bottles containing:

2. rubber gloves

3- knives 6 sharpening stone

4. culturing material:

5- blood sampling material:

6. sampling instruments:

7. stainless steel pan for
di sinfectant

8. whirlpacks (6, 18 s 36 oz.)

9. labeling tape £ felt pen

10. miscellaneous equipment:

11. field book £ pencils

alcohol (95% ETOH)
10% buffered formalin 
1 iquid soap
disinfectant (e.g. Zepherin) 
Fecasol (if fecal samples desire

steri1e swabs
transport media (e.g. Amies) 
viral transport media

syringes--12 6 35 cc 
vacuta i ners
E.D.T.A.
enzyme inhibitor 
small vials, Pasteur pipets £ 

suction balls (for serum)

rat tooth forceps 
sc i ssors
scalpel handles £ blades

garbage bags
gauze
rope
tape measure 
matches 
coveral1s
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APPENDIX I I I
MAMMALS

Common and Scientific Names of Species

Marsupialia
D i delph i dae

D i delph i s mar sup i a 1 i s virgin!ana

Insect i vora 
Sor i c i dae

Sorex pr i b i1 ofens i s 
Sorex mont i col 1 i s 
Sorex c i nereus 
Sorex arct i cus

Pr imates
Cercopthec i dae 

Macaca mulatta 
Pongi dae

Homo sap iens

Edentata
Dasypod i dae

Dasypus novemc i nctus

Lagomorpha 
Ochoton i dae

Ochotona col 1ar i s 
Lepor i dae

Lepus amer i canus 
Lepus europaeus 
Lepus spp.
Sy 1v i 1aqus f 1 or idanus 
Oryctolaqus cun i culus

Lepus arct i cus

Rodent i a 
Sc i ur i dae

Eutamias min imus 
Sc i urus caroli nens i s 
Marmota monax 
Marmota brower i 
Marmota c a 1 i qata 
Spermoph i1 us parry i i 
Tamiasciurus hudsonicus 
G 1aucomys sabr i nus 

Castor i dae
Castor canadensis

Common opposum

Pribilof shrew 
Dusky shrew 
Masked shrew 
Arctic shrew

Rhesus monkey 

Man

Nine-banded armadillo

Col 1ard pika

Snowshoe hare 
European (Brown) hare 
Jack rabbit 
Eastern cottonta i1 
Old World, domestic; laboratory 

rabbi t 
Arctic hare

Least chipmunk
(Eastern) gray squirrel
Woodchuck
Alaska marmot
Hoary marmot
Arctic ground squirrel
Red squirrel
Northern flying squirrel 

Beaver
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Cr i cet i dae
Peromyscus maniculatus 
Clethrionomys ruti1 is 
Microtus pennsylvanicus 
Microtus oeconomus 
Microtus xanthoqnathus 
Mi crotus mi urus 
Microtus abbreviatus 
Ondatra zibethicus 
Lemmus sibi ricus 
Synaptomys borea1 i s 
Dicrostonyx torquatus 
Gerbi11 us spp.
Cricetus spp.

Mur i dae
Rattus norveqicus 
Mus musculus 
Rattus spp.

Cavi idae
Cavia spp.

Ereth i zont i dae
Ereth i zon dorsatum

Cetacea
Balaenidae

Balaena mysticetus 
Eschr i cht ii dae

Eschr i cht i us robustus 
Balaenopter i dae

Balaenoptera physalus 
B a 1aenoptera borea1i s 

Physeter i dae
Physeter catodon 

Monodont i dae
Delph i napterus 1eucas 

Phocoen i dae
Phocoena phocoena

Carn i vora 
Can i dae

Can i s 1atrans 
Can i s 1upus 
Vulpes vulpes 
Urocyon cinereoarqenteus 
A1opex 1aqopus 
Can i s fami 1i ar i s 

Urs i dae
Ursus amer i canus 
Ursus arctos 
Ursus mar i timus 

Procyon i dae
Procyon 1otor

Deer mouse
Northern red-backed vole 
Meadow vole 
Tundra vole 
Yellow-cheeked vole 
Singing vole 
Insular vole 
Muskrat 
Brown lemming 
Northern bog lemming 
Collared lemming 
Gerbi1 
Hamster

Norway rat 
House mouse 
Rats

Guinea pig 

Porcupi ne

Bowhead

Gray whale

Fin whale 
Sei whale

Sperm whale

White whale, belukha

Harbor porpoise

Coyote 
Wol f
Red (blue) fox 
Gray fox 
Arctic fox 
Domestic dog

Black bear 
Brown bear 
Polar bear

Raccoon
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Musteli dae
Hartes amer icana 
Mustela erminea 
Mustela nivalis 
Mustela putorius 
Mustela vison 
Gulo qulo 
Lutra canadens i s 
Enhydra 1utr i s 

