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. SUMMARY OF OBJECTI VES, CONCLUSIONS, AND | MPLI CATI ONS W TH RESPECT TO
OCS OL AND GAS DEVELOPMENT

The objectives of this study were: (1) a quantitative inventory of
dom nant infaunal invertebrates (inclusive of small, slow noving epifaunal
species) at selected stations in the study areas, (2) a description of spa-
tial distribution patterns of species in the designated study areas, and
(3) limted observations of biological interrelationships, enphasizing tro-
phic interactions, between selected segments of the benthic biota.

A total of 47 widely dispersed stations for quantitative grab sanpling
were established in the eastern Bering and southeastern Chukchi Seas and
were analyzed for this report. The stations were primarily located within
or adjacent to the sites of four oil lease areas: the Zhenthug Basin,
the Navarin Basin, the St. Mitthew Basin, and the Hope Basin. Stations were
al so occupied within and near the Chirikov Basin.

Six hundred and forty-seven taxa were identified. It is probable
that all taxa with nunmerical and bionmass inportance have been coll ected
in the areas of investigation and that only rare taxa will be added in
future sanpling.

Criteria established for Biologically Inportant Taxa (BIT) delineated
128 taxa, with 62 of these identified as inportant in biomass at one or
nore stations

Mil tivariate techniques were enployed to exam ne groupings of stations
and taxa in the study areas. In order to use multivariate techniques, a
significant reduction in the nunber of taxa to be used in the anal yses was
necessary. Only those taxa identified to at l|east the generic |evel, occur-
ring at three or nore stations, and designated as BIT, were included in the
nunerical analyses; 189 such taxa were included

The conbi ned use of the multivariate techniques of cluster and
principal coordinate anal yses led to generalizations concerning station
groups and speci es assenblages in the study areas:

1. A normal cluster analysis of transformed density data produced eleven
station groups at the 21% simlarity level. Three large station groups



(A, B, and D) were identified within and adjacent to the Navarin
Basin |ease area. (One nmmjor station group (B) and two m nor single-
station groups (Station 74 [Goup F] and Station 73 [Goup C]) made up
the Zhenthug Basin |ease area. One small station group (Goup E) des-
cribed the St. Matthew Basin |ease area. Two small station groups
(Goups Cand H were identified within and adjacent to the Hope Basin
| ease area. A distinctive station (Goup I; Station 31) occurred
north of Etolin Strait and Nunivak Island. Two small station groups
occurred adjacent to Cape Nome (G oup A") and north of St. Lawence
Island (Goup J). One station (Goup G Station 56) characterized
Bering Strait, and a small station group (Goup F) was |ocated just
north of the strait.

Forty-two species groups were identified by an inverse cluster analysis
of transforned density data at the 23%simlarity level. The distribu-
tion of twenty of these groups showed a good association wth the major
station groups.

A nornmal cluster analysis of untransforned density data produced ten
station groups at the 22% sinmilarity level. This analysis , which

pl aces enphasis on the dom nant species, resulted in one major station
group (A1) enconpassing nost of the Navarin Basin and Zhenthug Basin

| ease areas; all of the stations in these |ease areas deeper than 100 m
were included in this group. The status of none of the other station
groups changed with this analysis.

The percent frequency of occurrence of notility and feeding classes

in station groups that were formed by cluster analysis of In-transformed
density was calculated. The nost frequent type of notility in each station
group was of taxa that were notile. Deposit-feeding organi sms doni nated

the feeding classes in all station groups

Know edge of species conposition within the station groups in the

eastern Bering and southeastern Chukchi Seas made it possible to nake a
prelimnary assessment of the ecol ogi cal consequences of damage to or |oss
of any of the known or prospective food species within the stations or sta-
tion groups. Many of the nore common deposit-feeding infaunal species in

t he Zhenthug and Navarin Basin | ease areas were actual or potential food



resources for bottomfeeding species (e.g., Tanner crab and bottom fishes),
and loss of any or all of these food organisms could disrupt the trophic
system involving these species. The dense popul ations of infaunal species
inthe vicinity of the St. Matthew Basin | ease area conprised nmany organi sns
commonly taken by benthic predators el sewhere in the Bering Sea, and danmage
to large nunbers of these organisns could negatively affect as yet unknown
biological interactions in the region. In addition, the large nunmbers of
tubes of the polychaete Myriochele oculata in the area just north of Etolin
Strait and Nunivak Island (and adjacent to the St. Matthew Basin | ease

area) stabilize the bottom sedinments there. Loss of or danage to a large
segment of this polychaete popul ation could destabilize the bottom sedi-
ments, resulting in the establishnent of a new conpl ement of dom nant
species. Obvious ecol ogi cal changes m ght be expected if such danage oc-
curred. A simlar major ecological alteration of the bottom could occur

in the Chirikov Basin, where |arge popul ations of tube-dwelling anpeliscid
anphi pods occurred. The latter problem could be conpounded if recovery of

t he anphi pod popul ation did not take place prior to the annual sunmmer feed-
ing mgration of gray whales (Eschrichtius robustus) to the area. The

anphi pods are a major food of the whales at this tine, so depletion of the
resource could be detrinental to these manmals. The Chirikov Basin and

the region in the vicinity of St. Lawence Island also contain dense popu-

| ations of bivalve nmollusks and other benthic food species that are used
intensively at various periods of the year by bearded seals (Erignathus
barbatus) and wal ruses (Odobenus rosmarus di vergent). contanination or Ioss
of these food items woul d negatively affect a sizable percent of the popul a-
tions of these mammals. The high benthic biomass characteristically ob-
served in the Bering Strait and the southeastern Chukchi Sea in the vicinity
of the Hope Basin |ease area represents both a reservoir of food used by
bottomfeeding fishes in warmyears and a year-round food resource for the
Tanner crabs (Chionoecetes opilio) resident in this region. The latter
area is relatively shallow and coul d be easily contam nated by petrol eum
Damage or |oss of the high standing stocks of benthic food organisns coul d
be critical to the predatory species that frequent the region, some of which
(e.g., Tanner crab and flatfishes) are near the northern limts of their
range.



Initial assessnent of all data for the study areas suggests that:
(1) sufficient station group uniqueness exists to pernit devel opnent of
monitoring prograns based on taxon composition within the groups, using
grab sanpling, multivariate analysis, and selected statistical techniques
and (2) adequate nunbers of biologically relatively well-known, abundant~
and/or large species are available to permt nomnation of |ikely monitor-
ing candidates for the areas if oil-related activity is initiated.

1. | NTRODUCTI ON
CGeneral Nature and Scope of Study

The operations connected with oil exploration, production, and trans-
portation in the Bering and Chukchi Seas present a w de spectrum of potentia
dangers to the marine environment (see O son and Burgess, 1967, for genera
di scussion of narine pollution problenms). Adverse effects on the narine
envi ronment of these areas cannot be quantitatively assessed, or even pre-
dicted, unless background data are acquired prior to industrial devel opnent.

Insufficient long-terminformation about an environment, and the basic
bi ol ogy and recruitment of species in that environment, can |ead to erroneous
interpretations of changes in types and density of species that m ght occur
if the area becomes altered (see Pearson, 1971, 1972, 1975; Nelson-Smth,
1973; Rosenberg, 1973; and Pearson and Rosenberg, 1978, for general discus-
sions of benthic biological investigations in industrialized marine areas).
Popul ations of narine species fluctuate over a time span of a fewto 30 years
(Lewis, 1970; personal comnunication). Such fluctuations are typically
unexpl ai nabl e because of absence of |ong-term data on physical and chem ca
envi ronmental paraneters in association with biological information on the
species involved (Lewis, 1970; personal comunication).

