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ABSTRACT

The bathymetric and spatial distribution of echinoderms was examined on five 

seamounts in the Kodiak-Bowie seamount chain in the northern Gulf of Alaska from 

video transects of 200 or 500 m length, conducted at approximately 700,1700 and 

2700 m depths with the DSV Alvin in August, 2004. Temperature and salinity varied 

significantly with depth, but not between seamounts; an oxygen minimum zone 

encompassed the shallowest depth sampled. Holothuroid (Pannychia and Psolus) and 

asteroid density for the shallower depth category was 19.94 100 m'2 and 2.07 100 m'2, 

significantly higher than at the deeper depths. Asteroid density generally decreased 

northwesterly along the seamount chain. Density of three ophiuroid genera 

(Asteronyx, Amphigyptis, and Ophiomoeris) was 139.6 100 m‘2 on Dickens Seamount, 

and was significantly less on the other three seamounts to a low of 31.19 100 m'2 on 

Pratt Seamount. Ophiuroid density was significantly higher at the intermediate depth 

(141.07 100 m ), and lower at the other two depths. Density of Pentametrocrinus 

and Guillecrinus crinoids was not significantly affected by seamount or depth, but 

was highest (3.15 100 m 2) at the deepest depths. No echinoids were found on 

transects, but were observed on three of the seamounts. Many brittle stars and 

asteroids were found associated with paragorgid and primnoid corals.

iii



TABLE OF CONTENTS

Page

Signature Page..................................................................................................................i

Title Page......................................................................................................................... ii

Abstract............................................................................................................................ iii

Table of Contents............................................................................................................ iv

List of Figures..................................................................................................................vi

List of Tables................................................................................................................... viii

List of Other Materials..................................................................................................... ix

List of Appendices............................................................................................................ x

Chapter 1 GENERAL INTRODUCTION..................................................................... 1

LITERATURE CITED........................................................................................ 3

FIGURES.............................................................................................................. 4

Chapter 2 Bathymetric and spatial zonation of Asteroidea on seamounts in the Gulf 
of Alaska................................................................................................................7

ABSTRACT.......................................................................................................... 8

INTRODUCTION................................................................................................ 9

MATERIALS AND METHODS........................................................................14

Study area...............................................................................................14

Data collection methods........................................................................15

Video Analysis........................................................................................18

Statistical Analysis.............................................................................. 19



RESULTS......................................................................................................... 20

DISCUSSION...................................................................................................24

LITERATURE CITED.................................................................................... 30

TABLES.............................................................................................................36

FIGURES.......................................................................................................... 41

Chapter 3 Bathymetric and spatial zonation of echinoderms on seamounts in the Gulf 
of Alaska........................................................................................................... 48

ABSTRACT......................................................................................................49

INTRODUCTION............................................................................................50

MATERIALS AND METHODS.................................................................... 55

Study area.....................................  .......................................................55

Data collection methods.................................................................... 55

Video Analysis...................................   57

Statistical Analysis................................   60

RESULTS..........................................................................................................61

DISCUSSION................................................................................................... 66

LITERATURE CITED.....................................................................................72

TABLES............................................................................................................ 78

FIGURES...........................................................................................................83

Chapter 4 GENERAL CONCLUSION........................................................................ 94

LITERATURE CITED......................................................................................97

APPENDICES...................................................................................................CD pocket

V



Page

Figure 1. R/V Atlantis II and the Alvin submersible.....................................................4

Figure 2. External cameras on Alvin submersible......................................................... 5

Figure 3. Collection devices on front of Alvin...............................................................6

Figure 4. Map of Gulf of Alaska Seamount Expedition 2004...................................41

Figure 5. CTD graphs from seamounts, from the surface to 3500m..........................42

Figure 6. Asteroidea density by Depth and Seamount.................................................45

Figure 7. Average asteroid density and standard deviation for each depth category.46

Figure 8. Average asteroid density and standard deviation for each seamount.........47

Figure 9. Echinodermata density by depth and seamount...........................................83

Figure 10. Average ophiuroid density and standard deviation for the three depth
categories.......................................................................................................................... 84

Figure 11. Average holothuroid density and standard deviation for each depth 
category.............................................................................................................................85

Figure 12. Average crinoid density and standard deviation for each depth 
category.............................................................................................................................86

Figure 13. Average echinoderm density and standard deviation for each depth 
category............................................................................................................................ 87

Figure 14. Average echinoderm density and standard deviation for each class for the 
three depth categories...................................................................................................... 88

Figure 15. Average ophiuroid density and standard deviation for each seamount...89

Figure 16. Average holothuroid density and standard deviation for each 
seamount........................................................................................................................... 90

Figure 17. Average crinoid density and standard deviation for each seamount..........91

LIST OF FIGURES



Figure 18. Average echinoderm density and standard deviation for each 
seamount........................................................................................................................... 92

Figure 19. Average echinoderm density and standard deviation by class for each 
seamount.......................................................................................................................... 93



Page

Table 1. Seamount descriptions....................................................................................36

Table 2. Dives, date, location, depth, and lengths of transects...................................37

Table 3. Identification of asteroid collections............................................................ 38

Table 4. Density estimates for asteroids by transect................................................... 40

Table 5. Identifications of echinoderm specimens.......................................................78

Table 6. Echinoderm densities for each transect..........................................................81

Vlll

LIST OF TABLES



LIST OF OTHER MATERIALS

Appendices

Page

CD pocket



Appendix 1. % Oxygen saturation data from CTD casts from Atlantis CD pocket

Appendix 2. Temperature data from CTD casts from Atlantis.....................CD pocket

Appendix 3. Salinity data from CTD casts from Atlantis............................ CD pocket

Appendix 4. Alvin CTD temperature graph from Dickens, Welker, Pratt, and
Giacomini seamounts.......................................................................... CD pocket

Appendix 5. Alvin CTD salinity graph from Dickens, Welker, Pratt, and Giacomini 
seamounts..............................................................................................CD pocket

Appendix 6. Niskin oxygen data from Alvin...............................................CD pocket

Appendix 7. Dive 4028, VCR 1............................................................. CD pocket

Appendix 8. Dive 4028, VCR 2............................................................. CD pocket

Appendix 9. Dive 4029, VCR 1............................................................. CD pocket

Appendix 10. Dive 4029, VCR 2...................................................................CD pocket

Appendix 11. Dive 4030, VCR 1...................................................................CD pocket

Appendix 12. Dive 4030, VCR 2...................................................................CD pocket

Appendix 13. Dive 4031, VCR 1...................................................................CD pocket

Appendix 14. Dive 4031, VCR 2...................................................................CD pocket

Appendix 15. Dive 4032,VCR 1..................................................................... CD pocket

Appendix 16. Dive 4032, VCR 2 ...................................................................CD pocket

Appendix 17. Dive 4033, VCR 1...................................................................CD pocket

Appendix 18. Dive 4033, VCR2.....................................................................CD pocket

Appendix 19. Dive 4034, VCR 1.....................................................................CD pocket

LIST OF APPENDICES

Page



Appendix 20. Dive 4034, VCR 2................................................................. CD pocket

Appendix 21. Dive 4035, VCR 1................................................................. CD pocket

Appendix 22. Dive 4035, VCR 2................................................................. CD pocket

Appendix 23. Dive 4036, VCR 1................................................................. CD pocket

Appendix 24. Dive 4036, VCR 2................................................................. CD pocket

Appendix 25. Dive 4037, VCR 1.................................................................... CD pocket

Appendix 26. Dive 4037, VCR 2................................................................. CD pocket

Appendix 27. Dive 4038, VCR 1................................................................. CD pocket

Appendix 28. Dive 4038, VCR 2 ................................................................. CD pocket

Appendix 29. Dive 4039, VCR 1................................................................. CD pocket

Appendix 30. Dive 4039, VCR 2 ................................................................. CD pocket

Appendix 31. Dive 4040, VCR 1................................................................. CD pocket

Appendix 32. Dive 4040, VCR 2 ................................................................. CD pocket

Appendix 33. Dive 4041, VCR 1................................................................. CD pocket

Appendix 34. Dive 4042, VCR 1................................................................. CD pocket

Appendix 35. Dive 4042, VCR 2 ................................................................. CD pocket



CHAPTER 1: GENERAL INTRODUCTION

Echinoderms are abundant and common in the benthic community 

(McClintock 1994, Mikkelsen and Cracrafit 2001, Tuya et al. 2004). They are often 

observed on seamounts and their distribution is affected by environmental gradients 

(Levin et al. 1991, Levin 2003). In the present study the spatial and bathymetric 

distribution of echinoderm species on five seamounts in the Gulf of Alaska was 

examined. In chapter 2 the Asteroidea are considered, including identification and 

distribution of collected and observed specimens. The other four classes of 

echinoderms are discussed in chapter 3. These groups were separated into two 

chapters because many more species of asteroids were collected and more 

information existed on this one class, than the other echinoderm classes.

The DSV Alvin was used to conduct video transects on the seamounts as part 

of NOAA cruise AT 11-15. The research vessel Atlantis //provided support for the 

Alvin submersible and its crew, as well as scientists conducting various 

oceanographic research (Figure 1). The Alvin is an operating submersible that carries 

two scientific observers as well as the pilot. Two viewports allow the scientists to 

look down and to the side of the Alvin, while the central viewport provides a forward 

view for the pilot. Four cameras are present on the outside, as well as several 

cameras inside the Alvin, to collect visual information about the ocean and the benthic 

communities being studied (Figure 2). The basket on the front of Alvin can be 

configured for various instruments and containers which can be filled with water, 

rock, and biological samples, with the help of the two hydraulic arms (Figure 3). The



Alvin submersible is operated by the Woods Hole Oceanographic Institution (WHOI), 

and makes on average 180 dives every year (Rona 2000).

Four teams of scientists participated in the AT 11-15 cruise. Geology, corals, 

bamboo corals, and mobile benthic organisms were examined during 17 dives. Dr. 

Randy Keller (Oregon State University) collected rocks, especially pillow basalts, to 

be used in determining the age of the five seamounts. Dr. Amy Baco-Taylor (Woods 

Hole Oceanographic Institute) collected coral specimens and samples for 

identification and genetics research. Peter Etnoyer (Aquanautix, Inc.) conducted 

research on the species of bamboo corals collected from the seamounts. Dr. Tom 

Shirley (University of Alaska Fairbanks) studied the invertebrate assemblages 

associated with corals, but also many benthic invertebrates for identification, and 

examination of distribution. Dr. Naomi Ward (The Institute for Genomic Research - 

TIGR) collected coral tissues, slime, water and benthic samples for microbial 

research. Twenty research associates, post doctoral fellows, graduate students, 

agency personnel and an Educator-at-Sea worked with the four Principal Investigators 

to complete the missions of the cruise.
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FIGURES

Figure 1. R/V Atlantis II and the Alvin submersible.
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Figure 2. External cameras on Alvin submersible.
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Figure 3. Collection devices on basket o f Alvin. Collection devices including: video 
cameras, mechanical arms for grab and net, multi-chambered slurp, single-chambered 
slurp, Niskin bottles, collection boxes for corals, organisms, and rocks.
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ABSTRACT

Asteroids were conspicuous mobile predators on five seamounts in the 

Kodiak-Bowie seamount chain in the northern Gulf of Alaska. Density of seastars 

was estimated from replicate video transects of 200 or 500 m length for three depth 

categories using the Alvin submersible. Temperature, salinity, and dissolved oxygen 

were measured with CTD casts, also from a CTD located on the sub, and from Niskin 

water bottles. An oxygen minimum zone encompassed the shallowest depth sampled 

on the seamounts, from 500-1500 m. Temperature and salinity varied significantly 

with depth, but not between seamounts. Maximum temperature decreased from 15 C 

at the surface to around 1 C near the bottom (3000 m). Salinity increased slightly 

from 32 at the surface to 35 near the bottom. Average asteroid density was 

significantly related to depth: average density was 2.07 100 m'2 for the shallow depth 

category (700-1100 m), 0.99 100 m'2for intermediate depths (1650-1711 m), and 

0.73 100 m'2 for the deepest depth (2670-2700 m). Average density for shallow 

depths was significantly higher than at the deepest depth category. Asteroid density 

decreased from southeast to northwest along the seamount chain, but was not 

significantly related to seamount. Six of the 11 asteroid specimens collected were 

from the Goniasteridae family. Asteroids from the family Myxasteridae and the 

genus Evoplosoma were found farther north than previously reported. Most seastars 

were collected from hard substrates (rock and corals). Three Goniasteridae seastars 

were preying on corals when collected.



