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there is intention
in a way not easily found.

He knew something
kept in his way a continent

from sliding
into the sea.

You have to know the way the ear canals
cased in bone

spring up and out from the flat skull-
all those little signs 

of the perfectly adapted water dweller and pond planner extraordinary,

nature whispers in thickets
before moonrise,

scholars not hearing.

I think something taught him in the intricate chain of genes.
You have only to look at the bone 
to feel your flesh crawl,

but mystery
brings nothing back.

I remember only the silence 
of the river where I found him.

One leaf fell
and a one-dimensional bird 

laughed from a tree.
Teleology they say

is out of fashion
but the beaver was here 

before the dam builders,
old orange tooth 

and the laugh of the one-dimensional bird 
summarizing confusion.

LOREN EISELEY 1972



ABSTRACT

The ecology of beaver (Castor canadensis Kuhl) populations along 

two streams in interior Alaska was studied in 1972 and 1973. The two 

study areas were similar in most respects, except for the history of 

human trapping intensity. The heavily trapped population exhibited the 

following contrasts to the essentially unexploited population: (1)

higher mortality among adult age classes, (2) higher survivorship of 

the prereproductives, (3) a sex ratio with a preponderance of females, 

(4) decreased age at first breeding and consequently, (5) a smaller ave

rage size at maturity. Males appear to expend lower effort for parental 

activities than do females, and consequently exhibit higher survivorship 

than their mates. Population regulating mechanisms, management impli

cations, and the evolution of an optimal life history strategy are dis

cussed. The distribution and abundance of beaver colonies were related 

to habitat types and characteristics of the physical environment by 

multiple linear regression analysis.
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INTRODUCTION

This study, the fourth beaver (Castor canadensis Kuhl) research 

project of the Alaska Cooperative Wildlife Research Unit, explores as

pects of the population ecology of beavers in interior Alaska. Hakala 

(1952) conducted a study of beaver life histories, Libby (1957) proposed 

a management plan, and Murray (1961) investigated factors governing har

vest. This study compares several parameters of a trapped and an un

trapped beaver population to explore the effects of exploitation. To 

gain a knowledge of environmental factors affecting regulation and life 

history, a study of vegetative patterns with respect to beaver population 

densities was conducted.

Natural selection theory and several concepts advanced by Wilbert 

(1970) are used to explain population regulation and aspects of the life 

history strategy of beavers. The following definitions will clarify 

important aspects of Wilbert's (1970) paper as they relate to this work. 

The set point is the mean level about which a population is regulated. 

Environmental characteristics of the area as well as the complex of 

regulators, establish the set point. The regulators are density- 

responsive factors that either raise or lower the population level to the 

set point. Regulators must respond through moderation of (1) fecundity, 

(2) mortality, (3) emigration or (4) immigration. Effects of density- 

independent factors such as hunting and weather are termed perturbances.

1
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Perturbances change the population level, and regulators respond to re

gain the set point. The reader is referred to the original paper for 

deliberation of these points.

Beavers maintain relatively stable population levels in interior 

Alaska. In light of the magnitude of documented density independent 

effects in at least some northern environments (Sverre 1972) regulators 

must be acting strongly. A major objective of this thesis is to identify 

the major population regulators and propose aspects of their evolution. 

Nomenclature for herbacious plants is from Hulten (1968), woody plants 

from Viereck and Little (1972) and mammals from Jones, Carter and Geno- 

ways (1973).



STUDY AREAS

Study areas were established along the Chena River and Birch Creek 

in interior Alaska. Criteria for selection were the similarity of habi

tat, similar beaver densities, proximity to Fairbanks, and differences in 

trapping history. Figure 1 shows the geographic location of the two 

streams. The Chena River study area is located above Fairbanks upstream 

from the confluence with the Little Chena River 85 stream km to Hodgin’s 

Slough (see Figure 3). Birch Creek intersects the Steese Highway 253 

road km from Fairbanks. The study area extends from the confluence with 

Deep Creek downstream 85 km to a bluff where Birch Creek enters the 

Yukon Flats (see Figure 2). Both study areas extend 0.5 km on either 

side of the main channel of the stream.

Normally about 200 beavers are trapped annually on the Chena River 

and 30 to 40 on Birch Creek. However, the Birch Creek harvest is largely 

from the vicinity of Birch Creek village which is over 200 km downstream 

from the study area. Harvest from the Birch Creek study area is not 

known to have exceeded 10 annually for the past seven years. The Alaska 

Department of Fish and Game beaver sealing program provides minimum har

vest information, however, as trappers often retain small beaver pelts 

for personal use, the sealing records are usually an underestimate of 

the actual harvest.

3
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Figure 1. Geographic locations of the Birch Creek and 

Chena River study areas.
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Figure 2. Locations of beaver lodges along Birch Creek. The left 

map is from Circle Quadrangle C-l and the right map from 

Circle D-l. An o indicates the location of a colony that 

was active in 1972 only. An x indicates a colony site 

which was occupied only in 1973. A colony represented 

with a ▲ was active in both 1972 and 1973. The study 

area extends from the confluence of Birch Creek with 

Deep Creek (Circle Quadrangle C-l, R17E, T8N, Section 

19) downstream 85 km to a bluff (Circle Quadrangle D-l, 

R17E, T12N, Section 31) where Birch Creek enters the 

Yukon Flats.
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Figure 3. Locations of beaver lodges along the Chena River. The 

upper map is from Fairbanks Quadrangle D-l, and the 

lower from Big Delta Quadrangle D-6. An o indicates 

the location of a colony that was active in 1972 only. 

An x indicates a colony site which was occupied in 

1973 only. A colony represented with a a  was active 

in both 1972 and 1973. The study area extends from 

the confluence of the Chena River with the Little Chena 

River (Fairbanks Quadrangle D-l, R2E, T1S, Section 6) 

upstream 85 stream km to Hodgin’s Slough (Big Delta 

Quadrangle D-6, R5E, TIN, Section 26).
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Physiography

Both streams begin about 100 km northeast of Fairbanks in the Yukon- 

Tanana Upland (see Williams 1958). Elevations, stream gradients, and 

flow volume are very similar. Width of either stream seldom exceeds 100 

meters. Soils on both study areas are largely Salchaket series fine and 

very fine sandy loam (Hinton and True 1965; Rieger 1963). Underlying 

strata are unglaciated alluvium. Fluctuations in flow are stimulated by 

melt and rainfall conditions in the Yukon-Tanana Upland, and are commonly 

synchronous on the two streams.

The upstream one third of each study area has a somewhat steeper 

gradient and a sinuosity (streambed distance/straight line distance) 

near two. Gradient gradually decreases and sinuosity approaches three 

on the lower third of both areas. The lower stretches of both streams 

have a more stable course as reflected by much less extensive gravel 

bars and willow stands than is true in their upper regions. Oxbows occur 

commonly along both streams and vary greatly in size and depth. Frey, 

Mueller and Berry (1970) present a detailed description of the Chena 

River including several photographs and an analysis of the stream biota. 

Figures 4 and 5 present photographs of the Chena River.

Climate

Air temperatures tend to average somewhat lower on Birch Creek than 

on the Chena River. Summary of precipitation and temperature conditions 

is given for the Central No. 2 weather station to represent the Birch 

Creek study area and for the Fairbanks International Airport to repre

sent the Chena River study area (Figures 6 and 7).
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Figure 4. Photograph taken in the summer on the upper reaches

of the Chena River study area, illustrating extensive 

gravel bars. Courtesy of E. Mueller, Alaska Water 

Laboratory.

Figure 5. Aerial photograph taken in winter of a lower section

of the Chena River study area. Courtesy of E. Mueller, 

Alaska Water Laboratory.
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Figure 6 Climographs of Birch Creek. Weather data as 

recorded at the Central No. 2 weather station.
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Figure 7. Climograph of the Chena River. Weather data as 

recorded at the Fairbanks International Airport.
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Vegetation

Both areas lie in boreal forest with white spruce (Picea glauca), 

paper birch (Betula papyrifera), feltleaf willow (Salix alaxensis), 

alder (Alnus tenuifolia and A. crispa) and balsam poplar (Populus 

balsamifera) comprising the dominant plant species. Appendix D contains 

a list of common vascular plants found on the study areas. One stand 

of aspen (Populus tremuloides) is found on each study area, but each 

stand is less than one hectare. Black spruce (Picea mariana)-dwarf 

birch (Betula nana) bogs are common along both drainages, being more 

extensive along Birch Creek. No common plants were found unique to 

either study area.

Human development is diminutive on the Birch Creek study area. Six 

cabins exist within the study area and small-scale logging of white 

spruce terminated about 1965 (Wilbur Jewell and Carl Cochrane, pers. 

comm.). Road access from Fairbanks is limited to the period from mid- 

April to early October, hence trapping is usually by three residents of 

the Circle-Central-Circle Hot Springs area, and two trappers living on 

Birch Creek, Recreational use of Birch Creek by canoe and riverboat is 

light to moderate during moose hunting season (perhaps 50 parties within 

a two-month period).

The Chena River study area has received considerably more logging 

activity and development. Easy road access and close proximity to Fair

banks provides much recreational use by canoeists, hunters, campers, 

fishermen and about 25 recreational trappers. At least 17 cabins exist 

on the Chena River study area.



METHODS

This study entails two major aspects, (1) the analysis of beaver 

densities as affected by vegetation and physical stream characteristics, 

and (2) the analysis of some population characteristics of two beaver 

populations under different harvest levels.

Habitat Effects on Density 

Multiple linear regression analysis was used to examine relation

ships between the density of beaver lodges along Birch Creek and various 

characteristics of the environment, e.g., habitat composition, stream 

sinuosity, extent of gravel bars, etc. Physical characteristics were 

correlated to lodge density along the Chena River.

Aerial photographs of the Chena River were taken on Kodak 100 

infrared black and white film using a Hasselblad 70 mm camera with elec

tronic film advance and a blue light filter. Birch Creek photos were 

taken on 2445 Kodak Aeroneg film with a haze filter. Photos of both 

areas were taken at 5,000 feet above terrain through the belly port of 

a Dehavelin Beaver aircraft in early August 1973.

Transparencies of the photographs were projected to approximately 

1:2500 and the stream and habitat types were traced onto paper. Boun

daries were established around each colony equal to the maximum distance 

from any lodge that I observed beavers procuring winter food cache

18
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materials. Within these designated boundaries, the areas of (1) each 

habitat type, (2) gravel bars and (3) water were measured with a polar 

planimeter.

To characterize each habitat type, quadrats were established sys

tematically along both sides of each stream at 1.6 km intervals. The 

6 m wide quadrats were oriented at right angles to the stream bed ex

tending 60 m from the first vegetation encountered on the bank. All 

woody plants larger than 5 cm in diameter (0.5 m from ground level) 

were recorded according to species in size classes of 5 to 10 cm, 10 to 

15 cm, and 20 plus cm. Two subsample quadrats of 2 by 6 m were randomly 

chosen, one in the 30 m adjacent to the stream and one in the 30 m fur

thest from the stream. All woody vegetation was recorded within these 

subsample plots, including the additional size categories of 2 cm to 

5 cm, and less than 2 cm. The species composition and approximate den

sity of the dominant herbaceous vegetation within the entire 6 by 60 m 

quadrat was recorded.

The biomass of available winter food cache plants was extrapolated 

for each habitat type, utilizing biomass values reported in the litera

ture (Aldous 1938; Telfer 1969). The available food plant biomass 

could then be estimated for each colony site. Linear regression analysis 

was used to assess the effect of available food on beaver lodge density. 

The BMD02R program (Dixon 1970) in an IBM 360/40 computer was used in 

linear regression analysis.

Population Analysis

All lodges on both study areas were marked with a small sign re-
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questing beaver trappers to contact the Department of Fish and Game 

before trapping. Also, names of persons trapping in previous seasons 

were obtained from Alaska Department of Fish and Game beaver sealing 

reports. All beaver trappers on the Chena River and upper Birch Creek 

were contacted and offered $3.00 for each carcass. Throughout the 

trapping season (1 February-15 April 1973), most trappers were visited 

weekly to collect carcasses. The trapper reported the specific location 

and date of collection, and I recorded the weight, sex, number of pla

cental scars, number of embryos, physical condition, and a fat index for 

each individual and the skulls, adrenals, and pelves were saved. Upon 

request, meat was returned after the necessary information was collected.

When possible, careful note was made of each trapper’s technique 

and possible bias in collection. Trappers were encouraged to completely 

trap out lodges. When lodges were considered to be trapped out, willow, 

birch, or poplar branches were frozen under the ice and checked period

ically for signs of feeding (as by Nordstrom 1972). Trapping out lodges 

was an attempt to overcome possible selectivity of the trapper for larger 

beavers. Kits leave the lodge less frequently than adults and do not 

venture far from the lodge (Novakowski 1965, 1967). The trapper will 

normally selectively take larger individuals by trapping further than 

25 feet from the lodge and only removing one of two individuals from a 

colony.

Although most beavers were trapped under the ice in the spring of 

1973, a few were shot during breakup. The Alaska Department of Fish and 

Game granted a collecting permit to one trapper from each stream to 

assist me with the collecting. Seven additional animals were live-snared,
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of which five were released. Handling techniques are discussed in 

Appendix A.

Only two trappers contributed to my Birch Creek collection and only 

38 beavers were taken in the spring of 1973. As beavers normally have 

high survivorship through summer months (Novakowski 1965; Aleksiuk 

1968a), it was assumed that population characteristics of age, sex, and 

fertility in September were essentially identical to the spring collec

tion. A need for a larger sample size mandated collection of 22 more 

individuals from Birch Creek in September 1973 when beavers were assem

bled into colony groups for winter cache construction. Again, an effort 

was made to entirely shoot-out as many lodges as possible. The fall 

collection was made 32 km from the nearest spring collection site to 

minimize the probability of any effect of the spring harvest on fall 

colony composition or population structure.

A very important priority in the sampling procedure was the collec

tion of animals at active colony sites, either when movements were 

physically restricted by ice or when activity was highly concentrated 

at colony sites during the autumn food cache construction period.

Hawley (pers. comm.) related that summer collections may possess a sex 

specific bias due to differences in the probabilities of capture in a 

locality.

Age determination

Age of beavers was determined by eruption, basal closure, and ce- 

mentum deposition of molars as described by Novakowski (1965) and Van 

Nostrand and Stephenson (1964). Upper molars were easiest to remove,
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and annuli in the cementum were usually clearest in M 1. Matson Audio

visual and Microscopic (Box 308, Milltown, Montana) thin sectioned and 

stained the teeth of individuals too old for age determination by basal 

closure of the molars. As noted by other authors (Novakowski 1965; 

Larson and Van Nostrand 1968), body size or the skull morphology dif

ferences proposed by Buckley and Libby (1955) were not good predictors 

of age.

Sex identification

External sex identification of live beavers is difficult as sexual 

organs are internal and the genitals open into a common cloaca. The sex 

of live beavers was determined by probing for the baculum of males 

(Young 1936; Osborn 1955), by analysis of blood polymorphonuclear 

leucocytes (Larson and Knapp 1971), or the presence of enlarged teats 

in nursing or shortly post-nursing females.

A technique was devised for sexing pelves with 88% predictability 

(see Appendix E). Pubis width-ischium width ratios are greater than 

0.65 in most males and less in females.

Adrenal analysis

Adrenal glands were preserved in 10% formalin. After preservation 

in formalin, differential shrinkage of the medulla facilitated easy 

separation from the cortex. The adrenals were air dried at room tem

perature until an additional three hours in a desiccator oven at 60° C 

did not reduce weight more than one percent of original. Due to low 

winter humidity (15-20%) this took less than 72 hours. Cortex and 

medulla dry weights were obtained for each gland on a Mettler H51
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balance to the nearest 10“5 gram.

Reproduction

In interior Alaska, breeding occurs in February and parturition 

occurs in early June (Hakala 1952). Placental scars are very prominent 

in summer and fall (Hodgdon 1949), but by February are usually too faded 

to be counted accurately without special clearing techniques. As em

bryos are commonly reabsorbed before parturition, corpora lutea counts 

give an overestimate of productivity (Provost 1958). Hence, mid- to 

late-term embryo and placental scar counts provide the best index to 

productivity. Only females collected from mid-March through October 

were used for productivity analysis.

Growth

Beaver carcass weights were recorded, but the value of this data 

is questionable. A number of trappers removed feet and/or tail, and a 

variable quantity of subcutaneous flesh and fat was removed during 

pelting. Other factors may affect the value of the weight measurements 

such as the length of time that the beaver is alive in a trap, quantity 

of food in the stomach, etc.

An attempt was made to identify a ratio of skeletal measurements 

that would index possible growth differences as in Klein's (1964) 

analysis of femur-hind foot ratios in deer (Qdocoileus hemionus). A 

ratio of skull length to pelvis length failed to depict age specific 

growth trends, but skull length alone was used as an indicator of growth 

patterns. Skeletal measurements are illustrated in Figure 8.
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Figure 8. Skeletal measurements used in this study. The upper 

drawing is a dorsal view of the skull, the lower is 

an innominate bone. S. L. = skull length; Z. B. = 

zygomatic breadth; P. G. = pelvis length; A. C. = 

length of the acetabulum; A = maximum width of the 

pubis at the specified point; B = narrowest width of 

the ischium. (Approximately actual size.)
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Predation

Potential predators on adult and young beavers on both study areas 

include the wolf (Canis lupus) (Murie 1944; Jordan, Botkin and Wolfe 

1971; Pimlott, Shannon and Kolenosky 1969), dogs (Canis familiaris), 

black bear (Ursus americanus) (Hakala 1952), grizzly bear (Ursus arctos), 

coyote (Canis latrans) (Packard 1940; Murie 1947), lynx (Lynx canaden^rs), 

and wolverine (Gulo luscus) (Rausch and Pearson 1972). Additional po

tential predators of kits include otters (Lontra canadensis) (Rukovskii 

and Fomicheva 1960), red fox (Vulpes vulpes), bald eagle (Haliaeetus 

leucocephalus), great horned owls (Bubo virginianus), mink (Mustela 

vison) (Swank 1949), northern pike (Esox lucius) (Panfil 1960), and 

osprey (Pandion haliaetus). Observations and sign of these predators 

were recorded and scats collected and analyzed for beaver remains.