Benthic organisns (prinarily the infauna, but also the sessile and slow
movi ng epifauna) are particularly useful as indicator species for a dis-
turbed area because they tend to remain in place, typically react to long-
range environmental changes, and, by their presence, generally reflect the
nature of the substratum Consequently, the organisms of the infaunal
benthos have frequently been chosen to nonitor long-term pollution effects



and are believed to reflect the biological health of a marine area (see
Pearson, 1971, 1972, 1975; Rosenberg, 1973; and Pearson and Rosenberg,
1978, for discussion on |ong-term usage of benthic organisms for nonitor-
ing the effects of pollution).

The presence of l|arge numbers of benthic epifaunal species of actual or
potential comercial inportance (crabs, shrinps, snails, finfishes) in the
Bering Sea further dictates the necessity of understanding benthic conmmuni-
ties, since many comercial species feed on infaunal and small epifaunal
residents of the benthos (see Zenkevitch, 1963; Feder et al., 1980a, b; and
Feder and Jewett, 1981a, for discussions of the interaction of commrercial
species and the benthos). Any drastic changes in density of the food benthos
could affect the health and nunbers of these commercially inportant species.

Experience in pollution-prone areas of England (Smith, 1968), Scotland
(Pearson, 1972, 1975; Pearson and Rosenberg, 1978), and California (Straughan,
1971) suggests that, at the conpletion of an initial exploratory study,
sel ected stations should be exam ned regularly on a long-termbasis to de-
term ne whet her any post-devel opment changes in species content, diversity,
density, and/or biomass have taken place. Such long-term data acquisition
shoul d make it possible to differentiate between normal ecosystem variation
and pollutant-induced biological alteration. Intensive investigations of
the benthos of the Bering and Chukchi Seas are also essential for an under-
standing of both the trophic interactions involved in these areas and of
the potential changes that coul d take place once oil-related activities are
initiated. The benthic macrofauna of the Bering and Chukchi Seas is re-
latively well known taxonomcally, and some data on distribution, density,
general biology, and feeding mechanisns are reported in the literature
(Feder and Mueller, 1977; Feder et al., 1978; Stoker, 1978, Feder and Jewett,
1978, 1980). The relationship of specific infaunal feeding types with
certain substrate conditions has been docurmented (although in a limted
fashion) as wel |l (Haflinger, 1978; Feder et al., 1980b). However, detail ed
information on the tenporal and spatial variability of the benthic fauna
is sparse, and the relationship of benthic species with the overlying sea-
sonal ice cover is not known. Some of the macrofaunal benthic species nay
be negatively affected by oil-related activities. An understanding of these



benthic species and their interactions with each other and with various
aspects of the abiotic features of their environnent are essential to the
devel opment of environmental predictive capabilities for the Bering and
Chukchi  Seas.

The benthic biol ogical programin the northeastern Bering Sea and the
sout heastern Chukchi Sea during this project enphasized devel opnent of an
inventory of species as part of the overall exam nation of the biological
physi cal, and chem cal conponents of those portions of the shelf slated for
oil exploration and drilling activity. In addition, conputer prograns
devel oped for use with data collected in the northeast Gulf of Al aska, and
designed to quantitatively assess assenbl ages of benthic species on the
shelf there, were applicable to this study (Feder and Matheke, 1980). The
resul tant conputer analysis expands the understanding of distribution patterns
of species in the study area

The research program was designed to survey the benthic fauna on the
northeastern Bering Sea and southeastern Chukchi Sea shelf in regions of
of fshore oil and gas concentrations. During the first phases of research,
enphasis was placed on the collection of data on faunal conposition and
abundance of shelf infauna to devel op baselines to which potential future
changes could be conpared. Future devel opment of long-termstudies on life
histories and trophic interactions should clarify which conponents of the
various species groups are vulnerable to environnental damage, and should
ultimately help to determne the rates at which danaged environments can
recover

Specific Objectives

1 To quantitatively inventory of dom nant infaunal invertebrates at se-
lected stations in the study areas.

2. To describe spatial distribution patterns of species in the designated
study areas.

3. To make limted observations of biological interrelationships, enphasiz-
ing trophic interactions, anmong selected segnents of the benthic biota.
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Rel evance to Probl ens of Petrol eum Devel opnment

The effects of oil pollution on subtidal benthic organisms have been
seriously neglected, although a few studies, conducted after serious oil
spills, have been published (see Boesch et al., 1974) for a review of these
papers). Thus, lack of a broad data base el sewhere nakes it difficult at
present to adequately predict the effects of oil-related activity on the
subtidal benthos of the Bering and Chukchi Seas. However, research activi-
ties in A aska OCSEAP areas should ultimately enable us to point wth some
confidence to certain species or regions that mght bear closer scrutiny
once industrial activity is initiated. It nust be enphasized that a con-
siderable time frane is needed to understand [ong-termfluctuations in
density of marine benthic species. Thus, it cannot be expected that short-
termresearch progranms will result in predictive capabilities: assessnent
of the environnment nust be conducted on a continuing basis.

As indicated previously, infaunal benthic organisms tend to remain in
pl ace and, consequently, have been useful as an indicator species for dis-
turbed areas. Thus, close exam nation of stations with substantial conple-
ments of infaunal species is warranted. Changes in the environnent at sta-
tions with relatively |arge nunbers of species mght be reflected in a de-
crease in species diversity, with increased dom nance of a few (see Nel son-
Smth, 1973, for further discussion of oil-related changes in diversity).
Li kewi se, stations with substantial nunmbers of epifaunal species should be
assessed on a continuing basis (Feder and Jewett, 1978, 1980). The potenti al
effects of loss of specific species to the overall trophic structure in the
Bering and Chukchi Seas cannot be fully assessed at this tine, but the prob-
| em can probably be better addressed using prelimnary information on benthic
food studies now available in Feder and Jewett (1978, 1980, 1981a), Smth
et al. (1978) and Jewett and Feder (1980).

Data indicating the effect of oil on subtidal benthic invertebrates are
fragnentary; however, echinodernms are “notoriously sensitive” to any reduc-
tion in water quality (Nelson-Smth, 1973). Echinoderns (ophiuroids, aster-
oi ds, and hol othuroids) are conspi cuous nmenbers of the benthos of the Bering
and Chukchi Seas (Feder and Jewett, 1978, 1980; Jewett and Feder, 1981)

11



and could be affected by oil activities there. Asteroids (sea stars) and
ophiuroids (brittle stars) are often inportant conponents of the diet of
large crabs (for exanple, the king crab feeds on sea stars and brittle stars:
Feder and Jewett, 1981a, b; Jewett and Feder, in press) and denersal fishes
(Jewett and Feder, 1980; Feder, unpubl. data). The Tanner or snow crab
(Chionoecetes opilio) is a conspicuous nmenber of the shallow shelf of the
Bering and Chukchi Seas. Laboratory experinents with C bairdi have shown
that postnolt individuals lose nost of their legs after exposure to Prudhoe
Bay crude oil (Karinen and Rice, 1974); obviously, this aspect of the

bi ol ogy of the snow crab nust be considered in the continuing assessment of
this species. Little other direct data based on |aboratory experinents are
avai l abl e for subtidal benthic species (Nelson-Smith, 1973)