INTRODUCTION

Echinoderms are common and abundant members of the benthic community 

(McClintock 1994, Mikkelsen and Cracraft 2001, Tuya et al. 2004). In shallow 

water, some Asteroidea, such as Pisaster ochraceus, are keystone predators in 

nearshore and intertidal benthic communities (Sanford 2002). In the deep sea 

echinoderms are also important in the food web as both predators and prey. For 

example, Rathbunaster californicus, a deep water asteroid species from California, 

preys on many benthic species and even some mid-water prey species (Lauerman 

1998). Some deep-sea asteroids and ophiuroids are opportunistic predators, feeding 

as carnivores, scavengers, and even detritivores (Zupi and Fresi 1984, Lauerman 

1998, Sanford 2002, Howell et al. 2003). Ophiuroids and asteroids are also host to 

multiple parasites (Waren and Lewis 1994).

Much more is known about shallow water echinoderms and asteroids than 

about the ecology and life history of deep-sea organisms (Fujita and Ohta 1990). One 

deep-sea habitat where information on echinoderms is particularly lacking is 

seamounts. The limited information available comes from explorations of Volcano 7 

in the Eastern Pacific (Levin et al. 1991) and video surveys from the Gulf of Alaska 

(Hughes 1981, Raymore 1982, Senkowsky 2002). On Volcano 7, organisms were 

found in different zones on the seamount corresponding to varying levels of oxygen 

saturation (Levin et al. 1991). A density estimate of 0.073 asteroids km'2 for 

Asteroidea at depths between 182-930 m was obtained from Patton Seamount in the 

Gulf of Alaska with a free vehicle photographic system. From Quinn Seamount in



the Gulf of Alaska, an estimate of asteroid density at a depth of 682-823 m was 

0.024 km' (Raymore 1982). In the present study, the distribution of one class of 

echinoderms, the Asteroidea, is examined on five seamounts in the Gulf of Alaska.

Seamounts are prominent geological features of the ocean floor. Although 

exact numbers of these underwater mountains are still unknown, and few have been 

explored extensively (Smith and Jordan 1988, Tennesen and Wu 2000), they are 

important geological features of the sea floor which influence fluid dynamics 

(Nycander and Lacasce 2004). Only six seamounts in the Gulf of Alaska had been 

explored with a manned submersible (Parker and Tunnicliffe 1994, Senkowsky 2002) 

prior to the research cruise in 2004 which forms the basis for this thesis. Most 

seamounts, defined as undersea mountains with an elevation more than 1000 m above 

the sea floor (Menard 1964) are volcanic in origin (Desonie and Duncan 1990, Rogers 

1994, Keller etal. 1997).

Taylor columns, or anticyclonic vortices or eddies, which are often associated 

with seamounts (Nycander and Lacasce 2004), increase the current flow over 

seamounts and affect the pelagic organisms and benthic organisms living on the 

seamounts. Deep sea corals and other suspension feeders benefit from the increased 

current flow of Taylor columns, and are even more abundant along ridges and peaks 

than on mid-slope sites (Genin et al. 1986). Zooplankton and phytoplankton exhibit 

higher abundances around seamounts (Dower et al. 1992, Dower and Mackas 1996, 

Haury et al. 2000) and can be retained in eddies that recirculate over the seamounts 

(Parker and Tunnicliffe 1994). Ophiuroids and asteroids contribute to the
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zooplankton through planktonic larval and juvenile stages (Hendler et al. 1999).

Some echinoderm species directly release their larvae to the substratum, or have a 

short pelagic life history phase. This developmental mode may contribute to the 

abundance of echinoderms on Cobb seamount (Parker and Tunnicliffe 1994).

Habitat complexity has been correlated with biodiversity and species richness 

(Watling and Norse 1998). The presence of corals increases habitat complexity 

(Fossa et al. 2002, Hall-Spencer et al. 2002, Husebo et al. 2002). Seamounts are 

typically inhabited by cold water, azooxanthellate corals, including scleractinian, 

antipatharian, and gorgonian corals (Genin et al. 1986, Koslow et al. 2000). These 

long-lived, slow growing corals (Mortensen 2001, Andrews et al. 2002, Risk et al. 

2002) provide habitat for many organisms including benthic invertebrates (Mortensen

2001) and large numbers of echinoderms (Parrish et al. 1985, Krieger and Wing

2002). Corals are also found associated with commercially important species of crabs 

and fish, including rockfish and Atka mackerel (Parrish et al. 1985, Heifetz 2002, 

Husebo et al. 2002, Krieger and Wing 2002).

Severe damage from commercial fishing activities, such as bottom trawling, 

has been recorded in deep-sea coral habitats (Watling and Norse 1998, Koslow et al. 

2000, Andrews et al. 2002, Heifetz 2002, Roberts 2002). Coral is also economically 

important. In Alaska, gorgonian corals previously were harvested for jewelry, 

especially Primnoa and Paragorgia, because they are large and fairly abundant in 

Alaska (Koslow et al. 2000, Heifetz 2002). A managed commercial fishery occurs in 

Hawaii for black coral (genus Antipathes); pink and red coral (genus Corallium)



periodically have been commercially fished, although the fishery is not currently 

active (Grigg 2002).

Deep-sea fisheries are an area of concern in the scientific community (Glover 

and Smith 2003) and Alaska has substantial commercial fisheries. Between 1990 and 

2000 133,326 bottom trawl tows occurred in the Gulf of Alaska (Coon 2006).

Primnoa and Paragorgia are large and fairly abundant in Alaska (Koslow et al. 2000, 

Heifetz 2002). Fish populations (Fossa et al. 2002, Husebo et al. 2002, Roberts

2002), habitat complexity (Auster 1998, Schwinghamer et al. 1998), species richness 

(Auster 1998, Engel and Kvitek 1998), and biomass (Engel and Kvitek 1998) 

decrease in areas that are heavily trawled or bottom fished. Bottom trawling changes 

the nutrient budget of the benthic ecosystem and affects the community composition 

(Pilskaln et al. 1998). Echinoderms have been used as indicator species for 

monitoring the extent of damage caused by bottom fishing in trawled areas (Kaiser 

1998).

In the past, protection of marine ecosystems has been limited (Brailovskaya 

1998, Probert 1999). Under the Magnuson-Stevens Act, the identification and 

protection of Habitat Areas of Particular Concern (HAPC) are important for the 

protection of marine habitat. Habitats included in that designation are those that need 

additional protection based on ecological importance, as well as sensitivity or 

vulnerability and rarity of the habitat. Coral and other living substrates have been 

designated as HAPC in Alaska (Heifetz 2002). Gorgonians, scleractinians, 

stylasterians, alcyonaceans, and antipatharians are all corals included in this HAPC
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group. The Sustainable Fisheries Act of 1996 also allows for the protection of 

Essential Fish Habitat (EFH) (Watling and Norse 1998, Andrews et al. 2002). The 

seamounts in the Gulf of Alaska have been designated as Marine Protected Areas 

(MPA) by the North Pacific Marine Fisheries Council and final approval is pending 

(NO A A 2006).

In addition to the interactions among species, hydrographic variables may 

affect benthic community structure. Substrate, depth, and nutrient concentrations also 

affect the zonation of organisms. Zonation is well documented for rocky intertidal 

areas (Oigman-Pszezol et al. 2004). Salinity and sea water temperature are important 

variables that cause spatial separation of species (Tackx et al. 2004). The distribution 

of echinoderms is dependent on environmental variables (Fujita and Ohta 1990, 

Freeman and Rogers 2003).

Zonation of organisms along an oxygen gradient is well documented at 

Volcano 7 in the Eastern Tropical Pacific (Wishner et al. 1990, Levin et al 1991, 

Wishner et al. 1995, Levin 2002, Levin 2003). This volcanically inactive seamount is 

located within an oxygen minimum zone. Oxygen minimum zones (OMZ) are those 

regions of the ocean where the oxygen concentration is about 7.5% saturation (Levin

2003). Organisms adapted to inhabit these areas of extremely low oxygen find a 

large supply of organic matter and a refuge from predators (Rogers 2000, Levin

2003).

Echinoderms, especially ophiuroids, are common on the edges of OMZ, but 

are not adapted to severely low oxygen saturations (Thompson et al. 1985, Levin et



al. 1991, Levin 2003). Brisingid seastars were found at depths between 900-950 m 

on Volcano 7. Asteroids were not common in the OMZ (Wishner et al. 1995).

Distinct bands of zonation in association with oxygen concentration gradients occur 

off central California for echinoderms in depths between 300-1400 m. Asteroids are 

common on the upper boundary of OMZs in this area (Thompson et al. 1985).

Additional information concerning the community composition, ecology of 

the predominant species, and possible threats to diversity, is needed to protect 

seamount ecosystems (Mikkelsen and Cracraft 2001). Environmental variables and 

their interactions with the community should be studied before the ecosystem is 

extensively changed by anthropogenic perturbations.

This study provides baseline data on seamount asteroids for possible future 

studies on global climate change, conservation issues, or other ecological issues. In 

the present study, the spatial and bathymetric distribution of asteroid species on four 

seamounts in the Gulf of Alaska is examined. Densities of seastars at three different 

depths are quantified and examined to see if correlations occur between depth, 

density, oxygen saturation, temperature, and salinity.

MATERIALS AND METHODS

Study area

The five seamounts of the Kodiak-Bowie seamount chain that were 

investigated are believed to have a common origin, the Cobb Hotspot, and are linearly 

aligned along a southeast to northwest axis, with the oldest seamounts being the most 

westerly (Figure 1). Discrepancies in the reported chronosequence of the seamounts

14



were one reason for their inclusion in the study. These five seamounts rise from an 

average bottom depth of 3367 m to an average summit height of 720 m (Table 1).

Data collection methods

Data were collected as part of the 2004 Gulf of Alaska Seamount Expedition. 

NOAA cruise AT 11-15 occurred from July 29, 2004 through August 23, 2004, with 

the research vessel (R/V) Atlantis II as the support vessel. The deep submersible 

vehicle (DSV) Alvin was deployed on five seamounts to collect specimens, 

conductivity, temperature, and depth (CTD) measurements, and video data. Four 

dives were attempted on each seamount (except for Dennison, see below) with the 

DSV Alvin (Table 2). One dive was made at each depth of 2700 m, 1700 m, and 700 

m, or as close to these depths as the topography permitted. A fourth dive was made 

on three of the five seamounts at a depth and location where additional data or 

specimens were needed. Only two dives were conducted on Denson Seamount, 

which was primarily selected for geological studies. Because transects were not 

conducted during these dives on Denson Seamount, they were not used for statistical 

analysis. The fourth dive on Giacomini was aborted because of sea conditions (high 

wind speed and wave conditions). During normal operations, each dive began deeper 

than the planned transect, then came up to the target depth to conduct two video 

transects. The start of each transect was chosen at the discretion of the scientists on 

each dive. For the first two seamounts, each transect was 500 m in length, but at the 

two subsequent seamounts transects were only 200 m in length, to allow more time 

for collections (see Table 2). Each transect was conducted using the same protocol,
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including speed and approximate height off the bottom. Dive sites were selected 

along ridges, where the current flow and coral abundance were anticipated to be 

higher (Genin et al. 1986).

Voucher specimens were collected during each dive by a variety of methods. 

The manipulator arms of the Alvin were used to collect individuals or pieces of coral 

and rock, which were placed into one of several containers that had hinged lids fitted 

with o-ring seals (bio boxes). Two bio boxes, one 30 cm x 30 cm, and one 61 cm x 

30 cm, were available to carry specimens to the surface. In addition, we used a net (6 

mm diameter mesh, ace webbing) fitted on a stainless steel frame to cover small coral 

colonies and all associated organisms, and then placed the net and its contents in one 

of the bio boxes. Three vacuum devices were used to slurp organisms from the 

substrate or coral. The vacuum devices included two pelagic slurps (vacuums) with 

carboys which measured 20 cm x 25 cm, and a five-chambered hydraulic slurp 

measuring 51 cm x 51 cm. At the surface aboard the RVAtlantis, the invertebrates 

were removed from coral or rock substrate and preliminarily identified. Most 

specimens were preserved in 70% ethanol. Because of their large mass, some sea 

stars (Asteroidea) specimens were fixed in 10% formalin and later transferred to 

ethanol.

