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ABSTRACT

This report presents the results from the second of two studies using

numerical classification, i.e., "cluster analysis," techniques to investigate

the community structure of demersal fish and invertebrates in the eastern

Bering Sea. Annual summer trawl survey data for the years 1971-77 were used

to describe apparent habitat areas and species associations, and to examine

interannual variability.

The results of the analyses for each year are presented as 1) a dendrogram

summarizing the grouping relationships between trawling sites; 2) maps of these

site groups at successively lower levels of dissimilarity; 3) lists of the

species assemblages occurring at the site groups and their relative abundance;

and 4) a dendrogram summarizing the relationships between species, based on

the similarity of their geographic distributions.

Apparent habitat areas are described by the contiguous distribution of

samples in the site groups which result from the analyses. The geographic

distributions of some site groups were relatively constant features during the

entire seven-year time period, while others showed considerable temporal vari-

ability.
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INTRODUCTION

One of the major advantages of maintaining historic data in the

biological sciences is the opportunity to examine aspects of temporal vari-

ability. The natural variability of biological systems is extremely important

to our understanding.

Annual resource assessment trawl surveys of the eastern Bering Sea have

been conducted by the Northwest and Alaska Fisheries Center (NWAFC) since

1971. These surveys now provide the material for an examination of the com-

munity structure of Bering Sea demersal fish and macroinvertebrates. Part 1

of this study (Walters and McPhail 1982) described the various patterns of

community structure and their variability for the years 1978-81. The objec-

tives of this study, using the NWAFC trawl survey data from the years 1971-77,

are 1) to describe the major communities by their component species and assoc-

iations, 2) to describe the geographic patterns of community organization,

and 3) to extend the descriptions of these characteristics and their variability

to the full time span for which data are available.



 
 
 
 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



3

METHODS

The data sources, computer programs, and methods of analysis are fully

described in Part 1 of this study (Walters and McPhail 1982). Briefly, the

analysis is based on numerical classification techniques performed by a

clustering program implemented on the Burroughs B7800 computerl/ installed at

the NWAFC. Trawling sites were selected from the data for each year to give

complete and even geographic coverage of the area surveyed. A selected list

of fish and macroinvertebrate taxa was derived from the total catch list

based on consistent identification and the occurrence of each taxon in at

least 1% of the trawling sites. The analysis was then conducted in two steps.

First, the trawling sites of each survey were compared and clustered on the

basis of the similarity of the quantitative catches (biomass) for each taxon.

These site clusters were then examined graphically to determine the extent

of their geographic association. Second, the species were compared and

clustered on the basis of the similarity of their geographic distributions.

The only difference between the analyses for the years 1978-81 and this

study, i.e., for the years 1971-77, was the selection of taxonomic categories.

The data for the earlier years, particularly 1971-74, did not contain the

same categories and details of species identification that were used in later

years. For this reason, it was necessary to combine a number of species into

higher taxonomic levels, usually genera (Table 1). For example, all species

of snow (Tanner) crab were combined as Chionoecetes spp. for the years 1971:74.

All shrimp species were also combined for those years. Some fish, such as

members of the family Cottidae, were combined to genus or family levels. The

total number of biological taxa included in the analyses for each year is

given in Table 2.

L/-Reference to trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.
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Table 1. List of fish and invertebrates used in the cluster analyses, 1971-77
Bering Sea surveys.

Fish

Agonidae
Agonus acipenserinus
Anoplagonus inermis
Occella dodecaedron
O. verrucosa
Sarritor frenatus
Unid. agonids

Ammodytidae
Ammodytes hexapterus

Anoplopomatidae
Anoplopoma fimbria

Bathymasteridae
Bathymaster signatus
Unid. bathymasterids (2)

Clupeidae
Clupea harengus pallasi

Cottidae
Dasycottus setiger
Gymnocanthus spp. (4)
Hemilepidotus spp. (3)
H. jordani
Hemitripterus bolini
Icelus spp. (6)
Malacocottus kincaidi
Myoxocephalus spp. (10)
Triglops spp. (6)
Unid. cottids

Cyclopteridae
Careproctus rastrinus
Eumicrotremus orbis
Unid. cyclopterids

Gadidae
Eleginus gracilis
Microgadus proximus
Gadus macrocephalus
Theragra chalcogramma

Hexagrammidae
Hexagrammos spp. (2)
H. stelleri
Pleurogrammus monopterygius
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Table 1. (Continued).