Feli dae
Feli s 1ynx 
Felis rufus 
Feli s catus 
Panthera 1eo 

Otar i i dae
Eumetopias jubatus 
Zalophus californianus 
Cal1orhinus ursinus 

Odoben i dae
Odobenus rosmarus 

Phoc i dae
Phoca vi tuli na
Er i qnathus barbatus
Mi rounqa anqust irostr i s
Phoca h i sp i da
Phoca fasc i ata

Perissodactyla 
Equ i dae

Equus cabal 1 us 
Equus as i nus

Artiodactyla 
Su i dae

Su§ scrofa 
Cameli dae

Lama quan i co 
Cervi dae

Cervus elaphus

Odocoi1eus hemionus s i tkens i s 
Odocoi1eus hemionus columbianus 
Odocoi1eus vi rqinianus 
A1ces alces 
Ranqifer tarandus 

Ant i1ocapr i dae
Ant i1ocapra amer i cana

Marten 
Ermi ne 
Least weasel 
Polecat (ferret)
M i nk
Wolver i ne 
River otter 
Sea otter

Lynx
Bobcat
Domestic cat 
L ion

Stel1a r 1s sea 1 ion 
California sea 1 ion 
Northern fur seal

W a 1rus

Harbor seal 
Bearded seal 
Northern elephant seal 
Ringed seal 
Ribbon seal

Domestic horse 
Donkey

Domestic swine

Guanoco (Llama)

Wapiti (American elk); Red 
deer (European)

B 1ack-ta i1ed deer 
Mule deer 
Wh i te-ta i1ed deer 
Moose
Reindeer; Caribou 

Pronghorn
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Bovi dae
B i son bi son
Bos taurus
Bos indicus
Ovibos moschatus
Ovi s ar i es
Ovi s dal 1 i
Ovi s canadens i s
Oreamnos amer i canus
Capra hi reus
Hemi tragus jemla i cus
Rupicapra rupicapra

B i son
Domestic cattle, ox
Zebu
Muskox
Domestic (merino) sheep 
Dali sheep 
Bighorn sheep 
Mountain goat 
Domestic goat 
(Himalayan) tahr 
Chamoi s merr i am
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BIRDS

Common and Scientific Names of Species

Sphenisciformes

Gavi iformes 
Gavi idae

Gavi a immer

Anseriformes (Waterfowl)
Anat i dae

Olor columbianus 
Cyqnus olor 
Branta canadens i s 
Anser albifrons 
Chen caerulescens 
Chen ross i i 
Anas piatyrhynchos 
Anas acuta
Anas crecca caroli nens i s 
Anas c 1ypeata 
Anthya sp.
Somater i a m o 11i ss ima dresser i

Falconiformes (Raptors)
Cathart i dae 
Falcon i dae

Falco pereqrinus 
Falco rust icolus 
Falco sparver i us

Gal 1i formes 
Tetraon i dae

Bonasa umbel 1 us 
Laqopus 1aqopus 
Laqopus mutus 
Phas i anus colch i cus 
Canach i tes canadens i s 
Laqopus 1eucurus

Gruiformes 
Grui dae

Grus canadens i s 
R al1 i dae

Fulica americana

Pengu i n

Common loon

Wh i st1 i ng swan 
Mute swan 
Canada goose 
White-fronted goose 
Snow goose 
Ross' goose 
Mai lard 
P i nta i1
Green-winged teal 
Northern shoveler 
Scaup
Common eider

Vultures

Peregrine falcon 
Gyrfalcon 
American kestrel

Ruffed grouse 
W i 1 low ptarmigan 
Rock ptarmigan 
Ring-necked pheasant 
Spruce grouse 
White-tailed ptarmigan

Sandh i11 crane 

American coot
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Charadri iformes 
Lar i dae

Larus delawarens i s
Larus atrici1 la

Ali c i dae 
Ur i a sp.

Columb i formes

Herring g u 11 
Ring-bi1 led gul1 
Laughing gul1

Murre

Pigeons and Doves

Strigiformes 
Str i gi dae

Bubo vi rqi n ianus 
Nyctea scandiaca

Piciformes 
P i c i dae

Colaptes aurates

Passer i formes 
Corvi dae

Corvus corax 
Corvus brachyryhnchos

Fringi11idae

Serinus canar i us

Great horned owl 
Snowy owl

Yellow-shafted flicker

Common raven 
Common crow

F i nches 
Canary
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FISH

Common and Scientific Names of Species

AGNATHA
Petromyzont i formes 

Petromyzont i dae
Ichthyomyzon castaneus

CHONDRICHTHYES
Raj i formes 

Raj i dae
Baja ocel1ata 
Raja radiata

OSTEICHTHYES
Clupeiformes 

Clupidae
Clupea harengus harengus 
C 1upea harengus pal Iasi

Salmoniformes 
Salmon i dae

Oncorhynchus gorbuscha 
Oncorhynchus keta 
Oncorhynchus k i sutch 
Oncorhynchus masou 
Oncorhynchus nerka 
Oncorhynchus tshawytscha 
Prosopium cylindraceum 
Prosopi um w i 11i amson i 
Sal mo cl ark i 
Sal mo qa i rdner i 
S a 1 mo sa1ar 
Sal mo trutta 
Salveli nus font ina1 is 
Salvelinus malma 
Salvelinus namaycush 
Stenodus leucichthys 
Thymal1 us artt i cus 