Digital video data were collected by cameras on the Alvin. A 3-chip Sony 

MiniDV Handycam Vision DCR-TRV900 NTSC was attached to the right 

manipulator arm. An identical camera could also be used inside the submersible by 

an observer holding the camera, pointing it out the observation window. Cameras on



the port and starboard sides of Alvin were under control of the scientific observers for 

pan, tilt, and zoom, and were 1-chip TRV18 models. Two lasers measuring 10 cm 

apart were attached to the port pan and tilt camera to provide calibration to measure 

sizes of organisms. Cameras were continuously recording once the Alvin landed on 

the bottom. Two transects were surveyed on each dive, at a constant speed and 

altitude. During the transects the cameras were aligned so the lasers on the port side 

pan and tilt were in the field of view of the 3-chip camera on the manipulator arm. 

The hand-held 3-chip was used inside Alvin to record the seamount from the slope 

side observation window. In addition to the data recorded from these transects, a 

Canon G2 with an external strobe was attached to the outside of Alvin. This camera 

recorded still photographic images every 15 seconds for the duration of the dive. All 

images recorded, both single frame and video, were digital. A variety of hand-held 

digital still cameras were available for the observers and pilot to obtain high quality 

images through the viewing ports of selected specimens.

Oxygen saturation, salinity, and seawater temperature were recorded at each 

seamount with a SBE 19 Seacat CTD Profiler mounted on a rosette, launched from 

the Atlantis II. One or two CTD casts were made at each seamount during night 

operations (Appendices 1 -3). Salinity and temperature were also recorded near the 

bottom on each dive by a Seacat CTD on Alvin (Appendices 4-5). Salinity is 

expressed as Practical Salinity Units (PSU). Water samples were collected with a 

five bottle Niskin array mounted on Alvin during each dive. Dissolved oxygen of



water samples was measured from the Niskin bottles with an YSI 550A Dissolved 

Oxygen Instrument after the submersible returned (Appendix 6).

Video analysis

Echinoderm specimens collected during the research cruise were identified to 

the lowest taxonomic level possible (Table 3). Primary sources for identification of 

the Asteroidea included: Kozloff (1987), Clark and Downey (1992), and Fisher 

(1911), (1928). Genus and species names were checked against the Integrated 

Taxonomic Information System (ITIS) database for synonyms 

(http://www.itis.gov/index.html).

The transect data were used to estimate echinoderm abundance. A method 

similar to those used by Levin et al (1991), Fujita and Ohta (1990), and Tunnicliffe 

and Jensen (1987) was used for quantifying density from the video data. The general 

transect estimator, as described in Thompson (2002) was used. This estimator uses 

the number sighted (y) divided by the area covered (a) to obtain an estimate of 

density (D). In order to find the area included within each transect, measurements of 

width and length are required. The submersible coordinates recorded during each 

dive were used to determine the length of each transect. The width of the field of 

view of the camera was determined from the two calibration lasers mounted on the 

port side pan-and-tilt camera. The width was estimated by measuring the distance 

between the lasers on the port pan-and-tilt camera. The ratio of the width observed to 

the actual width of the screen was compared to the actual distance between the lasers 

and was used to determine the total width of the field of view. The width of the field
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of view changes as the height of the submersible off the bottom changes; hence, the 

width for the entire transect was averaged by estimation of the width of the field of 

view of the camera every five seconds, then averaged over the entire length of each 

transect. The number sighted was found by counting all organisms in view of the 

camera. Direct determinations of abundances of organisms were attempted from the 

digital video transects, but these density estimates are likely conservative as some 

organisms were not identifiable on video.

Statistical analysis

Two transects were completed on most dives. There were two cameras for 

each transect, and the density estimates for the two cameras were averaged to give an 

estimated density for each transect. Because of missing results for some depths on 

some of seamounts, the two shallower depths (700 and 100 m) were combined for the 

statistical analysis (t test, p value of 0.05). To accommodate unequal sample sizes, 

significance of relationships between the density of seastars and physical properties 

was tested by using the general linear model (GLM) using the Systat version 10.0 

(Kutner et al. 2005, Systat Software 2002). The asteroid density estimate was tested 

against each of the physical parameters (depth and seamount) using a p value of 0.05. 

Both depth and seamount were treated as categorical variables. Interaction between 

depth and seamount was not tested. Normal error values calculated by Systat were 

used in constructing the models. The Bonferroni pairwise comparison test was used 

to detect which depths or seamounts were significantly different from the others 

(Systat Software 2002). Dive 4031 (Dickens Seamount, average depth 650 m) was an
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outlier due to unusually high densities and was not included in the statistical analysis. 

Mean density and standard deviation are reported for each depth and seamount.

Depth is often highly correlated with gradients in abiotic variables including 

oxygen saturation, seawater temperature, and salinity in the ocean (Nybakken 2001), 

so determining which, if any, of these other physical variables caused differences in 

density of organisms were not possible. Two CTDs were deployed on Denson, 

Dickens, and Welker seamounts, but only one was deployed on each of Pratt and 

Giacomini seamounts (Appendices 1-3). No statistical tests were conducted on the 

pelagic CTD data casts from the RV Atlantis due to low and unequal sample sizes, 

and because they do not give a complete picture of the water column on different 

parts of the seamounts. Niskin readings of oxygen saturation (Appendix 6) were 

compared to the pelagic CTD casts to determine if oxygen content of water 

immediately adjacent to the substrate was similar to that in the pelagic water column 

away from the seamount Temperature and salinity data from the CTD aboard Alvin 

were averaged over each transect (Appendices 4-5). This data were tested using a 

similar GLM for differences between temperature and salinity with depth, or between 

different seamounts. Bonferroni pairwise comparison tests were used to determine 

significance between seamounts (Systat Software 2002). This Alvin CTD data were 

compared to the pelagic CTD casts.

RESULTS

Six of the eleven asteroids collected were from the family Goniasteridae 

(Table 3). Three seastars were found eating coral polyps. Seastars were hard to



identify to family on video, but three of those collected were in the genus 

Hippasteria. A Hippasteria californica specimen was collected from a sponge at 

1078 m on Welker Seamount. A small Hippasteria cf. spinosa was collected from a 

primnoid coral at 917 m on Pratt Seamount. The third specimen collected from this 

genus was also collected from Pratt Seamount, at a depth of 916 m, from a half 

consumed bamboo coral. This specimen had long abactinal spines, a large disc, and 

spines on the marginal plates.

From the family Goniasteridae, three other seastars were collected from three 

different genera. One seastar from the genus Evoplosoma was collected from 2779 

m, from Pratt Seamount. This specimen was eating the remnants of a coral stalk that 

was possibly an Anthomastus coral or a paragorgiid coral. This seastar has long thin 

arms, and a puffy disc. The marginal spines are small. One Gephyreaster seastar was 

collected from rocky substrate at 1681 m from Giacomini Seamount. This seastar had 

a very flat disc, broad arms, and spines that looked like little pedestals. The other 

Goniasteridae seastar collected was a Pseudarchaster parelii. It was collected from 

1937 m, on a rocky substrate near some primnoid corals on Giacomini Seamount.

Two seastars from the order Forcipulatida were collected. One seastar of the 

family Brisingidae was collected from 2803 m on Giacomini Seamount, but many 

were visible on the video. This seastar had a small disc with long thin arms. The 

arms had long thin arm spines with bulbous tips on the marginal plates. When 

observed on video the arms were most often extended upwards into the water column. 

The other specimen from this order was from the genus Zoroaster and was collected



from rocky substrate at a depth of 1685 m on Giacomini Seamount. This seastar had 

a very small disc with few stubby spines, and long thin arms with several rows of 

spines along the sides.

Three seastars from the order Velatida were collected on the seamounts. Two 

were the same species from the family Myxasteridae, both collected from rocky 

substrate on Giacomini Seamount. One seastar was collected from 716m and the 

other from 1720 m. These specimens had webbed spines on the aboral surface, a 

large disc, and 11 arms. The other seastar from this order was a Solaster borealis 

collected from rocky substrate at 1956 m from Giacomini Seamount.

Seastars were observed on video transects at all depths and on all seamounts, 

except on dive 4041 (Giacomini Seamount, depth 2716 m). Average density for the 

shallow depth (700-1100 m) was 2.07 100 m'2 (standard deviation (st dev) = 1.63), for 

the middle depth (1650-1711 m) was 0.99 100 m'2 (st dev = 0.70), and for the deep 

depth (2670-2700 m) was 0.73 100 m'2 (st dev = 1.33) (Figure 7). Asteroid density 

varied significantly with depth (p value = 0.03) but not between seamounts (Table 7, 

Figure 6). Average asteroid density for the shallow depth category (700-1100 m) was 

significantly higher than at the deep depth category (2670-2700 m).

Asteroid density exhibited a general pattern of decreasing from southeast to 

the northwest along the seamount chain, although these differences were not 

significant (p value = 0.08). The range of densities decreased from a high of 2.28 100 

m'2 (st dev = 2.02) on Dickens Seamount, to 1.56 100 m'2 (st dev = 1.22) on Welker



Seamount, to 1.05 100 m'2 (st dev = 1.43) on Pratt Seamount, to a low of 0.68 100 m"2 

(st dev = 0.55) on Giacomini Seamount (Figure 8).

The oxygen minimum zone for the five seamounts occurred from 500 m to 

1500 m depth (see Figures 5). For Giacomini seamount the OMZ was a bit 

shallower, beginning at 370 m. Niskin readings of oxygen saturation (Appendix 6) 

were on average 2-4% higher than those obtained from the pelagic CTD casts 

(Appendix 1). The temperature recorded from the Atlantis CTD casts changed 

rapidly until about 60 m, decreasing from 15 to 6°C. Temperature continued to 

decrease gradually a few degrees to a low of 1 °C near the bottom at 3030 m (See 

Appendix 2). The salinity from these casts increased from 32 to 34 between about 90 

m to 360 m. Salinity changed modestly at deeper depths, and remained between 34 

and 35 (See Appendix 3). Temperature and salinity data from the Alvin CTDs were 

not different than the pelagic CTD casts (Appendices 4 and 5). Neither temperature 

nor salinity varied significantly among seamounts (p = 0.56), but both varied 

significantly with depth (p = 0.00014). Each depth category was significantly 

different from other depths (Bonferroni tests). Temperatures decreased from 3.14°C 

(st dev = 0.27) at shallow depths (700-1100 m), to 2.11°C (st dev = 0.09) at middle 

depths (1650-1700 m), and decreased to 1.65°C (st dev = 0.03) at the deep depth 

(2670-2700 m). Salinity increased from 34.3 (st dev = 0.05) at the shallow depth, to 

34.5 (st dev = 0.02) at the middle depth, and increased to 34.6 (st dev = 0) at the deep 

depth.



DISCUSSION

Echinoderms, especially asteroids, usually occupy areas along the upper 

boundary of the OMZ, but are scarce in the core of an OMZ where oxygen levels may 

be below the level tolerable to these organisms (Thompson et al. 1985, Wishner et al. 

1990, Levin 2003). Asteroids were found in densities of 7 m’2 along the upper 

boundary of the OMZ off the California coast (Thompson et al. 1985). Echinoderms 

as a group tend to exhibit little tolerance for extremely low oxygen saturation levels 

(Thompson et al. 1985). On Volcano 7 the larger organisms including echinoderms 

were found at depths beneath the OMZ, which was attributed to their lower tolerance 

than smaller organisms (e.g., meiofauna) for low oxygen environments (Levin et al. 

1991). Asteroid density on the Gulf of Alaska seamounts was higher on average in 

the depths that were inside the oxygen minimum zone (700-1100 m), and the 

intermediate depths (1650-1711 m) than at the deepest depth (2670-2700 m). These 

observations are in contrast with previous published observations of seastars in OMZ.