Pimlott (1960) described a method for locating and censusing wolves 

by eliciting response by playing a recorded wolf howl, or imitating a 

wolf howl vocally. G. B. Kolenosky of the Ontario Department of Lands 

and Forests provided a recording. However, as I found it inconvenient 

to transport recording equipment in the field, eventually I used only 

vocal howls.

Population and density estimates

Autumn cache surveys made from aircraft and canoe were used to 

census beaver populations by Alaska Department of Fish and Game per

sonnel in 1967 and 1968 on Birch Creek and 1966, 1967, and 1968 on the 

Chena River. Burris (1970) pointed out that counts depend largely on 

the familiarity of the observer with the stream and the technique, and
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indeed Burris’s counts increased in successive years on both streams. 

Burris and I conducted aerial counts in September 1972, and locations 

of all colonies were confirmed by canoe and on foot. Colony sites were 

also recorded in September 1973 and shifts noted. Distance between 

colonies was derived from the aerial photographs used in vegetation 

analysis.

Computer simulation

Population simulation under varying levels of natality, mortality 

and with various harvest strategies was used to model population trends. 

Most modeling used a modification of the Leslie Matrix (Leslie 1945) 

using BASIC language in a Nova 800 computer. Further modeling used F.

C. Dean’s (1972) POPSID program in an IBM 360/40 digital computer.



RESULTS

Plant Associations

Documentation of the effects of environmental parameters on beaver 

lodge density primarily entailed analysis of aerial photographs and vege

tation quadrats. The vegetation quadrats allowed quantitative character

ization of eleven major plant associations (see Appendix B). Viereck 

(1973a) provides additional characterization of several of these habitat 

types. Other distinct associations were present but represented only 

small areas and were subjectively grouped with one of the following 

(e.g., aspen was grouped with poplar).

Willow. Stands of willows are very common along most streams in in

terior Alaska. On the study areas, stands occurred most frequently on 

the inside of bends in the river on alluvium. Salix is usually the 

earliest serai stage on gravel and sand bars, and grows rapidly. £. 

alaxensis is the most common species with S_, arbusculoides, J3. planifolia, 

and Populus balsamifera commonly associated. Herbaceous vegetation is 

usually quite sparse with Equisetum spp., Calamagrostis canadensis, 

Agropyron spp., Aster sibiricus, Poa spp. and Epilobium angustifolium 

most common.

Gravel-Willow. This habitat type overlaps somewhat with the willow

28
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habitat type, but is generally more sparsely vegetated and located only 

on alluvial bars. The species of Salix found in the willow habitat type, 

as well as S. interior, are also found in this association. This habitat 

type is most common on the upper third of each study area. Herbaceous 

plants are usually grasses and other colonizers such as Aster sibiricus 

and Artemisia Tilesii.

Spruce Bog. This habitat type is characterized by black spruce 

(Picea mariana), Labrador tea (Ledum decumbens and L . groenlandicum) 

and a variety of tussock grasses and sedges. Occurring on poorly drained 

sites, this habitat type produces sparse quantities of beaver food mat

erial. Trees are sparse and small. A heavy Sphagnum moss layer insu

lates an underlying permafrost layer.

Alder-Birch Bog. This habitat type is very similar to the spruce 

bog association, with higher quantities of Alnus spp. and/or Betula 

papyrifera present.

Mature Stand. Termed by some ecologists as the "climax" stage in 

interior Alaska, this forest type is characterized by large Picea glauca 

and Betula papyrifera. Stands containing moderate proportions of Populus 

balsamifera are also common. Rosa acicularis, Viburnum edule, Equisetum 

spp., and Sphagnum mosses are predominant in the understory.

Alder. This habitat type is composed predominantly of Alnus tenui- 

folia and A. crispa, with frequent Betula papyrifera and a few Salix.

This habitat is common where white spruce (Picea glauca) has been logged. 

Herbaceous genera include Viburnum, Rosa, Poa, Calamagrostis, Galium, 

and Aconitum.
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Alder-Willow. Alder (Alnus tenuifolia) are usually quite dense in 

this habitat, with moderate interspersion of Salix bebbiana, S. alaxensis, 

S. hastata, and S. glauca. Salix spp. in this association are frequently 

quite large -- up to 22 cm basal diameter. Herbaceous plants are fre

quently grasses and Equisetum spp.

Birch. A predominance of Betula papyrifera with lower amounts of 

Picea glauca, Populus balsamifera, Salix spp. and Alnus characterized 

this habitat type. The understory usually has a high frequency and 

moderate density of Rosa acicularis and Viburnum edule. Equisetum spp., 

Galium boreale, Calamagrostis canadensis, and Epilobium angustifolium 

are common understory plants in this association.

Birch-Poplar. This is similar to the birch habitat type, but with 

approximately equal densities of birch (Betula papyrifera) and poplar 

(Populus balsamifera). This habitat type is commonly an early serai 

stage found on sorted alluvium. Herbaceous cover is moderate with Equi- 

setum spp., grasses, Viburnum edule, and Epilobium angustifolium common.

Poplar. This habitat type is common both on well drained sites 

adjacent to the stream and on stabilized alluvial bars. The only quali

fication is a predominance of Populus balsamifera. Betula papyrifera, 

Picea glauca, and Salix spp. are commonly associated with poplar. The 

herbaceous plant composition resembles that of birch, birch-poplar, or 

mature stands.

Herbaceous. The main characteristic of this habitat type is the 

absence of trees. Plant cover is usually dense and usually herbaceous.
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Within this category fall diverse combinations of sedge (Carex spp.) 

meadows, colonizing Salix spp. (Salix plants less than 2 cm in diameter), 

and grass covered areas, but generally plants of little or no value as 

food cache construction material for beavers.

The maximum distance from the cache that I observed beavers to cut 

food material was approximately 800 meters upstream, 300 meters down

stream, and 600 meters on sloughs or lakes. These distances correspond 

to the larger beaver territory sizes in Pennsylvania observed by Brenner 

(1964). The maximum distance from the water’s edge that beavers were 

observed to cut food cac he material was 60 meters. The area within the 

boundaries just defined will hereafter be referred to as AREA. AREA is 

assumed approximately equal to the area available for food cache material 

acquisition to beavers utilizing a particular lodge.

Effects of Physical Characteristics of the Stream

Physical properties inherent to the stream that were easily measured 

from aerial photos were (1) AREA, (2) the area and proportion of AREA 

which is gravel or sand with no vegetation, and (3) the area and propor

tion of AREA inundated by water. The results of multiple regression 

analysis of the mean distance to the nearest upstream and downstream 

neighbors (= mean neighbor) and the distance to the nearest neighbor on 

the various physical characteristics are reported in Appendix C-l. Sig

nificant correlations between the physical characteristics are listed 

in Appendix C-2.

The statistical significance of the physical characteristics in 

accounting for the variability in neighbor distances varied from year
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to year and with the study area. For example, in 1972 on the Chena 

River (see Appendix C-l) a regression of mean neighbor distance on total 

available area (AREA) yielded a negative slope (P<0.1) that accounts for 

11.64% of the variability in the distance to the mean neighbor. In other 

words, as the area available for food acquisition within established 

water surface distances from the lodge increases, the distance between 

lodges decreases. In all cases with statistical significance, (1) a 

negative correlation exists between mean or nearest neighbor distances 

and gravel areas or proportions, and (2) mean or nearest neighbor dis

tances and water areas or proportions are positively correlated.

In several instances the regression of a neighbor distance and a par

ticular physical property did not produce a significant correlation, how

ever, when the variability associated with certain vegetative measurements 

or other physical properties was accounted for, statistical significance 

was evident. For example, in 1972 on Birch Creek, no significant rela

tionship between mean neighbor distance and AREA was evident until the 

variability associated with vegetation type (see the next section) was 

accounted for, when the correlation became significant (P<0.05). Hence, 

once certain vegetative types are known to exist, AREA has a significant 

role in predicting neighbor colony distances.

Correlation coefficients in Appendix C-2 and C-4 were derived from 

the correlation matrix of the BMD02R stepwise linear regression program 

(Dixon 1970). For illustration, in 1972, water and gravel areas were 

significantly positively correlated (P<0.05). In all statistically sig

nificant cases, a positive correlation exists between AREA and gravel 

proportions.
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Effects of Vegetation

The multiple regression analysis used for physical characteristics 

was also used for vegetation types on Birch Creek. The relationships 

are listed in the same manner as for physical characteristics. Signifi

cant correlations to nearest and mean neighbor distances are depicted in 

Appendix C-3. Significant correlations among vegetation types and be

tween vegetation types and physical characteristics are listed in Appen

dix C-4.

The habitat types found to be positively correlated to mean neigh

bor distances were: spruce bog, mature stands, gravel-willow, herbaceous,

and alder-birch bogs. Poplar, willow, and alder-willow were found to be 

negatively correlated to neighbor distances. Alder, birch, and birch- 

poplar were negatively correlated to neighbor distances in 1972, but posi

tively correlated in 1973. Many of the habitat areas and proportions were 

not related to density by themselves, but as the variability attributable 

to the most highly correlated variables was removed, many of these habi

tat types were found significantly correlated to neighbor distances.

With knowledge of the proportions of alder-birch bog, spruce bog, 

alder, water, and willow, 76.54% of the variability in nearest neighbor 

distance in 1972 on Birch Creek was accounted for. In 1973, the max

imum coefficient of determination (R2) occurred with a regression of 

mean neighbor distance on the available area of willow, spruce bog, 

mature stands, alder-willow, birch and gravel-willow (R2 = 0.7216,

P<0.025).

The biomass of winter food cache materials available to the beavers 

in a particular lodge (bt) is estimated by:
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11 4 n
bp = ^ £ £ Bi,j,k Ni,j,k Ak

k=l j = 1 i=l

where,

j k “ mean beaver food biomass available in a plant of the

jth species, in ith stem diameter class, in kth habitat 

type;

N i j ?k = the number of stems per unit area of species j, size class 

i, and habitat k;

Ak = the area of each of the kth habitat type within AREA.

Only Salix spp., Alnus spp., Betula papyrifera, and Populus balsamifera 

over 5 cm diameter were considered important as food cache materials.

The available biomass for each stem diameter of each plant species was 

extrapolated from curves presented by Aldous (1938) and Telfer (1968).

The number of stems per unit area was taken directly from the quantified 

habitat characterization in Appendix B.

A linear regression of the estimated available food biomass in each 

colony’s AREA (bt) on each of the neighbor distances produced significant 

negative slopes in 1972 (P<0.1, b = -0.336 for mean neighbor; P<0.1, 

b = -8.45 for nearest neighbor). No significant relationships existed 

in 1973 (P>0.75 for mean neighbor; P>0.25 for nearest neighbor).

Considerable work is needed to correctly assess the effect of 

available food on the distribution and abundance of beavers. Non-woody 

biomass stem diameter curves using data from Alaskan plants would pro

vide more valuable estimates than extrapolations based on Aldous’ (1938)
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and Telfer's (1969) work. As much variability was present in the number 

of plant stems in many of the habitat types, larger samples would be 

valuable. An additional component which was not explored was the dif

ferential digestibility, preferability and nutrient content of the various 

beaver food plant species.

Population Analysis

A total of 245 beavers was collected from the Chena River and 60 

from Birch Creek. Excellent cooperation from trappers allowed my col

lection to include all beavers legally taken from Birch Creek study 

area and nearly all from the Chena River study area, with the excep

tion of seven animals taken from colonies 35, 36, and 37. Eight 

colonies on the Chena River study area that appeared to be trapped out 

(4, 8, 74, 75, 76, 77, 85, 86) were tested by placing fresh food material 

under the ice and observing after two weeks. In no instance was the food 

material disturbed, providing further evidence that the lodges were 

trapped out.

Observation of trapping techniques allowed me to separate the Chena 

River sample into two sub-samples where (1) the trapper was o b v i o u s l y  

making an effort to trap out lodges, and where (2) there was an apparent 

attempt to harvest only large beavers. A comparison of the two sub-samples 

revealed no age groups to be significantly different (where 0.1<P<0.2 

for age class one, all others P>0.2).

Although trappers might select for larger beavers, no apparent 

selection occurs among the age classes older than age one. A non

significant trend (0.1<P<0.2) indicates that trappers attempting to
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harvest only large beavers take fewer kits (age class one), however, even 

when colonies were intensively trapped, not all of the kits were col

lected. Novakowski (1965) and Hawley (pers. comm.) have noted this 

problem and suggested that the low activity levels of young beavers 

highly reduce their probability of being trapped. Due to a high depen

dence upon the parents (Novakowski 1965, 1967) the kit's chances for 

survival are minimal if the adults perish. It is not known if the kits 

perish in the lodge, or wander from the lodge to die when the parents 

are killed.

Age Structure

The age distributions of the Birch Creek and Chena River samples

are portrayed in Figures 9 and 10. All age classes are defined to be

the age of an individual in years on 1 June 1973. Relative cumulative 

frequencies (R.C.F.) (Dapson 1971) of the two populations are presented 

in Figure 11. A least squares fit of the natural log of R.C.F. was 

used to derive a "smoothed" age structure. The two regressions were 

found to be highly significantly different (P<0.01). Figures 12 and 13 

illustrate plots of survivorship derived from the regression of In R.C.F. 

on age, with actual data points plotted for comparison. It is important

to note that survivorship for age three in the Chena River sample is

significantly higher (P<0.1) than the predicted value and that the sur

vivorship for age class three from Birch Creek is significantly lower 

(P<0.05) than predicted.

Assuming a stationary age distribution, life tables were derived 

(Tables 1 and 2) using observed values and, where necessary, those
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Figure 9. Age frequency distribution of the Birch Creek 

beaver population sample (N=60).
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Figure 10. Age frequency distribution of the Chena River 

beaver population sample (N=245).
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Figure 11 . Plot of the relative cumulative frequencies (R.C.F.) 

of each age class for the Birch Creek and Chena 

River population samples.
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Figure 12. Survivorship curve of the Birch Creek beaver

population. The line was derived from a least 

squares regression of In R.C.F. on In age 

class. Circles represent data points as 

presented in the life table in Table 1.
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Figure 13. Survivorship curve of the Chena River beaver popu

lation. The line was derived from a least squares 

regression of In R.C.F. on In age class. Dots 

represent data points as presented in the life 

table in Table 2.
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Birch Creek beaver population life table.

£x dx qx Lx Tx ex

1.000 ,221 .227 886.5 2948 2.95

.773 .486 .6287 530 2061.5 2.67

.287 .046 .1605 264 1531.5 5.34

.241 .036 .1494 223 1267.5 5.26

.205 .012 .0585 199 1044.5 5.1

.193 .033 .171 176.5 845.5 4.38

.160 .020 .125 150 669 4.18

.140 .020 .1429 130 519 3.71

.120 .024 .2 108 389 3.24

.096 .017 .1771 87.5 281 2.95

.079 .020 .2532 69 193.5 2.45

.059 .011 .1864 53.5 124.5 2.11

.048 .016 .3333 40 71 1.48

.032 .017 .5313 23.5 31 .97

.015 .015 1 7.5 7.5 .5
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Chena River beaver population life table.

Ax dx qx Lx Tx ex

1.000 .313 .313 843.5 2863 2.86

.687 .107 .1557 633.5 2019.5 2.94

.580 .256 .4414 452 1386 2.39

.324 .074 .2284 287 934 2.88

.250 .095 .38 202.5 647 2.59

.155 .040 .2581 135 444.5 2.87

.115 .030 .2609 100 309.5 2.69

.085 .012 .1412 79 209.5 2.46

.073 .026 .3562 60 130.5 1.79

.047 .022 .4681 36 70.5 1.5

.025 .013 .52 18.5 34.5 1.38

.012 .006 .5 9 16 1.33

.006 .003 .5 4.5 7 1.17

.003 .002 .6667 2 2.5 .83

.001 .001 1 .5 .5 .5
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predicted from the R.C.F. regression fit. Mortality rates from these 

life tables are plotted in Figure 14.

Sex Distribution

The age-sex frequency distributions of the Chena River and Birch 

Creek population samples are presented in Figure 15. In the Chena River 

sample, the sex structure of the young (ages 1-3) shows a slight, but 

statistically insignificant, preponderance of males. Between age class 

3 and age class 4, the sex ratio shifts to favor females. There is a 

significant preponderance of females in age classes 4 through 10. How

ever, it is apparent that females are suffering lower survivorship than 

are males through the adult age classes (ages 4+), to the extent that 

age classes 11 through 15 exhibit a sex ratio favoring males.

The age-sex frequency distribution from the Birch Creek sample 

suffers from a small sample size of sexed individuals (N=45). It is 

important to note, however, that there are significantly (P<0.1) more 

males than females in age classes 11 through 15. The sex ratio of the 

young reproductives (ages 4-10) favors females (P<0.25). The sex ratio 

of adults (ages 4-15) does not significantly differ from equality 

(P>0.5), nor does the sex ratio of the prereproductives (ages 1-3)

(P>0.8).