A direct relationship between trophic structure (feeding type) and
bottom stability has been denmonstrated by Rhoads (1974). A diesel-fuel oi
spill resulted in oil becom ng adsorbed on sediment particles, with the
resultant nortality of many deposit-feeders living on sublittoral nuds.
Bottom stability was altered with the death of these organisnms, and a new
conpl ex of species becane established in the altered substrate. The nost
conmon menbers of the infauna of the eastern Bering and sout heastern Chukchi
Seas are deposit-feeders (data of present report); thus, oil-related
mortality of these species could result in a changed near-bottom sedi men-
tary reginme, with subsequent alteration of species conposition

As suggested above, upon conpletion of initial baseline studies in pollu-
tion prone areas, selected stations should be exam ned regularly on a long-
termbasis. Custer analysis techniques discussed bel ow, supplenmented by
principal coordinate analysis, should provide information useful for selec-
tion of stations to be used for continuous nonitoring of infauna. In addi-
tion, these techniques should provide insight into normal ecosystemvaria-
tion (WIlliams and Stephenson, 1973; Stephenson et al., 1974; difford and
St ephenson, 1975). Also, future exam nation of the biology (e.g., age,
growth, condition, reproduction, recruitment, and feeding habits) of
sel ected species should offer clues to possible effects of environnenta
alteration

12



111.  CURRENT STATE OF KNOALEDGE

Data on distribution, density, and feeding mechanisns for infaunal
species fromthe Bering and Chukchi Seas are reported in the literature
(Nei man, 1960; Filatova and Barsanova, 1964; Kuznetsov, 1964; Row and, 1973;
Stoker, 1973; Feder and Mueller, 1977; Stoker, 1978; Feder and Jewett, 1980).
The relationship of specific infaunal feeding types with certain hydrographic
and sedinent conditions has been documented (Neiman, 1960, 1963; Stoker,
1973, 1978). However, the direct relationship of these feeding types with
the overlying winter ice cover and its contained algal material and with pri-
mary productivity in the water colum is not known. Prelimnary insights
into the mechanisms that mght integrate the water colum and the benthos
of the southeastern Bering Sea are included in Al exander and Cooney (1979)
and Al exander and N ebauer (1981).

Nei man (1963) discussed the distribution of the benthic biomss in the
Bering Sea. She found that the biomass was highest in the western and
northern parts of the shelf , reaching a maxi num average of 905 g/nfin the
Chirikov Basin, north of St. Lawence Island. The primary productivity of
the Bering Sea is quite high, averaging 1.46 ng c/m*>-hr in Bristol Bay and
1.71 gy C/m3-hr over the major part of the northern shelf in sumver (Taniguchi,
1969) .  Summer productivity in the Chirikov Basin be even higher, wth
18.2 my C/m3-hr recorded at one station sanpled (MRoy et al., 1972). This
productivity conpares favorably with the highest values encountered in
the world's oceans (Stoker, 1978).

The biomass and productivity of mcroscopic sedinent-dwelling bacteria,
di atons, mcrofauna, and neiofauna have not been determned for the Bering
and Chukchi Seas, and their roles should ultimtely be clarified. It is
probabl e that these organisms are inportant agents for recycling nutrients
and energy from sedinent to the overlying water mass (see Fenchel, 1969,
for a general review,

Until the initiation of OCSEAP investigations, the epifauna of the
eastern Bering and Chukchi Seas had been little studied since the trawing
activities of the Harriman Al aska Expedition (Merriam 1904). Limted
information can be obtained fromthe report of the pre-Wrld War Il king crab

13



i nvestigations (Anonynous, 1942) and fromthe report of the Pacific

Explorer fishing and processing operations in 1948 (Wgutoff and Carlson,
1950) . Sone information on species found in areas is included in reports

of the U S. Fish and Wldlife Service A aska exploratory fishing expedition
to the northern Bering Sea in 1949 (Ellson et al., 1949). Neiman (1960) has
published a quantitative report on the nolluscan comunities in the eastern
Bering Sea. A phase of the research program conducted by the King Crab
Investigation of the Bureau of Commercial Fisheries (now known as Nati onal
Marine Fisheries Service) for the International North Pacific Fisheries
Conmi ssion included an ecol ogi cal study of the eastern Bering Sea during the
sunmers of 1958 and 1959 (MclLaughlin, 1963). Sparks and Pereyra (1966) have
presented a partial checklist and general discussion of the benthic fauna
encountered during a nmarine survey of the southeastern Chukchi Sea during
the summer of 1959. Their marine survey was carried out in the southeastern
Chukchi Sea from Bering Strait to just north of Cape Lisburne and west to
169°W |ongitude. Some species described by themin the Chukchi Sea extend
into the Bering Sea and are inportant there. An intensive survey of the

epi fauna of the northeastern Bering Sea and southeastern Chukchi Sea is re-
ported in Feder and Jewett (1978) and Jewett and Feder (1981). Epifauna
collected by themis described in terns of nunbers and bionmass traw ed.

They also include data on the food of several species of benthic inverte-
brates and fishes.

Crabs and bottomfeeding fishes of the Bering and Chukchi Seas expl oit
a variety of food types, with benthic invertebrates nost inportant (see
Feder and Jewett, 1980; Feder and Jewett, 198l1a). Some marine mammals of
the Bering Sea also feed on benthic species (Lowy and Burns, 1976; Lowy
et al., 1979, in press; Frost and Lowy, 1981; Lowy and Frost, 1981).
Wl ruses and bearded seals feed predominantly on what appear to be slow
growi ng species of mollusks, but most species of seals prefer the nore
rapidly growing crustaceans and fishes in their diets (Fay et al., 1977,
Lowy and Frost, 1981). Gay whales primarily eat anphipod crustaceans,
many of theminfaunal species; they are also reported to eat a variety of
other benthic organisms. Mirine mammls, although showing food preferences,
are opportunistic feeders. As a consequence of the broad spectrum of foods

14



utilized and the exploitation of secondary and tertiary consunmers, narine
mammal s are difficult to place in a trophic scheme and to assess in terns of
energy cycling. Intensive trawing and oil-related activities on the Bering
Sea shelf may have inportant ecological effects on infaunal and epifaunal
organi sns used as food by marine mammals. |If benthic trophic relationships
are altered by these industrial activities, the food reginmes of marine mammls
my be altered.

Bi bl i ographi es of northern marine waters, enphasizing the Bering Sea,
are included in Feder and Mieller (1977), Feder and Jewett (1978), Feder
et al. (1980b), and Jewett and Feder (1981).

V.  STUDY AREAs

A series of van Veen grab stations were occupied in or near four pro-
spective OCS petroleum|ease areas in the northeastern Bering Sea and
sout heastern Chukchi Sea: Navarin Basin, Zhenthug Basin, St. Matthew Basin,
and Hope Basin; stations were also occupied in the Chirikov Basin (Fig. 1;
Table I).

v.  SOURCES, METHCDS, AND RATI ONALE OF DATA COLLECTI ON

Field and Laboratory

Benthic infauna were collected on two cruises on the USCGC Polar Star,
one in 1979 and the other in 1980. The April 1979 cruise occurred in the
northeastern Bering and southeastern Chukchi Seas. A total of 18 stations
were sanpled during this cruise. The 1980 cruise consisted of two segnents
(legs) . The first leg (2-29 May 1980) vyielded collections from 33 stations,
25 in the top-priority Navarin Basin |ease area and 8 in the St. Matthew
Basin lease area. Leg II took place between 1 and 26 June 1980.  Sanples
came from 12 stations between St. Lawrence Island and Bering Strait (Chirikov
Basin), 7 stations in or near the Hope Basin, and 7 stations in or near the
Zhemchug Basin. An additional 14 benthic stations were occupied for Mry
Nerini, National Marine Fisheries Service, Seattle, in the Chirikov Basin;
her data will be reported el sewhere.