Plecoglossidae
P 1ecoqlossus altivelis 

Esoc i dae
Esox 1uc i us

Cypr i n i formes 
Cypr i n i dae

Carass i us auratus 
Cypr i nus carpio 
Hyboqnathus hankinsoni 
Leuc i scus 1euc i scus 
Nocomi s b i guttatus

Chestnut lamprey

Winter skate 
Thorny skate

Atlantic herring 
Pacific herring

Pink salmon
Chum salmon
Coho salmon
Cherry salmon (masou)
Sockeye salmon
Chinook salmon
Round wh i tef i sh
(Rocky) Mountain whitefish
Cutthroat trout
Rainbow trout (steelhead)
Atlantic salmon
Brown trout
Brook trout
Dol1y varden
Lake trout
Inconnu (sheefish)
Arct i c grayli ng

Ayu

Northern pike

Goldf i sh 
(Common) carp 
Brassy minnow 
Dace
Hornyhead chub
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Notropi s cornutus 
Notropi s heterolepi s 
Phoxinus eos 
Phoxinus phoxinus 
Pimephales promelas 
Semoti1 us atromaculatus 

Catostomi dae
Carpi odes cypr i nus 
Catostomus catostomus 
Catostomus commersoni

Siluriformes 
I ctalur i dae

Ictalurus nebulosus 
S i1ur i dae

Si1urus qlanis

Percops i formes 
Percopsi dae

Percops i s omi scomaycus

Gadiformes 
Gadi dae

Gadus macrocephalus 
Gadus morhua 
Lota lota 
Pollachius vi rens 

Zoarci dae
Lycodes 1ava1ae i

Ather i n i formes
Cypr i nodont i dae

Fundulus parvipinnis 
Ather i n i dae

Ather i nops aff inis

Gasterostei formes 
Gasterosteidae

Culaea inconstans 
Gasterosteus acu1eatus 
Punqi t i us punqi t i us

Perci formes
Percichthyidae

Morone chrysops 
Centrarch i dae

Lepomi s qi bbosus 
Micropterus do1omieui 
M i cropterus sal moi des 
Pomoxi s annulari s 
Pomoxi s niqromaculatus 

Perc i dae
Perea f1avescens 
Perci na caprodes

Common shiner 
Blacknose shiner 
Northern redbelly dace 
Mi nnow
Fathead minnow 
Creek chub

Qu i11 back 
Longnose sucker 
White sucker

Brown bullhead 

Catf i sh

Trout-perch

Pacific cod 
Atlantic cod 
Burbot
Pollock (coalf i sh; saithe) 

Newfoundland eel pout

California killifish 

Topsmelt

Brook stickleback 
Threespine stickleback 
Ninespine stickleback

White bass

Pumpkinseed (sunfish) 
Smallmouth bass 
Largemouth bass 
White crappie 
Black crappie

Yellow perch 
Logperch

508



Sciaenidae
Aplodinotus qrunniens 
Ser iphus poli tus 

B1enn i i dae
Hypsoblenn i us gi1bert!

St i chae i dae
U 1var ia subb i furcata 

Gobi idae
G i11i chthys mi rabi1i s 

Cott i dae
Artedi us fenestrali s 
Cottus ba i rd i 
Cottus coqnatus 
Hemi tr i pterus amer i canus 
Myoxocepha1 us octodecemspinosus 
Myoxocepha1 us scorp i us 
Triqlops murrayi 

Cichlidae
Symphysodon spp.

Cyclopteridae
Cyc1opterus 1umpus

P1euronect i formes 
Pleuronectidae 

L i manda 1imanda 
Platichthys stel1atus 
Pleuronectes platessa

Tetraodont i formes 
Tetraondont i dae

Shpoero i des testud i neus

Freshwater drum 
Queenf i sh

Rockpool blenny

Radiated shanny

Longjaw mudsucker (goby)

Padded sculpin 
Mottled sculpin 
SIimy sculpin 
Sea raven 
Longhorn sculpin 
Shorthorn sculpin 
Moustache sculpin

Tropical discus fish

Lumpf i sh

Dab
Starry flounder 
European plaice

Checkered puffer
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APPENDIX IV

The cross reference indices for mammals, birds and fish have been 
provided as avenues of access and practical summations of the broad scope of 
information covered in this compendium. Diseases and pathogens appear in the 
left hand margin of the pages and are arranged in the format of the text. 
Each disease is listed by the name of the condition as it appears in the title 
or subtitle of the article rather than by its causative agent; e.g. Avian 
Cholera rather than Pasteurella multocida. Susceptible wildlife species are 
listed by common names in systematic groups across the top of the page. We 
regret that space limitations did not allow inclusion of scientific names with 
susceptible species; these can be found by referring to Appendix III.