The notable aspects of the age-specific sex distributions of my 

samples are: (1) sex ratios are equal or with a slight preponderance

of males in the prereproductives, (2) a preponderance of females exists 

in the young reproductives (ages 4-10), and (3) there are more males 

than females in the old reproductives (ages 11-15). However, due to
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Figure 14. Mortality rate (qx) curves for the Birch Creek and 

Chena River beaver populations based on the life 

tables presented in Tables 1 and 2.
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Figure 15. Age-sex frequency distributions of the Birch Creek 

(N=45) and the Chena River (N=240) beaver popula

tion samples.
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lower overall survivorship, the last relationship was not statistically 

significant in the Chena River sample. It is also apparent that survi

vorship from age four to senility is lower for females than for males.

Adrenal Analysis

Adrenal dry weight means, ranges, and standard deviations for each 

age class from the Birch Creek and Chena River samples are given in 

Figures 16 and 17, respectively. Table 3 reports the differences in 

cortex, medulla, and total weights for the Birch Creek and Chena River 

population samples. Generally, adrenal weights are greater on Birch 

Creek. However, the bulk of the limited sample of adrenals from Birch 

Creek came from animals killed during September. Although the sample 

size is not large enough to show statistically significant differences 

in means between spring and fall samples from Birch Creek, seasonality 

must be considered when interpreting the results.

The mean of total adrenal weight for individuals that were noted 

during carcass examination to be in an emaciated condition was highly 

significantly (P<0.01) larger than the mean weight of more healthy indi

viduals. No significant differences in adrenal weights were discovered 

between the sexes of any age class.

Population and Density Estimates

Table 4 gives mean neighbor distances and numbers of beaver lodges 

on each study area for 1972 and 1973. Population estimates were based 

on an average of five beavers per active lodge as used by Koontz (1968). 

The reliability of an average of five beavers per lodge has not been 

sufficiently documented. From 19 trapped-out colonies I found a mean
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Figure 16. Adrenal dry weight means, standard deviation, and 

range for each age class in the Birch Creek popu

lation sample. See Table 3 for sample sizes.
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Figure 17. Adrenal dry weight means, standard deviation, and 

range for each age class in the Chena River popu

lation sample. See Table 3 for sample sizes.
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Table 3. Analysis of adrenal gland weights.

Birch Creek Chena River Significance
Age
class Mean N Mean N

level of 
differenc

Total Weights (gm)

1 0.1031 12 0,0550 75 0.001
2 0.1198 10 0.0946 99 0.01
3 0.1780 4 0.1230 92 0.01
4 0.1630 6 0.1320 39 0.1

6-10 0.1840 12 0.1680 58 0.4
11-15 0.1880 11 0.1550 11 0.25

Cortex Weights (gm)

1 0.0917 11 0.0508 57 0.001
2 0.1078 10 0.0876 92 0.02
3 0.1563 4 0.1147 82 0.02
4 0.1470 6 0.1210 38 0.1

6-10 0.1640 12 0.1580 52 0.9
11-15 0.1690 11 0.1403 11 0.25

Medulla Weights (gm)

1 0.0073 12 0.0040 56 0.001
2 0.0120 10 0.0076 92 0.001
3 0.0214 4 0.0112 83 0.001
4 0.0147 7 0.0115 38 0.1

6-10 0.0199 12 0.0131 53 0.001
11-15 0.0198 12 0.0152 12 0.05

Medulla-Cortex Ratios

1 0.080 0.078
2 0.111 0.087
3 0.137 0.098
4 0.100 0.095

6-10 0.121 0.083
11-15 0.117 0.108



Table 4. Comparative estimates of population numbers and density.

Birch Creek Chena River
______________________________________________ 1972________1973_________1972________1973

Total beaver lodges per km of streambed 0.46 0.35 0.48 0.36

Mean distance to nearest neighbor lodge (km) 1.69 1.55 2.27 2.04

Mean of the average distance to the nearest
upstream and downstream neighbors (km) 2.58 2.76 2.27 3.18

Population estimate for total study area (85 km) 195 150 205 155

Number of river lodges 30 23 31 26

Number of oxbow lake lodges 9 7 10 5
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of 4.32 ± 0.367 (SE) per lodge. However, this value is probably an 

underestimate as Hawley (pers. comm.) indicates that there is a low 

probability that all kits have been caught. Thus, an average of five 

beavers per lodge seems quite reasonable.

Colony histories for the study areas are listed in Appendix F and 

Appendix G. Locations of colonies on each study area are mapped on 

Figures 2 and 3.

Reproduction

Tables 1 and 2 of Appendix H relate the reproductive status of all 

female beavers collected from 15 March through 29 September 1973 for 

Birch Creek and the Chena River respectively. The mean litter size for 

Birch Creek was 3.2 ± 0.374 (SE) young per pregnant female and 3.07 ± 

0.266 (SE) for pregnant females from the Chena River sample. Approxi

mately half of the potentially breeding females in the 1973 breeding 

population from either study area had given birth or were gravid.

No significant correlation was discerned between the age of a 

breeding female and litter size (P>0.5; N=19). However, three body size 

measurements were significantly positively correlated to litter size. 

Litter size (F) regressed upon carcass weight (W) yielded F = (0.695 +

W 0.136) (P<0.02) with r = 0.4268. A regression of litter size against 

pelvis length (PG) produced F = (0.856)PG - 10.862 (P<0.02) with r = 

0.3717. Litter size is positively related to skull length (SL);

F = (1.096) SL - 11.020 (P<0.1) with r = 0.1828. Only individuals col

lected in March, April and May were used for this analysis to minimize 

the effect of differential growth. Skull length and pelvis length of
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adults (ages 4+) are both positively correlated at a highly significant 

level with body weight measurements (P<0.001).

The earliest age of females breeding on the Chena River is age 

three. No individuals younger than four were found breeding on Birch 

Creek, although the small sample size of three-year-old females from 

Birch Creek (N=2) alone does not allow conclusions regarding an earlier 

age at breeding. However, growth data also suggest that breeding occurs 

one year earlier on the Chena River than on Birch Creek (see discussion).

Three-year-olds of both sexes were commonly found in a colony with 

adults (age classes 4+) and younger progeny. Three-year-olds did not 

breed when an older female was present in the colony. In the spring of 

1973, the following beavers were removed from colony 86 on the Chena 

River: a pregnant age-three female, an age-seven male, a non-breeding

age three female, an age three male, an age two male, and an age one male. 

The lodge was apparently trapped out and was observed for three weeks 

with no sign of activity. It seems probable that the seven-year-old male 

mated with the three-year-old female. No colonies with more than one 

pair of adults of age four or older were observed (see Appendices F and 

G).

G rowth

As weights were often lacking or inaccurate in my collection, skull 

length (SL) was used for growth analysis. Carcass weights and skull 

length are highly significantly positively related (P<0.001, b = 3.24, 

r = 0.5528) for adults older than age four.

A least squares fit of mean skull length to age class is graphed
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in Figure 18 for each population. The Birch Creek population growth 

curve is approximated by SL = e2.6269-0.3186(0.2938)xj where x = age 

class. The Chena River population growth curve is fitted by:

SL = e^*5968-0.268(0.2697)x . Mean skull length of full grown adults 

(ages 4+) is 13.48 in the Birch Creek sample and 13.06 cm in the Chena 

River population. Mean skull length of adults is highly significantly 

larger in the Birch Creek population (P<0.001).

Mean skull length for full grown adults (ages 4+) is higher for 

males than females (P<0.02) on the Chena River. However, the mean skull 

length of females (13.47 cm) is greater than for males (13.43 cm) on 

Birch Creek, although the means are not statistically significantly 

different (P<0.2)

Linear regression between age and skull length for specific age 

segments was used to compare growth patterns (and possibly selection) 

between sexes and populations. Growth through the parental care period 

(ages 1-3) and through the maturation period (ages 3-5) was analyzed.

As growth normally terminated by age four (Novakowski 1965; Aleksiuk and 

Cowan 1969a), size specific selection is portrayed by the regression be

tween skull length and age for beavers age five and older. Results are 

shown in Table 5.

No evidence exists to show that body size selection is occurring 

among the adults from the Birch Creek sample; no significant deviation 

from a zero slope occurs between age and skull length of individuals age 

5 and older (P>0.75, N=19). However, selection for larger size with age 

is apparent in the Chena River population for both sexes; the regression
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Figure 18. Growth curves for individuals of both sexes in the 

Birch Creek and Chena River beaver populations. 

Curves represent least squares regressions of the 

mean skull length on each age class using the 

Gompertz growth curve modification (see Dixon 1970).



Sk
ull

 L
en

gth
 

(cm
)

65

Age Class



66

Table 5. Skull length-age regressions to indicate growth patterns.

Age classes Sexes Linear equation
Significance

Level N r2

CHENA RIVER

1,2,3 M, F S.L.=9.259+1.187X P<0.001 134 0.8171

3,4,5 M, F S. L. = 12.424+0.104X P<0.1 93 0.0327

5+ M,F S.L.=12.546+0.77X P<0.001 62 0.1825

1,2,3 M S.L.=9.154+1.206X P<0.001 63 0.8872

1,2,3 F S.L.=9.37+1.173X P<0.001 72 0.7741

3,4,5 M S.L.=11.783+0.2807X P<0.05 40 0.0788

3,4,5 F S.L.=12.941-0.028X P>0.5 49 0.0045

5+ M S.L.=12.718+0.07IX P<0.02 26 0.1986

5+ F S.L.=12.474+0.076X P<0.02 35 0.1599

BIRCH CREEK 

1,2,3 M, F S.L.=9.464+1.IX P<0.001 18 0.7743

3,4,5 M,F S .L.=11.09+0.506X P<0.01 13 0.5189

5 + M,F S.L.=13.507+0.005X P>0.75 18 0.001

1,2,3 M S.L.=10.231+0.92X P<0.01 7 0.7181

1,2,3 F S.L.=11.702+0.042X P<0.5 5 0.0292

3,4,5 M S.L.=11.466+0.444X P<0.5 3 0.3496

3,4,5 F S.L.=9.72+0.79X P<0.1 4 0.6545

5 + M S.L.=13.906-0.038X P>0. 5 7 0.0366

5 + F S.L.=13.003+0.076X P>0.4 5 0.2570
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between age and skull length for all adults is highly significantly 

positive (P<0.001). The differences in apparent body size selection 

between the two populations are illustrated in Figures 19 and 20.

Males do not exhibit statistically significantly different (P>0.1) 

growth trends or adult mean size between the two populations. However, 

the females are highly significantly (P<0.01) larger on Birch Creek 

(S.L. = 13.47 cm) than on the Chena River (S.L. = 12.98 cm). The growth 

patterns (see Table 5) suggest that growth terminates in females in their 

third year on the Chena River; this does not occur on Birch Creek.

Pelvic girdle lengths were also examined for exhibition of growth 

patterns. The high variability of this measurement obscured its value.

A fat index was recorded for many specimens. The judgment was only quali

tative and after examining many carcasses, it was apparent that my eval

uation was essentially valueless, except in instances of obvious emacia

tion. Aleksiuk (1970) reported that the tail was used as a fat storage 

site. However, a fat tail did not correspond to a heavy layer of sub

cutaneous or abdominal fat. Variations of the location of fat deposition 

were too large to justify my initial fat index.

Predation

Only one case of beaver predation was discovered during this study.

A dog killed and ate a 6-year-old adult beaver near the lodge of colony 

22 on Birch Creek in July 1973. The dog dragged the carcass ten meters 

from the shore before consuming it. No other evidence of dog predation 

was noted.

Wolves were present in greater numbers along Birch Creek than along
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Figure 19. Skull length-age scatter diagrams with least squares 

regression lines for males and females of age classes 

five and older from the Chena River population sample.

Figure 20. Skull length-age scatter diagrams with least squares 

regression lines for males and females of age classes 

five and older from the Birch Creek population sample.
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the Chena River. Sixty-two wolf scats were collected along Birch Creek 

in the course of this study, three being summer scats. During the win

ter, beavers are normally protected from predators by a thick layer of 

ice covering the stream. As most scats were collected adjacent to Birch 

Creek near the Steese Highway along a ridge used comonly by wolves in the 

winter, the probability was low that beaver remains would be present.

No quantitative analysis was made of the contents of the scats, however, 

no scats contained any beaver remains. Contents were primarily moose, 

small rodents, and snowshoe hare. Fish scales were present in one scat 

collected 22 August 1973.

No wolf dens were found near either study area. Wolf tracks were 

observed frequently along Birch Creek. Summer groups were usually small, 

from one to four individuals. One large gray wolf was observed in the 

light from my truck headlights on 8 April 1973 crossing the road at 

6 mile Creek [1 km from Birch Creek). Ed Gelvin of Central, Alaska shot 

five wolves south of the Birch Creek study area from November through 

March 1972-73. Gelvin and Frank Warren of Circle City frequently fly 

low over Birch Creek with fixed-wing aircraft and they reported that a 

large pack of 14 wolves ranged into southern portions of my study area 

in the winter of 1972 and 1973. Carl Cochrane and I observed tracks of 

a pack of four or five individuals 5 km downstream from the Steese High

way bridge in March 1973. F. Warren claims he saw a pack of 5 or 6 

wolves about 10 miles (16.1 km) downstream from my study area in November 

or December 1972. The tracks observed by Cochrane and myself were 

probably of the same pack observed by Warren.

On only one occasion did my vocal wolf calls elicit a response. On
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18 May 1973 at least four wolves howled in response to my howl. The 

howls appeared to come from the foothills of the Little Crazy Mountains 

less than 1 km from Birch Creek. Howls were heard on one other occasion 

while I was near Jumpoff Creek. I could not discern the direction from 

which the howls were coming. My attempts to stimulate further howling 

failed.

Wolf tracks were observed on the Chena River study area on about ten 

occasions. Most wolves were probably transient from surrounding areas.

Fresh tracks of a pair of wolves were observed near colony 18 on 14 

October 1973. On three occasions from 1 November through mid-November 1972, 

a lone wolf crossed my trapline trail near the mouth of the Little Chena 

River. John Fogarty shot one male and one female wolf on the South Fork 

of the Chena River on 4 February 1973. I examined the stomachs of these 

two animals but found no beaver remains.

Coyotes are known to occur throughout the interior of Alaska, but 

are uncommon along both the Chena River and Birch Creek. No observations 

or reports of tracks or animals were obtained during this study. Coyotes 

cannot be considered as beaver predators of much consequence on the 

study areas.

Otters are relatively low in numbers on both study areas. I found 

what appeared to be an otter den underneath an undercut tree about five 

km upstream from the Chena River on the South Fork. Otters are taken 

occasionally by trappers from this locality, but I had no opportunity to 

examine any carcasses or scats. Otter tracks were observed commonly 

but not frequently along both streams in both summer and winter. A 

liberal population estimate for resident otters on either study area
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would be less than five individuals.

Lynx are very common on the Birch Creek study area. Local trappers 

Carl Cochrane and Hap Mathis trapped approximately thirty lynx in the 

Birch Creek drainage in the winter of 1972-73, reporting that numbers 

were lower than the previous year. Two lynx were collected on 14 and 16 

September 1973 on the Birch Creek study area. One animal was shot while 

crouched on a beaver lodge. Both animals had only snowshoe hare (Lepus 

americanus) remains in their stomachs. Observations of tracks indicate 

that lynx do not have as great a propensity to follow streams as do 

wolves and wolverines. Lynx sign was very heavy near three beaver lodges 

in mid-September of 1973, perhaps indicating that the high activity of 

beavers during the cache construction period attracts predators.

Lynx are present along the Chena River, but in notably lower densi

ties than along Birch Creek. On a 12-km trapline that I maintained during 

the winter of 1972-73 near the mouth of the Little Chena River, lynx 

tracks were observed only twice. In May 1973, a lynx was observed 

crossing the Bailey Bridge road near colony 74. Trapper harvest of lynx 

is small along the Chena River.

Red fox are uncommon on the Birch Creek study area. Trappers re

ported occasional sightings, and I observed only one set of tracks during 

this study. Red fox maintain high densities along the Chena River. Fox 

sightings and scats are very common along the Chena River throughout the 

year. No evidence supporting predation by fox on beavers was obtained.

Wolverines seldom occur in high densities (Rausch and Pearson 1972), 

but wolverine density is relatively high along Birch Creek. Hap Mathis 

from Central trapped nine wolverine in 1971-72 and Roy Riddle from
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Central trapped two in March 1973. I watched a wolverine crossing Birch 

Creek in July 1972 and tracks were frequently observed along the river. 

One scat was collected, but contained no beaver remains. On 18 March 

1973 Albert Carroll of Circle City informed me of one apparent instance 

of wolverine predation. A lodge located about 2 km north of my study 

area had been opened and wolverine sign was evident. It appeared that 

the lodge had been opened from the inside. The wolverine had disturbed 

the area considerably but no indication was found that a beaver had been 

killed. Libby (1954) reported a similar instance. In three other lodges 

on the Birch Creek study area beavers had dug out -- apparently to seek 

food when the winter cache was depleted or when the water froze to the 

bottom. It is evident that individuals from these lodges present easy 

prey for predators.

Mink are common on both study areas and three sightings were made 

on each study area. Predation by mink on kits is probably rare but has 

been reported (Swank 1949).

Northern pike are present in both streams, but are uncommon in the 

Chena River (Don Ross, pers. comm.). Carl Cochrane and Gordon Berteson 

maintain gill nets on Birch Creek and regularly catch pike in excess of 

five pounds. A large pike is capable of preying upon young beavers 

(Panfil 1960) but to what extent is not known.