2/
1/ Year

Taxon 1971 1972 1973 1974 1975 1976 1977

Fish

Osmeridae
Mallotus villosus
Osmerus mordax
Thaleichthys pacificus
Unid. osmerids

Pleuronectidae
Atheresthes spp. (2)
Glytocephalus zachirus
Hippoglossoides elassodon
Hippoglossus stenolepis
Isopsetta isolepis
Lepidopsetta bilineata
Limanda aspera
L. proboscidea
Microstomus pacificus
Platichthys stellatus
Pleuronectes quadrituberculatus
Reinhardtius hippoglossoides

Rajidae
Raja spp. (11)

Scorpaenidae
Sebastes aleutianus
S. alutus
S. crameri

Stichaeidae
Delolepis-gigantea
Lumpenella longirostris
Lumpenus maculatus
L. sagitta
Unid. stichaeids

Trichodontidae
Trichodon trichodon

Zoarcidae
Lycodes brevipes
L. palearis
kid. zoarcids
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Table 1. (Continued).

2/
1/ Year

Taxon 1971 1972 1973 1974 1975 1976 1977

Invertebrates

Caridean shrimp
Argis spp. (5)
Cransonidae
Pandalopsis dispar
Pandalus spp. (4)
Unid. carideans

Anomuran crabs
Lithodes aequispina
Paralithodes camtschatica
P. platypus

Brachyuran crabs
Cancer magister
C. productus
Chionoecetes
C. angulatus
c. bairdi
C. opilio-

(hybrid)

c. spp. (4)-
Erimacrus isenbeckii
Hyas spp. (2)
Oregonia gracilis
Telmessus cheiragonus

Echinoderms
Echinarachnius parma
Gorgonocephalus caryi
Strongylocentrotus droebachiensis

1/ Numbers in parentheses indicate the number of species possibly represented.

2/ Taxa that were included in each year's analysis are indicated by an x.
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Table 2. Number of fish and invertebrate taxa used in the cluster analyses
of Bering Sea survey data, 1971-77.
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The sampling gear used during all years was a 400-mesh Eastern trawl

(Wathne 1977) with a 32-mm mesh cod-end liner. However, the trawl doors used

with these nets during the years 1971-76 were different from those used in

1977-81. Standard V-doors with dimensions of 1.52.x 2.13 m (5 x 7 ft) were

used in the later years. From 1973 to 1976, the doors were 1.83 x 2.74 m

(6 x 9 ft) and 200-400 lb of chain was also added to the footrope. Slightly,

smaller doors measuring 1.68 x 2.59 m (5.5 x 8.5 ft) were used, without

footrope weights, during 1971-72.

Information on the coverage of each survey, geographically and by depth,

is given in Table 3.

As in Part 1, the emphasis in this preliminary study was site group

classification. The results of species group classifications, showing species

relationships based on the similarity of the distribution patterns, are

presented as dendrograms without further analysis.



Table 3. Summary of Bering Sea trawl survey coverage, 1971-77.
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RESULTS

The results are presented chronologically. For each year, a summary of

the site group dendrogram is followed by a description of site group character-

istics and maps showing the geographical distributions of the site groups at

three levels of dissimilarity (only two levels are shown for the 1972 results).

A dendrogram summarizing the relationships between species, based on similarity

of distribution patterns, follows the maps of site groups. Descriptions of

species assemblages associated with the various site groups, and their abundance

relations, are given in Appendices A-G.