The cross reference indices do not include every disease which may occur 
in Alaskan wildlife nor all wildlife species that may be affected by those 
diseases cited. It was designed to facilitate the efficient use of material 
contained within this compendium and to provide a general feeling for the 
scope of disease in Alaskan wildlife. The actual cross reference indices are 
located in a jacket on the inside of the back cover.

Cross Reference Index

in

Back Jacket
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GLOSSARY

Acidosis - a condition of decreased alkalinity in the blood and other body 
fluids. 7

Active immunity - disease resistance in an individual due to antibody produc
tion after exposure to antigen (i.e. through infection or inoculation).

Acute infection - an infection of short duration.

Adenocarcinoma - a malignant tumor originating in a glandular or ductal 
epithelium and tending to produce berry-like structures.

Adenovirus - one of a group of viruses causing upper respiratory disease; also
present in latent infections.

Agglutination test - a diagnostic test utilizing the clumping of a particulate
suspension of antigen by a reagent, usually an antibody.

Alkalosis - a condition of high blood alkalinity caused either by high intake 
of sodium bicarbonate, or by loss of hydrochloric acid or blood carbon 
dioxide.

Alveolar cyst - hydatid cyst formed by the larval stage of Echinococcus mul- 
t i1ocular i s. ~

Ampullae - flasklike dilatations of tubular structures, e.g. seminal vesicles.

Anemia - a condition marked by a significant decrease in hemoglobin concentra
tion and in the number of circulating red blood cells.

Aneurysm - localized abnormal dilation of an artery due to weakening of the 
vessel wall.

Anorexia - lack of appetite.

Antiserum - any immune serum that contains antibodies that function chiefly to 
inactivate a specific infective virus or bacterium.

Aplasia - lack of embryonic development of an organ.

Arthrogryposis - permanent fixation of a joint in a fixed position.

Ataxia - inability to coordinate voluntary muscular movements.

Attenuated - having reduced density, strength or pathogenicity.

Autolytic bacteria - bacteria that spontaneously degenerate due to their own 
enzymatic activity.

Bacteremia - presence of bacteria in the blood.

Bacteria - extremely small, relatively simple procaryotic (lacking nuclear 
membrane) microorganisms traditionally classified with the fungi as 
Sch i zomycetes.
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Baermann technique - method of examining feces for nematode larvae rather than 
eggs; feces are contained in a screen or mesh in water; larvae swim out, 
settle to the bottom of a collecting tube, are transferred to a petri 
dish, and examined with a dissecting microscope.

Bleb - a localized collection of fluid, i.e. serum or blood, in the epidermis.

Butyrous - butterlike in appearance.

Caseous - resembling cheese or curd.

Caseous necrosis - tissue death involving loss of cellular integrity with the 
consequent conversion to a cheese-like substance, typical in u er-
culosi s.

Catabolism - metabolic breakdown by which complex substances are converted by 
living cells into more simple compounds.

Catarrh - an inflammation of mucous membranes, particularly of the respiratory 
tract.

Cercaria - free-swimming larvae of trematodes which may infect secondary 
intermediate hosts or which may encyst on vegetation or other surfaces to 
become a metacercaria.

Chlamydiae - similar to bacteria (having both DNA and RNA; sensitive to an
tibiotics; one-third the size of E. coli) but differ in that they are 
obligate intracellular parasites.

Chlamydiosis - infection caused by chlamydia.

Chorion - the outermost of the embryonic membranes of the amniotes that en
closes the embryo and all other membranes.

Chronic infection - an infection of long duration.

Clinical (overt) disease - a disease stage exhibiting gross signs apparent to 
direct observation.

Coccobaci11 us - a short, thick, oval bacillus, midway between the coccus 
(spherical) and bacillus (rod-shaped) forms in appearance.

Coenurus - an encysted tapeworm larva having a bladder with many daughter 
cysts arising from its walls.

Commensal ism - an interspecific, symbiotic relationship wherein one species 
benefits while the other species is neither benefitted nor harmed.

Complement fixation test - diagnostic test to determine the presence of an
tigen or antibody in the blood by adding complement; complement binding 
is then indirectly assayed by adding an indicator system of antibody- 
coated erythrocytes.
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Congenita] - refers to conditions present at, and usually prior to birth 
regardless of causation.