Black bear are present on both study areas although they are much 

more common along Birch Creek. Scats were found frequently, but none 

were found to contain animal remains. Hatler's (1967) study of black 

bear in interior Alaska found no evidence of predation on beavers.

Hakala (1952) reports that a black bear attacked a beaver in a Hancock
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live trap on the Chatanika River (located between the two study areas).

Grizzly bears are rare on both study areas. Tracks of one bear 

were found near colony 10 on Birch Creek in early May. Carl Cochrane 

shot a large male grizzly bear near colony 1 on Birch Creek in October 

1970. Predation on beavers by grizzly bears is certainly rare on my 

study areas.

Three active bald eagle nests were located on the Birch Creek study 

area. Bald eagles were observed along Birch Creek from 5 May 1972 to 

6 October 1973. Eagles are transitory on the Chena River study area with 

observations in April, May, September, and October. One golden eagle 

was observed near the Chena River in August 1973. An active osprey nest 

was present on the Birch Creek study area. Great Horned Owls are very 

common along both streams. No observations were made documenting raptor 

interaction with beavers.

The generally higher natural predator densities on Birch Creek indi

cate that natural predation levels are potentially higher than those 

along the Chena River. Field observations tend to indicate that predation 

levels are probably low on both areas. The periods when beaver are most 

vulnerable to predation are late winter and early spring when ’’freeze 

outs" may occur on some colonies, and during the autumn cache construction 

period when high activity levels may attract predators. Activities 

that entail leaving the water, e.g., feeding and prereproductive dispersal, 

increase the probability of predation on beavers by carnivores.



DISCUSSION AND CONCLUSIONS 

Factors Establishing the Population Set Point

As defined by Wilbert (1970) a population set point or the popula

tion level about which a population is regulated is determined by a num

ber of environmental factors such as weather, available habitat, food 

resources, den sites, etc. The primary factors that appear to be estab

lishing a set point for beaver populations in interior Alaska are (1) 

weather and its effects on lodge site suitability and on beaver popula

tion regulators (e.g., predators, prereproductive survivorship, etc.);

(2) vegetation; (3) substrate type; (4) stream sinuosity; (5) availa

bility of suitable banks for lodge construction; (6) water depth; and 

(7) stream velocity and the related necessity of sufficient quiet water 

for a winter food cache (Libby 1954; Murray 1961; MacDonald 1956; Sverre 

1972). Substrate type, stream velocity, availability of suitable banks 

for lodge construction, and sufficient supply of quiet water are factors 

which are similar on both streams and are not apparent problems regarding 

the distribution and populations of beaver on my study areas. The other 

factors will be considered in more detail.

Climate

The two climatic factors most commonly affecting beaver populations 

in interior Alaska are (1) severely cold winters with little snow cover

75
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allowing deep ice formation and (2) violent spring breakups which de

stroy lodges and possibly kill occupants.

Sverre (1972) documented a large-scale depression in an Alberta 

beaver population following an exceptionally cold winter. Table 4 shows 

that a distinct decrease in the number of active lodges occurred on both 

Birch Creek and the Chena River study areas from 1972 to 1973. During 

the intervening winter, temperatures fell below -30° F for a record of 

16 consecutive days on both study areas (U. S. Weather Bureau 1973).

Snow cover was not deep, and ice depths of nearly four feet were observed 

on both study areas. Certainly many food caches were frozen into the ice, 

and four lodges were observed where beavers had dug out in mid-winter. 

Three of these beavers were collected and found to be severely emaciated.

Survival of beavers that "dig out" during the winter is probably 

very low. Many trappers (T. Washeleski, C. Lammers, F. Warren, A. Carrol, 

J. Zybach, pers. comm.) noted instances where beavers digging out during 

the winter had perished to predation, freezing, or apparent starvation. 

Individuals remaining in their lodges when food supplies have been frozen 

may survive for some time on fat stores and reduced metabolism (Aleksiuk 

1968, Morrison 1960), however survival without food from January to May 

is unlikely (Taylor 1971). The probability of surviving increases with 

increased body size (Morrison 1960) but decreases with increased 

parental effort.

If the cold winter of 1972-73 indeed caused the observed depression 

in population number, one would expect that colony sites with shallow 

or insufficient water may have incurred the most mortality. Evidence 

from my habitat-neighbor distance analysis suggests that this is the
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case, even though water depth measurements were not recorded during this 

study. Colony sites with large proportions of areas in water are gen

erally those located along straight shallow sections of Birch Creek.

There is a notable increase in the variability accounted for by the pro

portions and areas of water in 1973 over 1972. Thus the apparent corre

lation between water depth and area of water measurements suggests freeze 

out may have caused the 1972-73 beaver population depression.

Also associated with the population depression was a loss of ability 

to account for a significant amount of the variability in neighbor dis

tances with the extrapolated biomass values for Birch Creek. Similarly, 

in 1972 on the Chena River, significant relationships between mean neigh

bor distance and the area of gravel occurred, but in 1973, none of the 

physical factors measured related significant correlations to neighbor 

distances. These trends indicate that colony locations were more highly 

related to the amount of available food biomass and associated para

meters in 1972 than in 1973, when other factors were more important, e.g., 

water depth.

A violent spring breakup on Birch Creek destroyed four river lodges. 

The water level rose during the breakup and massive pieces of ice eroded 

the bank, taking the lodges with them. It appears unlikely that the 

inhabitants of such lodges could survive, although survival is possible 

if burrows extend a sufficient distance into the bank. Lodges located 

on oxbow lakes, feeder streams or in sites protected by meanders or 

irregularities in the stream course are not susceptible to such destruc

tion.

Most adult beavers probably survive summer floods, although the
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chances for survival of young kits are low due to their limited swimming 

ability during the first few weeks of life (Wilsson 1971).

Physiography

Retzer (1955) observed that streams in Colorado with valley grades 

greater than 6% and with narrow valleys provided poor sites for beaver 

lodges. Certainly many areas in Alaska are unsuitable due to rocky 

streambeds with no sites for lodge construction, lack of deep water or 

vegetation, etc. However, the beaver is notoriously capable of modifying 

habitats by constructing dams, thus making many areas suitable for habi

tation. The stream channels of Birch Creek and Chena River are too large

with too great a flow volume to permit such modification, although feeder

flowages are commonly dammed on both study areas.

AREA and the areas and proportions of gravel and water were the 

physical stream characteristics in my analysis. The positive correlation 

of nearest neighbor distance to the area or proportion of water and the 

negative correlation to AREA reflect the value of sinuosity and the resul

tant availability of food resources. The further from water that a beaver 

needs to go to acquire food, the higher the risks from predation (Shelton 

1966). Hence, with a greater number of channels, meanders, and adjacent 

sloughs or oxbows, a longer shoreline near the lodge reduces risk for a 

beaver acquiring food. Also, beavers exert less energy floating food and 

building material than dragging it over land.

The areas and proportions in gravel were negatively correlated to 

neighbor distances on both Birch Creek and the Chena River. It is impor

tant to note that gravel is significantly positively correlated to poplar
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birch-poplar habitat types. Gravel bars are most extensive on the up

stream third of both study areas and are associated with a more dynamic 

streambed. This also is associated with poplar and birch-poplar habitats 

and perhaps a higher frequency of deep pools suitable for lodge estab

lishment, hence allowing high beaver density.

Sverre (1972) investigated the importance of soil structure and 

type in determining beaver distribution. Soil maps of the study areas 

show no difference in major soil types adjacent to the streams, with 

the exception of a higher incidence of alluvium in the upper stretches 

of the study areas. Hence the occurrence of more sorted strata in the 

upper third of the study areas may provide more ready access to clay used 

in building by beavers. This may also account for some of the variability 

of neighbor distances accounted for by the area of gravel.

Vegetation

A great deal of the variability in beaver lodge density was accounted 

for by linear regression analysis of vegetation types surrounding the 

lodge. Many relationships are presented, but in short, density clines 

were notable with increase in preferred plant types. Densities were 

found to be positively related to habitat types high in poplar and willow. 

Negative relationships to density were found with spruce, herbaceous 

meadows, small willow, ericaceous bog and mature boreal forest. Birch 

and alder associations varied in importance. These results agree with 

beaver plant preference studies by Sverre (1972), in which he found 

willow from 1 to 10 cm in diameter and all size classes of poplar to be 

preferred foods. He also found that willow less than 1 cm in diameter,
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birch, and rose were "disliked,” i.e., utilized with lower preference.

The occurrence of preferred plant types appears to be more important 

than the availability of plant biomass. However, the preference for 

poplar and willow is probably adaptive and low preference for such plants 

as birch may relate to inhibitory components of the bark. Birch bark 

is high in resinous non-digestible fats, but in extrapolations to avail

able biomass, such relationships were not considered. Considerable work 

is required to define the complex seasonal relationships of beaver food 

nutrient content and digestibility.

Fire has been noted as very important to maintaining high quality, 

low serai stage vegetation for beavers (Viereck 1973b). Fire is espe

cially important where stream courses are relatively stable, such as in 

the Yukon Flats district. Where stream courses change frequently, such 

as on the upper stretches of my study areas, revegetation with willows 

and poplar provides high quality food material (Gill 1972). The current 

practice of the U. S. Bureau of Land Management to attempt to extinguish 

most fires will have notable effects on plant association types through

out interior Alaska (Viereck 1973b) and will probably affect a decline 

in beaver populations.

Competition
Possible competition with beavers for preferred plants may occur 

by moose (Alces alces), snowshoe hare, porcupine (Erethizon dorsatum), 

and ruffed grouse (Bonasa umbellus). Densities of hare are relatively 

high on both study areas. Milke (1969) found Salix alaxensis to be an 

important preferred food for moose, as it is also for beaver. Hares
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feed on several of the same foods as beavers, and where hare density is 

high, large numbers of trees to 10 cm diameter are girdled of bark in 

the winter. Ruffed grouse and porcupines are low in numbers on both 

study areas and probably have very little competitive effect on beavers.

Additional factors establishing the set point for beaver populations 

for Alaska may be considered below as regulators. For example, severe 

climatic conditions may lower predator levels thus allowing an increase 

in the set point of the prey. Territoriality may be considered as 

affecting the set point by limiting space, however, the density dependent 

relationships with dispersal of the progeny in beavers mandates that it 

be considered primarily as a regulator.

Regulators

Population regulators must act through fecundity, emigration, 

immigration, and mortality (Wilbert 1970).

Fecundity

The most salient fecundity regulator is litter size. Litter size 

differences between the two populations were not significantly different 

(P>0.5). A large degree of variability in beaver litter size is evident 

(Provost 1958; Leege 1964; Libby 1954), thus a larger sample size is 

required to demonstrate a significant difference.

The age at first breeding may have an important regulating effect. 

Cole (1954) shows that the intrinsic rate of increase is exponentially 

related to a decreased breeding age in an increasing population. How

ever, as the replacement rate (R0) approaches one, the benefit accrued
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by an earlier breeding age is greatly reduced.

Chena River females breed at age three, but it appears that the 

youngest breeding females on Birch Creek are age four. Although the 

sample size is not large enough to test this statistically, additional 

evidence is given in the sex-specific growth relationships. Males from 

both populations attain the same adult body size. However, the females 

grow to a larger size than the males on Birch Creek, but on the Chena 

River females are significantly smaller than the males. Growth of 

females on the Chena River terminates at age three, but continues through 

at least four years in males. Novakowski (1965) noted no growth beyond 

age four in beavers in northern Alberta, and Aleksiuk and Cowan (1969) 

reported the same for beavers on the Mackenzie Delta, North West Terri

tories. The evidence suggests that females breeding earlier in life are 

allocating a greater portion of their resources to reproduction and less 

into growth and attainment of larger body size.

Several authors have suggested that high density in wild rodent 

populations delays the attainment of puberty (Zejda 1967; Jewell 1966; 

Sadlier 1969). However, the Chena River beaver population showed a 

younger breeding age but higher density than on Birch Creek. No differ

ence in vegetation or resource availability is apparent between the two 

streams, but quantified comparisons have not been made. Thus actual 

densities with respect to available food resources are not known.

The difference in density may be more closely related to the extent 

of territoriality associated with different age structures. Bailey

(1969) and Calhoun(1962, 1963) have noted that social organization is 

disrupted by replacement of established individuals with new or strange
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individuals. Removal of adult beavers by trapping vacates lodge sites 

making them available for colonizing prereproductives. However, younger 

pairs may not maintain territories as high in quality or as large as 

those maintained by old pairs, thus allowing an overall greater density 

to occur with consequently greater competition for available resources. 

This hypothesis would predict the observed smaller mean size attained 

on the Chena River, however, it would not explain the occurrence of a 

smaller size in females.

Sexual selection may produce a size difference between the sexes 

(Trivers 1972), however, I see no sexual selection mechanism that would 

produce the dimorphism in the Chena River population but not in the Birch 

Creek population. The possibility that a sexual selection mechanism is 

producing the observed size differences is further negated by the lack 

of genetic isolation between the populations. Libby (1957) observed a 

beaver to disperse over 300 km in interior Alaska. Even if this obser

vation were a maximum possible movement in one life time, genetic mixing 

of the two populations could occur in two generations.

The sex-specific size dimorphism differences between the two popu

lations are most aptly explained by a decreased age at first breeding 

and consequent termination of growth in females on the Chena River.

A similar pattern was proposed by Klevezal and Kleinenburg (1 969 ) who 

c o r r e la t e d  th e  o n s e t  o f  b r e e d in g  w ith  d e cr e a s e d  grow th  in  p in n ip e d s .

Sadlier (1969) discusses the onset of puberty and its depression 

of growth rates. In many vertebrates it appears that if reproduction 

is delayed, it occurs at a smaller adult size. Carlander (1969) states 

that most fishes breed at an earlier age when growth is rapid, but
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nonetheless at a larger or equal size. Examples of this in mammals 

are given by Duncan and Lodge (1960) for swine (Sus scrofa) and Myers 

and Poole (1962) for rabbits (Oryctolagus cuniculus). However, Joubert 

(1963) reported that the age at first estrous in cattle is affected more 

by dietary conditions than weight. Cattle raised at a high plane of 

nutrition matured earlier and at a smaller body size than cattle raised 

on a low plane of nutrition.

Although breeding a year younger, Chena River females are suffering 

in survivorship and litter size. A significantly positive relationship 

between litter size and body size is known both from this study and those 

of Pearson (1960) and Provost (1958). My sample did not show any statis

tically significant relationship between litter size and age. As growth 

in beavers does not continue past age 4 (Novakowski 1965; Aleksiuk and 

Cowan 1969a) and there is no size selection on Birch Creek, it is apparent 

that the small early breeding individuals on the Chena River are suffering 

lower survivorship (see Figures 19 and 20). Novakowski (1965) found that 

adults actively procured food for their young through the winter. This 

behavior constitutes a high reproductive effort. If individuals breeding 

at an older age and a larger size are not exposed to as high mortality 

levels as individuals breeding earlier in life, selection will produce 

the positive (P<0.02) correlation between age and body aze which was 

observed for individuals five years and older on the Chena River.

The tradeoff between survivorship and fecundity is evidently 

greatly affected by the high selective advantage for an earlier age at 

first breeding with the high replacement rate (Rq) on the Chena River 

(Cole 1954). Due to trapping, the expected life span of a four-year-old
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on the Chena River is only 45% that of an individual on Birch Creek. 

Hence, phenotypes are selectively favored that allocate high effort 

into breeding early in life as the probability is low of surviving to 

breed later.

The sex ratio greatly affects the productivity of the population, 

especially in a monogamous species such as the beaver. An individual's 

fitness is realized only if it has an individual with which to mate.

The non-exploited population has an overall sex ratio of equality. How

ever, survivorship of males reaching age four is much higher than that 

of females, probably due to the higher effort and risk exerted by the 

female during breeding. Hence, as the expected longevity (ex) of Chena 

River individuals is lower, the absence of old males distorts the adult 

sex ratio in favor of females (72:100). This decreases the potential 

productivity in the Chena River population.

Fecundity is thus seen to be reduced by trapper harvest, although 

reproductive effort is increased. Another possible reduction in fecun

dity may be caused by trapper disturbances. Leege and Williams (1967) 

claimed that disturbing lodges during the breeding and gestation period 

reduced fertility in Idaho beavers.

Emigration, immigration, and mortality -- "dispersal regulation"

Young beavers remain in the parental colony until their second or 

third year (Novakowski 1965, 1967; Wilsson 1971). At that time, they 

leave the lodge, usually in spring or early summer. These dispersing 

young may confront high levels of mortality due to predation, intra

specific strife, and if they are forced to establish a lodge in a
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marginal site, perhaps to seasonal weather conditions. This mechanism 

of dispersal of the prereproductives appears to be a very efficient 

regulating mechanism. Computer modeling of beaver populations has illus

trated that very rapid population response could be effected by modifying 

the survival or emigration rate of the two- or three-year-olds. When 

population density is high, dispersal is probably higher as intraspecific 

aggression of territory holders may be high (Aleksiuk 1968b). However, 

the genetic reward for an individual that is successful in establishing 

a new colony may be large. In interior Alaska, potential new colony 

sites become available each year as stream channels change, regrowth of 

plants surrounding abandoned overexploited sites progresses, vegetative 

colonization of gravel bars by willow and poplar takes place, or regrowth 

of vegetation proceeds after fires.