15
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TABLE |

BENTHIC STATI ONS ANALYZED FROM THE NORTHEASTERN
BERI NG SEA AND THE SOUTHEASTERN CHUKCHI SEA

APRIL 1979 AND NMAY-JUNE 1980

Total Gab b Coor di nat es®
Station No. Dat e Vol.?3(2) Depth Latitude Longitude
Navarin Basin
1 4 May 1980 73 135.6 59°31.6'M 176°08.9'W
2 5 May 1980 36 162. 6 59°44,2'N 177°49.2'W
3 5 May 1980 64 136.4 60°00.1'N 177°30.8'W
4 6 May 1980 35 165.6 60°26.6'N 178°17.6'W
5 6 May 1980 32 193.8 60°38.6'N 178°41.1'W
7 8Way 1980 69 144.2 60°43.5'N 177°38.3'W
8 8May 1980 71 147.0 60°25.8'N 177°16.5'W
9 9 May 1980 73 141.8 60°01.8'N 176°55.2'W
10 9 May 1980 69 140. 8 59°47.2'N 176°1l.6'W
11 10 May 1980 66 122. 6 59°43.7'N 175°01.2'W
12 10 May 1980 69 103.0 59°58.5'N 174°11.7'W
13 11 May 1980 36 78.2 60°14.6'N 173°44.3'W
14 11 May 1980 95 85.2 60°42.8'N 174°06.0'W
15 12 May 1980 80 102. 6 60°30.2'N 174°45.1'W
16 12 May 1980 73 117.8 60°13.3'N 175°28.0'W
17 13 May 1980 74 116.0 60°49.5'N 176°16.3'W
18 13 May 1980 75 101.8 60°59.4'N 175°30.1'W
19 14 May 1980 76 81.4 61°29.8'N 174°44.4'W
20 14 May 1980 85 90. 8 61°42.9'N 175°34.3'W
21 15 May 1980 83 103. 2 61°31.9'N 176°15.5'W
22 15 May 1980 65 121. 4 61°01.9'N 177°03.5'W
23 16 May 1980 62 124. 4 61°30.2'N 177°27.7'W
24 16 May 1980 73 115.0 61°48.1'N 177°07.3'W
25 17 May 1980 77 102. 4 62°00.2'N 176°22.3'W
St. Matthew Basin
26 22vay 1980 18 34.6 62°10.4'N 168°59.1'W
27 23 May 1980 49 46. 4 61°44.8'N 170°22.3'W
31 25 May 1980 18 22. 4 61°14.8'N 167°08.9'W
St. Lawence Island
to Bering Strait
38 5 Jun 1980 39 34.0 64°01.6'N 168°31.4'W
40 6 Jun 1980 34 39.8 64°23.7'N 168°31.2'W
56 16 Jun 1980 9 51.6 65°46.0'N 168°35.0'W
65 18 Jun 1980 33 23.0 63°50.9'N 171°23.2'W
1 19 Apr 1979 - 22.0 64°17.4'N 165°56.3'W
5 21 Apr 1979 - 22.0 64°30. 7' N 166°23.6'W
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TABLE |

CONTI NUED
Total grab Coor di nat es®
Station No. Date Vol. (%) Depth’ (m Latitude  Longitude
Hope Basin
48 8 Jun 1980 12 18.6 66°35.5'N 165°58.9'W
49 9 Jun 1980 61 29.8 67°08.7'N 165°12.8'W
50 11 Jun 1980 55 22.8 66°48.1'N  165°00.0'W
51 12 Jun 1980 65 24.0 66°50.0'N 163°52.0'W
52 13 Jun 1980 13 12.8 66°21.2'N 166°36.0'W
54 15 Jun 1980 22 32.2 66°46.0'N 168°41.0'W
55 15 Jun 1980 39 53.2 66°19.2'N 168°35.0'W
Zhemchug Basin
(N.W. of Pribilof | sl ands)
69 21 Jun 1980 61 102.0 58°45.3'N 172°19.4'W
70 21 Jun 1980 40 134. 4 58°50.8'N 173°55.5'W
71 22 Jun 1980 19 122. 4 58°00.0°'N 173°45.0'W
72 22 Jun 1980 56 103. 4 58°16.4'N 172°21.3'W
73 23 Jun 1980 50 79.6 58°13.9'N 170°41.6'W
74 23 Jun 1980 20 72.2 57°29.6'N 170°28.3'W
75 24 Jun 1980 49 109. 4 57°31.0'N 172°18.1'W

®Total vol une fromfive grabs

b

Mean depth of five grabs

Mean coordinate of five grabs

1%



Quantitative sanples were taken with a 0.1 nf van Veen grab with bottom
penetration facilitated by addition of 31.7 kg (70 pounds) of lead wei ght
to each grab. Two 1.0 mm nesh screen doors on top of the grab served to
decrease shock waves produced by bottom grabs (see Feder and Mat heke, 1979,
for discussion of grab operation and effectiveness of the van Veen grab).
Five replicate grabs were typically taken at all stations on all cruises
(see discussion of optinmum nunber of replicates that should be taken in a
grab-sampling programin Feder and Matheke, 1979). Material from each grab
was washed on a 1.0 nm nesh stainless steel screen and preserved in 10%
formalin buffered with hexam ne. Sanples were stored in plastic bags.

Forty-seven stations were analyzed in the |aboratory (Institute of
Marine Science, University of Al aska, Fairbanks). Tinme |imtations neces-
sitated a reduction in the nunber of stations examined. However, station
sel ections were based on the need for adequate biol ogi cal coverage in and
adj acent to each of the OCS petrol eum lease areas addressed by this report.
Sanmples were rinsed to renove the last traces of sedinent, spread on a
tray, covered with water, and rough-sorted by hand. The biotic materia
was then transferred to fresh preservative (buffered 10% formalin), and
identifications were made. Al organisns were counted and wet-wei ghed
after excess moisture was renoved with absorbent towel.

Nunerical Analysis

Criteria devel oped by Feder and Matheke (1980) to recogni ze Biol ogically
Important Taxa (BIT) were applied to the data. By use of these criteria,
each species was considered independently (items 1, 2, and 3 below) , as
well as in conbination with other benthic species (items 4 and 5; adopted
fromEllis, 1969). Each taxon classified as a BIT in this study neets at
| east one of the four conditions bel ow

1. It is distributed in 50% or nore of the total stations sanpled.
2. & 3. It conprises over 10% of either the conposite popul ation density
or biomass collected at any one station.
4. Its population density is significant at any given station. The

significance is determned by the follow ng test:
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a. A percentage of the total density of all taxa is calculated
for each taxon, with the sum of percentages of the tota
popul ation density of all taxa at each station equaling 100%

b. These percentages are then ranked in descending order

c. The percentages of the taxa are summed in descending order
until a cut-off point of 50%is reached. The BIT are those
taxa whose percentages are used to reach the 50% cut-off point.
Wien the cut-off point of 50%is exceeded by the percentage
of the last taxon added, this taxon is also included

Station groups and species assenbl ages were identified using cluster
analysis. Custer analysis can be divided into three basic steps:

1. Cal culation of a nmeasure of simlarity or dissimlarity between
entities to be classified.

2. Sorting through a matrix of simlarity coefficients to arrange
the entities in a hierarchy or dendrogram

3. Recognition of classes within the hierarchy.

Data reduction prior to calculation of simlarity coefficients consisted
of elimnation of both taxa that could not be identified to genus and taxa
that occurred at fewer than three stations. [f a taxon was a Biologically
I nportant Taxon (Appendix A) , it was retained, however. Taxa which coul d
be identified to genus but which may have included nore than one species
were also elimnated fromthe analysis. This treatnment reduced the nunber
of taxa to 189 (Table I1).