Conidiophore - branch of fungal mycelium which bears asexual spores.

Conidium - asexual spore formed by splitting off of conidiophore (pi.
con i d i a).

Conjunctivitis - inflammation of the conjunctiva, the membrane which lines the 
eyeball and covers the outer surface of the eyeball.

Corticosteroid - any steroid hormone secreted by the adrenal cortex of ver
tebrates .

Cretinism - a type of dwarfism caused by hypothyroidism and associated with 
generalized body changes, including mental deficiency.

Culturing - the process of growing living cells or microorganisms in a col- 
trolled, artificial environment.

Curettage - the scraping of the wall of a cavity or other surface to remove 
growths or other material.

Cyanosis - blue body color due to insufficient aeration of blood.

Cyst - any sac, normal or abnormal, containing liquid or semisolid material.

Cysticercus - an encysted tapeworm larva having a bladder with a single in- 
vaginated scolex.

Dark-field microscopy - a microscopic technique in which the specimen is 
placed at the concentration of an illuminating light cone and is seen 
with light scattered or diffracted by it; object appears white against a 
black background.

Desquammation - shedding, peeling and casting off, as of the superficial 
epithelium, mucous membranes, renal tubules or skin.

Differential diagnosis - distinguishing between diseases of similar character 
by comparing their signs and symptoms.

Dinof1agel1ata - an order of flagellate protozoans having fixed body shape 
determined by a thick covering of plates.

Dysplasia - abnormality of development.

Dyspnea - labored breathing.

Dystrophy - defective nutrition or abnormal development/degeneration.

Ecchymotic hemorrhage - sheetlike accumulation of blood under the skin giving 
the appearance of bruises.

Ectoparasite - a parasite that lives on the external surface of the host.
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Edema (dropsy) - the presence of abnormally large amounts of fluid in the 
intercellular tissue spaces of the body.

Egg capsules - fibrous envelopes formed by the parenchyma of cestodes which 
contain fertilized eggs.

Egg pouches - fibrous envelopes formed from parenchyma that receive eggs from 
uterine dilations.

Enanthematous - pertaining to an eruption upon a mucous surface.

Encephalitis - inflammation of the brain.

Endoparasite - a parasite that lives within the body of a host organism.

Enteritis - inflammation of the intestine, especially the small intestine.

Enzootic - a disease of low morbidity constantly present in an animal com- 
mun i ty.

Epididymis - elongated, cordlike structure along the posterior border of the 
testes in the ducts of which spermatozoans are stored (pi. epididymides).

Epithelialization - the process of tissue becoming epithelial-1ike with cells 
close together and little intercellular substance.

Epizootic - an extensive outbreak of disease affecting many animals of one
kind in one region simultaneously; a widely diffuse and spreading disease
outbreak.

Epizootiology - the study of epizootics.

Epornitic - a disease of high morbidity only occasionally present in a bird
popu1 at i on.

Erythema - localized redness of the skin in areas of variable size.

Etiology - demonstration of causes of disease.

Euthanatized - painlessly put to death.

Exophthalmos - abnormal protrusion of the eyeball from its orbit.

Exudate - proteinaceous, cellular material which passes through the blood ves
sel wall and is deposited in or on the tissue; usually due to inflamma
tion.

Febrile disease - any disease associated with or characterized by a fever.

Fibroblast - a stellate connective tissue cell found in fibrous tissue that 
functions to support and bind tissues of all sorts.
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Flotation technique - method used to isolate the eggs and oocysts of en- 
doparasites from feces; emulsification of feces in liquid of high 
specific gravity, whereby eggs and oocysts float and the top film can be 
microscopically examined.

Fluorescent antibody test - serologic test in which antibodies are stained 
with a fluorescent dye and the reaction observed microscopically with an 
ultraviolet light.

Fomite - an inanimate object that may harbor disease-causing microorganisms 
and transmit them from one place to another.

Friable - easily pulverized or crumbled.

Furuncle - small cutaneous abscess usually resulting from infection of a hair 
fo1i c1e by Staphy1ococcus aureus; a boi1.

Gametocyte - an undifferentiated cell from which gametes are produced.

Gastritis - inflammation of the stomach.

Gram negative - losing the primary stain or decolorized by alcohol and subse
quently stained red in Gram's staining method; a primary characteristic 
of certain microorganisms.

Gram positive - retaining the primary stain (blue) or resisting decolorization 
by alcohol in Gram's staining method, a primary characteristic of certain 
microorgan i sms.

Granulation tissue - a tissue that forms in wounds and consists of tiny, 
round, fleshy masses of capillaries and fibroblasts; a repair stage fol
lowing inflammatory damage.

Granuloma - an accumulation of macrophages forming a small nodule or granule.