Movements of dispersing young may be quite large. Libby (1957) 

tagged one individual in interior Alaska that moved over 300 km. Hibbard 

(1958) recorded a beaver in North Dakota to disperse 238 km, and Harris 

and Aldous (1946) noted a 48 km movement. Mean movements are of smaller 

magnitude, but as the chances of obtaining recapture data on an individual 

frequently decreases with increased dispersal distance, mean movement 

records are probably low estimates, e.g., 14.7 stream km in Hibbard’s 

study.

Dispersal appears to be an important regulator in many mammal 

populations. Krebs et̂  al. (1973) showed that dispersal is necessary for 

regulation in Microtus. Mortality levels are frequently higher during 

dispersal. Metzger (1967) found white-footed mice (Peromyscus leucopus) 

in unfamiliar terrain to be much more susceptible to predation by screech



owls (Otus asio). Dispersing beavers are likely exposed to higher 

mortality. Richard Bishop of the Alaska Department of Fish and Game 

once observed a beaver on Murphy Dome near Fairbanks, over two km from 

sufficient water to provide protection from predators. Robert Stephenson, 

also of the Alaska Department of Fish and Game, found three skulls at a 

wolf den near the Delta River, south of Fairbanks. Two of the skulls 

were of three-year-olds and one of a two-year-old beaver, suggesting 

that the beavers were dispersing prereproductives.

Often dispersal and subsequent mortality is higher in males than 

in females. This phenomenon has been observed in muskrats (Ondatra 

zibethicus) (Errington 1963), red fox (Vulpes vulpes) (Storm 1972;

Phillips et_ al. 1972), and roe deer (Capreolus capreolus) (Klein and 

Strandgaard 1972). In both beaver populations studied, the dispersal 

mortality was higher in males such that the sex ratios were equal or 

with a slight preponderance of males in the prereproductives, but with 

a significant preponderance of females in the young reproductives.

The higher dispersal of the male prereproductives may be related 

to the greater survivorship of male than female adults. If a surplus 

of old males are maintaining territories, young females need not dis

perse to locate a mate. However, the fitness of a male that remains in 

the area is usually very low because of the unavailability of unoccupied 

colony sites.

Under natural conditions, survival of an adult is very high after 

successful breeding has occurred. By trapping only one or two beavers 

from a lodge, trappers selectively remove adults that are making more
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trips outside the lodge to procure food for themselves as well as their 

progeny (Novakowski 1965). This reduced the chances of survival of the 

adults and lowers the number of excess adult males. Dispersal mortality 

of age three males still appears to be higher than for females in the 

trapped Chena River population.

Selection would favor adult males that reduced the probability of 

their mates breeding with another male. Thus, adult males may be adap

tively expelling young males from the parental colony. The presence of 

young females does not as greatly impair the fitness of the adult female, 

as one male could feasibly breed more than one female. Indeed, Schramm

(1968) observed adult male antagonism toward young beavers to be greater 

than that of adult females; unfortunately the sex of the young was not 

known. Thus, even though the maintenance of progeny in a colony may 

reduce survivorship of the adults and their younger progeny, adults may 

be slightly more tolerant of the presence of a young female.

Alternatively, the selective advantage to males that disperse may 

have been sufficient to produce an inherent tendency for a male to dis

perse. However, females may disperse only as density mandates because 

the chances of reproductive success are high if mating occurs with an 

old local male. Thus, dispersal may be adaptively inherent in males and 

only density controlled for females. Inherent dispersal tendency of 

males may also provide a mechanism for reducing the probability of in- 

breeding with consequent reduced reproductive success (Lerner 1954).

Intraspecific strife has been noted by several authors (Wilkinson 

1962; Zharkov 1973) as being an important mortality factor in beavers.

It seems maladaptive for parents to mortally wound their progeny in
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convincing them to leave the colony, however, adults of the territories 

through which the dispersing young travel may well mortally attack a 

potential competitor. Many pelts taken after breakup show distinct signs 

of battle. Pelts of five 2- and 3-year-olds of both sexes that I col

lected after spring breakup showed numerous tooth marks apparently made 

by other beavers. Similar observations were made by Wilkinson (1962) 

and Nordstrom (1972). Intraspecific strife from territorial adults 

would hence be a definite factor stimulating the dispersal of homeless 

prereproductives in high density areas.

One would expect that if high strife was occurring within the par

ental colony, that the prereproductives might exhibit enlarged adrenals 

as in the subdominant individuals of other rodent species (Bronson 1963). 

However, this was not the case except in emaciated individuals and those 

with recently inflicted battle scars.

Territoriality is seen here as a mechanism for stimulating emigra

tion and subsequent mortality. Cursory observations of scent mound loca

tions indicate that territories vary greatly in size depending on the 

size of the colony and the quality of the habitat. Higher quality habi

tats allow smaller territories and resultant higher densities. Brenner 

(1967) also proposed this for beavers in Pennsylvania.

Several techniques were used for analysis of mortality schedules of 

the two populations. A technique proposed by Dapson (1971) utilizes 

relative cumulative frequencies to produce a smoothed age structure.

This form was easily linearized by taking the natural log of the relative 

cumulative frequency, which could then be statistically tested for sig

nificant differences. However, Dapson alludes to much different utility.
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He proposes that median ecological age, or the age at which the proba

bility of occurrence or survival is 0.5, may be used to typify popula

tions that are expanding, stationary, declining and reproducing, or 

declining and not reproducing. This is unrealistic as contortions of 

mortality patterns with equal numbers of births can produce each of the 

"typical” examples he proposes. The exploited (increasing) population 

has an older median ecological age (3.2 years) than does the stable Birch 

Creek population (2.9 years). The high mortality of the young before 

reaching breeding age, followed by high survival of adults, accounts for 

this pattern on Birch Creek. Additional life table analysis must accom

pany Dapson's technique to avoid incorrect deductions.

A least squares linear regression fit of the natural log of relative 

cumulative frequency against age was used to derive a "smoothed" survi

vorship curve. When comparing actual data, the only significantly de

viant year class was age three. Survivorship of age class three was 

significantly (P<0.1) higher than the predicted on the Chena River, and 

significantly lower (P<0.05) than the predicted on Birch Creek. Dispersal 

of two- and three-year-olds has been proposed for some time to be an 

important regulating mechanism in beaver populations (Aleksiuk 1968b;

Bradt 1947).

Another regulator of beaver populations is predation. Predation 

was very probably minimal on adults in my two study areas. However, 

when beaver population density is very high, such as in the Pakesley 

area, Ontario, predation may become a significant mortality factor.

Pimlott et̂  auL (1969) observed that 59% of the wolf scats examined from 

the Pakesley area contained remains of beaver. With the lower density
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of beavers on my study area, the efficiency of a predator specializing 

on beavers would probably be low. Although evidence is scarce and diffi

cult to obtain regarding predation mortality, I feel predation on both 

study areas is only incidental and is highest on kits and dispersing 

prereproductives.

Evolution of a Beaver Life History

Large variability exists in the patterns of the life history of 

organisms. Several recent efforts to explain life history patterns 

include papers by Gadgil and Bossert (1970), Gadgil and Solbrig (1972), 

Tinkle (1969), Cody (1966), Schaffer (1972, 1974) and many others. These 

papers demonstrate the extreme complexity of the response of natural 

selection to environmental conditions. Several predicted patterns in 

life histories have been mathematically derived by Gadgil and Bossert

(1970) and Schaffer (1972, 1974). This work provides supporting evidence 

for several life history generalities.

To explain the adaptive nature of a life history pattern, fitness 

should be precisely defined. If fitness is measured entirely by the 

number of viable offspring produced in a lifetime, the following ex

pression approximates average fitness, m, in an interior Alaska beaver 

population:

m = F * f * f^' (î Q^j) (P^p) (^^^) (ea)

where,

F = mean litter size,

f = proportion of adult females in the population,

= the percent of reproductive females breeding,
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5,0+2 = survival from birth through one year, assuming that at least 

one parent also survives that year,

P£p = the probability that one or both of the parents will survive one 

year to insure the survival of the kits,

^l-+a = t îe survivorship from age one to the age at first breeding, 

ea = the expected life span of an individual at the age at first 

breeding.

Fecundity is positively related to body size, thus mean litter size 

(F) for a population may be estimated by, F = 1.10 SL - 11.20, where SL 

equals the mean skull length (cm) of adult females in a population. The 

proportion of females in the population (f) presumes a monogamous mating 

system. If males exceed females in number, f = 1.0. The average pro

bability that an individual will die during one age class interval can be 

written,

a
where,

£a = survivorship to the age at first breeding,

£x = survivorship to age x, 

k = maximum ecological longevity.

Assuming that the probability that one or both of the parents will die 

equals the probability of two independent choices (see Snedecor and 

Cochran 1967), the probability that one or both of the parents will 

survive through one year (P£p) is equal to



Three major assumptions of this equation are (1) that the older 

progeny (ages 2 and 3) do not rear the young if both parents die (2) 

that all kits (less than age 1) will perish if both parents die, and (3) 

that fecundity rate is constant for all ages. Indeed, no significant 

correlation between age and fecundity was observed by Novakowski (1965) 

or in this study (P>0.5).

Average fitness for an individual in the Birch Creek population 

was calculated to be 0.878 and for the Chena River population, 0.849. 

Data for this calculation were derived directly from the life tables and 

reproductive data presented in this study. The expected survivorship 

from birth to age one if at least one parent survives that year, was 

estimated to be 0.9. Unfortunately, such data are difficult to derive 

from wild beaver populations, but parental care is quite intensive (see 

Wilsson 1971) and consequently mortality of kits is probably quite low.

Mean fitness (m) is approximately equal to the intrinsic rate of 

increase (r) for a population (Emlen 1973). Hence, as a measure of 

goodness of my fitness approximation, I compared the change in the popu

lation estimates from 1972 to 1973 (see Figure 4) to the derived value 

of r for the same period. The expected number of colonies deviated from 

the actual by 16% on Birch Creek and 10% on the Chena River. In neither 

population did the fitness calculation account for the entire decline; 

the expected was significantly higher (P<0.1) than the observed on Birch
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Creek and higher, but not significantly so (P>0.1) on the Chena River.

The inability of r to account for the total decline of the population 

may be due to density independent effects on survivorship, e.g., weather 

and trapping. The high degree of variability in some of the fitness 

equation parameters, e.g., litter size, could also account for the differ

ence between the expected and observed values. Several additional compo

nents could be considered if more detailed information were available.

For example, it seems plausible that smaller females may be less able to 

enhance the survival of their young because of low milk production or an

insufficient ability to procure food for the young during a winter food

shortage. Generally the calculations revealed that mean fitness was very 

similar for an individual from either population.

Gadgil and Bossert (1970) predicted that changes in mortality do not

affect the optimal reproductive effort, provided that such a change does 

not affect the various life history stages differently. The two popula

tions studied differ considerably in their mortality schedules (see 

Figure 4) and reproductive strategies.

Schaffer (1972, 1974) assesses the selective pressures resulting 

from various environmental factors affecting the life table. On Birch 

Creek, survivorship of the adults is high, but low for the prereproduc

tives. The age at first breeding is delayed, but this allows the attain

ment of a larger body size and therefore enhances both survivorship and 

fecundity. Thus, similar to a prediction of Schaffer's (1972), the low 

survivorship of the immatures on Birch Creek tends to reduce an indivi

dual !s unit effort fecundity and thus select for delayed breeding with 

consequent gains to survivorship and fecundity.
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On the Chena River, survivorship of adults is greatly reduced by 

trapping. Thus, since the probability is low that an individual can 

breed later in life, selection favors those individuals that make a 

larger reproductive effort earlier in life. However, increased repro

ductive effort at any age will enhance fecundity at that age but will 

reduce post-breeding survival and growth (Hussell 1972; Tinkle 1969;

Gadgil and Bossert 1970). The lowered survivorship of the adults increases 

the number of suitable colony sites that will be vacant each summer for 

colonizing two- and three-year-olds, thus enhancing the survival and poten

tial for viability of the prereproductives.

The above discussion implies that genetic selection is occurring in 

the life history strategies of the two beaver populations. Indeed, this 

is probably the case, however, the selection may be acting to maintain 

phenotypic variability and responsiveness, rather than effecting a shift 

in genetic composition. Given sufficient time and genetic isolation, how

ever, directional selection would probably produce genetic differences in 

several of the life history characteristics described above as well as 

those related to the mating system.

Evolution of a Mating System and Sex Ratio Patterns

As argued by Emlen [1973) selecting forces resulting from an adap

tive mating system greatly influence sex ratios. Thus, an understanding 

of both the mating system and dispersal patterns of beavers is required 

to formulate an explanation of the sex ratio of various age groups in 

beaver populations.

Orians (1969) developed a model attempting to explain the evolution
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of mating systems in birds and mammals. In his development, Orians 

assumes that polygyny must always be advantageous to males and thus its 

occurrence results from advantages or disadvantages to the female. How

ever, Downhower and Armitage (1971) pointed out that the fitness of a 

male is equal to the sum of the fitnesses of the females with which he 

breeds. Therefore, Downhower and Armitage claim that the fitness of a 

monogamous male equals the fitness of his mate, and the fitness of a 

polygynous male equals the sum of the fitnesses of all the females that 

he successfully breeds. As the fitness of females decreases with the 

degree of polygyny, male fitness will also decrease if harem size is 

too large.

However, there appear to be other factors that will affect the 

fitness of the male through polygyny. For example, if risk of survival 

is involved in attaining polygyny, a diminution of the advantages to 

polygyny is realized. Also, if the survival of the progeny is highly 

dependent upon the parental care bestowed by the father, polygyny may 

reduce the degree of paternal care with consequent reductions in the 

survivorship of the progeny. Decreasing the mortality among the imma

tures increases an individual's unit effort fecundity and may make a 

greater contribution to the fitness of the male than does polygyny.

In beavers, the survivorship is probably low for a male that at

tempts to leave the lodge during the breeding season to seek other mates 

(in February when ice encloses the system). The only other alternative 

toward maintenance of polygyny is to keep more than one female in the 

colony. However, food resources within a reasonable distance may be 

limiting, as well as the available volume for the storage of a large
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food cache. Injection of an additional female into a system with 

limited resources can only reduce the survivorship of both the parents 

and their progeny. Thus, advantages of monogamy are shared by the male 

as well as the female. As both Downhower and Armitage (1971) and Orians

(1969) point out, however, disadvantages of polygyny to the female are 

probably greater than for the male. Orians’ model predicts that when 

possible, discrimination by the female will occur for a mate with a high 

quality territory and presumably a correlated high probability of helping 

to rear the young. Scent mound communication may play an important role 

in territorial selection by female beavers (see Wilsson 1971; Aleksiuk 

1968).
Although the male contributes to rearing the young, his physiolo

gical demands in reproduction do not appear to be nearly as great as for 

the female. The female produces the fetuses and nurtures them with high 

nutrient milk for about eight weeks (Grasse 1955; Wilsson 1971). Hodgdon 

and Larson (1972) found the female to be the alpha, and socially most 

important member of the colony. The greater reproductive effort and risk 

imposed upon the female is reflected by the lower survivorship of the 

female through the reproductive stages of the life history in the two 

populations which I studied. In fact, the differential in survivorship 

is so great that old males (ages 11-15) outnumber old females four to 

one on Birch Creek, and two to one on the Chena River, even though the 

reproductive age span in both populations began with a preponderance of 

females.
As proposed earlier, a factor that probably stimulates high dis

persal in young males is the presence of old males that have outlived



99

their mates. However, in the Chena River population, trapping has re

duced survivorship, and as a consequence, few old males survive to com

pete with young males for mates. Therefore, there appears to be no 

adaptive advantage for young males to disperse in the trapped population. 

However, high male dispersal still appears to occur, as evidenced by a 

marked preponderance of females in the young adult age classes, following 

a slight preponderance of males in the prereproductives.

I propose two explanations, which may be complementary, for the 

phenomenon just described: (1) a high propensity for dispersal may be

inherently adaptive for young males and/or (2) adults may have evolved 

a greater propensity to impel immature males to leave the colony than 

young females, resulting in lowered survivorship of young males.

Regarding the first hypothesis, it was noted earlier that males 

normally outlive their mates. Thus an excess of old males would reduce 

the probability that a young male will successfully outcompete exper

ienced old males for a mate. However, as new lodge sites become avail

able each year by revegetation or stream source changes, the chances of 

a young male successfully breeding if he disperses may not be as low as 

the chances of surviving high levels of intraspecific strife present in, 

currently occupied environments. Another possible adaptive value of dis

persal to young males is reduced chances for inbreeding depression 

(Lerner 1954).

The second hypothesis accrues benefits to parental fitness. As 

discussed previously, selection would favor adult males that reduce the 

probability that their mates breed with another male. If adults are 

indeed more tolerant of the presence of a young female, or if males have
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a propensity for early dispersal, parental investment would be lower in 

each male produced (assuming other things equal). As outlined by Fisher 

(1958), Leigh (1970) and Kolman (1960), natural selection adjusts the 

neonate sex ratio so that equal effort is devoted to raising offspring 

of each sex. One would thus predict that beaver sex ratios among age 

classes prior to the termination of parental care would show a prepon

derance of males, as was observed by Libby (1954), Leege (1964), Brenner 

(1960), Wilkinson (1962) and myself.

As more individuals colonize optimal habitat, it is expected that 

the reproductive success of an individual will decrease (Orians 1969).