The Czekanowski coefficient was used to calculate a simlarity matrix
for cluster analysis. The Czekanowski coefficient is a quantitative nodi-
fication of the Sgrenson coefficient, which is based on the presence or
absence of particular attributes.

Sérenson
Csy , —-z-;3§ where A = total number of attributes of entity one
’ N B = total number of attributes of entity two
¢ = total attributes shared by entities one

and two

1The Czekanowski coefficient is synonynous with the Mtyka (Mueller-Dombois
and Ellenberg, 1974) and Bray-Curtis (Cifford and Stephenson, 1975) co-
efficients.
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TABLE 11

SPECI ES SELECTED FOR NUMERI CAL ANALYSI S OF GRAB DATA

Polychaeta

Antinoella sarsi
Arcteobea anticostiensis
Arcteobea spinelytris
Gattyana ciliata
Gattyana cirrosa
Gattyana treadwelli
Harmothoe imbricata
Hesperone complanata
Tenonia kitsapensis
Nemidia tamarae

Pholoe minuta

Anaitides groenlandica
Anaitides mucosa

Eteone longa

Typosyllis alternata
Eusyllis blomstrandi
Nephtys assimilis
Nephtys ciliata

Nephtys caeca

Nephtys punctata

Nephtys rickettsi
Nephtys Llongosetosa
Glycinde picta

Onuphis sp.

Onuphis conchylega
Onuphis geophiliformis
Onuphis iridescens
Drilonereis filum
Drilonereis falecata M Nnor
Haploscoloplos elongatus
Scoloplos armiger
Aricidea lopezi
Aricidea minuta

Tauberia gracilis
Apistobranchus tullbergi
Laonice cirrata
Polydora socialis
Prionospio cirrifera
Prionospio steenstrupi
Spi 0 filicornis
Spiophanes bombyx
Magelona pacifica
Spiochaetopterus typicus

Spiochaetopterus costarum

Tharyx secundus
Chaetozone setosa
Brada villosa
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Polychaeta (continued)

Flabelligera mastigophora
Sealibregma inflatum
Ammotrypane aulogaster
Ophelia limacina
Travisia forbesii
Travisia pupa
Sternaspts scutata
Capitella capitata
Heteromastus filiformis
Heteromastus giganteus
Mediomastus capensis
Barantolla americana
Maldane sarsi

Maldane glebifex
Axiothella catenata
Praxillella gracilis
Praxillella praetermissa
Rhodi ne gracilior
Owenia fusiformis
Myriochele heeri
Myriochele oculata
Amphictene moorei
Cistenides granulata
Ampharete acutifrons
Ampharete finmarchica
Amphicteis gunneri
Lysippe labtata
Melinna eristata
Asabellides sibirica
Neoleprea spiralis
Pista cristata

Pista elongata

Pista brevibranchiata
Artacama conifera
Terebellides stroemi
Chone infundibuliformis
Chone cincta

EBuchone analis

Buchone longifissurata
Potamilla neglecta
Laonome kroyeri
Aphrodita negligens

Aplacophora

Chaetoderma robusta



TABLE ||
CONTI NUED

Crripedia

Bivalvia

Nucula tenuis
Nuculana pernula
Nuculana fossa

Yoldia amygdalea
Yoldia hyperborea
Yoldia myalis

Yoldia thraciaeformis
Astarte borealis
Cyclocardia sp.
Cyelocardia crebricostata
Axinopsida serricata
Axinopsida viridis
Thyasira flexuosa
Diplodonta aleutica
Mysella tumida
Mysella aleutica
Odontogena boreal i s
Clinocardium ciliatum
Serripes groenlandicus
Lioeyma sp.

Liocyma fluectuosa
Psephidia lordi
Macoma calcarea
Macoma brota

Hiatella arctica

Gast r opod

Lepeta caeca
Solariella obscura
Solariella varicosa
Tachyrhynchus erosus
Natieca clausa
Polinices pallidus
Fusitriton oregonensis
Buccinum sp.

Nept unea Ilyrata
Ogniopota excurvata
Retusa obtusa
Cylichna alba

Copepoda

Calanus plumchrus
Metridia lucens
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Balanus crenatus

Cumacea

Hemilamprops pectinata
Leucon nasica

Eudorella emarginata
Eudorella pacifica
Eudorella dentata
Eudorellopsis integra
Budorellopsis deformis
Eudorellopsis uschakovi
Diastylis alaskenstis
Diastylis bidentata
Diastylis paraspinulosa
Campylaspis umbensis

Isopoda

Synidotea Dbi cuspi ds
Pleurogonium rubicundum
Pleurogonium spinosissimum

Amphipoda

Ampelisca macrocephala
Ampelisca birulai
Ampelisca eschrichti
Ampelisca furcigera
Byblis gaimardi
Corophium crassicornis
Ericthonius hunteri
Melita dentata

Melita quadrispinosa
Pontoporeia femorata
Urothoe sp.

Urothoe denticulata
Photis spasskiti
Protomedeia fasciata
Protomedeia chelata
Anonyx nugax

Anonyx laticoxae
Anonyx sarsi

Opisa eschrichti
Bathymedon nanseni



TABLE 11

CONTI NUED
Amphipoda (conti nued) Holothuroidea
Machaironyx muelleri Cucumaria sp.
Paroediceros lynceus
Westwoodilla caecula Teleostei
Nicippe tumida
Harpinia kobjakovae Armodytes hexapterus

Harpinia gurjanovae

Paraphoxus robustus

Paraphoxus oculatus

Tiron bioculata
Decapoda

Argis lar

Pagurus trigonocheirus

Chionoecetes opilio
Sipunculida

Golfingia margaritacea
Echiurocidea

Echiurus echiurus alaskanus
Priapulida

Prigpulus caudatus
Ectoprocta

Aleyonidium disciforme
Ast er oi dea

Ctenodiscus crispatus
Echinoidea

Echinarachnius parma
Ophi ur oi dea

Diamphiodia sp.

Diamphiodia craterodmeta
Ophiura sarsi
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Czekanowski

051 9 = AZE 3 where A = the sum of the measures of attributes of
’ entity one

B = the sumof the nmeasures of attributes of
entity two

W = the sum of the |esser neasures of attri-

butes shared by entities one and two

The Czekanowski coefficient has been used effectively in marine beathic
studies by Field and MacFarlane (1968), Field (1969, 1970, and 1971), Day
et al. (1971), Stephenson and WIlians (1971), Stephenson et al. (1972) and
Feder and Matheke (1980). This coefficient enphasizes the effect of dom nant
species on the classification, and is often used with sonme form of transforna-
tion. The Czekanowski coefficient was used to calculate simlarity matrices
for normal cluster analysis (wWth stations as the entities to be classified
and species as their attributes) and inverse cluster analysis (wth species
as entities and stations as attributes) , using both In-transformed and un-
transfornmed density data (individuals/nf). The natural |ogarithmtrans-
formation, Y = In(X+l), reduces the influence that dom nant species have on
the simlarity determnation. Dendrograms were constructed from the simlar-
ity matrices using a group-average agglonerative hierarchical cluster analy-
sis (Lance and WIIlians, 1966).