Halitosis - bad breath.

Halophilic - pertaining to an organism that requires high salt concentrations 
for growth and maintenance.

Hematocrit - the volume, after centrifugation, of red blood cells in relation 
to the total volume of the blood.

Hematopoiesis - the process by which the cellular elements of the blood are 
formed.

Hematopoietic - erythrocyte-producing.

Hematozoa - microorganisms living in the blood.

Hemodilution - increase in fluid content of blood with resulting decrease in 
the concentration of erythrocytes.
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Hemosiderin - insoluble form of stored iron that is visible microscopically 
without specific staining methods.

Hepatic - pertaining to the liver.

Hepatitis - inflammation of the liver.

Hepatization - conversion of tissue to liver-like substance.

Herpesvirus - a group of deoxyribonucleic acid (DNA)-containing animal viruses 
distinguished by a cubic capsid, enveloped virion, and having an affinity 
for the host nucleus as a site of maturation.

Histopathology - a branch of pathology that deals with microscopic tissue 
changes associated with disease.

Hydatid cyst - a cyst formed in tissues due to growth of larval Echinococcus> 
granulosus.

Hydrocephalus - abnormal accumulation of fluid in the cranium accompanied by 
an enlargement of the head.

Hyperemia - an excess of blood within an organ or tissue caused by blood ves
sel dilation or impaired drainage, especially of the skin.

Hyperplasia - abnormal increase in the number of cells.

Hyperplastic - characterized by hyperplasia.

Hyperthermia - abnormally high body temperature; fever.

Hypha - one filament of the mycelium of a fungus (pi. hyphae).

Hypoglycemia - low blood sugar.

Hypothermia - reduced body temperature; can be either induced or abnormal due 
to malfunction of central nervous sytem or endocrine system.

Icterus - jaundice; yellow coloration of the skin, mucous membranes, and 
secret i ons.

Immunodiffusion - a serological procedure in which antigen and antibody solu
tions diffuse toward each other through a gel matrix; interaction results 
in a precipitin line for each system.

Inferior brachygnathia - abnormal shortness of the under jaw.

Intranuclear inclusion body - any of the abnormal_structures appearing within 
the host cell nucleus during the course of virus multiplication.

Isolate - a microorganism strain separated from a mixed-strain population.
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Jaundice - icterus; yellow coloration of the skin, mucous membranes and secre 
tions.

Karyorrhexis - the process of a pyknotic nucleus undergoing fragmentation. 

Keratinization - development of or conversion into hornlike tissue.

Lassitude - weakness; exhaustion.

Leukopenia - reduction in number of leukocytes.

Lordosis - vertical deformation of the vertebral column.

Lymphadenitis - inflammation of the lymph nodes.

Lymphocytes - an agranular leukocyte functioning primarily in immune 
processes.

Lymphosarcoma - a malignant tumor composed of lymphoid cells.

Macrophage - a  large phagocyte (ameboid cell that engulfs foreign material) of 
the reticuloendothelial system.

Malaise - a general state of ill-being or the feeling of poor health.

Malocclusion - a deviation in the normal meeting of the chewinq surfaces of 
the teeth.

Megaloschizont - a large schizont. from a trophozoite in a host cell that 
segments into merozoites.

Meningitis - inflammation of the three membranes (meninges) which envelop the 
brain and spinal cord.

Merozoite - an ameboid trophozoite in some sporozoans produced from the 
splitting up of the schizont.

Metacercaria - encysted stage of a trematode within or on tissues of an inter
mediate host or vegetation which is infective to final host.

Metacestode - an encysted tapeworm larva.

Metastasis - transfer of disease from 1 organ to another organ not directly 
connected with it.

Monocytes - large ( 12 micrometers), agranular leukocytes with a relatively 
small, eccentric, oval or kidney-shaped nucleus; develop into tissue 
macrophages.

Morbidity - ratio of diseased to non-diseased individuals in a population.
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Mouse inoculation test - a diagnostic test using groups of mice administered 
specific substances that may indicate an infective agent.

Mycoplasma - tiny, pleomorphic (more than one form) shapes; similar to bac
teria but lacking a cell wall; requires special, enriched media for
laboratory growth.

Mycotic - fungal; caused by growth of a parasitic fungi in any part of the 
body.

Myxobacteria - the slime bacteria. Vegetative cells are flexible, slender 
motile rods that tend to swarm and aggregate to form a fruiting body.

Myxosporidea - a class of protozoans having parasitic members in some fish, 
amphibians and certain invertebrates.

Myxovirus - a group of ribonucleic acid (RNA)-containing viruses characterized 
by hemagglutination and hemadosorption; includes influenza, fowl plaque 
and paramyxoviruses.

Necritic - of or pertaining to the region of shallow water adjoining the sea 
coast and extending from low tide mark to a depth of about 200 meters.