The more beavers that are exploiting a given environment, the greater 

the likelihood that a reduction of resources will adversely affect fit

ness. Also, the higher population may attract more predators, as in the 

Pakesley area (Pimlott et_ al_. 1969) or aid in the development of a search 

image for present predators (Krebs 1971). Hence, antural selection has 

favored the system of territoriality in beavers primarily to limit compe

tition for a given set of resources. Territory size is probably large 

enough to provide sufficient available food to support the colony through 

at least one winter. Novakowski (1965) claims that territories are not 

maintained during the summer and that bank dens rather than winter 

lodges were used for rearing the young. This may have occurred to a 

limited extent on my study areas, but scent mound communication was high 

throughout the summer (see Aleksiuk 1968b), and winter lodges were un

doubtedly being utilized during the summer. I suggest that maintenance 

of the territory and the lodge at least to a minimum extent will occur 

to avoid encroachment by other beavers.
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Trivers (1972) claims that where females are known to be more 

aggressive than males, they are also usually larger. Wilsson (1971) 

refers to a Russian reference (not cited) that claimed female beavers 

(Castor fiber) had to be larger than the males for mating to occur. The 

study by Hodgdon and Larson (1972) well documents that the female beaver 

is the more aggressive and the dominant sex in social encounters. How

ever, I found that known mates from trapped-out lodges exhibit apparent 

randomness in sex-specific size dominance. In fact, on the Chena River, 

both the age-specific and overall mean size of males were larger.

Geographic Variation

Considerable recent theoretical effort has emphasized the concepts 

of r- and K-selection (MacArthur 1962; Cody 1966; MacArthur and Wilson 

1967; Hairston e^ al. 1970; Pianka 1972; Roughgarden 1971). Basically, 

when environments impose high levels of density-independent mortality, 

selection will favor an individual that allocated a high proportion of 

its resources to reproductive activities (r-strategist). A K-strategist 

is one that allocates proportionately more resources to non-reproductive 

functions such as competition, predator avoidance, food acquisition, etc.

Two very distinct arguments are present. Several papers (e.g., 

Pianka 1970) have evaluated the concepts of r- and K-selection as they 

relate to the respective strategists in an increasing population. How

ever, as noted by Gadgil and Solbrig (1972), allocation of resources to 

reproductive activities need not be only to birth rate. Schaffer (1972) 

relates that decreasing survival among immatures is equivalent to re

ducing their parent's unit effort fecundity. There are two strategies
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that can increase reproductive effort at each breeding: (1) increased

fecundity as expressed by clutch or litter size, and/or (2) enhancement 

of progeny survivorship by either bearing larger young (larger eggs in 

birds) or by increasing parental care. Also, when the probability is 

low that successful breeding in any one year will occur, strategies that 

allow maximum opportunities for future breeding will win. As the only 

advantage of devoting resources to maintenance and growth is to enhance 

reproduction at further stages in the life history (Gadgil and Bossert 

1970), larger size when it enhances survival must be considered a direct 

contribution toward reproductive effort.

It is thus apparent that vertebrate geographic fecundity clines 

(see Lord 1960; Cody 1966) are augmented by geographic clines in body 

size (e.g., Bergmann’s rule). The general trends support contentions of 

increased reproductive effort with higher density-independent effects, 

but not necessarily increased fecundity.

Geographic variation in beaver life history strategies has not been 

carefully analyzed. Data from studies conducted in Ohio (Henry and 

Bookhout 1969), Pennsylvania (Brenner 1964), and North Dakota (Hammond 

1943) indicate larger litter sizes for mid-latitude beavers than for 

those in interior Alaska (P<0.05). E. P. Hill (pers. comm.) and Wilkin

son (1962) report mean litter sizes in Alabama beavers of about 2.5, 

which is about the smallest reported. Although insufficiently documented, 

the apparent geographic trend in beaver litter size is for maximum litter 

size in the central latitudes of their range.

Beavers in the north have been observed to remain in the parental 

colony for a longer period (up to three years) than those at lower
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latitudes (Novakowski 1967). The seasonal bioenergetic pattern of 

northern beavers (Aleksiuk 1968; Aleksiuk and Cowan 1969b) appears to 

require additional parental effort. Novakowski (1967) noted that young 

in a northern population gain weight throughout the winter period, 

whereas the adults lose weight during that time. Aleksiuk and Cowan 

(1969a) noted a winter weight loss among the young, but the decrease as 

a proportion of total weight was smaller for kits than for older age 

classes. As indicated in previous discussion, increasing the survival 

of progeny increases the parent's unit effort fecundity (Schaffer 1972). 

Thus, although litter size may not be as large in northern beavers, 

reproductive effort per young appears to be higher. The period of paren

tal care in Alabama beavers (Wilkinson 1962) has not been reported to 

differ from that of mid-latitude beavers (Brenner 1964; Larson 1967;

Bradt 1947) but litter size is smaller in Alabama beavers. Assuming 

that beavers at higher latitudes incur greater density-independent effects 

on survivorship, the differences in litter size and the parental care 

period appear consistent with the concept of r- and K-selection.

Geographic size variation in beavers has not been analyzed. E. P. 

Hill's (pers. comm.) data indicate that Alabama beavers are smaller than 

Alaskan beavers. This difference is also consistent with r- and K- 

selection theory as explained above. Further research is needed to 

document geographic variation in beavers.

Management of Beaver Populations

Beavers have a great ability and propensity to modify their environ

ment by constructing dam and canal systems. Thus management of beaver
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populations is frequently more a problem in watershed management than 

one of game population management. Many complexities are involved in 

formulating a watershed management plan incorporating conflicting in

terests of human use and wildlife population management. In interior 

Alaska, human conflicts with beavers are infrequent, thus this discussion 

will assume a desire to maximize both the number of beavers in a water

shed and the sustainable yield as a fur resource. This policy should 

satisfy the desires of non-consumptive users as well as maintain a re

creational and commercial harvest by trappers.

Beaver harvest is regulated by seasons and bag limits established 

by the Alaska Department of Fish and Game. Mandatory beaver pelt sealing 

provides minimal harvest information of numbers and size classes taken 

from each drainage. Many trappers retain small pelts for personal use, 

hence, frequently the harvest data is not complete. The value of pelt 

size for determination of population age structure is questionable, as 

Larson and Van Nostrand (1968) found pelt size to be inaccurate as an 

age class indicator. Certainly severe shifts in harvest may be detected 

from sealing returns.

This study showed a distinct increase in mortality rates of adults # 

in the trapped population. Evidence also strongly supported Aleksiuk's 

(1968b) proposal that territoriality and dispersal of prereproductives 

was a major regulating mechanism in beaver populations. However, I did 

not find support for Nordstrom’s (1972) thesis that litter size is in

creased by trapping, although it does appear that the age at first 

breeding is reduced in the trapped population. A very important aspect 

of my results is that the sex ratio is upset in the trapped population.
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Trappers in the subarctic traditionally attempt to remove only one 

or two adults from the lodge and leave the young ’’for seed." This 

is achieved by trapping at least 7 to 10 m from the lodge and terminating 

trapping efforts after removing one or two animals. Indeed, many states 

and Canadian provinces maintained regulations mandating various altera

tions of this harvest strategy (Novakowski 1965; Libby 1954; Hodgdon and 

Hunt 1955; Nash 1951; Denney 1951). As adult beavers procure food for 

the kits, they are more active and hence more susceptible to trapping.

Adult males normally have much higher survivorship than females, 

but trapping reduces life expectancy in the trapped population and pro

duces a resultant sex ratio with a preponderance of females. A mono

gamous breeding system thus deprives some females from breeding that 

would breed if males were available. Even if polygyny does occur, ice 

frequently isolates beavers from potential breeding outside the colony 

during the February breeding season.

Trapping is apparently effective in stimulating a decreased age at 

first breeding in at least females. To explore the effect of a decreased 

age at first breeding, two populations were simulated, one with first 

breeding in three-year-olds and one with first breeding in four-year- 

olds. The following assumptions are made: both populations have (1)

equal fecundity levels, (2) equal proportions of breeding females, (3) 

a replacement rate (R0) of 1.0 (i.e., a perfectly stable population), 

and (4) age structure equal in both populations to that present for the 

Chena River (see Table 2). The results are plotted in Figure 21. These 

results illustrate that if a population is density regulated, and harvest
i

mortality is compensatory (see Errington 1946), a harvest strategy that
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Figure 21. Population pattern of two simulated beaver populations.

Triangles represent a population with an age at first 

breeding of four years; circles, a population first 

breeding at three years. Both populations have a re

placement rate (RQ) of 1.0 with age structure as in 

the Chena River population sample.
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will decrease the age at first breeding will help to maximize the annual 

harvestable "surplus." Thus, assuming that carrying capacity is not 

exceeded, a younger first breeding age increases the productivity of 

the population.

A management plan that would maintain an equal sex ratio among the 

reproductives but still stimulate early breeding would maximize the pro

ductivity of the population. I propose that concerted efforts to trap 

out individual colonies be promoted, with other colonies remaining un

disturbed. This would perform the following functions: (1) maintain a

breeding population with an equal sex ratio, (2) provide optimal colony 

sites for dispersing two- and three-year-olds, thus enhancing their sur

vival and increasing the probability of early breeding, (3) maintain 

larger lodges in unharvested areas which may provide higher quality non

consumptive use, and (4) reduce the probability that fecundity will be 

reduced in females disturbed by trappers during the breeding season (see

Leege and Williams 1964).

If areas were maintained without trapping, overexploitation of food 

resources around optimal lodge sites would certainly occur. As Hall 

(1960) and Gill (1972) claim that aspen and poplar are never used by 

beavers on a sustained yield basis, once the supply is exhausted, either 

alternative food plants must be used, or the colony site will be aban

doned until regrowth of sufficient plant materials has occurred. Thus, 

perhaps a harvest strategy that allows a periodic shift in the locality 

being trapped may maximize productivity as well as allow a rotation of 

vegetation use allowing regrowth in some areas, while other areas are 

being heavily utilized by beavers. I suggest that a rotation period of



109

no less than four or five years would probably give a maximum sustainable 

yield. Detailed computer simulation and revegetation experiments would 

help considerably in the establishment of an optimal rotation period.

The proposed shift in beaver management policy hosts complexities 

of implementation. Registered trapline systems, e.g., as in some Cana

dian provinces, stimulate trappers to manage fur populations to maximize 

their long term return. Thus an information program may be all that is 

needed to implement such a management strategy. However, restrictions 

of trapping on specific areas may be imposed.

In a state the size of Alaska, experimental harvest strategies may 

easily be imposed with consequent trends in population levels measured 

by cache surveys. The state's sealing program also provides means for 

documenting broad trends in harvest. Socio-economic considerations must 

be evaluated before implementing harvest strategies.



APPENDIX A.

CAPTURE AND AGE DETERMINATION OF LIVE BEAVERS

Capture and handling of live beavers was greatly facilitated with 

the development of Bailey (1926) and Hancock beaver live traps. However, 

these traps are heavy and bulky, and transporting them into remote areas 

is often difficult if not impractical. Snares were used in this study 

to live capture beavers. Compactness and low cost make snares very prac

tical for field work in remote areas.

A Thompson 2-S self-locking snare was set in beaver runways, prefer

ably in areas where the live beaver would be relatively safe from preda

tors or drowning. The part of the snare that contacts the ground is 

buried and packed with one to two cm of soil, to prevent the beaver from 

kicking the snare with his foot and thus being caught around the neck.

If set properly, the beaver will begin to walk through the snare, and the 

snare will catch and close around the body. The snares should be checked 

daily, preferably early in the morning before the animal is exposed to 

mid-day heat. The snare may be wired so as to allow the trapped beaver 

access to water, although care must be taken that no obstructions are 

present that would allow the beaver to become entangled and consequently 

drown.
The beaver is usually caught directly behind the front legs. None 

of the seven beavers that I snared received any injury from the snare, 

even though the snare was usually cinched so tightly around the body that 

it had to be cut loose. An average of 17 trap nights was required for

110
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each capture.

Wire cages as described by Hakala (1952) may be used for trans

porting the live animal or a burlap bag may suffice. An assistant is 

valuable when attempting to transfer a snared beaver into a sack or 

cage. If possible, I prefer to handle the animal in the field near the 

capture site and release it as soon as possible. The less handling that 

is necessary, the lower the chances that accidental mortality will occur.

Ketamine hydrochloride was used as an anaesthetic. Dose specifi

city is not nearly as crucial as for succinylcholine chloride (Allen 

1965), and if the beaver begins to revive before all needed information 

has been taken, a second dose appears to have no deleterious effects.

As ketamine tends to reduce the beaver's thermoregulatory control (R. 

Dieterich, pers. comm.) cooling the tail and hind feet in ice water may 

be necessary to avoid hyperthermia if ambient temperature exceeds 25° C.

A dental elevator was used to remove a premolar (P^) from live 

beavers for age determination. First, the peridontal membrane was cut 

by forcing the elevator around the base of the tooth. Careful pressure 

between the premolar and the first molar loosened the tooth. Dental 

forceps aided pulling the tooth, although the entire operation may be 

done with an elevator. The tooth may then be sectioned for age deter

mination as described by Larson and Van Nostrand (1967).

Of the four beavers from which I removed a tooth and released, one 

recapture was obtained. I killed a four-year-old at colony 86 from 

which I had removed a premolar two weeks earlier. The gums were somewhat 

swollen around the extracted tooth socket and slight impaction of woody 

material had occurred. However, the animal was in excellent condition
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and a full stomach indicated that she was eating well. Impaction and 

subsequent erosion of the maxilla after a tooth has been removed may 

shorten a beaver's life expectancy. Several beavers in my collection had 

small wood chips impacted between molars with subsequent erosion of the 

jaw. The occurrence and severity of this may be increased by tooth 

extraction.



Appendix B. Quantitative characterization of plant associations along Birch Creek.

x = number of plant stems per 6 x 60 m plot; x = mean of x; SE = standard deviation of x

~  I ** -SaIix £L~ Salix Betula Populus Alnus Picea Picea
alaxensis busculoides spp. papyrifera balsamifera spp. glauca mTrTana

Size ------------------------ ------------ ----------------- —  _____ ___________  ________________ "
Class (cm): 5-10 i0"20 5-10 10-20 5-10 10-20 5-10 10-20 20+ 5-10 10-20 20+ 5-10 10-20 5-10 10-20 20+ 5-10

ALDER -- 7 quadrats

x 2.43 8 0.71 0.71 1.29 0.57 3.29 125 0.14 0.71 1.57 0.14

SE 2,10 4 4 3  °*57 °-47 0-57 0.30 2.15 15.5 0.14 0.71 1.25 0.14
ALDER-BIRCH BOG —  1 quadrat

x 10 7 

ALDER-WILLOW -- 3 quadrats

i 6.67 2.33 24.0 0 .33 99.3 1.67

SE 1-«S 1.20 23.0 0.33 48.4 1.20
BIRCH - - 7  quadrats

22.4 1.43 2.71 0.29 6.71 76.6 11.6 1.71 1.0 8.14 0.14 0.43

SE 17’4 1 4 3  2-76 0.29 S.78 24.7 4.69 1.71 1.0 7.32 0.14 0.30
BIRCH-POPLAR -- 3 quadrats

* 15,7 16,3 1,0 °-33 °-67 0.33 18.3 6.33 2.33 19.7 5.33 3.0

SE 14'7 H *7 1-° °-33 0-67 0.33 6.36 4.37 1.2 13.5 5.33 3.0
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Appendix B, continued.

Salix
alaxensis

Salix ar- 
busculoides

Salix
spp.

Betula
papyrifera

Populus 
balsamifera

Alnus
spp.

Picea
glauca

Picea 
mariana
____

Class (cm): 5_10 10-20 5-10 10-20 5-10 10-20 5-10 10-20 20+ 5-10 10-20 20+ 5-10 10-20 5-10 10-20 20+ 5-10

G R A V E L -W IL L O W  -- 1 quadrat

x 10

HERBACEOUS -- (no woody plants)

MATURE STAND -- 31 quadrats

i 2.03 0.13 2.52 0.03 3.03 0.06 8.55 4.48 0.45 3.03 1.23 0.19 24.9 0.1 20.5 9.00 2.35

SE 1.11 0.08 1.37 0.02 2.52 0.06 3.18 1.12 0.30 1.94 0.71 0.14 6.20 0.07 4.05 2.02 0.84

POPLAR —  11 quadrats

i 29.6 2.64 0.27 0.45 36.5 5.91 0.36 3.45 0.18 0.27

SE 7.36 1.33 0.14 0.31 6.73 1.68 0.36 2.75 0.18 0.27

SPRUCE BOG - - 3  quadrats

X 2.33 4.67 1.67 7.67 1.33 24.7

SE 2.33 2.6 1.20 4.33 1.33 13.8

WILLOW - - 2 4  quadrats

x 86.9 5.0 10.4 0.13 3.13 0.04 1.33 0.50 0.04 0.96 1.67 0.04

SE 17.1 2.46 3.94 0.13 2.18 0.04 0.61 0.33 0.04 0.50 1.67 0.04
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APPENDIX C.

RESULTS OF THE MULTIPLE REGRESSION ANALYSIS OF BEAVER 

LODGE DENSITY OF HABITAT CHARACTERISTICS

This Appendix reports the results of multiple regression analysis 

of density on several habitat characteristics. The following list of 

variables refers to parameters which are described in more detail in the 

text.

MN = mean neighbor distance (km).

NN = nearest neighbor distance (km).

R = area inundated by water.

G = area of non-vegetated gravel or sand.

AREA = the area available to beavers for food acquisition,

veg. = any of the vegetation type(s) listed below,

veg. prop. = the proportion of AREA represented by any of the 

habitat type(s) listed below.

P = Poplar habitat.

BP = Birch-Poplar habitat.

AT-BT = Alder-Birch bog.