As an aid in the interpretation of dendrograms formed by cluster analy-
sis, two-way coincidence tables conparing site groups fornmed by normal analy-
sis and species groups fornmed by inverse analysis were constructed (Stephen-
son et aZ., 1972). In each table, the original species x station data
matri x was rearranged (based on the results of both normal and inverse
anal ysis) so the stations or species with the highest simlarities were ad-
jacent to each other. The two-way coincidence table was then divided into
cel s whose el enents are the abundance of each of the species in a species
group at each of the stations in a station group. The two-way coincidence
tabl es were then reduced to create a table of average cell densities (De)
by summing the values of all the elenments (n) in each cell and dividing the
resulting sums by the product of the number of species (Nsp) in the appro-
priate species group and the nunber of stations (Nst) in the appropriate
station group, as in
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De = S S—
(Nsp) (Nst)

Principal coordinate analysis (CGower, 1967, 1969) was used as an aid
ininterpreting the results of the cluster analysis (Stephenson and WIIiamns,
1971; Boesch, 1973) and in identifying msclassifications of stations by
cluster analysis. Msclassifications in an agglonerative cluster analysis
can occur by the early fusion of two stations and their subsequent incorpora-
tion into a group whose stations have a high simlarity to only one nenber of
the original pair (Boesch, 1973). In principal coordinate analysis, an
interstation simlarity matrix is generated as in normal cluster analysis.
The simlarity matrix generated can be conceived of as a nulti-dimensiona
space in which the stations are arranged in such a way that they are sep-
arated fromone another according to their simlarities, with the nost
simlar stations being closest. An ordination is then perforned on the
matrix to extract axes fromthis nultidimensional space, so that stations’
relationships can be depicted in two or three dimensions. The first axis
extracted coincides with the |longest axis and accounts for the |argest
amount of variation in the simlarity matrix; subsequent axes account for
successively snaller amounts of variation in the data. The Czekanowsk
coefficient was used to calculate the simlarity matrices used in principa
coordinate analysis.

Diversity

Species diversity can be thought of as a neasurable attribute of a col -
lection or a natural assenblage of species and consists of two conponents
t he nunber of species, or “species richness”, and the relative abundance of
each species, or “evenness”. The two nost widely used neasures of diversity
that include species richness and evenness are the Brillouin (1962) and
Shannon (Shannon and Weaver, 1963) information nmeasures of diversity (Ny-
bakken, 1978). There is still disagreement on the applicability of these
indices, and results are often difficult to interpret (Sager and Hasler,
1969; Hurlbert, 1971; Fager, 1972; Peet, 1974; Pielou, 1966a, b). Pielou
(1966a, b, 1977) has outlined some of the conditions under which these in-
dices are appropriate.
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The Shannon function

H' = -Zpi log pi
|

n,
where p, = N—l
n, = nunber of individuals

in the ith species
N = total nunber of individuals

assumes that a random sanple has been taken froman infinitely |arge popula-
tion, whereas the Brillouin function

1 N?
H=—|Og T Toos 1
N n1,n2. no.

is appropriate only if the entire population has been sanmpled. Thus, if we
wish to estimate the diversity of the fauna at a station, the Shannon func-
tion is appropriate. The Brillouin function is nerely a neasure of the
diversity of the five grab sanples taken at each station and makes no pre-
dictions about the diversity of the benthic conmunity from which the sanples
were drawn. The evenness of sanples taken at each site can be cal cul ated

using the Brillouin nmeasure of evenness, J = HH where H = Brillouin

maxi mum’

diversity function. H the maximum possible diversity for a given

maximum’
number of species, occurs if all species are equally comon and is cal cul ated

as:

e 0g N
{IN/s11}57 T r (/s ]+1) 13T

Hyaxi mum = &

where [N's] = the integer part of Ns
s = nunmber of species in the censused
conmuni ty
r =N . s[N/s]

Theoretically, the evenness conponent of the Shannon function can be cal cu-
lated from the follow ng:

J = where H
g%

Tog & Shannon diversity function

= the total nunber of species in the
randomy sanpled commnity
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However, s*, the total number of species in a randomy sanpled comunity,
i's sel dom known for benthic infaunal communities. Therefore, the evenness
conponent of the Shannon diversity index was not calculated (for a discus-
sion, see Pielou, 1977). Both the Shannon and Brillouin diversity indices
were calculated in a study by Feder and Matheke (1980), and they were
closely correlated (r = 0.97), indicating that either index would be ac-
ceptable, as both Loya (1972) and Nybakken (1978) have suggested. Species
ri chness (Margalef, 1958) was cal culated as

SR = é%:%l where S = the nunber of species
N= the total nunber of individuals

The Sinpson index (Sinpson, 1949) was also cal cul ated:

n, (ni—l)
R =V
where N = total number of individuals
n.1 = nunber of individuals in the

ith species
These indices were calculated for all stations sanpled.

The Sinpson Index is an indicator of dom nance, since the maxinmum val ue,
one, is obtained when there is a single species (conplete dom nance); values
approaching zero are obtained when there are nunerous species, each of which
is a very small fraction of the total (no dom nance). The Shannon and
Brillouin indices are indicators of diversity in that, the higher the val ue,

the greater the diversity and the less the community is dom nated by one or
a few kinds of species.

Trophic Structure

The trophic structure of each of the station groups forned by cluster
anal ysis was determ ned by classifying the 50 nost abundant species in each
station group into five feeding classes: suspension-feeders, deposit~
feeders, predators, scavengers, and unknown. Al species used in the deter-
m nation of trophic Structure were assigned to feeding classes based on
available literature (MacGinitie and MacGinitie, 1949; Mdrton, 1958; Fretter
and G aham 1962; Jgrgensen, 1966; Day, 1967, Hyman, 1967; MIIls,” 1967,
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Purchon, 1968; Stanley, 1970; Eltringham, 1971; Feder et al., 1973; Abbott,
1974, Barnes, 1974; Feder and Muieller, 1975; Trueman, 1975; Yonge and
Thonpson, 1976; Junars and Fauchald, 1977; Haflinger, 1978; Feder and

Mat heke, 1979; Fauchald and Jumars, 1979; Feder and Matheke, 1980; Feder

et al., 1981a) and personal observation. Since species are distributed
along a continuum of feeding types and nany organisns utilize several feed-
ing nmodes, it is often difficult to place a species in a specific class.
For exanpl e, protobranch nollusks, generally regarded as deposit-feeders,
may also feed on particles in suspension (Stasek, 1965; Stanley, 1970).
However, since these nollusks probably obtain most of their nutritional re-
quirements from the sedinent, they were classified as deposit feeders.
Speci es whose feedi ng behavior was unknown or uncertain were classified as
“unknown”. The percentage of individuals belonging to each feeding clas-
sification was calculated for each station group. Wen a species was as-
signed to two roughly equal feeding classes, we arbitrarily assigned a
val ue of one-half to each class. Species were also classified into three
classes of notility: sessile, discretely notile (generally sessile but
capabl e of novenment to escape unfavorable environmental conditions (after
Jumars and Fauchald, 1979), and motile. The percentage of individuals

bel onging to each notility class was al so calculated for each station group

VI.  RESULTS

CGener al

Bent hi ¢ infaunal data were collected at 91 stations during the Apri
1979 and May-June 1980 cruises. A total of 47 stations was subsequently
selected for analysis (Fig. 1; Table I).