Exceptions to avoidance of low oxygen areas have been reported for a few 

seastars and many ophiuroids (Thompson et al. 1985). Several explanations have 

been proposed for these exceptions. Availability of food is higher in OMZs because 

of the lower density of organisms (Rogers 2000). Seastars may migrate between 

areas of higher oxygen saturation and areas of depleted oxygen, however asteroids 

have fairly low movement rates (for Asterias forbesii, about 0.2 cm s'1, (Moore and 

Lepper 1997); 0.025 cm s’1 for Asterina gibbosa at 20°C, (Crozier 1935)). Asteroids 

may not complete their life cycle in the OMZ, but they may migrate into it to take



advantage of the high food availability (Rogers 2000). Asteroids may occupy OMZs 

as a refuge from predators (Wishner et al. 1995).

Oxygen minimum zones generally are not static, but have continually 

changing boundaries (Rogers 2000). Fluctuations in water currents flowing over and 

around seamounts can cause periodic variations in oxygen levels. Asteroids and other 

opportunistic organisms may be able to take advantage of the fluctuating levels of 

oxygen and move temporarily into the OMZs (Levin et al. 1991, Rogers 2000). One 

or two measurements of oxygen saturation (with CTD) were made near each 

seamount and were only 2-5% lower on average than those taken on each seamount 

with the Niskin bottles. The Niskin bottle samples were collected adjacent to the 

seamount during dives with Alvin, while the CTD casts were usually off the seamount 

in the open water column, up to 10 km distant. While temporal fluctuations may be 

occurring, the similarity of the oxygen curves between seamounts and the 

measurements made on and off seamounts indicates that the OMZ is fairly stable on 

Gulf of Alaska seamounts. Future research should include a more thorough 

documentation of fluctuations of the OMZ, movements of organisms within the 

OMZ, and migrations out of the OMZ to areas of higher oxygen saturation. 

Observations of migrations of organisms in and out of the OMZ might provide a 

better understanding of reasons seastars are found in high density within the OMZ.

Most previous research on seastars has been conducted in intertidal and 

shallow water. Asteroids are important predators and have been classified as 

keystone predators by some (Paine 1966, Sanford 2002, Tuya et al. 2004). At depths
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between 300 m to 600 m seastars like Rathbunaster sp. are opportunistic predators 

and scavengers (Lauerman 1998). Primnoid corals were observed at 11 sites to 300 

m maximum depth in the Gulf of Alaska from 1989 to 1997 with the Delta 

submersible. From photographic investigations, seasters were determined to be the 

main predators on Primnoa corals at seven sites at depths less than 300 m. Seventy- 

eight out of 83 seastars were associated with coral colonies, and the other five were 

within 10 m of a coral colony. Some of the larger colonies had multiple seastars on 

their branches. Fourteen seastars at one location consumed an estimated 45% of the 

polyps from 13 of the 14 colonies of primnoid corals (Krieger and Wing 2002). 

Although seastar predation on corals has not been extensively studied in the deep-sea, 

four of the 11 seastars that were collected during the present study were found near 

coral or preying on coral (Table 3).

Seastar activity, including predation on other organisms, is influenced by 

environmental variables. A drop in temperature of 3 to 5°C results in lower seastar 

predation rates in the intertidal (Sanford 2002). This may help explain why the 

density of seastars was lower in the deepest depth category than in the other two 

depths, as temperature decreased with depth on the seamounts. Salinity is rarely a 

variable which influences organism activity because salinity varies little in the open 

ocean (Nybakken 2001). However, since temperature, salinity, and oxygen saturation 

are all correlated with depth, determining which, if any, variables were more 

important in determining variations in asteroid density was difficult.



In shallow waters, down to 4 m, seastar density depends on environmental 

variables, including substrate and tidal velocity (Freeman and Rogers 2003). Current 

velocity was not studied in the present study, but it may also contribute to the 

distribution of organisms on seamounts. More seastars were on rocky substrate than 

on soft sediment. The genera of previously collected deep-sea seastars were found 

mostly on soft sediments (Fisher 1911, Fisher 1928, Clark and Downey 1992), but 

this was likely a sampling bias, as trawls, dredges and other remote sampling devices 

do not sample rocky substrate efficiently.

Density estimates of 0.073 km'2 for asteroids were calculated with a free 

vehicle photographic system at depths between 182-930 m from Patton Seamount. 

From Quinn Seamount an estimate of asteroid density at a depth of 682-823 m was 

0.024 km'2 (Raymore 1982). The densities reported from Patton and Quinn 

Seamounts are drastically lower than those observed on the four seamounts included 

in this study. These seamounts are only a few hundred kilometers away from those 

included in this study, so the water characteristics should be similar to those 

seamounts in our study. Quinn Seamount is between Pratt and Giacomini Seamounts, 

while Patton Seamount is closer to Kodiak, and is one of the oldest seamounts in this 

chain. Only the shallowest depths were sampled on Patton and Quinn Seamounts, but 

the density of seastars was six orders of magnitude lower on these seamounts than on 

the seamounts included in the Gulf of Alaska Seamount Expedition. This large 

difference may reflect a difference in habitat sampled, sampling method, and intensity 

of sampling.
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Three of the asteroids collected in our study were on corals, and one was 

collected from a sponge, which also contribute to habitat complexity on seamounts. 

Most of the brisinigid seastars on the videos were on sponge or coral stalks with their 

arms up in the water column. The Brisinigidae are suspension feeders and may have 

used the stalks to elevate themselves into the water column where the current velocity 

was higher (Emson and Young 1994). During our study, dives were conducted on 

ridges where currents are higher and coral densities are generally increased (Genin et 

al. 1986). Future studies should include areas off ridges, where currents may be less 

intense and density of seastars may be lower.

The geographic and bathymetric ranges of many of the seastars collected from 

the seamounts have been extended as a result of this study (Table 3). Most of those 

collected were found at depths either a few hundred meters shallower or deeper than 

the species or genus had been previously reported, including most of the 

Goniasteridae (Fisher 1911, Clark and Downey 1992). Seastars of the genus 

Evoplosoma have been reported previously only in the Atlantic Ocean, the Indian 

ocean, and near Hawaii (Clark and Downey 1992). This collection indicates a range 

extension into the North Pacific, and also 700 m deeper. The Hippasteria cf spinosa 

specimen was collected from 917 m, which is 400 m deeper than the species has 

previously been found (Fisher 1911). The other Hippasteria specimens collected 

were found within the depth ranges previously known for this genus (Fisher 1911). 

One of the other two Goniasteridae seastars was also collected beyond its previously 

known range. The Gephyreaster family has previously been found shallower than



360 m, but this specimen was collected at 1681m, a depth range extension of 1300 m 

(Fisher 1911). The Pseudarchaster parelii was collected from 1937 m, which is 

within the previously reported depth range (Fisher 1911).

The seastars from the family Myxasteridae have previously been known from 

off the northwestern coast of Africa and the area around the Bahamas in depths of 

1300-3500 m. The two specimens collected in the Gulf of Alaska were found farther 

north than they have previously been reported and the one collected from 716 m was 

about 500 m shallower than the family has been found (Clark and Downey 1992).

The other Velatida specimen collected, Solaster borealis, was found in depths 

consistent with previous ranges (Fisher 1928). The seastars from the order 

Forcipulatida were both found in ranges consistent with previous knowledge (Fisher 

1928).

Of the 11 seastars collected, only two were from the same species. Many 

seastars were observed on the seamounts during video transects. Although they were 

not identifiable from the videos, more research will probably reveal that the diversity 

in the seastars present on these seamounts is high. As large, common and 

conspicuous members in the benthic community, they are important in these deep-sea 

ecosystems and warrant further investigation.
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TABLES

Table 1. Seamount descriptions. The geological age (mya, millions of years ago), latitude and longitude, general 
position, height, diameter, summit, and general description of the 5 seamounts of the Kodiak-Bowie seamount chain

Seamount Age
(mya)

Latitude
and
Longitude

General position Diameter Bottom
Depth
(meters)

Summit
Height
(meters)

General
description

Denson i s' 54°08’N,
137°20’W

diameter of 18 
nmi (nautical 
miles)

3111 1098 Round shape

Dickens V 7 1 54°31 ’18” N 
136°56’00” W

145 nmi west of Dali 
Island off southeastern 
Alaska

18 km wide, 
41 km long

2928 5 417-750 Elongate shape

Welker 14.9+- 
0.36

55°06’42” N
140°20’36” W

201 nmi WSW of  
Baranof Island off 
southeastern Alaska

3477 704 -915 Cube like

Pratt 56°14’22”N 
142°32’00” W

229 nmi WSW of  
Kruzof Island off 
southeast Alaska

3660 704 -832 Square-ish

Giacomini 19.9 56°27’30” N
146°24’00” W

198nmi ESE of Kodiak 
Island, Alaska

41 km 3660 677 -732 Flat topped7

3 Turner et al 1980 from Smoot 1985
4 Turner et al 1973 from Smoot 1985
5 Hughes 1981
6 Dalrymple et al 1987
7 Ray more 1982
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Table 2. Listing of dives, their date, location, beginning depth, and lengths of 
transects.

Dive
#

Date Seamount Number
Of
Transects

Transect
Start
Depth
(meters)

T ransect
Length
(meters)

4026 8/2/04 Denson None 1700 500
4027 8/3/04 Denson None 2700 500
4028 8/4/04 Dickens 1 755 861
4029 8/5/04 Dickens 1 2702 350,450
4030 8/6/04 Dickens 1 1702 627

2 507
4031 8/7/04 Dickens 1 700 250
4032 8/8/04 Welker 1 700 294

2 204
4033 8/9/04 Welker 1 2702 315

2 2701 281
4034 8/10/04 Welker 1 1700 214
4034 8/10/04 Welker 2 1700 304
4035 8/11/04 Welker 1 1079 329
4035 8/11/04 Welker 2 1031 198
4036 8/12/04 Pratt 1 1098 296

2 1099 312
4037 8/13/04 Pratt 1 2699 286

2 2671 278
4038 8/14/04 Pratt 1 1700 408

2 1699 357
4039 8/15/04 Pratt 1 1040 109

2 53
4040 8/16/04 Giacomini 1 800 429

2 754 295
4041 8/17/04 Giacomini 1 2716 354
4042 8/18/04 Giacomini 1 1688 301

2 1693 259



Table 3. Identification of asteroid collections.
Class Classification Dive Seamount Depth

(meters)
Substrate Range Extension

Asteroidea Family Goniasteridae, 
Hippasteria calif ornica8

4035 Welker 1078 Sponge Same depth, farther 
north

Asteroidea Family Goniasteridae, Genus
Evoplosoma9

4037 Pratt 2779 Rock, eating 
Anthomastus 
coral

For genus: deeper by 
700 m, farther north 
in the Pacific

Asteroidea Family Goniasteridae, 
Hippasteria cf spinosa10

4039 Pratt 917 Eating
Primnoid coral

deeper by 400 m

Asteroidea Family Goniasteridae, 
Subfamily Flippasterinae, cf 
Genus Hippasteria11

4039 Pratt 916 Eating Bamboo 
coral

within depth range of 
genus

Asteroidea Order Velatida (or Spinulosa),19Family Myxasteridae
4040 Giacomini 716 Rock, near 

smaller seastar
shallower by 500 m 
and farther northeast

Asteroidea Order Velatida (or Spinulosa), 
Family Solasteridae, Solaster 

borealis13

4042 Giacomini 1956 Rock same range

Asteroidea Family Goniasteridae,
Pseudarchaster parelii, possibly 

alascensis'4

4042 Giacomini 1937 Rock, near 
Primnoid coral

same range

8 Fisher 1911
9 Clark and Downey 1992
10 Kozloff 1987
11 Fisher 1911
12 Fisher 1911
13 Fisher 1911
14 Fisher 1911



Table 3 continued. Identification of asteroid collections.

Class Classification Dive Seamount Depth
(meters)

Substrate Range Extension

Asteroidea Order Velatida (or 
Spinulosa), Family 
Myxasteridae

4042 Giacomini 1720 Rock farther northeast

Asteroidea Order Forcipulatida, 
Family Zoroasteridae, 
Genus Zoroaster15

4042 Giacomini 1685 Rock same range

Asteroidea Family Goniasteridae, 
Genus Gephyreaster'6

4042 Giacomini 1681 Rock 1300 m deeper

Asteroidea Order Forcipulatida, 
Family Brisingidae17

4041 Giacomini 2803 Same range

15 Fisher 1928

17 Fisher 1928
16 Fisher 1911, Kozloff 1987



Table 4. Density estimates for asteroids by transect.