H-HW = Herbacious plant associations.

B = Birch habitat.

AW = Alder-Willow habitat.

GW = Gravel-Willow habitat.

T = Spruce Bog.

W = Willow habitat.
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MS = Mature Stands.

An asterisk (*) following any of the above habitat types denotes the 

proportion of AREA represented by that habitat type, a vertical bar 

reads "given." Thus, A-AB*|R*, W*, AREA reads, the proportion of alder 

habitat type given the proportion inundated by water, the proportion 

in willow habitat, and the maximum area available for food acquisition.



Appendix C-l. Correlations of physical factors and neighbor distances.

Dependent Independent Regression Significance 7
Year Study Area Variable Variable(s) Coefficient Level R

1972 Chena River MN AREA -0.096 0.1 0.1164
1972 Chena River NN G -0.1729 0.05 0.1512
1973 Chena River --No significant correlations--
1972 Birch Creek MN 6 veg. prop., AREA 

AREA|6 veg. prop. -0.25044
0.05
0.001

0.7385

1972 Birch Creek NN 4 veg. prop., R*,
AREA
R*|4 veg. prop., AREA 
AREA 14 veg. prop., R*

0.1222
-0.2279

0.001
0.001
0.1

0.7653

1972 Birch Creek NN 1 veg. prop., AREA 
AREA|1 veg. prop. -0.3168

0.1
0.1

0.2113

1972 Birch Creek MN 2 veg., AREA Not significant
1972 Birch Creek MN 4 veg., R, AREA 

AREA|4 veg., R -0.69057
0.01
0.005

0.7175

1972 Birch Creek NN G, R Not significant
1972 Birch Creek NN 5 veg., G, AREA, R 

R|5 veg., G, AREA 0.8567
0.001
0.005

0.7541

1972 Birch Creek MN G -1.1209 0.1 0.1441
1972 Birch Creek NN G -0.96094 0.05 0.1652
1972 Birch Creek NN 3 veg. prop., R* 

R*|3 veg. prop. 0.09939
0.005
0.001

0.6983



Appendix C-l continued.

Year
Study
Area

Dependent
Variable

Independent 
Variable(s)

Regression Significance 
Coefficient Level R2

1973 Birch Creek MN R 1.4835 0.1 0.1275
1973 Birch Creek MN R* 0.21181 0.025 0.2554
1973 Birch Creek NN R - -Not significant--
1973 Birch Creek NN R, AREA

r |a r e a
a r e a |r

2.17313
-0.64734

0.1
0.025
0.1

0.2418

1973 Birch Creek NN 4 veg., G, AREA, R 0.025 0.6715
R 14 veg., G, AREA 2.3978 0.025

1973 Birch Creek MN 2 veg., R, G , 
R 2 veg., G,

, AREA 
AREA 2.6366

0.025
0.025

0.5432

1973 Birch Creek MN AREA --Not significant--
1973 Birch Creek MN 1 veg., R, G , 

AREA|1 veg.,
, AREA 
R, G -1.0638

0.1
0.1

0.3918

1973 Birch Creek NN 7 veg. , R, G, AREA 0.05 0.7252
_____________________________________ AREA|7 veg. , R, G -1.4296______________ 0.025_________________
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Appendix C-2. Physical characteristics with significant correlations.

Year
Study
Area Variables

Correlation
Coefficient

Significance
Level N

1972 Chena River R-G 0.407 0.05 31
1973 Chena River AREA-R 0.662 0.01 24
1973 Chena River AREA-G 0.518 0.01 24
1972 Birch Creek AREA-G* 0.459 0.05 26
1972 Birch Creek AREA-R 0.773 0.01 26
1972 Birch Creek AREA-G 0.635 0.01 26
1973 Birch Creek AREA-R 0.742 0.01 23
1973 Birch Creek AREA-G 0.504 0.05 23



Appendix C--3. Regressions of neighbor distances on vegetation types along Birch Creek.

Dependent Independent Regression Significance 2
Year Variable Variable(s) Coefficient Level R

1972 MN p* -0.27916 0.1 0.1310

1972 MN P*, BP* 0.025 0.2846
P* BP* -0.30417 0.05
BP*|P* -0.21217 0.05

1972 MN P*, BP*, A-AB* 0.01 0.4099
p *|b p*, a -a b * -0.37786 0.01
BP*|P*, A-AB* -0.20288 0.05
A-AB*|P*, BP* -0.09732 0.05

1972 MN P*, BP*, A-AB*, AT-BT* 0.005 0.5490
P*|BP*, A-AB*, AT-BT* -0.37552 0.005
BP*|P*, A-AB*, AT-BT* -0.17021 0.05
A-AB*|P*, BP*, AT-BT* -0.1208 0.01
AT-BT*|P*, BP*, A-AB* 0.43318 0.025

1972 MN P*, BP*, A-AB*, AT-BT*, H-HW* 0.001 0.6363
P*|BP*, A-AB*, AT-BT*, H-HW* -0.45838 0.001
BP*|P*, A-AB*, AT-BT*, H-HW* -0.16319 0.05
A-AB* P*, BP*, AT-BT*, H-HW* -0.08178 0.1
AT-BT*|P*, BP*, A-AB*, H-HW* 0.51442 0.005
H-HW*|P*, BP*, A-AB*, AT-BT* 0.27578 0.05
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Appendix C-3 continued.

Year
Dependent
Variable

Independent
Variable(s)

Regression
Coefficient

Significance
Level R2

1972 MN P*, BP*, A-AB*, AT-BT*, H-HW*, B* 0.001 0.6974
P*|BP*, A-AB*, AT-BT*, H-HW*, B* -0.49972 0.001
BP* Ip *, A-AB*, AT-BT*, H-HW*, B* -0.19283 0.025
AT-BT*|P*, BP*, A-AB*, H-HW*, B* 0.60735 0.001
H-HW*|P*, BP*, A-AB*, AT-BT*, B* 0.32876 0.01
B* |P*, BP*, A-AB*, AT-BT*, H-HW* -0.18345 0.1

1972 NN AT-BT* 0.40946 0.025 0.2111
1972 NN AT-BT*, T* 0.005 0.4096

a t -b t*It * 0.43679 0.005
T*|AT-BT* 0.06747 0.01

1972 NN AT-BT*, T*, A-AB* 0.001 0.5817
AT-BT*|T*, A-AB* 0.52114 0.001
T*|AT-BT*, A-AB* 0.0643 0.005
A-AB*| AT-BT*, T* -0.0898 0.01

1972 NN T* 0.06239 0.05 0.170486
1972 NN AT-BT*, T*, A-AB*, R*, AREA, W* 0.001 0.7653

AT-BT*lT*, A-AB*, R*, AREA, W* 0.48313 0.001
T*| AT-BT*, A-AB*, R*, AREA, W* 0.06920 0.001
A-AB*| AT-BT*, R*, AREA, W*, T* -0.10366 0.001
W*| AT-BT*, T*, A-AB*, R*, AREA -0.06534 0.1



Appendix C-3 continued,

Dependent Independent Regression Significance n2
Year Variable Variable(s) Coefficient Level R

1972 MN AT-BT*, T* 0.05 0.2460
AT-BT* |T* 0.42677 0.05
T*]AT-BT* 0.06524 0.1

1972 NN AT-BT*, T* 0.005 0.4096
AT-BT*|T* 0.43679 0.005
T*]AT-BT* 0.06747 0.01

1972 MN A-AB*, P*, BP*, AW* 0.005 0.5103
A-AB*|P*, BP*, AW* -0.09068 0.05
P*|A-AB*, BP*, AW* -0.35616 0.01
BP*|A-AB*, P*, AW* -0.23266 0.01
AW*|A-AB*, P*, BP* -0.42411 0.05

1972 NN BP* --Not significant- -

1972 NN AREA, BP*, P*, A-AB* 0.025 0.4256
BP*|AREA, P*, A-AB* -0.17533 0.025
P*|AREA, BP*, A-AB* -0.236 0.05
A-AB*I AREA, BP*, P* -0.08039 0.05

1972 MN P -7.02524 0.025 0.2060
1972 MN P, B 0.01 0.3409

P | B -9.06145 0.01
b Ip -4.4862 0.05 122



Appendix C-3 continued

Dependent Independent Regression Significance
Year Variable Variable(s) Coefficient Level R2

1972 MN AT-BT, B, P 0.005 0.5053
a t -b t |b , p 9.01097 0.025
p |a t -b t , b -7.83964 0.005
b |a t -b t , p -5.87774

1972 MN AT-BT, P, B, BP 0.001 0.5982
a t -b t |p , b , bp 8.85733 0.01
p |a t -b t , b , bp -6.868 0.005
BP IAT-BT, B, P -4.13109 0.05
B|AT-BT, p , BP -5.96679 0.005

1972 MN BP AT-BT, P, B -5.17016 0.05 0.15228
1972 MN H-HW, AT-BT, P, BP, B 0.001 0.6948

h -h w |a t -b t , p , BP, b 5.08364 0.025
a t -b t |h -h w , p , BP, b 10.41925 0.005
p |h -h w , a t -b t , b p , b -7.89901 0.001
BP IH-HW, AT-BT, P, B -4.98361 0.01
b |h -h w , a t -b t , p , bp -4.65084 0.01

1972 NN AT-BT 7.0654 0.05 0.1712
1972 NN AT-BT, A-AB 0.01 0.3348

a t -b t |a -a b 8.2747 0.001
A-AB|AT-BT -1.51616 0.05



Appendix C-3 continued.

Year
Dependent
Variable

Independent
Variable(s)

Regression Significance 
Coefficient Level R2

1972 NN A-AB, AT-BT, BP 0.005 0.4950
a -a b |a t -b t , BP -1.75583 0.01
AT-BT|A-AB, BP 8.14378 0.005
BP|A-AB, AT-BT -4.30505 0.025

1972 NN T, A-AB, AT-BT, BP 0.005 0.5650
T|A-AB, AT-BT, BP 1.08127 0.1
A-ABjT, AT-BT, BP -1.76996 0.005
AT-BT|T, A-AB, BP 8.34165 0.005
BP|T, A-AB, AT-BT -3.35895 0.1

1972 NN R, W, T, A-AB, AT-BT, AREA 0.001 0.7175
W|R, T, A-AB, AT-BT, AREA -1.50203 0.1
T|R, W, A-AB, AT-BT, AREA 1.90017 0.001
A-AB|R, W, T, AT-BT, AREA -1.43309 0.01
AT-BT |R, W, A-AB, AREA 7.37993 0.005

1972 NN W, T, A-AB, AT-BT, P, BP 0.001 0.6639
W|T, A-AB, AT-BT, P, BP -1.41898 0.1
T |W, A-AB, AT-BT, P, BP 1.19958 0. 05
A - A B lw ,  T, A T -B T ,  P, BP -1.77896 0.005
AT-BT W, T, A-AB, P, BP 6.75718 0.025
P|W, T, A-AB, AT-BT, BP -2.98038 0.1
BP|W, T, A-AB, AT-BT, P Not significant



Appendix C-3 continued

Dependent Independent Regression Significance
Year Variable Variable(s) Coefficient Level R2

1972 MN T 1.69606 0.1 0.1234
1972 MN T, AT-BT 0.05 0.2364

T|AT-BT 1.73547 0.1
a t -b t It 7.17154 0.1

1972 NN AT-BT, T 0.025 0.2943
a t -b t |t 7.21079 0.025
T|AT-BT 1.3573 0.1

1972 MN P, BP, B 0.005 0.4395
P|BP, B -7.05711 0.025
BP|P, B -4.25354 0.1
b ]b p , p -4.60232 0.05

1972 NN p -4.9536 0.05 0.1597
1972 NN A-AB, P 0.05 0.2547

A-AB |P -1.13977 0.1
p |a -a b -4.77144 0.05

1972 NN A-AB, P, BP 0.05 0.3658
a -a b |p , BP -1.36152 0.05
p |a -a b , BP -3.84573 0.1
BP|A-AB, P -3.67237 0.1



Appendix

Year

C-3 continued.

Dependent 
Variable

Independent
Variable(s)

Regression Significance 
Coefficient Level R2

1972 NN W, A-AB, BP, P 0.025 0.4450
w |a -a b , p , BP -1.56918 0.1
A-AB|W, P, BP -1.50802 0.025
p |a -a b , W, BP -4.20783 0.1
BP|W, A-AB, P -3.42579 0.1

1973 MN R*, A-AB*, P* 0.025 0.3906
A-AB*] R*> p* --Not significant--
P*|R*, A-AB* -0.55712 0.1

1973 MN A-AB* 0.12141 0.1 0.1294
1973 MN A-AB*, P* 0.1 0.2691

A-AB*|P* 0.13151 0.1
p*|a -a b * -0.62828 0.1

1973 MN R*, G*, W*, T*, AW*, AREA 0.05 0.5084
W*, AW* | above --Not significant-
T* |R*, G*, W*, AW*, AREA 0.13577 0.1

1973 MN R, G, AREA --Not significant- -

1973 MN R, G, AREA, T 0.1 0.3918
t Ir , G, AREA 2.55873 0.05

1973 MN R, G, AREA, T, AW 0.025 0.5432
t |r g , AREA, AW 2.38796 0.05
a w |r , g , AREA, t -7.25019 0.05



Appendix C-3 continued.

Year
Dependent
Variable

Independent 
Variable(s)

Regression
Coefficient

Significance
Level R2

1973 MN R, G, T, MS, AW, B, GW, AREA 0.025 0.7247
T|R, G, MS, AW, B, GW, AREA 3.01527 0.025
MS|R, G, T, AW, B, GW, AREA 1.6235 0.1
AW|R, G, T, MS, B, GW, AREA -5.72995 0.1
B|R, G, T, MS, AW, GW, AREA 3.47339 0.1
GW|R, G, T, MS, AW, B, AREA 2.70714 0.1

1973 NN R, G, AREA --Not significant--
1973 NN R, G, AREA, GW 0.01 0.5307

g w |r , g , AREA 3.21585 0.005
1973 MN GW 3.98825 0.025 0.2872
1973 MN GW, B 0.01 0.3923

g w |b 4.10525 0.01
b |g w 3.30787 0.1



App end ix C-3 continued.

Dependent Independent Regression Significance 7
Year Variable Variable(s) Coefficient Level R

1973 MN T, AW, B, GW 0.005 0.6012
t |a w , B, GW 1.76357 0.05
a w |t , B, GW -6.27214 0.05
b |t , AW, GW 3.26486 0.1
g w |t , AW, b 3.08604 0.025

1973 MN T, MS, AW, B, GW 0.005 0.6640
t |m s , AW, b , GW 1.76905 0.025
m s |t , AW, B, GW 1.04299 0.1
a w |t , MS, B, GW -6.71242 0.025
b |t , MS, AW, GW 3.61679 0.05
g w |t , m s , a w , b 3.57600 0.01

1973 MN W, T, MS, AW, B, GW 0.025 0.7216
w |t , MS, AW, B, GW -2.41835 0.1
t |w , MS, AW, B, GW 2.54908 0.005
M S | w ,  T, AW, B, GW 1.20956 0.05
AW |W, T, MS, B, GW -6.73246 0.025
b |w , t , MS, AW, GW 3.55147 0.025
GW |W, T, MS, AW, B 3.4722 0.01

1973 NN GW 3.6668 0.001 0.4667
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Appendix C-4. Vegetation type correlations on Birch Creek.

Correlation Significance
Year Variables Coefficient Level N
1972 G*, T* -0.617 0.01 27
1972 H-HW*, A-AB* -0.514 0.01 27
1972 G*, P* 0.460 0.05 27
1972 y* p* -0.407 0.05 27
1972 H-HW*, P* 0.404 0.05 27
1972 R*, BP* -0.638 0.01 27
1972 MS*, B* -0.429 0.05 27
1972 AREA, T* -0.401 0.05 27
1972 R, W 0.476 0.05 27
1972 H-HW, A-AB -0.413 0.05 27
1972 G, P 0.524 0.01 27
1972 G, BP 0.487 0.01 27
1972 H-HW, B -0.4 0.05 27
1972 MS, B -0.476 0.05 27
1972 A-AB, B 0.593 0.01 27
1972 AREA, W 0.444 0.05 27
1972 AREA, MS 0.413 0.05 27
1972 AREA, P 0.438 0.05 27
1973 R*, H-HW* -0.444 0.05 23
1973 R*, A-AB* 0.416 0.05 23
1973 G*, BP* 0.45 0.05 23
1973 A-AB*, B* 0.489 0.05 23
1973 W, T 0.566 0.01 22
1973 G, BP 0.604 0.01 22
1973 H-HW, B 0.539 0.01 22



APPENDIX D.

COMMON VASCULAR PLANTS FOUND ON THE 

CHENA RIVER AND BIRCH CREEK STUDY AREAS

(spp. indicates genera where the species were not identified) 

Scientific Name Reference relating importance to beavers

Lycopodiaceae

Lycopodium spp. (L.) Panfil 1964

Equisetaceae

Equisetum spp. (L.)

Pinaceae

Picea glauca (Moench) Voss Hakala 1952

Picea mariana (Mill.) B.S.P. Northcott 1971

Sparganiaceae

Sparganium angustifolium (Michx.) Lawrence 1954 

Sparganium hyperboreum (Laest.)

Potamogetonaceae

Potamogeton spp. (L.) Hakala 1952

Juncaginaceae

Triglochin spp. (L.)

Gramineae

Agropyron spp. (Gaertn.)

Arctagrostis latifolia (R.Br.) Griseb.