Bering Sea Survey, 1971

Although the area covered by the 1971 survey was relatively large, the

number of stations sampled was the smallest of the 1971-77 time series (Table

3). A large section of the central shelf was not sampled.

At a dissimilarity level of 0.60 (Level 11, the total area had two major

components .(See Figures 1-5, Table 4, Appendix A). A central shelf group

(Group 1) was dominated by yellowfin sole (Limanda aspera) and an outer shelf

group (Group 2) had high densities of walleye pollock (Theragra chalcogramma).

At Level 2 (D = 0.50), both of these groups divided on a north-south basis.

Both components of the central shelf group were dominated by yellowfin sole,

but the northern group (Group 1B) also contained high densities of Alaska

plaice (Pleuronectes quadrituberculatus) and snow crab. The southern central

shelf group (Group 1A) was dominated by yellowfin sole, walleye pollock, and

red king crab (Paralithodes camtschatica). The northern component of the

outer shelf group (Group 2B) had high densities of snow crab, in addition to

walleye pollock, and the southern outer shelf group (Group 2A) contained



Figure 1. Schematic dendrogram showing the major site groups (areas of similar species composition)
and their relationships at different levels of dissimilarity,
Index numbers identify the different site groups.

1971 Bering Sea trawl survey.
Values in parentheses indicate the number

of stations.



Figure 2. Map of level 1 site groups, -1971 Bering Sea trawl survey. Plus signs indicate sampling
locations.



Figure 3. Map of level 2 site groups, 1971 Bering Sea trawl survey. Plus signs indicate sampling
locations.



Figure 4. Map of level 3 site groups, 1971 Bering Sea trawl survey. Plus signs indicate sampling
locations.
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Table 4. Summary of site group characteristics, 1971 Bering Sea survey.
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relatively high densities of flathead sole (Hippoglossoides elassodon).

Further division of the north central shelf group occurred at the lowest level

of dissimilarity, Level 3 (D = 0.40).

Bering Sea Survey, 1972

The 1972 survey was the smallest of the time series in terms of area

surveyed (Table 3). It also gave the most difficult results to interpret.

At Level l (D = 0.70), the highest level of dissimilarity, two major site

groups were found (See Figures 6-9, Table 5, Appendix B). A central shelf

group (Group 1) was dominated by yellowfin sole and an outer shelf group

(Group 2) was dominated by walleye pollock. At the much lower level of dis-

similarity, Level 2 (D = 0.50), the central shelf group divided into a large

southeast component (Group 1A) dominated by yellowfin sole and snow crab, and

an unusual northern component dominated by yellowfin sole, asteroids, and 

cottids. At lower levels of dissimilarity the site groups broke into small,

non-contiguous elements.

Bering Sea Survey, 1973

The 1973 survey extended farther east and west than the previous years

and sampled a greater portion of the deep water shelf edge. At the 0.70 level

of dissimilarity, Level 1, three groups were distinct (See Figures 10-14,

Table 6, Appendix C). Group 1, occurring in the central shelf region and

nearshore along the Alaska Peninsula, was dominated by yellowfin sole, High

densities of snow crab, red king crab, asteroids, and rock sole (Lepidopsetta

bilineata) were also present. An outer shelf group (Group 2) was dominated

primarily by walleye pollock, Pacific cod (Gadus macrocephalus), and deep

water species such as Pacific ocean perch (Sebastes alutus), flounders
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Figure 7. Map of level 1 site groups, 1972 Bering Sea trawl survey. Plus signs indicate sampling
locations.
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Table 5. Summary of site group characteristics, 1972 Bering Sea survey.



Figure 10. Schematic dendrogram showing the major site groups (areas of similar species composition)
and their relationships at different levels of dissimilarity, 1973 Bering Sea trawl survey.
Index numbers identify the different site groups. Values in parentheses indicate the number
of stations.





Figure 12. Map of level 2 site groups, 1973 Bering Sea trawl survey.
locations.