Dive
Transect
# Seamount

Ave Depth 
transect (m)

Asteroidea 
Density (no. 
100m'2)

4028 1 Dickens 756.2 5.17
4029 1 Dickens 2699.5 0.94
4029 2 Dickens 2701.8 3.64
4030 1 Dickens 1707.8 0.77
4030 2 Dickens 1654.0 0.88
4031 1 Dickens 691.2 14.07
4032 1 Welker 791.1 2.09
4032 2 Welker 751.8 3.54
4033 1 Welker 2701.0 0.15
4033 2 Welker 2699.9 0.08
4034 1 Welker 1711.5 2.08
4034 2 Welker 1702.0 1.86
4035 1 Welker 1039.0 2.25
4035 2 Welker 1039.5 0.42
4036 1 Pratt 1099.2 0.52
4036 2 Pratt 1099.8 0.88
4037 1 Pratt 2698.0 0.04
4037 2 Pratt 2671.5 0.22
4038 1 Pratt 1700.0 0.76
4038 2 Pratt 1699.9 0.17
4039 1 Pratt 1003.2 4.41
4039 2 Pratt 933.5 1.44
4040 1 Giacomini 799.8 1.13
4040 2 Giacomini 750.2 0.89
4041 1 Giacomini 2716.0 0.00
4042 1 Giacomini 1696.1 0.21
4042 2 Giacomini 1690.8 1.19



FIGURES

Figure 4. Map of Gulf of Alaska Seamount Expedition 2004. Seamounts explored in 2004 
(http://oceanexplorer.noaa.gov/explorations/04alaska/background/volcanic/voleanic.htm). Insert from 
http://geographv.about.com/library/maps.

http://oceanexplorer.noaa.gov/explorations/04alaska/background/volcanic/voleanic.htm
http://geographv.about.com/library/maps
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Changes in Salinity with Depth

Salinity

31.5 32 32.5 33 33.5 34 34.5 35

Figure 5. CTD graphs from seamounts, from the surface to 3500m. A: Oxygen 
saturation curve, B: Temperature curve, C: Changes in salinity with depth. Salinity is 
reported in Practical Salinity Units.
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Asteroidea Density by Depth and Seamount

Figure 6. Asteroidea Density by Depth and Seamount. Depth 1 is 700-1100 m, depth 
2 is 1700 m, and depth 3 is 2700 m. Density (x axis) is reported as number m'2.
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Figure 7. Average asteroid density and standard deviation for each depth category. 
Density at the shallowest depth is significantly higher than at the deepest depth.
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Figure 8. Average asteroid density and standard deviation for each seamount. 
Density at Dickens Seamount is significantly higher than at the other three 
seamounts.
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ABSTRACT

The distribution of Eehinodermata (excluding Asteroidea) was studied on five 

seamounts in the northern Gulf of Alaska. Replicate video transects of 200 or 500 m 

length were surveyed at approximately 700, 1700 and 2700 m depths with the DSV 

Alvin in August, 2004. Echinoderms were most abundant at the intermediate depth 

(1650-1700 m, density = 145.7 100 m'2). Average holothuroid density ranged from 

19.94 100 m’2 at the shallow depth to 0.37 100 m'2 at the deep depth. Holothuroid 

(Pannychia and Psolus) density for the shallow depth was significantly higher than at 

the deeper two depth categories. Density of ophiuroids from three genera (Asteronyx, 

Amphigyptis, and Ophiomoeris) was significantly higher on Dickens seamount than 

on the other three seamounts. The average ophiuroid density was highest (139.6 100 

m'2) on Dickens Seamount, and decreased to 31.2 100 m'2 on Pratt Seamount. 

Average ophiuroid density across seamounts was 7.9 100 m '2 at the shallow depth,

141.1 TOO m‘2 at the intermediate depth, and 40.7 100 m’2 at the deep depth.

Ophiuroid density was significantly higher at the intermediate depth than the shallow 

and deep depths. Density of Pentametrocrinus and Guillecrinus crinoids was not 

significantly affected by seamount or depth, but was highest (3.15 100 m ') at the 

deep depths. No echinoids were found on transects, but were observed on video on 

three of the seamounts. Although many brittle stars were associated with paragorgiid 

and primnoid corals, most other echinoderms were on rocky substrate, although the 

Pannychia were often on muddy bottoms.



INTRODUCTION

Echinoderm distribution on seamounts has not been extensively studied, 

although they were included in the explorations of Volcano 7 in the Eastern Pacific 

(Levin et al. 1991). Organisms were found in different zones on the seamount 

corresponding to varying levels of oxygen saturation. In the present study, the 

distribution of three classes of echinoderms, the Ophiuroidea, Holothuroidea, and 

Crinoidea, are examined on five seamounts in the Gulf of Alaska; asteroids were 

discussed in a previous chapter.

Echinoderm zonation is well documented for rocky intertidal areas, where 

diversity increases with depth (Cebrian and Ballesteros 2004, Oigman-Pszezol et al. 

2004). Size of organisms increases with depth (Morales-Nin et al. 2003). Ophiuroids 

increase in size to depths of 280 m, and are larger where they are found in lower 

densities (Fujita and Ohta 1990). Echinoderms are more sensitive to environmental 

variables such as substrate, depth, and current velocity than crustaceans (Freeman and 

Rogers 2003). Large deposit feeding echinoderms, like echinoids, are found in 

greater density in areas with higher organic input (Lenihan et al. 2003). Salinity and 

sea water temperature are also important variables that have been related to spatial 

separation of species (Tackx et al. 2004).

Oxygen minimum zones (OMZ) cause zonation of organisms, including 

echinoderms, along an oxygen gradient. Oxygen minimum zones are those regions of 

the ocean where the oxygen concentration is < 7.5% saturation (Levin 2003). 

Organisms adapted to inhabit these areas of extremely low oxygen find a large supply
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of organic matter and a refuge from predators (Levin 2003, Rogers 2000). Oxygen 

saturation may be more important in determining zonation than food availability or 

sediment grain size. Distinct bands of zonation in association with oxygen 

concentration gradients occur off central California for echinoderms. Ophiuroids are 

mostly found near the lower boundary of the OMZ, while echinoids are found mostly 

in the core of the OMZ (Thompson et al. 1985). Many echinoderms are considered 

too sensitive to low oxygen levels to live in the core of an OMZ. The two brittle 

stars, Amphiura filiformis and Ophiura albida, were able to survive for more than a 

month at an oxygen saturation of 10%. However, when the oxygen saturation was 

<1 %, A. filiformis survived for eight days, while O. albida survived for only three 

days (Vistisen and Vismann 1997). Crinoids and holothuroids have less tolerance 

for low oxygen, and on Volcano 7 were not found in high densities above 950 m 

(Wishner et al. 1995). Many echinoderms are found in dense aggregations on the 

upper and lower edges of OMZ, where the oxygen concentration may reach a 

threshold level that allows some of the more sensitive species to survive. Some 

exceptions, including many ophiuroid species, exist and are even found to be endemic 

to OMZ (Levin 2003).

Echinoderms are common and abundant members of the benthic community 

(Foell and Pawson 1986, Dupont et al. 2000, Tuya et al. 2004). Echinoderms are the 

most abundant organisms between 300-700 m depths off the coast of central Japan 

(Ohta 1979). Echinoderms are important in the deep sea food web as well, serving as 

both predators and prey. Some Echinoidea, such as Diadema antillarum, are



keystone predators in benthic communities (Tuya et al. 2004). Echinoderms, 

including ophiuroids, echinoids, holothuroids, and crinoids are opportunistic 

predators, feeding as carnivores, scavengers, and even detritivores (Zupi and Fresi 

1984, McClintock 1994). Ophiuroids are also important prey items for higher trophic 

levels (Lauerman 1998). The ability of many echinoderms to regenerate lost body 

parts is nutritionally significant in benthic food webs. This ability to autotomize an 

arm provides potential for sublethal predation, which potentially can provide energy 

to the next trophic levels multiple times without the echinoderm prey dying. For the 

ophiuroid Ophiocoma echinata, predation on autotomized arms translates to 0.05- 

0.07% of the energy production on a tropical reef (Pomory and Lawrence 2001). 

Echinoderms, including echinoids, ophiuroids, and holothuroids, are the third largest 

dietary component, in terms of numbers and biomass, in the diet of fish around the 

northwestern Hawaiian Islands (Parrish et al. 1985). Ophiuroids and asteroids are 

also host to multiple parasites (Waren and Lewis 1994).

Ophiuroids and asteroids contribute to the zooplankton through planktonic 

larval and juvenile stages (Hendler et al. 1999). Some echinoderm species directly 

release their larvae to the substratum, or have a short pelagic life history phase. This 

developmental mode may contribute to the abundance of echinoderms on Cobb 

seamount (Parker and Tunnicliffe 1994). More is known about shallow water 

echinoderms than about the ecology and life history of deep-sea organisms (Fujita 

and Ohta 1990).



Echinoderms are found in dense aggregations on seamounts (Levin 2003) and 

seamounts are prominent geological features of the ocean floor. While exact numbers 

of these underwater mountains are still unknown, it has been estimated that there are 

as many as 30,000 in the Pacific Ocean (Smith and Jordan 1988). Only 100-150 of 

the seamounts in the Pacific Ocean have been studied (Tennesen and Wu 2000).

Prior to the research forming the basis for this thesis, only six seamounts in the Gulf 

of Alaska had been explored with a manned submersible (Parker and Tunnicliffe 

1994, Senkowsky 2002). Seamounts, defined as undersea mountains with an 

elevation more than 1000 m above the sea floor (Menard 1964) are often volcanic in 

origin (Desonie and Duncan 1990, Rogers 1994, Keller et al. 1997).

Suspension feeding organisms, such as corals, benefit from increased current 

flow past ridges and peaks on seamounts (Genin et al. 1986). Seamounts are areas of 

high biodiversity and endemism (Malakoff 2003). Habitat complexity has been 

correlated with biodiversity and species richness (Watling and Norse 1998). The 

presence of corals increases habitat complexity (Fossa et al. 2002, Hall-Spencer et al. 

2002, Husebo et al. 2002). Cold water coral skeletons provide hard substrate for 

organisms such as Psolus cucumbers to attach to (Zibrowius and Towiani 2005). 

Long-lived, slow growing corals (Risk et al. 2002) such as scleractinian, 

antipatharian, and gorgonian corals inhabit seamounts (Genin et al. 1986, Koslow et 

al. 2000), and provide habitat for other organisms, including many species of 

echinoderms (Parrish et al. 1985, Mortensen 2001). Both the coral and the ophiuroid 

benefit from the mutualistic association of the antipatharian coral Antipathes
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fiordensis and the ophiuroid Astrobrachion constrictum in New Zealand. The 

ophiuroids feed on mucus and bacteria on the coral polyps, while this feeding keeps 

corals living with these ophiuroids healthier than those without the symbionts 

(Grange 1991).

Commercially important species of crabs and fish are also found associated 

with seamount corals (Parrish et al. 1985, Heifetz 2002, Husebo et al. 2002, Krieger 

and Wing 2002). In the Gulf of Alaska, 85% of large rockfish (6 species) were 

associated with Primnoa sp. coral (Krieger and Wing 2002). Atka mackerel 

(Pleurogrammus monopterygius) and rockfish (Sebastes spp. and Sebastolobus 

alascanus) also associate with coral (Heifetz 2002).

Coral habitats are susceptible to damage from commercial fishing activities 

(Watling and Norse 1998, Koslow et al. 2000, Andrews et al. 2002, Heifetz 2002, 

Roberts 2002). Corals (Koslow et al. 2000, Heifetz 2002), as well as the fish and crab 

species associated with them, are economically important (Fossa et al. 2002, Husebo 

et al. 2002, Roberts 2002). Echinoderms have been used as indicator species for 

monitoring the extent of damage caused by bottom fishing in trawled areas (Kaiser 

1998).

This study provides baseline data on echinoderms for possible future studies 

on global climate change, conservation issues, or other ecological issues. In the 

present study, the spatial and bathymetric distributions of echinoderm species, 

excluding the Asteroidea, on five seamounts in the Gulf of Alaska are examined.