Biologically Inportant Taxa (BIT)

Fromthe 47 stations, 647 taxa were identified and the Biologically
| mportant Taxa (according to Feder and Mueller, 1975 and Feder and Mat heke,
1979) were designated (see Appendix A). The criteria for the Biologically
Inportant Taxa (BIT) delineated 128 taxa (Appendix A). Sixty-two of the
BIT were identified as inportant in terns of biomass at one or nore stations.
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Some of the latter taxa were widely distributed throughout the study area,
for exanpl e Heteromastus filiformis (Polychaeta), Maldane glebifex (Poly-
chaeta), Myriochele oculata (Polychaeta), Nucula tenuis (Pelecypoda) , and

Ophiura sarsi (Ophiuroidea) .

Nunerical Analysis: In-Transformed Density Data

A normal cluster analysis of In-transformed density data produced el even
station groups at the 23.5% sinilarity level; Stations 31 (Goup I) and 56
(Goup G did not group with any of the other stations (Fig. 2a; Table IIIa).
Station Goup A a major group, was further subdivided at the 26%simlarity
level into A (stations within and adjacent to the Navarin Basin |ease area)
and A" (stations adjacent to Cape Nome) (Figs. 2, 3; Table Ill). Station
Goup B, another |arge group, consisted of two station clusters, one within
t he Zhemchug Basin |ease area and the other within the northern tip and to
the east of the Navarin Basin |ease area. Station Goup C consisted of two
stations within Kotzebue Sound and one station in the Zhemchug Basin |ease
area. Station Goup D consisted of six stations northeast of the Navarin
Basin |ease area. Station Goup E was conposed of two stations in the Saint
Matthew Basin lease area. Station Goup F consisted of two stations north
of Bering Strait and one station in- the Zhemchug Basin |ease area. Station
Goup G was just north of Bering Strait. Station Goup H was conposed of
three stations between the Hope Basin |ease area and the Seward Peninsul a.
Station Goup I was located north of Nunivak Island. Station Goup J consis-
ted of three stations north of St. Lawence Island (Chirikov Basin).

An inverse cluster analysis identified 42 species groups at the 23%
simlarity level (Fig. 4, Table 1V). A two-way coincidence table (Feder
and Matheke, 1979, 1980), as well as a reduced two-way table of average cell
densities (Table V), were used to determne the species and species groups
whi ch characterized and distinguished each of the station groups. A sum
mary of the major species groups follows (refer to Tables I1V-V and Appendi x
B

Species Goup 1 - The 14 species in this group were nost inportant in
Station 56, Station Goup G The two nost inportant species at Station 56
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TABLE Illa

STATI ON GROUPS FORMED BY CLUSTER ANALYSI S oF In-TRANSFORMED
AND UNTRANSFORMED DENSI TY DATA (NUMBER OF INDIVIDUALS/M?)

Station Goup Stations
TRANSFORMED
A 1, 2, 3, 4, 5 7, 8 9, 10, 11, 12, 13
A" N, N5
B 16, 17, 18, 22, 23, 24, 69, 70, 71, 72, 75
c 49, 51, 73
D 14, 15, 19, 20, 21, 25
E 26, 27
F 54, 55, 74
G 56
H 48, 50 52
I 31
J 38, 40, 65
UNTRANSFORVED
A'l 1, 2, 3, 4, 5 7, 8, 9, 10, 11, 12, 15, 16,
17, 18, 22, 23, 24, 69, 70, 71, 72, 75
A"l N, N5
cl 49, 51, 73
Dl 13, 14, 19, 20, 21, 25
El 26, 27
F1 54, 55, 74
Gl 56
H1 48, 50, 52
11 31
J1 38, 40, 65

32



TABLE IIIb

COVPARI SON OF STATI ON GROUPS FORMED BY CLUSTER ANALYSI S

UNTRANSFORMED AND Ixn~-TRANSFORMED DENSI TY DATA

OF

ON ROUP
rm
N1 A"l A"
NS A“l A"
1 A'l A
2 A'l A
3 A'l A
4 A'l A
5 A'l A'
7 A'l A
8 A'l A
9 A'l A
10 A'l Af
11 A'l A'
12 A'l A
15 A'l D
16 A'l B
17 A'l B
18 A'l B
22 A'l B
23 A'l B
24 A'l B
69 Al B
70 A'l B
71 A'l B
72 A'l B
75 A'l B
49 cl C
51 cl c
73 cl C
13 Dl Al
14 Dl D
19 D1 D
20 Dl D
21 D1 D
25 Dl D
26 El E
27 El E
54 Fl F
55 F1 F
74 Fl F
56 Gl G
48 H1 H
50 H1l H
52 H1l H
31 11 I
38 J1 J
40 J1l J
65 J1 J
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TABLE |V

SPECI ES GROUPS FORMED BY | NVERSE CLUSTER ANALYSI S BASED ON DENSI TY

Feeding type and notility from Haflinger (1978); Fauchald

and Jumars (1979); Feder and Matheke (1979, 1980);

and Feder et al. (1980b).

Goup Nunber  Species Name Feedi ng Type! Motility Type?
1 Typosyllis alternata P M

Ophelia limacina DF M
Rhodine gracilior DF SE
Golfingia margaritacea DF SE
Pontoporeia femorata SF SE/DM
Photis spasskii DF M
Arcteobea anticostiensis Pls M
Eudorellopsis integra DF/ S M
Astarte borealis SF DM
Tachyrhynchus erosus s/p M
Antinoella sarsi DF/ P M
Chionoecetes opilio s/IP M
Nephtys rickettsi DF/P M
Natica clausa P M
Cistenides granulata DF M
Balanus crenatus Sk SE
Harmothoe imbricata S M
Diastylis bidentata DF M
Melita dentata DF M
Nephtys ciliata DF/ P M
Tiron bioculata u M
Polydora socialis DF DM
Liocyma sp. SF SE
Synidotea bicuspida S M
Calanus plumchrus SF M
Metridia lucens SF M
Yoldia myalis DF M
Melita quadrispinosa DF M
Pagurus trigonocheirus s/ P M
Ampharete finmarchica DF S
Anonyx laticoxa S M
Ampharete acutifrons DF SE
Diplodonta aleutica SF/DF SE/DM
Capitella capitata DF M
Chone cincta SF DM
Pholoe mnutia s/P M
Glycinde picta DF/ P M
Praxillella praetermissa DF SE
Eudorellopsis deformis DF M
Paraphoxus robustus SF M
Corophium crassicornis SF SE
Byblis gaimardi SF DM
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TABLE IV