Necropsy - to perform an autopsy; examination of a body after death.

Necrosis - death of a cell or group of cells as a result of injury, disease or 
other pathologic state.

Necrotic foci - localized areas of dead tissue.

Neonatal ataxia - failure of muscular coordination or irregularity of muscular 
action in the newborn.

Nephritis - inflammation of the kidney; diffuse, progressive degenerative or 
proliferative lesion affecting renal parenchyma, the interstitial tissue, 
and renal vascular system.

Osteoarthritis - chronic multiple degeneration of joint tissue.

Osteodystrophy - any defective bone formation.

Osteomalacia - failure of bone to ossify due to a deficiency of calcium and 
phosphorus or vitamin D.

Osteomyelitis - inflammation of the bone caused by a pyogenic organism.

Osteoporosis - deossification with absolute decrease in bone tissue resulting 
in enlargement of marrow or Haversian spaces, decreased cortex thickness, 
and trabeculae and structural weakness.

Otarid seal - the sea lions, family Otariidae, superfamily Canoidea.
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Parakeratosis - incomplete keratinization of epidermal cells characterized by 
retention of nuclei of cells attaining the level of the stratum corneum.

Paratenic host - secondary intermediate host which collects numerous parasite 
larvae m  its tissues that are infective to a final host but which do not 
further develop in the paratenic host.

Parenchyma - refers to the functioning units of an organ, as distinguished 
from organ framework or stroma.

Palpation - the act of feeling with the hand and fingers.

Paruterine organs - organs containing fertilized eggs of certain cestodes 
formed by parenchyma or uterine dilations.

Parvovirus (picodnavirus) - a group of very small, single-stranded deox
yribonucleic acid (DNA)-containing animal viruses that replicate in the 
nucleus of the infected cell; includes a hamster osteolytic virus, latent 
rat viruses, a parvovirus of swine and a canine parvovirus.

Passive immunity - antibodies administered (1) artificially through injection 
of serum or (2) naturally (i.e. maternal antibodies passed placentally or 
through colostrum) to provide short-lived immunity to disease.

Pathogenesis - origin and development of a pathological process or disease.

Pathognomonic^ - a distinctive characteristic of a specific disease that 
enables it to be distinguished from other diseases.

Peracute infection - an excessively acute infection.

Peritoneal dialysis - a process of selective diffusion through the serous mem
brane enveloping the abdominal viscera and lining the abdominal cavity.

Peritonitis - inflammation of the serous membrane enveloping the abdominal 
viscera and lining in the abdominal cavity.

Petechia - small hemorrhagic spot in the skin, membrane, etc. (pi. petechiae).

Petechial - characterized by petechia (small) hemorrhages.

Phagocyte - cell that ingests and often digests microorganisms, other cells or 
foreign mater ia1.

Phase contrast examination - microscopic technique whereby light is bent or 
refracted as it passes through different densities resulting in distinc
tion of cellular structures.

Phycomycetes - a primitive class of true fungi belonging to the Eumycetes 
lacking regularly spaced septa in the actively growing portions of the 
plant body.

Pica - the tendency to eat undigestible material, i.e. wood.
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Pinheading - condition in fish where the head is disproportionately large with 
respect to rest of the body.

Plaque - (1) a patch or abnormal flat area on any internal or external body
surface. (2) a clear area representing a colony of viruses on a plate 
culture formed by lysis of the host cell.

PIasmocyte - a plasma cell of the fluid portion of the blood in which the cor
puscles are suspended; a fairly large ovoid cell with a small, eccen
trically placed nucleus having chromatin adherent to nuclear membrane.

Pleomorphic - occurring in more than one distinct form during any one stage in 
the life cycle of an organism.

Polydactylism - presence of extra digits on feet.

Polymastigine - pertaining to invertebrates having flagella grouped in a tuft.

Polyvalent vaccine - a vaccine composed of mixtures of different organisms.

Porencephaly - a condition in which the cavity of a lateral ventricle extends 
to the surface of the cerebral hemisphere possibly from brain tissue 
destruction or maldevelopment.

Prepelagic seal pup - a seal that has never ventured to the open (pelagic) 
ocean.

Primary infection - original infection; term used to distinguish between^ a 
pioneering infectious agent (primary infection) and an opportunistic in
fectious agent (secondary infection).

Prolapse - the falling or sinking down of a part or organ.

Proteolytic - anything causing the breakdown of proteins.

Purulent - consisting of, containing, or forming pus.

Pyknosis - shrinkage of the nucleus.

Pyogenic - pus producing.

Redia - a larval stage of trematodes which develops in a snail host and gives 
rise to the next larval stage, the cercaria.

Reovirus - a group of ribonucleic acid-containing animal viruses including 
agents of encephalitis.