Plus signs indicate sampling
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Table 6. Summary of site group characteristics, 1973 Bering Sea survey.
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(Atheresthes spp.), and Greenland turbot (Reinhardtius hippoglossoides). At

Level 2 (D = 0.601, the intermediate level of dissimilarity, the outer shelf

group divided into a Pribilof Islands group (Group 2B) and a main outer shelf

group (Group 2A). The Pribilof Islands group was dominated by snow crab and the

main outer shelf group was characterized by high densities of walleye pollock.

At Level 3, the lowest level of dissimilarity (D = 0.501, a small, inner Bristol

Bay component (Group,lB) was split off from the central shelf group. This

small distinct group was dominated by asteroids, ascidians, and red king crab.

The main portion of the outer shelf group (Group 2A) divided into three com-

ponents in a general east-west pattern. All of these were dominated by walleye

pollock but had different incidental species.

Bering Sea Survey, 1974

The 1974 survey was the largest, both in terms of area covered and number

of samples, for the 1971-77 time period (Table 3). Two major site groups were

formed at a dissimilarity level of 0.65, Level 1 (See Figures 15-19, Table 7,

Appendix D). A large central and inner shelf group (Group 1) was dominated by

yellowfin sole, snow crab, asteroids, rock sole, and red king crab. An outer

shelf group (Group 2) was dominated primarily by walleye pollock. At Level 2

(D = 0.601, the central and inner shelf group divided into three components.

The inner shelf group (Group 1Ai) also included the Pribilof Islands. This

group was characterized by a particularly high density of yellowfin sole. A

north-central shelf group (Group 1Aii) was dominated by a mixed assemblage

that included asteroids, yellowfin sole, Alaska plaice, and cottids

(Myoxocephalus spp.). A central shelf group (Group 1B) was dominated by snow

crab. At Level 3 (D = 0.551, the north-central group split and the outer

shelf group divided into a central component (Group 2B), bounded on the north



Figure 15. Schematic dendrogram showing the major site groups (areas of similar: species composition)
and their relationships at different levels of dissimilarity, 1974 Bering sea trawl survey.
Index numbers identify the different site groups.
of stations.

Values in parentheses indicate the number



Figure 16 Map of level 1 site groups, 1974 Bering Sea trawl survey. Plus signs indicate sampling
locations.



Figure 17. Map of level 2 site groups, 1974 Bering Sea trawl survey. Plus, signs indicate sampling
locations.



Figure 18. Map of level 3 site groups, 1974 Bering Sea trawl survey. Plus signs indicate sampling
1 locations.
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Table 7. Summary of site group characteristics, 1974 Bering Sea survey.
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and south by Group 2A. Both of these outer shelf groups were dominated by

walleye pollock. However, the pollock were accompanied primarily by flathead

sole in the central shelf edge group and snow crab to the north and south.

Bering Sea Survey, 1975

At the dissimilarity level 0.60 (Level 1), two major site groups were

shown (See Figures 20-24, Table 8, Appendix E). A central and inner shelf

group (Group 1) was dominated by yellowfin sole and the snow crab, Chionoecetes

opilio. A major outer shelf group, Group 2, was dominated by walleye pollock

and two species of snow crab, C. opilio and C. bairdi.

At Level 2 (D = 0.501, an inner shelf area was differentiated from the

central shelf group, and each of these areas also divided into two additional

components. The main, inner shelf group (Group 1Ai) was dominated by yellowfin

sole. The nearshore, Alaska Peninsula group (Group 1Aii) had even higher

densities of yellowfin sole, as well as high densities of asteroids and red

king crab. The central shelf group was further divided by the formation of a

Pribilof Islands group (Group lBii), dominated by blue king crab (Paralithodes

platypus), and a group formed on the remainder of the central shelf (Group 1Bi)