Study area

Five seamounts linearly aligned along a southeast to northwest axis in the 

Kodiak-Bowie seamount chain were investigated. The oldest seamounts are the most 

westerly, with Cobb Hotspot being the hypothesized origin (Figure 1). These five 

seamounts rise from an average bottom depth of 3367 m to an average summit height 

of 720 m (Table 1).

Data collection methods

The deep submersible vehicle (DSV) Alvin was deployed on five seamounts to 

collect specimens, conductivity, temperature, and depth (CTD) measurements, and 

video data as part of the 2004 Gulf of Alaska Seamount Expedition (NOAA cruise 

AT 11-15, August 2004). Four dives were attempted on each seamount (except for 

Dennison, see below) with the DSV Alvin (Table 2). One dive was made at each 

depth of 2700 m, 1700 m, and 700 m. A fourth dive was made on three of the five 

seamounts at a depth and location where additional data or specimens were needed, 

most often at 1100 m. As only two dives were conducted on Denson Seamount, 

which was primarily selected for geological studies and transects were not surveyed 

during these dives, neither dive was used for statistical analysis. The fourth and last 

dive on Giacomini (Dive 4043) was aborted because of sea conditions (high wind 

speed and wave conditions). Each dive began deep, then came up to the target depth 

to conduct two video transects. The start of each transect was chosen at the discretion 

of the scientists on each dive. For the first two seamounts, each transect was 500 m
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in length, but at the two subsequent seamounts transects were only 200 m in length, to 

allow more time for collections (Table 2). Each transect was surveyed using the same 

protocol, including speed and approximate height off the bottom. Dive sites were 

selected along ridges, where the current flow and the coral abundance were 

anticipated to be higher (Genin et al. 1986).

Numerous methods were used to collect voucher specimens during each dive. 

Alvin’s manipulator arms were used to collect individuals or corals or rocks and place 

them in containers (bio boxes). Nets (6 mm diameter mesh, ace webbing on a 

stainless steel frame) were used to collect small coral colonies and associated 

organisms. The netted organisms were placed in bio boxes. Three vacuum devices, 

including two pelagic slurp chambers and one multi-chamber slurping device, were 

used to slurp organisms from substrate or coral. Once Alvin reached the surface and 

was brought aboard the support vessel, the RV Atlantis II, the organisms were 

preliminarily identified and preserved in 70% ethanol.

Several cameras were used to collect digital video data on the Alvin. A 3-chip 

Sony MiniDV Handycam Vision DCR-TRV900 NTSC was attached to the right 

manipulator arm. An identical camera could also be used inside by an observer 

holding the camera, pointing it out the observation window. Scientific observers 

controlled the 1 -chip TRV18 model cameras on the port and starboard sides of Alvin, 

which recorded continuously once the sub landed on the bottom. Two lasers were 

attached to the port pan and tilt camera, measuring 10 cm apart, to provide calibration 

sizes to measure sizes of organisms. Two transects were surveyed on each dive, at a
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constant speed and altitude. During the transects the cameras were aligned so the 

lasers on the port side pan and tilt were in the field of view of the 3-chip camera on 

the manipulator arm. The hand-held 3-chip was used inside Alvin to record the 

seamount from the slope side observation window. In addition to the data recorded 

from these transects, still photographic images were recorded every 15 seconds by a 

Canon G2 with an external strobe which was attached to the outside of Alvin. All 

images recorded, both single frame and video, were digital. A variety of hand-held 

digital still cameras were available for the observers and pilot to obtain high quality 

images through the viewing ports of selected specimens.

Oxygen saturation, salinity, and seawater temperature were recorded at each 

seamount with a SBE 19 Seacat CTD Profiler mounted on a rosette, launched from 

the Atlantis II. One or two CTD casts were made at each seamount during night 

operations (Appendices 1-3). Measurements for salinity and temperature were also 

taken near the bottom on each dive by a Seacat CTD on Alvin. Salinity is expressed 

as Practical Salinity Units (PSU). Water samples were collected with a five bottle 

Niskin array mounted on Alvin during each dive. Dissolved oxygen of water samples 

was measured from the Niskin bottles with an YSI 550A Dissolved Oxygen 

Instrument after the submersible returned.

Video analysis

Echinoderm specimens collected during the research cruise were identified to 

the lowest taxonomic level (Table 7). Taxonomic keys used for identification were: 

Ophiuroidea - Fell (1960); Holothuroidea - Wolff (1975), and Kozloff (1987);
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Crinoidea - Messing (1997) and Roux et al. (2002). Echinoids were not collected, 

and could not be identified except to class Echinoidea from the video. Asteroidea 

were examined in Chapter 2. Genus and species names were checked against the 

Integrated Taxonomic Information System (ITIS) database for synonyms 

(http://www.itis.gov/index.html).

Video transects were used to estimate echinoderm abundance. A method 

similar to those used by Levin et al (1991), Fujita and Ohta (1990), and Tunnicliffe 

and Jensen (1987) was used for quantifying density from the video data. The general 

transect estimator, as described in Thompson (2002) was used. This estimator uses 

the number sighted (y) divided by the area covered (a) to obtain an estimate of 

density (D). In order to find the area included within each transect, measurements of 

width and length are required. The submersible coordinates recorded during each 

dive were used to determine the length of each transect. The width of the field of 

view of the camera was determined from the two calibration lasers mounted on the 

port side pan-and-tilt camera. The width was estimated by measuring the distance 

between the lasers on the port pan-and-tilt camera. The ratio of the width observed to 

the actual width of the screen, as compared to the actual distance between the lasers, 

was used to determine the width. The width of the field of view changes as the height 

of the submersible off the bottom changes; hence, the width for the entire transect 

was averaged by estimation of the width of the field of view of the camera every five 

seconds, then averaged over the entire length of each transect.
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The number sighted was found by counting all organisms in view of the 

camera. Whenever possible, direct determinations of abundances of organisms were 

attempted from the digital video transects. Density estimates are likely to be 

conservative as it is possible some organisms within the transect area were not within 

the field of view of one of the cameras. The Aster onyx loveni brittle stars were larger, 

and direct counts from corals were obtained for this species during transects. Direct 

counts of all species of brittle stars were made from the rocky or sandy bottom during 

transects.

The abundance of smaller species cannot always be determined by direct 

count; many Ophiuroidea species tend to be small, hard to quantify, and cannot be 

identified with certainty from video images. The two smaller species, Amphigyptis 

sp. and Ophiomoeris sp., were not identifiable on corals, and blended in well. Direct 

estimates of these species were made from transect counts on rocky or soft substrate, 

but they were not counted on corals during transects. To estimate these species 

present on corals the correction factor was applied. The correction factor 

incorporated was a method using ophiuroid specimens collected during the dives.

The number of ophiuroids collected from each coral during the dive was counted.

The corals collected for each dive were grouped by family. The total number of 

ophiuroids collected from each coral family was divided by the total number of those 

corals collected, giving the average number of ophiuroids per coral for each family. 

The number of corals in each family were counted for each transect, and multiplied 

by the average number of ophiuroids collected per coral for each family. This gave



an estimate of the number of ophiuroids per coral family for each transect. This 

number was added to the total number of ophiuroids counted for each transect to 

provide an adjusted density estimate. Density estimates using this method will likely 

be conservative, as lab counts from collected specimens do not represent exact 

counts. Not all organisms were collected (some escape or fall off), and they were 

mixed together in the bio boxes onboard Alvin, so it was not always possible to 

differentiate which specimens came from which collection. The relationships 

between density of ophiuroids and depth or seamount were the same whether the 

correction factor was added or not (t test, p = <0.05).

Statistical analysis 

Two transects were conducted on most dives. Two cameras were used for 

each transect, and the density estimates for the two cameras were averaged to provide 

an estimated density for each transect. Because of missing results for some depths on 

some of the seamounts, the two shallower depths (700 and 1100 m) were combined 

for the statistical analysis (t test, p value < 0.05). To accommodate unequal sample 

sizes, significance of relationships between the density of seastars and physical 

properties was tested with the general linear model (GLM) of Systat version 10.0 

(Kutner et al. 2005, Systat Software 2002). The echinoderm density estimate for each 

class (excluding Asteroidea) was tested against each of the physical parameters 

(depth and seamount) using a p value of 0.05. Both depth and seamount were treated 

as categorical variables. Interaction between depth and seamount was not tested. 

Normal error values calculated by Systat were used in constructing the models. The
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Bonferroni pairwise comparison test was used to detect which depths or seamounts 

were significantly different from the others (Systat Software 2002). Dive 4031 

(Dickens Seamount, average depth 650 m) was an outlier due to unusually high 

densities and was not included in the statistical analysis. Mean density and standard 

deviation are reported for each depth and seamount.

Depth is often highly correlated with gradients in abiotic factors (including 

oxygen saturation, seawater temperature, and salinity) in the ocean (Nybakken 2001), 

so it was difficult to tell which, if any, of these other physical factors caused 

differences in density of organisms. Two CTDs were deployed on Denson, Dickens, 

and Welker seamounts, but only one CTD was deployed on each of Pratt and 

Giacomini seamounts (Appendices 1-3). No statistical tests were conducted on the 

pelagic CTD data casts from the Atlantis due to low and unequal sample sizes, and 

because they do not give a complete picture of the water column on different parts of 

the seamounts. Niskin readings of oxygen saturation (Appendix 6) were compared to 

the pelagic CTD casts. Temperature and salinity data from the CTD aboard Alvin 

were averaged over each transect (Appendices 4-5). These data were tested using a 

similar GLM for differences between temperature and salinity with depth, or between 

different seamounts. Bonferroni pairwise comparison tests were used to determine 

significance between seamounts (Systat Software 2002). The Alvin CTD data were 

compared to the pelagic CTD casts.

RESULTS
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Psolus squamatus and Pannychia sp. were the only two species of 

holothuroids collected from the seamounts (Table 5). Psolus squamatus was mostly 

observed on hard substrates, and occurred at all depths on Dickens, Welker, Pratt, and 

Giacomini seamounts. Pannychia sp. occurred on rocky and sandy substrates, and at 

all depths on Denson, Welker, Pratt, and Giacomini seamounts. On Dickens 

Seamount this species was observed only at depths between 1635-2924 m. Average 

density at the shallow depth was 19.94 100 m '2 (st dev = 20.31), at the middle depth 

was 2.86 100 m'2 (st dev = 2.81), and at the deep depth was 0.34 100 m'2 (st dev = 

0.37). Average holothuroid density for the shallow depth category (700-1100 m) was 

significantly higher (p = 0.01) than at the deeper two depth categories (1650-1700 m 

and 2670-2700 m) (Figure 11). Holothuroid density did not vary significantly 

between seamounts (p = 0.49) but varied between a high of 15.77 100 m’ (st dev =

23.9) on Pratt Seamount to a low of 5.46 100 m‘2 (st dev = 10.66) on Welker 

Seamount (Figure 16).

The stalked crinoid genus Guillecrinus and the unstalked crinoid genus 

Pentametrocrinus were the two species collected, and were observed on all 

seamounts, at all depths, except for the deepest depths sampled on Welker seamount. 

Both species were common on rocky substrates, and the unstalked genus was often 

observed on sponges. Crinoid density was consistently higher at the deeper depths, 

although the differences between depths were not significant (p = 0.58). The highest 

average crinoid density (3.15 100 m‘2, st dev = 7.43) was found at the deep depth, 

while the density at the shallow depth was 1.09 100 m'2 (st dev = 2.11) and at the



middle depth was 0.81 100 m'2 (st dev = 0.59) (Figure 12). Crinoid density did not 

vary significantly between seamounts (p = 0.25), but increased from 0.23 100 m‘ (st 

dev = 0.28) on Welker Seamount and 0.17 100 m'2 (st dev = 0.11) Giacomini 

Seamount, to a high of 4.8 100 m’2 (st dev = 8.49) on Dickens Seamount (Figure 17).

Echinoids were observed but not collected on Denson, Dickens, and 

Giacomini seamounts. On Dickens seamount they were found at depths of 1628- 

2850 m, and on Giacomini seamounts they were observed at depths of 716-737 m. 

Echinoids did not occur on video transects. Because identifications were not possible 

from the video, and because no specimens were collected, this group was excluded 

from the statistical analysis.