Beckmannia erucaeformis (L.) Host 

Bromus spp. (L.)
129
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Scientific Name Reference relating importance to beavers

Gramineae, cont'd

Calamagrostis spp. (Adans.) 

Festuca spp. (L.)

Glyceria maxima (Hartm.) Holmb. 

Poa spp. (L.)

Cyperaceae

Carex spp. (L.)

Eriophorum spp. (L.)

Juncaceae

Juncus spp. (L.)

Salicaceae

Populus balsamifera (L.)

P_. tremuloides (Michx.)

Salix alaxensis (Anderss.) Cov. 

S_. arbusculoides (Anderss.)

S. bebbiana (Sarg.)

£. glauca (L.)

S_. hastata (L.)

S. interior (Rowlee)

S. lasiandra (Benth.)

S. monticola (Bebb)

S. novae-angliae (Anderss.)

£• planifolia (Pursh)

Lawrence 1954

Hodgdon and Hunt 1955

Gill 1972 

Warren 1927

Sverre 1972 

Hall 1960

Sverre 1972 

Sverre 1972 

Sverre 1972 

Sverre 1972
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Scientific name Reference relating importance to beavers

Betulaceae

Alnus crispa (Ait.) Pursh 

A. tenuifolia (Nutt.)

Betula nana (L.)

papyrifera (Marsh.) 

Polygonaceae

Polygonum spp. (L.)

Rumex arcticus (Trautv.) 

Nymphaeaceae

Nuphar polysepalum (Engelm.) 

Ranunculaceae

Aconitum delphinifolium (DC.) 

Caltha palustris (L.) 

Ranunculus spp. (L.) 

Saxifragaceae

Ribes spp. (L.)

Rosaceae

Potentilla spp. (L.)

Rosa acicularis (Lindl.)

Rubus idaeus (L.)

Leguminosae

Astragalus spp. (L.) 

Hedysarum spp. (L.)

Lupinus arcticus (S.Wats.)

Shelton 1966 

Hall 1960

Sverre 1972

Novakowski 1965

Hakala 1952

Sverre 1972

Sverre 1972 

Sverre 1972 

Novakowski 1965
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Scientific Name Reference relating importance to beavers

Onagraceae

Epilobium angustifolium (L.) 

JL* latifolium (L.) 

Haloragaceae

Hippuris vulgaris (L.) 

Myriophyllum spicatum (L.) 

Cornaceae

Cornus stolonifera (Michx.) 

Cornus canadensis (L.) 

Empetraceae

Empetrum nigrum (L.) 

Ericaceae

Ledum decumbens (Ait.) Small 

L. groenlandicum (Oeder) 

Vaccinium oxycoccus (L.)

V. uliginosum 

V. vitis-idaea (L.) 

Gentianaceae

Menyanthes trifoliata (L.) 

Rubiaceae

Galium boreale (L.) 

Caprifoliaceae

Viburnum edule (Michx.) Raf.

Sverre 1972 

Shelton 1966

Northcott 1971

Hakala 1952

Sverre 1972 

Shelton 1966
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Compositae

Artemisia spp. (L.)

Aster sibiricus (L.) Shelton 1966

Senecio spp. (L.)

Solidago multiradiata (Ait.) Lawrence 1954

Taraxicum spp. (Zinn) Sverre 1972

Scientific Name Reference relating importance to beavers



APPENDIX E.

SEXUAL DIMORPHISM IN THE PELVIS OF BEAVERS

Dunmire (1955) noted sex dimorphism in the pelvis in several species 

of small rodents. He proposed that pelvic shape differences may be modi

fications of the female to facilitate interpubic separation during ges

tation. He speculated that estrogen and testosterone may affect the 

development of sexual dimorphism in the pelvis.

I noted that the distance between the ilium of each innominate 

appeared greatest in female beavers. However, use of this criterion re

quires that both innominate bones be intact with vertebrae to insure that 

separation has not occurred. A sexual dimorphic characteristic of only 

the innominate bone would provide more utility and could be used to 

determine the sex of bones found at predator dens, in fossil remains, or 

in museum collections where no care has been taken to avoid separation 

of the pubic symphysis.

Male beavers were noted to exhibit an iliopectineal eminence. Fe

males occasionally have a slight eminence, but seldom of the magnitude of 

males. Also, the ischium appeared to be less massive in many females.

The pubis was measured for its maximum width at a point posterior from 

the anterior vertex of the obturator foramen a distance equal to the length 

of the acetabulum. The ischium width was measured at its narrowest point. 

These measurements are illustrated in Figure 8. A ratio of the pubis 

width to the ischium width is greater than 0.65 in males and less than 

0.65 for females in 88% of the 240 pelves examined. Often the deviants
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could be discerned qualitatively by the presence of an iliopectineal 

eminence. Because the development of the iliopectineal eminence is 

slight in young individuals, the index is most reliable for adults.

Dunmire (1955) noted male Spermophilus beecheyi and Dipodomys 

heermanni to possess ischial thickenings. These as well as the eminence 

noted in beavers may be adaptations to provide larger attachments for 

the penis musculature of males.



Appendix F . Chena River lodge history.

Colony
Number

Years Occupied 
(from Beaver
September Field
observations) Number Sex Age Class Trapped Out

1 1972, 1973 A-112 F 15
A-18 M 6

4 1972 38 F 2
A-116 F 3
A-117 F 4
A-lll M 3
110 M 7

5 1972 A-6 F 4
81 M 4

6 1972, 1973 102 F 2
99 F 5
A-7 M 6

8 1972 80 F 2
A-93 F 2
A-68 F 5
101 M 2
103 M 2

9 1972, 1973 78 F 3
41 M 4

10 1972, 1973 A-71 F 1
A-113 F 1
A-119 F 1
A-91 F 5
A-61 M 3
100 M 4

16 1972 79 F 2
A-70 M 1

18 1972 22 F 4
39 M 7

19 1972 A- 21 F 11
93 M 2
A-20 M 10

20 1972, 1973 A-5 M 3
22 1972 40 F 2

24 M 2
23 1972 65 F 2

25 F 3
23 M 3
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Appendix F, continued.

Years Occupied 
(from Beaver

Colony September Field
Number observations) Number Sex Age Class Trapped Out

24 1972 26 F 2
25 1972 21 F 5
27 1972 A-3 M 5
28 1972 A-4 M 2
29 1972 64 F 4
34 1972 97 F 3
35 1972 96 F 2

82 F 10
A-32 2

36 1972, 1973 33 4
37 1972, 1973 71 F 3
38 1972 4 F 5
40 1972, 1973 92 M 8
41 1972 95 F 5

94 M 5
44 1972 5 F 1

3 M 1
45 1972 76 F 4
46 1972 77 F 5
47 1972 91 F 4

90 M 3
49 1972 A-11 F 1

A-12 F 1
121 F 4
A-62 F 6
A-121 M 2

50 1972 A-2 F 4
55 1972 A-64 M 1

A-9 M 2
A-8 M 14

56 1972 A-120 F 1
A-13 M 2
A-103 M 3
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Years Occupied 
(from Beaver

Colony September Field
Number observations) Number

Appendix p, continued.

57 1972 A-98 
A-17 
B-7 
A-100

58 1972 A-7 9
59 1972 A-94
61 1972, 1973 B-10

A-22
62 1972, 1973 A-101
63 1972 A-23
64 1972 A-24 

A-31

Sex Age Class Trapped Out

F 2 X
F 3
F 5
M 8
M 3
M 5
F 4
M 6
F 6
M 1
F 1
F 3

65 1972 A-25 F 1
A-30 M 2

66 1972 A-27 M 3
A-28 M 3
A-29 M 4

69 1972 A-8 9 F 5
70 1972 118 M 4
71 1972 119 M 3
73 1972 47 F 3

46 M 3
74 1972 A-16 F 1

A-44 F 6
A-43 M 3
B-8 M 3
1 M 4

75 1972 B-9 F 1
A-56 F 3
A-54 M 3
A-19 M 6

76 1972 A-35 F 1
8 F 2
A -41 F 2
A-122 F 2
A-34 M 2
A-38 M 2
29 M 5
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Appendix F , continued.

Colony
Number

Years Occupied 
(from 
September 
observations)

Beaver
Field
Number

77 1972, 1973 30
2
9
A-39

78 1972 A-1 
83

79 1972 72
80 1972 73
81 1972 74

116
82 1972 75

98
A-58
115

83 1972 88
85

84 1972 70
19

85 1972 37
15
16 
48 
45

86 1972, 1973 27
A-36 
A-42 
A-10 
A-26
28

87 1972, 1973 32
31

88 1972 84
86

89 1972 A-92 
69
A-15 
A-72 
122

Sex Age Class Trapped Out

F 5
F 6
M 2
M 2
F 2
M 3
F 7
F 4
F 3
M 3
F 8
M 2
M 2
M 7
F 4
M 4
F 4
M 3
F 1
F 3
M 2
M 2
M 6
F 3
F 3
M 1
M 2
M 3
M 7
F 5
M 1
F 2
F 3
F 1
F 2
F 2
F 2
M 7
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Appendix F , continued.

Years Occupied 
(from Beaver

Colony September Field
Number observations) Number Sex Age

90 1972 6 M 1
7 M 1

91 1972 13 F 3
92 1972 14 M 3
93 1972 34 M 1

17 M 3
94 1972 18 F 2
95 1972 20 M 3
96 1972 120 F 2

33 M 2
97 1972 35 F 2
98 1972 117 F 9

67 M 2
87 M 2
36 M 13

99 1972 89 F 10
68 M 3

C2 1972 42 F 8
C3 1972 B-5 F 9
C4 1972 A-96 M 2
C6 1972 A-66 F 6

108 M 5
C7 1972 113 F 1

A-105 F 1
A-65 F 10
A-88 M 1
B-6 M 1
A-63 M 2

C8 1972 A-109 M 2
CIO 1972 A-106 F 9
Cll 1972 107 F 2

114 F 9

Trapped Out
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Appendix F, continued.

Years Occupied 
(from Beaver

Colony September Field
Number observations) Number Sex Age Class Trapped Out

C13 1972 A-95 M 1
A-75 M 2
44 5

C14 1972 A-69 F 1
A-60 F 1
A-110 F 1
A-108 M 1
A-114 M 2

SI 1972 A-59 F 4
A-85 M 1

S2 1972 104 F 6
S3 1972 43 F 4
S4 1972 106 F 2

A-55 F 5
A-118 M 1
A-77 M 7

S5 1972 A-86 F 1
S6 1972 A-115 M 1
S9 1972 A-87 M 1
S10 1972 A-84 M 1

A-99 M 1
A-83 M 3
A-57 M 4

Sll 1972 A-97 F 2
A-90 M 1

S12 1972 A-80 F 4
S13 1972 112 F 9

B-14 M 7
S14 1972 A-102 F 6

105 M 4
S15 1972 B-ll F 3
S16 1972 111 M 9
S17 1972 A-104 F 1

A-74 F 2
109 F 3
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Years Occupied 
(from Beaver

Colony September Field
Number observations) Number Sex Age Class Trapped Out

Appendix F f continued.

S17 1972 B-16 F 5
A-82 M 1

S18 1972 B-13 M 3
S19 1972 B-12 F 3



Appendix G . Birch Creek lodge history.

Years Occupied 
(from Beaver

Colony September Field
Number observations) Number Sex Age Class Trapped Out

1 1972 A-49
2 1972 A-47

A-45
3 1972, 1973 A-51
5 1972 A-48

A-52
6 1972, 1973 B-2

10 1972, 1973 A-50
11 1972 B-l
12 1972, 1973 A-45

A-46
15 1972 B-3
18 1973 B-24

B-33
20 1972, 1973 B-l 9 

A-53 
B-18

21 1972, 1973 B-23
B-25

22 1972, 1973 B-22
B-26
B-27
B-20
B-21

26 1972, 1973 B-38
B-36

28 1972, 1973 B-28
B-31
B-22
B-29

31 1972, 1973 B-l 7
34C 1972, 1973 B-4
66 1972, 1973 B-34
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F 3
M 3

3
F 2
F 7
M 2
F 14
M 4
M 6

1
3

M 4
F 1 X
F 5
F 3
F 9
M 10
F 6
M 12
M 2 One remaining
M 2
M 2
F 10
M 11
F 6
M 8
F 1
F 1
F 1
M 12
M 1
M 2
M 13
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Years Occupied 
(from Beaver

Colony September Field
Number observations) Number

Appendix G , continued.

76 1972 A-45
78 1972 B-15
79 1972, 1973 B-35
87 1972, 1973 B-37
90 1973 B-30
101 1972 B-43

B-41
B-42
B-44

102 1972 B-51
B-52
B-53

103 1972 B-56
B-55
B-54
B-57

104 1972 B-59
B-58

Sex Age Class Trapped Out

2
F 4
F 4
F 1
M 11
F 2
F 6
M 9

2
M 2
M 2

1
F 5
M 11

2
2
2
5



APPENDIX H.

REPRODUCTION DATA

Appendix H-l. Birch Creek reproduction data from females collected be
tween 15 March 1973 and October 1973.

Field
Number Date Embryos

Placental
scars Total

Age
class Remarks

B-2 17 May 0 0 0 14 Barren

B-15 20 May 0 0 0 4 Barren

B-19 9 Sept. 0 0 0 3 Barren

B-23 16 Sept. 0 3 3 6

B-24 18 Sept. 0 0 0 1 Immature

B-28 18 Sept. 0 0 0 1 Immature

B-31 18 Sept. 0 0 0 1 Immature

B-32 18 Sept. 0 0 0 1 Immature

B-33 21 Sept. 0 4 4 5

B-35 22 Sept. 0 2 2 4

B-37 29 Sept. 0 0 0 1 Immature

B-38 28 Sept. 0 3 3 6

B-40 Mar. 4 0 4 12

B-41 Mar. 0 0 0 6 Barren

B-43 Mar. 0 0 0 2 Immature

A-4 8 17 May 0 0 0 7 Barren-undevel
oped uterus

A-49 12 May 0 0 0 3 Barren

A-51 14 May 0 0 0
16

2 Immature

Mean litter size = 3.2 ± 0.8366 (SD) (n=5)
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Average number of young per total reproductive females = 1.45 

Percent of reproductive females pregnant = 45%

Mean age at breeding = 6.6 years

Mean age of reproductive females = 7.1 years

Known age at first breeding = 4 years

The two age 3 females from Birch Creek did not breed.
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Appendix H-2. Chena River reproductive data from females collected 
between 15 March 1973 and October 1973.

Field
Number Date Embryos

Placental
scars Total

Age
class Remarks

70 26 Mar. 0 0 0 4 Barren

95 17 Mar. 2 0 2 5

99 21 Mar. 4 0 4 5

104 15 Mar. 0 0 0 6

106 15 Mar. 0 0 0 2 Immature

109 15 Mar. 0 0 0 3

112 15 Mar. 5 0 5 9

113 15 Mar. 0 0 0 1 Immature

114 15 Mar. 0 0 0 9

117 18 Mar. 2 0 2 9

121 20 Mar. 3 0 3 4

A-l 4 Apr. 0 0 0 2 Immature

A-2 4 Apr. 2 0 2 4

A-6 5 Apr. 0 0 0 4 Barren

A-11 5 Apr. 0 0 0 1 Immature

A-12 5 Apr. 0 0 0 1 Immature

A-15 5 Apr. 0 0 0 2 Immature

A-16 10 Apr. 0 0 0 1 Immature

A-17 5 Apr. 0 0 0 3 Barren

A-21 24 Mar. 2 0 2 11

A-24 13 Apr. 0 0 0 1 Immature
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Appendix H-2 continued.

Field
Number Date Embryos

Placental
scars Total

Age
class Remarks

A-25 13 Apr. 0 0 0 1 Immature

A-31 15 Apr. 2 0 2 3

A-35 20 Apr. 0 0 0 1 Immature

A-36 22 Apr. 0 0 0 3 Barren

A-41 1 May 0 0 0 2 Immature

A-44 5 Mar. 3 0 3 6

A-55 31 Mar. 0 0 0 5 Barren

A-56 3 Apr. 4 0 4 3

A-62 Apr. 0 0 0 6 Barren

A-66 20 Mar. 4 0 4 6

A-68 28 Mar. 0 0 0 5

A-71 31 Mar. 0 0 0 1 Immature

A-72 10 Mar. 0 0 0 2 Immature

A-89 Apr. 3 0 3 4

A-91 31 Mar. 3 0 3 5

A-92 10 Apr. 0 0 0 1 Immature

A-93 20 Mar. 0 0 0 2 Immature

A-98 1 Apr. 0 0 0 2 Immature

A-101 23 Mar. 0 0 0 6 Barren

A-112 3 Apr. 0 0 0 15 Barren

A-113 28 Mar. 0 0 0 1 Immature

A-116 1 Apr. 0 0 0 3 Barren

A-117 1 Apr. 4 0 4 4
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Appendix H-2, continued.

Field
number Date Embryos

Placental
scars Total

Age
class Remarks

A-119 25 Mar. 0 0 0 1 Immature

A-120 5 Apr. 0 0 0 1 Immature

A-121 5 Apr. 0 0 0 2 Immature

A-122 5 Apr. 0 0 0 2 Immature

B-7 4 Apr. 0 0 0 5

B-9 2 Aug. 0 0 0 1 Immature

B-10 3 Aug. - - - 4 Nursing-
released

Mean litter size = 3.07 ± 0.992 (SD) (n=14)

Average number of young per total reproductive females = 1.54 

Percent of reproductive females pregnant = 50%

Mean age at breeding = 5.93 years

Mean age of reproductive females = 5.48 years

Known age at first breeding = 3 years
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