with very high densities of C. opilio. The outer shelf group (Group 2) divided

into a northwest group (Group 2B) and two small southeast outer shelf groups

(Groups 2Ai and 2Aii). The northwest group was dominated by C. opilio and

walleye pollock. Group 2Aii was dominated by approximately equal densities of

walleye pollock, C. bairdi, and yellowfin sole. This site group appeared to be

a transition area between the central and outer shelf groups. The effects of

deep water on the species composition of site group 2Ai were shown by the

dominance of wattled eelpout (Lycodes palearis), flathead sole, and the basket

starfish (Gorgonocephalus caryi). Further divisions of the inner shelf group



Figure 20. Schematic dendrogram showing the major site groups (areas of similar species composition)
and their relationships at different levels of dissimilarity, 1975 Bering Sea trawl survey.
Index numbers identify the different site groups. Values in parentheses indicate the number,
of stations.
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Figure 23. Map of level 3 site groups, 1975 Bering sea trawl survey. plus signs indicate sampling
locations.
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Table 8. Summary of site group characteristics, 1975 Bering Sea survey.
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(Group 1Ai) and the northwest outer shelf group (Group 2B) occurred at Level

3 (D = 0.40).

Bering Sea Survey, 1976

As in most of the previous years, at Level 1 (D = 0.70) the total area

divided into an inner-central shelf group (Group 1 ) and an outer shelf group

(Group 2) (See Figures 25-29, Table 9, Appendix F) Group 1 was dominated by

yellowfin sole but also had a relatively high proportion of walleye pollock.

The outer shelf group (Group 2) was characterized by an extremely high density

of walleye pollock. At the dissimilarity level of 0.60 (Level 2), a small

northern group (Group 2B) was differentiated from the rest of the outer shelf

(Group 2A). This northern group had high densities of invertebrates such as

the snow crabs C. bairdi and C. opilio. At Level 3 (D = 0.50), Group,1 dif-

ferentiated into four components including a Pribilof Islands group (Group 1B).

Bering Sea Survey, 1977

At Level 1 (D = 0.70), the division of the total area in 1977, as in earlier

years, formed an inner-central shelf group and an outer shelf group (See Figures

30-34, Table 10, Appendix G). However, the outer shelf group extended much

farther east than in previous years. The inner-central shelf group (Group 1)

was dominated by yellowfin sole, C. opilio, and asteroids. The outer shelf

group (Group 2) was dominated by walleye pollock and C. opilio. At Level 2 (D =

0.60), both site groups split into two components. The inner-central shelf

group divided on an east-west basis with an eastern group (Group 1B) dominated

by yellowfin sole and a western group (Group 1A) dominated by C. opilio and

yellowfin sole. The outer shelf group divided north and south near latitude

57°N. Both groups were dominated by walleye pollock and C. opilio, but the



Figure 25. Schematic dendrogram showing the major site groups (areas of similar species composition)
and their relationships at different levels of dissimilarity, -1976 Bering Sea trawl survey.
Index numbers identify the different site groups. Values in parentheses indicate the number
of stations.



Figure 26. Map of level 1 site groups, 1976 Bering Sea trawl survey. Plus signs indicate sampling
locations.



Figure 27. Map of level 2 site groups, 1976 Bering Sea trawl survey. Plus sips indicate sampling

locations.



Figure 28. Map of level 3 site groups, 1976 Bering Sea trawl survey. Plus signs indicate sampling
locations.
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Table 9. Summary of site group characteristics, 1976 Bering Sea survey.



Figure 30. Schematic dendrogram showing the major site groups (areas of similar species composition)
and their relationships at different levels of dissimilarity, 1977 Bering Sea trawl survey.
Index numbers identify the different site groups. Values in parentheses indicate the number
Of stations.