Three species of ophiuroids were collected from the five seamounts. The 

unbranched basket star Asteronyx loveni from the family Gorgonicephalidae was 

collected from Dickens and Welker seamounts. This species occurred only at the 

shallower depths (741-1120 m), and was most often associated with paragorgiid and 

primnoid coral species. Two brittlestars from the family Hemieuryalinae were 

collected. Amphigyptis sp. was collected from all five seamounts, while the 

Ophiomoeris sp. was only collected from Dickens and Pratt seamounts. These 

species were hard to identify to species on the video. These small Hemieuryalinae 

brittle stars were found at all depths on all seamounts, and were often collected from 

primnoid corals or rocky substrates. Occasionally they were observed on 

paramuriceid, antipatharian, or even bamboo corals, although these sightings were 

rare.
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Brittle star density varied significantly with both seamount (p = 0.003) and 

depth (p = 0). The average ophiuroid density was highest (139.6 100 m'2, st dev =

95.09) on Dickens Seamount, and decreased to a low of 31.19 100m'2 (st dev = 38.68) 

on Pratt Seamount (Figure 10). Average ophiuroid density on Dickens Seamount was 

significantly higher than on the other three seamounts. Densities on Welker, Pratt, 

and Giacomini seamounts were not significantly different from each other. Average 

ophiuroid density was 7.89 100 m'2 (st dev = 10.17) at the shallow depth, 141.07 100 

m‘2 (st dev = 51.06) at the intermediate depth, and 40.73 100 m'2 (st dev = 77.88) at 

the deep depth (Figure 10). Ophiuroid density was significantly higher at the 

intermediate depth category (1650-1700 m) than the shallow depth (700-1100 m) and 

the deep depth category (2670-2700 m).

Echinoderms were observed on all seamounts, and at all depths examined 

(Figures 13-14, 18-19). Echinoderm density varied significantly among the 

seamounts for the ophiuroids and the echinoderms as a whole (Table 6). Density of 

the ophiuroids, holothuroids, and all echinoderms varied significantly with depth (p = 

0.00014). Average density for echinoderms increased from 31.6 100 m'2 (st dev = 

31.5) at the shallow depth, to 145.74 100 m’2 (st dev = 50.6) at the intermediate depth, 

and then decreasing to a density of 44.95 100 m'2 (st dev = 86.6) at the deepest depth. 

Echinoderm density was significantly higher at the intermediate depth than at the 

shallow and deep depth categories. Density of echinoderms (including the 

Asteroidea) was significantly higher on Dickens Seamount than on Welker, Pratt, and 

Giacomini (p = 0.0055). The range of densities decreased from a density of



154.2 100 m"2 (st dev = 87.12) on Dickens Seamount, to 45.3 100 m‘2 (st dev = 61.9) 

on Welker Seamount, and decreased to 49.8 100 m'2 (st dev = 47.8) on Pratt 

Seamount, and 59.4 100 m‘2 (st dev = 74.0) on Giacomini Seamount.

The oxygen minimum zone for the five seamounts occurred from 500 m to 

1500 m depth (see Figure 5). For Giacomini Seamount the OMZ began a bit 

shallower, 370 m. Oxygen saturation values from Niskin bottles (Appendix 6) were 

on average 2-4% higher than those obtained from the pelagic CTD casts (Appendix 

1). The Niskin bottle samples were collected adjacent to the seamount during dives 

with Alvin, while the CTD casts were usually off the seamount in the open water 

column. The temperature recorded from the Atlantis CTD casts changed rapidly until 

about 60 m, decreasing from 15 to 6°C. Temperature continued to decrease gradually 

a few degrees until it reached 1°C near the bottom at 3030 m (See Appendix 2). The 

salinity from these casts increased from 32 to 34 between about 90 m to 360 m. 

Salinity changed little at deeper depths and remained between 34 and 35 (See 

Appendix 3). Temperature and salinity data from the Alvin CTDs were not different 

than the pelagic CTD casts (Appendices 4 and 5). Temperature or salinity (p value = 

0.56) did not vary significantly among the seamounts, but both varied significantly 

with depth (p value = 0.00014). Salinity and temperature were significantly different 

for each depth category (Bonferroni tests). Temperatures decreased from 3.14 (st dev 

= 0.27) at the shallow depth category (700-1100 m), to 2.11 (st dev = 0.09) at the 

middle depth category (1650-1700 m), and decreased to 1.65 (st dev = 0.03) at the 

deep (2670-2700m). Salinity increased from 34.3 (st dev = 0.05) at the shallowest



depth category, to 34.5 (st dev = 0.02) at the middle depth category, and increased to 

34.6 (st dev = 0) at the deepest depth.

DISCUSSION

Echinoderms have been found in high densities on the fringes of OMZs in 

some locations, like off the California coast, but generally are scarce in the core of 

OMZs (Thompson et al. 1985). On Volcano 7, crinoids and holothuroids were not 

found in high densities shallower than 950 m, which corresponded with the lower 

boundary of the OMZ (Wishner et al. 1995). Holothuroids were highest in density 

(14.8 m'2) at depths of 1316-3353 m (Levin et al. 1991). These classes of 

echinoderms are considered to have a lower tolerance to low oxygen levels (Wishner 

et al. 1995). However, many ophiuroid species are found in OMZs, and can even be 

endemic to these low oxygen areas (Levin 2003). Off the California coast, they are 

found in densities as high as 50 m' in the OMZ (Thompson et al. 1985). In the 

present study, all classes of echinoderms were found in the OMZ. The ophiuroids 

were found at slightly higher densities below the OMZ, and the crinoids were found 

at highest densities at the deepest depths studied. However, the holothuroids were 

found in higher densities within the oxygen minimum zones than at the other depths, 

which is contrary to the findings on Volcano 7. The species of holothuroid found on 

the Gulf of Alaska seamounts may be more tolerant to low oxygen levels than those 

found on Volcano 7. Some possible advantages to living in the OMZ include higher 

availability of food because of low overall organism density, and safety from 

predation (Rogers 2000).



Migration from intermediate depths into the OMZ was not examined as part of 

the current study, but could contribute to the numbers of organisms within the OMZ 

(Rogers 2000). Oxygen minimum zones are not always static, but can have 

continually changing boundaries. Fluctuations in water currents flowing over and 

around seamounts can cause periodic variations in oxygen levels. Echinoderms and 

other mobile organisms may be able to take advantage of the fluctuating levels of 

oxygen and move temporarily into the OMZs (Levin et al. 1991, Rogers 2000).

While only one or two measurements of oxygen saturation were made on each 

seamount, those observations were consistent between seamounts, and only differed 

by 2-4% between the measurements made near the seamount with Niskins and those 

made farther off the seamount in the open water column (with CTD casts). This 

indicates the OMZ is fairly stable in this area, and the organisms in the OMZ are 

likely to be subjected to low oxygen levels for extended periods of time. Most 

echinoderms do not migrate over long distances, however observations of migrations 

of organisms in and out of the OMZ would give a better understanding of possible 

reasons echinoderms are found in comparable densities there, as deeper on these 

seamounts.

Temperature and salinity gradients could also be affecting the distribution of 

echinoderms, although these variables haven’t been previously studied on seamounts. 

Echinoderm activity, including predation on other organisms, is influenced by 

environmental variables. A decrease in water temperature of 3-5 °C during upwelling 

events on the Oregon coast resulted in lower seastar predation rates in the intertidal
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(Sanford 2002). However, temperature changes on Alaskan seamounts would not 

likely be within this range of magnitude. Salinity is not as often a factor which 

influences organism activity in the deep sea because salinity varies only slightly in 

the open ocean (Nybakken 2001).

The density of asteroids (see chapter 2), ophiuroids, and all echinoderms was 

significantly higher on Dickens Seamount than on the other seamounts. Density of 

crinoids, ophiuroids, and asteroids were higher on Dickens seamount than at the other 

three seamounts examined. Seamount size, age, morphology, and distance from the 

continental slope may affect the number of species on this seamount. The larger, 

older, more complex (Watling and Norse 1998), and closer to other populations the 

habitat is, the more species are likely to be present (Nybakken 2001). Dickens 

Seamount was shallower than the other seamounts, with a bottom depth of 2928 m 

and a summit height between 417-750 m, although it was not larger than the other 

seamounts. Dickens Seamount is also the most southeasterly seamount in the 

Kodiak-Bowie seamount chain that was studied. Of the seamounts examined in this 

study, Dickens Seamount is one of the closest to the continental slope, while 

Giacomini is about the same distance from the slope on the other end of the chain of 

seamounts. Dickens Seamount is also the only one whose shallowest surface was a 

peak, rather than the flatter tops observed on the other seamounts. Dickens Seamount 

is the youngest seamount in our study, so geologic age may not be a meaningful 

variable. The peak morphology and distance from the continental slope may 

contribute to the higher density of echinoderms on this seamount than on the other



three examined. Only six seamounts in the Gulf of Alaska had been explored with a 

manned submersible (Parker and Tunnicliffe 1994, Senkowsky 2002) prior to the 

research cruise in 2004 which forms the basis for this thesis. Further research should 

include other seamounts in this area for a more thorough comparison of species 

richness and diversity

The three species of brittle star collected are known to live epizoically on 

gorgonian corals (Fell 1960, Fujita and Ohta 1988). The Ophiomoeris sp. (also 

known as Ophiurases from Fell 1960) inhabit depths as shallow as 300 m, and are 

common in bathyal depths. Amphigyptis brittle stars are known from littoral depths 

(Fell 1960), but were found in the Gulf of Alaska at all depths sampled. They were 

densely aggregated on primnoid corals, and on rocky substrates. The highest 

recorded density from the seamount collections was 705 Amphigyptis brittle stars on a 

single, small primnoid of approximately 500 cm2.

Asteronyx loveni basket stars are common suspension feeders at depths of 

800-1700 m, but are usually not found abundantly on a single coral (Fujita and Ohta 

1988). On the seamounts we examined they were found in average densities of 

around 14 Asteronyx loveni on paragorgiid corals, and 1-2 on primnoid corals. From 

corals where Asteronyx loveni were present, no other brittle star species were 

collected; however, Amphigyptis and Ophiomoeris spp. were collected from the same 

coral (Table 8). All of the paragorgiid corals collected were at the shallow depths 

(700-1100 m). This group of corals was collected from Dickens, Welker, Pratt, and 

Giacomini Seamounts, however the A. loveni brittle stars were only collected from



Dickens and Welker Seamounts. The difference in distribution for the A. loveni 

brittle stars cannot be explained by a lack of suitable coral hosts at the other 

seamounts. However, as these brittle stars were always observed living epizoically 

on a coral, perhaps they did not occur at the deeper depths as the ideal coral hosts 

were not present at the deepest depths sampled.

Holothuroids are common in deep-sea benthic communities. Psolus 

squamatus cucumbers are abundant on hard substrates in cold temperate waters from 

intertidal depths to 2800 m. These cucumbers use their tentacles for suspension 

feeding (Pawson 1982). On the seamounts in the Gulf of Alaska they were abundant 

on rocky substrates, and were often observed with their tentacles extended into the 

water column. The Pannychia sp. collected from the seamounts are common 

subsurface deposit feeders known from depths between 212-2598 m (Wolff 1975). 

They were observed and collected from rocky and sediment bottoms, but are 

commonly associated with softer sediments (Miller et al. 2000).

Crinoids were common at all depths on the seamounts in the Gulf of Alaska. 

The genus Guillecrinus has previously been reported from depths of 230-3700 m, but 

has only been found in the southwest Pacific near New Caledonia, and in the Indian 

Ocean (Bourseau et al. 1991). The specimen collected from the Gulf of Alaska 

indicates a large range extension for this family. The Pentametrocrinus specimens 

are common in depths of 1340-1840 m and aggregate in patches on manganese 

encrusted rocks (Tokeshi 2002). They were also common on the manganese rocky



substrates on the seamounts, but were observed in depths as shallow as 850 m. The 

Pentametrocrinus were also observed living on large sponges.

While echinoderms were abundant organisms in the benthic community, few 

species were collected on the seamounts. One or two species from most classes were 

predominant, and didn’t change greatly between depths or seamounts. Most of the 

genera or species found in our study are common in the deep sea around the world. 