Rhabdovirus - a group of ribonucleic acid (RNA)-containing, bullet-shaped 
animal viruses which includes rabies virus and vesicular stomatitis.

Rickets - a disorder of calcium and phosphorus metabolism affecting bony 
structures due to vitamin D deficiency.
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c k e t t s i a e  -  very s m a ll ,  rod-coccoid-pleomorphic microorganisms;  o b l i g a t e l v  
in tr ac yt oplasmic  in human and animal c e l l s ;  found in lumen of l i c e ,  
f l e a s ,  t i c k s ,  mites and then transmitted to man and animals.

Rinderpest -  an acute,  contagious,  and often f a t a l  v i r a l  d iseas e  of c a t t l e
sheep and goats c h a r a c te r ize d  by fever and u l c e r a t i v e  l e s io n s  of the 
d i g e s t i v e  t r a c t .

Saprophytic  -  any vegetat ive  organism growing on decomposing organic  matter.

Schizogony -  asexual reproduction of c e r t a i n  sporozoa by m u lt ip l e  f i s s i o n  of a 
trophozoite.

Schizont -  a m u lt in u c 1 eate c e l l  in c e r t a i n  members of the Sporozoa that is
produced from a trophozoite within a host cell that asexually qives rise 
to merozoi tes.

Scolex -  the head of c e r t a i n  tapeworms t y p i c a l l y  having a muscular pad with 
hooks and two p a ir s  of l a t e r a l  suckers.

S c o l i o s i s  -  la t e r a l  deformation of the ver tebral  column.

Secondary in f e c t io n  -  an in f ec t io n  by an o p p o r t u n is t ic  organism predisposed by 
an e a r l i e r  (primary) in f e c t io n .

Sedimentation technique - method used to concentrate trematode and acan- 
thocephalan eggs which often sink to bottom in flotation solution; in
volves centrifugation of feces in formalin-triton-ether.

Septicemia -  p e r s is t e n ce  of b a c te r ia  or t h e i r  toxins in the blood.

Se ro lo g ic  t i t e r  -  r ec ip roc a l  of the highest d i l u t i o n  of serum r ea cti ng  in a 
v i s i b l e  way with a s p e c i f i c  antigen.

Serology -  the branch of science dea l i ng  with the prope rties and rea cti ons of 
blood sera.

Serotype -  the type of a microorganism d is t in g u is h e d  by the kinds and combina
t i o ns of con s t it u e n t  antigens present in the c e l l .

Serous f l u i d  -  watery,  albuminous f l u i d .

Serovar ( s e r o v a r i e t y ) -  s e r o lo g ic  group.

S i l v e r  s t a i n i n g  technique -  used to s t a i n  mucopolysaccharides,  d i f f u s e  
pro tein s and gly co protein s in t i s s u e ;  commonly used to s t a i n  Leptospira
D a C  L 0 r I  3 •

Spina b i f i d a  -  a congenital  anomaly c h ar a c ter ized  by d e f e c t iv e  c lo s u re  of the 
verte bral  canal with he rniati o n  of the spinal  cord meninges.
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Sporozoite - a motile, infective stage of certain sporozoans that results from 
sexual reproduction and gives rise to an asexual reproductive cycle 
the host.

Symbiosis - an interspecific relationship that may be either beneficial or 
harmful to one organism.

Systemic infection - a generalized infection affecting no particular anatomic 
area.

Tetany - a state of increased neuromuscular irritability caused by a decrease 
of serum calcium, manifested by intermittent numbness, cramps or 
twitching of extremities, bizarre behavior, unconsciousness and convul
sions.

Theront - infective form or stage of a parasite.

Thigmetactic - dense concentrations of marine m a m m a l s on certain hauling 
grounds.

Thrombus - a blood clot occurring on the wall of a blood vessel where the en
dothelium is damaged.

Tomite - progeny resulting from asexual fission of a mature ciliat.

Tonic spasm - a spasm which persists for some time without relaxation.

Torticollis - condition of persistent, involuntary contraction of neck muscles 
resulting in the head being twisted to an abnormal position.

Trophozoite - the active, motile, feeding stage of a protozoan as opposed to
the non-motile, encysted stage.

Tubercle - a small, knoblike prominence caused by tuberculosis bacteria.

Tumor - a neoplasm; a mass of new tissue which persists and grows indepen
dently of its surrounding structures and has no functional use.

Urticaria - hives; transient skin eruption characterized by itching, red or 
pale, slightly raised areas caused by contact with an external agent.

Uterine prolapse - protrusion of the uterus through the vaginal orifice.

Vector - an agent, such as an insect or animal, capable of mechanical or 
biological transfer of a pathogen from one organism to another.

Vertical transmission - disease transmission between adult and offspring.

Vesicle - a small, thin-walled, bladder-like cavity usually filled with fluid.
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