Figure 31. Map of level 1 site groups, 1977 Bering Sea trawl survey. Plus signs indicate sampling
locations.
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Figure 33. Map of level 3 site groups, 1977 Bering Sea trawl survey. Plus signs indicate sampling
locations.
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Table 10. Summary of site group characteristics, 1977 Bering Sea survey.
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southern group (Group 2A) was distinguished by relatively high densities of

red king crab and zoarcids. At the lowest level of dissimilarity, Level 3

(D = 0.50), a Pribilof Islands group (Group 1Aii) was formed from the central

shelf group. This group was dominated by Pacific cod and relatively high

densities of C. opilio and blue king crab. The remainder of the central shelf

(Group 1Ai) was dominated by yellowfin sole and C. opilio. Each of the outer

shelf groups differentiated into two more components at Level 3.
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DISCUSSION

In the analyses of the years 1978-81, described in Walters and McPhail

(1982), three major site groups emerged at the highest levels of dissimilarity

(Level 1). In addition to inner-central shelf and outer shelf site groups, a

third group was defined at the periphery of the surveyed area in each year.

These small groups were found either on the continental slope, at the northern

extremity of the survey area, or in inner Bristol Bay. The earlier surveys of

1971-77, described here, were much smaller in scope. The areas that produced

the third major site groups in later years were either not covered at all or

were only partially surveyed. As a result, the first differentiation of all

trawling sites at high levels of dissimilarity was usually into two major

groups. The only exception was the occurrence of a shelf edge site group in

1973 (Figure 11). It should be noted that the selection of the dissimilarity

value used for displaying these grouping relationships is somewhat subjective.

However, the range of values used in this report is the same, or within the

range, used for the later years.

Perhaps the most striking result of the 1971-77 analyses was the repeated

geographic position of the boundary line between the inner-central shelf and

outer shelf site groups. The geographic range of that division, particularly

in the southeast, was relatively small, indicating a characteristic faunal

change. Even though that area was not surveyed in 1971 (Figure 2), the observed

pattern indicated that further coverage would probably have produced a similar

result. The typical faunal pattern is bounded by a line which runs northwest

from a point near the eastern end of Unimak Island (Figures 7, 11, 16, 21, 26,

and 31); This line closely, follows the 100-m isobath and also corresponds to

the hydrographic structure defined by Kinder and Schumacher (1981) as the
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"middle front." Shifts in the positions of this boundary, such as in 1975 and

1977, always occurred to the east (Figures 21, 31). Even in these years,

divisions along the 100-m isobath occurred at lower levels of dissimilarity

(Figures 22, 33).

Examination of the species composition of the assemblages which character-

ized the major site groups (Appendices A-G) shows that there 'were fundamental

differences in the dominant species. The inner-central shelf was dominated by

yellowfin sole and the outer shelf was dominated by walleye pollock.

The differentiation of the Pribilof Islands area as a distinct faunal

region was another result that was repeated in the analyses. This area was

surveyed in five years of this series, 1973-77. In four years, 1974-77; the

island region was initially classified as parts of inner-central shelf site

groups (Figures 11, 16, 21, 26, and 31). Except for 1973-74, a small site

group closely surrounding the islands was found at lower levels of dissimi-

larity, either Level 2 or Level 3 (Figures 22, 20, 33). In 1973, the island

area was part of a narrow site group extending eastward toward the central

shelf (Figure 12). In 1974, this area formed a westward extension of the

central shelf site group (Figure 18). The species assemblages in the near-

island habitat were distinguished by relatively high densities of invertebrates,

particularly snow crab.

Other features of the classifications, such as the separation of the

broad, central shelf site groups into smaller components, appeared to have

little, if any., consistency from year to year. A number of factors could have

caused these inconsistencies, such as several sources of‘ sampling error.

The summer sampling period for each survey extended over 2-3 months. Migra-

tory movements of the animals during this time are not completely known. In

addition, changes of personnel during the surveys could have introduced



61

artificial changes in taxonomic classification. The effects of past

sampling errors are difficult to estimate, however.

Other factors which may have contributed to the variability in the com-

munity structure may be more amenable to investigation, and it is in this

direction that further work should proceed. Climatic variations, hydrographic

structure and its variability, bottom topography and sediment analyses, trophic

interactions, and effects of fishing are promising areas of research which may

help to explain underlying causes of these community patterns.
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