The crinoids and holothuroids were more commonly found living on rocky substrate, 

but were sometimes seen on muddy bottoms as well, especially the Pannychia sp. 

Many of the brittle stars were commonly found living on large corals including 

paragorgiid, primnoid, and sometimes paramuriceid species.

Increased knowledge about the relationships between echinoderms, their host 

deep sea corals, and their environment may help in understanding seamount ecology 

and the quest to protect these habitats from future damage.
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TABLES

Table 5. I dentil Ications of echinoderm specimens
Class Classification Dive Seamount Depth

(meters)
Holothuroidea Order Dendrochirotida, Family

20Psolidae, Psolus squamatus
4031 Dickens 775

Holothuroidea Order Dendrochirotida, Family 
Psolidae, Psolus squamatus

4040 Giacomini 891

Holothuroidea Order Dendrochirotida, Family 
Psolidae, Psolus squamatus

4040 Giacomini 716

Holothuroidea Order Elasipoda, Family 
Laetmogonidae, Genus Pannychia21

4027 Denson 2021

Holothuroidea Order Elasipoda, Family 
Laetmogonidae, Genus Pannychia

4036 Pratt 1054

Holothuroidea Order Elasipoda, Family 
Laetmogonidae, Genus Pannychia

4037 Pratt 2773

Crinoidea Order Comatulida, Family 
Pentametrocrinidae, Genus 

Pentametrocrinus22

4042 Giacomini 1726

Crinoidea Order Buorqueticrinidae, Family 
Guillecrinidae, Genus

23Guillecrinus

4041 Giacomini 2803

Echinoidea No specimens were collected

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis24,3  specimens

4027 Denson 2432

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis, 10 specimens

4027 Denson 2400

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis, 5 specimens

4027 Denson 2400

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4029 Dickens 2736

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis, 25 specimens

4029 Dickens 2705

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4029 Dickens 2789

20 Kozloff 1987
21 Wolff 1975
22 Messing 1997
23 Roux et al 2002
24 Fell 1960
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Table 5 continued. Identifications of echinoderm specimens
Class Classification Dive Seamount Depth

(meters)
Ophiuroidea Family Hemieuryalinae, cf Genus 

Amphigyptis, 6 specimens
4029 Dickens 2700

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4029 Dickens 2743

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4030 Dickens 1701

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4032 Welker 750

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4033 Welker 2635

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis, 5 specimens

4034 Welker 1720

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4035 Welker 1119

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4036 Pratt 1096

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4036 Pratt 1061

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4036 Pratt 1100

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4036 Pratt 1061

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4036 Pratt 1104

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4036 Pratt 1094

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4037 Pratt 2679

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4038 Pratt 1672

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4039 Pratt 1000

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis

4039 Pratt 1172

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4040 Giacomini 892

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4041 Giacomini 2819

Ophiuroidea Family Hemieuryalinae, cf Genus 
Amphigyptis, 705 specimens

4042 Giacomini 1937
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Table 5 continued. Identifications of echinoderm specimens
Class Classification Dive Seamount Depth

(meters)
Ophiuroidea Family Hemieuryalinae, cf Genus 

Amphigyptis, 20 specimens
4042 Giacomini 1766

Ophiuroidea Family Hemieuryalinae, cf Genus
Amphigyptis

4042 Giacomini 1937

Ophiuroidea Family Hemieuryalinae, Genus 
Ophiomoeris25

4030 Dickens 1701

Ophiuroidea Family Hemieuryalinae, Genus 
Ophiomoeris

4030 Dickens 1652

Ophiuroidea Family Hemieuryalinae, Genus 
Ophiomoeris, 4 specimens

4037 Pratt 2761

Ophiuroidea Family Hemieuryalinae, Genus 
Ophiomoeris, 2 specimens

4039 Pratt 1157

Ophiuroidea Family Hemieuryalinae, Genus 
Ophiomoeris, 3 specimens

4039 Pratt 1157

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii, 7 specimens26

4031 Dickens 850

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii

4031 Dickens 850

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii, 13 specimens

4031 Dickens 851

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii, 2 specimens

4031 Dickens 850

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii

4032 Welker 800

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii, 2 specimens

4032 Welker 780

Ophiuroidea Family Asteronychidae, Genus 
Asteronyx lovenii

4035 Welker 1112

25 Fell 1960
26 Fell 1960



Table 6. Echinoderm densities for each transect.

Dive
Transect

#

Ophiuroidea 
Density (no. 
100m'5)

Holothuroidea 
Density (no.
100m )

Crinoidea
Density
(no.
100m'2)

Echinoidea 
Density (no. 
100m'5)

Echinodermata 
Density (no. 100m'2)

Ave
Depth
transect
(m) Seamount

4028 1 1.92 33.35 0.02 0 40.47 756.2 Dickens

4029 1 77.39 0.32 1.81 0 80.46 2699.5 Dickens

4029 2 204.97 0.94 19.94 0 229.49 2701.8 Dickens

4030 1 206.44 2.04 0.86 0 210.12 1707.8 Dickens

4030 2 207.44 0.98 1.36 0 210.67 1654.0 Dickens

4031 1 825.14 72.80 31.45 0 1103.22 691.2 Dickens

4032 1 12.34 31.44 0.07 0 47.52 791.1 Welker

4032 2 0.95 1.34 0.06 0 6.67 751.8 Welker

4033 1 0.12 0.09 0.00 0 0.36 2701.0 Welker

4033 2 0.00 0.76 0.00 0 0.85 2699.9 Welker

4034 1 127.71 0.80 0.62 0 131.22 1711.5 Welker

4034 2 149.32 1.12 0.57 0 152.87 1702.0 Welker

4035 1 5.12 6.03 0.49 0 17.85 1039.0 Welker

4035 2 1.83 2.08 0.00 0 4.87 1039.5 Welker

4036 1 6.05 2.01 0.55 0 9.13 1099.2 Pratt

4036 2 5.26 15.48 2.22 0 23.83 1099.8 Pratt

4037 1 1.59 0.04 0.24 0 1.91 2698.0 Pratt

4037 2 1.04 0.05 0.05 0 1.36 2671.5 Pratt

4038 1 98.73 9.16 1.98 0 110.64 1700.0 Pratt

4038 2 83.49 2.33 0.58 0 86.56 1699.9 Pratt

00



Table 6 continued. Echinoderm densities for each transect.

Dive
T ransect

#

Ophiuroidea 
Density (no. 
100m )

Holothuroidea 
Density (no. 
100m )

Crinoidea
Density
(no.
100m'2)

Echinoidea 
Density (no. 
100m )

Echinodermata 
Density (no. 100m'2)

Ave
Depth
transect
(m) Seamount

4039 1 31.41 70.11 7.13 0 113.05 1003.2 Pratt

4039 2 21.96 26.95 1.21 0 51.56 933.5 Pratt

4040 1 0.00 16.39 1 0.19 0 17.71 799.8 Giacomini

4040 2 0.00 14.18 0.06 0 15.13 750.2 Giacomini

4041 1 0.03 0.17 0.04 0 0.23 2716.0 Giacomini

4042 1 83.80 1.88 0.27 0 86.16 1696.1 Giacomini

4042 2 171.66 4.56 0.26 0 177.68 1690.8 Giacomini

00
to
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FIGURES

Figure 9. Echinodermata density by depth and seamount. Densities for Classes 
Ophiuroidea, Holothuroidea, and Crinoidea. Depth 1 is 700-1100 m, depth 2 is 1700 
m, and depth 3 is 2700 m. Density (x axis) is reported as number m'2.
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Figure 10. Average ophiuroid density and standard deviation for the three depth 
categories. Density at the intermediate depth is significantly higher than at the other 
two depths.
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Figure 11. Average holothuroid density and standard deviation for each depth 
category. Density at the shallowest depth is significantly higher than at the two 
deeper depths.
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Figure 12. Average crinoid density and standard deviation for each depth category. 
There are no significant differences in density between the three depths.
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Figure 13. Average echinoderm density and standard deviation for each depth 
category. Density at the intermediate depth is significantly higher than at the other 
two depths, for all seamounts combined.
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Figure 14. Average echinoderm density and standard deviation for each class for the 
three depth categories.
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Figure 15. Average ophiuroid density and standard deviation for each seamount. 
Density on Dickens Seamount is significantly higher than on the other three 
seamounts.



90

Figure 16. Average holothuroid density and standard deviation for each seamount. 
There are no significant differences in density between the seamounts.
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Figure 17. Average crinoid density and standard deviation for each seamount. There 
are no significant differences in density between the seamounts.



92

Figure 18. Average echinoderm density and standard deviation for each seamount. 
Density on Dickens Seamount is significantly higher than on the other three 
seamounts.
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Figure 19. Average echinoderm density and standard deviation by class for each 
seamount.



CHAPTER 4: GENERAL CONCLUSION

The density of some echinoderm classes, like the seastars and brittle stars, 

varied significantly with depth, but others, like the crinoids, did not. While 

temperature, salinity, and the oxygen saturation gradients may influence the 

distribution of organisms on the seamounts, I could not discern which, if any, was the 

most important variable. Other variables such as current velocity and substrate may 

also influence organism distribution. Further research should include measurements 

of current velocity, and areas not on ridges where softer substrate may occur should 

be examined.

Density for the asteroids, ophiuroids, and crinoids was higher on Dickens 

Seamount than on the other three seamounts examined. Asteroid density decreased to 

the northwest on the seamount chain. This may be a result of small sample size, but 

also may be related to the seamount morphology or the distance of seamounts to the 

continental shelf. Dickens Seamount was the only one examined that had a peak at its 

shallow point, while the other seamounts were flat on top. This increased high relief 

topography may provide more habitats to be exploited by organisms, resulting in 

higher density on this seamount. Dickens Seamount is also the closest to the 

continental shelf, which may allow organisms to disperse to this seamount.

While echinoderms were abundant organisms in the benthic community, few 

species were collected on the seamounts. A total of 17 species of echinoderms were 

collected of the five seamounts. Asteroids were the most specious taxon, with 10 

species. One or two species from most classes were predominant, although eight of
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the 11 specimens of asteroids collected were from different genera, and more species 

might have been found with additional collecting.

The assemblage of echinoderm species didn’t vary greatly between depths or 

seamounts, except for the ophiuroids. The Asteronyx were found at depths between 

741-1102 m, while the Amphigyptis and Ophiomoeris brittle stars were found at all 

depth ranges sampled. Most of the species are common in the deep sea around the 

world. The crinoids and holothuroids were more commonly found living on rocky 

substrate, but some, especially the Pannychia sp., were observed on muddy bottoms 

as well. Many of the brittle stars were commonly found living on large corals 

including paragorgid, primnoid, and sometimes paramuriceid species.

Bathymetric range extensions were found for several species as a result of this 

project. Amphigyptis brittle stars are known from littoral depths (Fell 1960), but were 

found in the Gulf of Alaska at all depths sampled. The genus Evoplosoma was found 

700 m deeper in the Gulf of Alaska than it has previously been found (Clark and 

Downey 1992). The Hippasteria cf spinosa specimen was collected from 917 m, 

which is 400 m deeper than the species has previously been found (Fisher 1911). 

Gephyreaster has previously been found shallower than 360 m, but this specimen was 

collected at 1681 m, a depth range extension of 1300 m (Fisher 1911).

Latitudinal range extensions were also found for many species during the 

course of this study. The genus Guillecrinus has previously only been found in the 

southwest Pacific near New Caledonia, and in the Indian Ocean (Bourseau et al. 

1991). The specimen collected from the Gulf of Alaska represents a large range
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extension for this family. Seastars of the genus Evoplosoma have been reported 

previously only in the Atlantic Ocean, the Indian ocean, and near Hawaii (Clark and 

Downey 1992). This collection indicates a range extension into the North Pacific.

The seastars from the family Myxasteridae have previously been known from off the 

northwestern coast of Africa and the area around the Bahamas in depths of 1300-3500 

m. The two specimens collected in the Gulf of Alaska were found farther north than 

they have previously been reported and the one collected from 716 m was about 500 

m shallower than the family has been reported (Clark and Downey 1992).

Several species were found living on or near corals. Many of the brittle stars 

were commonly found living on large corals including paragorgiid, primnoid, and 

sometimes paramuriceid species. Three of the eleven asteroid specimens were 

collected while eating corals.
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