CONTI NUEI )
G oup Number Speci es Nane Feedi ng Typel Mtility Type’
6 Anonyx nugax S M
Barantolla americana DF M
Harpinia gurjanovae SF M
Haploscoloplos elongatus DF M
Budorella pacifica DF M
7 Mysella tumida SF/DF SE
8 Nephtys caeca DF/P M
Bathymedon nansenti DF/ S M
9 Solariella obscura s/ P M
Campylaspis umbensis DF M
Nephtys longosetosa DF/ P M
Westwoodilla caecula DF/ S M
10 Cyclocardia sp. SF SE
Ammodytes hexapterus Pl's M
11 Seoloplos armiger DF M
Cyclocardia crebricostata SF SE
Spio filicornis DF DM
Anonyx sarsi S M
Onuphis iridescent DF SE/DM
Anaitides groenlandica P/DF M
Travisia pupa DF M
12 Protomedeia fasctiata DF M
Protomedeia chaelata DF M
13 Arteidea M nutia DF M
Pleurogonium spinosissmum S/ DF M
Diastylis alaskenstis DF M
14 Asabellides sibirica DF SE
Aleyonidiwn disciforme SF SE
Owenia fusiformis SF/DF M
15 Spiophanes bombyx DF DM
Echinarachnius parma DF M
Cylichna alba P M
Machaironyx muelleri DF/ S M
16 Buccinum sp. P M
Neptunea lyrata P M
17 Polinices pallidus P M
Diamphiodia sp. DF M
18 Mediomastus capensis DF M
Pleurogonium rubicundum S/DF M
Prionospio cirrifera DF DM
19 Eusyllis blomstrandi P M
Paroediceros lynceus S M
SF DM

Euchone analis
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TABLE |V

CONTI NUED

Goup Number  Species Nane Feedi ng Typel Motility Type’

20 Drilonereis filum DF M
Laonice cirrata DF DM
Anaitides mucosa P/ DF M

21 Gattyana ciliata S M
Opisa eschrichti u u
Flabelligera mastigophora DF M
Chaetozone setosa DF DM
Pista cristata DF SE
Gattyana cirrosa S M
Oenopota excurvata P M
Nicippe tumida SF M
Ampelisea furcigera SF SE/DM
Diastylis paraspinulosa DF M
Aphrodita negligens DF M
Amphicteis gunner-i DF SE
Odontogena borealis SF/DF SE
Onuphis conchylega DF M
Budorella dentata DF M
Onuphis sp. DF M/SE/DM
Amphictene mooret DF M
Pista elongata DF SE
Gattyana treadwelli S M
Onuphis geophiliformis DF SE/DM

22 Pista brevibranchiata DF S
Hemilamprops pectinata DF M

23 Spiochaetopterus typicus SF SE
Pgephidia lordi SF SE/DM
Urothoe Sp. SF M

24 Nephtys assimilis DF/ P M
Yoldia hyperborea DF M
Hesperone complanata S M
Artacama conifera DF DM

25 Tenonia Kitsapensi s S/P M
Maldane sarsi DF SE

26 Prionospio steenstrupi DF DM
Clinocardium ciliatum SF M
Nemidia tamarae s/P M

27 Arcteobea spinelytris s/P M
Calanus plumchrus SF M
Laonome kroyeri s/P M
Macoma brota DF SE
Magelona pacifica DF M
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TABLE |V

CONTI NUED
G oup Nunmber  Species Nanme Feedi ng Type! Motility Type’
27 Neoleprea spiralis DF DM
Yoldia amygdalea DF M
Yoldia thraciaeformis DF M
28 Axinopsida serricata SF/DF SE
Urothoe denticulata SF M
29 Lysippe labiata DF SE
Melinna cristata DF SE
Retusa obtusa P M
Myriochele heert DF SE
Leucon nastica DF M
Mysella aleutica SF/DF SE
30 Heteromastus filiformis DF M
Maldane glebifex DF SE
Diamphiodia craterodmeta DF M
Ophiura sarsi DF/P M
Nephtys punctata DF/P M
Priapulus caudatus P M
Chaetoderma robusta DF/P M
Thyasira flexosa SF/DF SE
Paraphoxus oculatus SF M
31 Brada villosa DF DM
Macoma calcarea DF SE
Aricidea lopesi DF M
Tauberia gracilis DF M
Nuculana pernula DF M
Eteone longa P M
Sealibregma inflatum DF M
Terebellides stroemi DF SE
32 Spiochaetopterus costarum SF/DF SE
Eudorellopsis uschakovt DF M
Praxillella gracilis DF SE
EBuchone longifissurata SF/DF DM
Apistobranchus tullbergi DF DM
Ctenodiscus crispatus DF M
Tharyx secundus DF DM
Axiothella cantenata DF SE
Potamilla negl ects SF SE
33 Liocyma fluctuosa SF SE
Harpinia kobjakovae SF M
Drilonereis faleata M nor DF M
EBudorella emarginata DF M
Travisia forbesii DF M
Axinopsida viridis SF/DF SE
34 Nucula tenuis DF M



TABLE 'V

CONTI NUED
Goup Number  Species Name Feedi ng Typel Motility Type’
35 Nuculana fossa DF M
36 Serripes groenlandicus SF SE
Solarie lla varicosa sIP M
Sternaspis scutata DF M
Cucumaria Sp. DF SE
37 Chone infundibuliformis SF DM
38 Heteromastus giganteus DF M
Echiurus echiurus alaskanus  DF DM
Argis lar s/IP M
Ericthonius hunteri SF DM
39 Ammotrypane aulogaster DF M
Lepeta caeca SF M
Fusitriton oregonensis P M
40 Ampelisca birulai SF DM
Ampelisca eschrichti SF DM
Ampelisca macrocephala SF DM
41 Hiatella arctica SF SE
42 Myriochele oculata DF SE

lreeding types: P = predator, S = scavenger, DF = detrital feeder, SF =
suspensi on feeder, U = unknown

‘Motility types: M= notile, DM = discretely notile, SE = sessile, U =
unknown

43



TABLE V
STATI ON GROUP/ SPECI ES erour COl NCI DENCE TABLE suowtyg

AVERAGE CELL DENSITIES OF GROUPS FORNED BY A
CLUSTER ANALYSIS OF TRANSFORVED
pEnsity DATA
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were the sipunculid Golfingia margaritacea and the polychaete Ophelia lima-
etna, Wwhich occurred in densities of 33 and 20 individual s/nf, respectively.
This species group was also inportant in Station Goups F and J.

Species Goup 2 - The species in this group were nost inportant in
Station Goup G The polychaete Cistenides granulata and the barnacl e Bala-
NusS crenatus dom nated species density.

Species Goup 5 - The species in this group were nost inportant in
Station Goups A, A, and J. The polychaetes Ampharete finnmarchica, A.
acutifrons, and Chone cincta dom nated species density in this species group.

Species Goup 6 - Species in Species Goup 6 were nost inportant in
Station Goups A, E, F, |, and J. Four species typically domnated in
density: the anphi pod Harpinia gurjanovae, the polychaetes Haploscoloplos
elongatus and Pholoe minuta and the cumacean Eudorella pacifica.

Species Goup 14 - This species group was nost inportant in Station
Goup I. The polychaete Asabellides sibirica dominated in density (590
i ndi vidual s/nf) at Station Goup |. This species group was al so inportant
at Station Goups A and G

Species Goup 15 - These species were nost inportant in Station G oups
Hand |I. The echinoid Echinarachnius parma and the polychaete Spiophanes

bombyx dom nated the density of this species group, specifically at Station
Goup H

Species Goup 21 - These species were nost inportant in Station G oup
A , and specifically at Stations 3, 4, and 5. Two polychaetes, Chaetozone
setosa and Pi sta eristata, and the bival ve Odontogena borealis were nost
important in density.

Species Goup 24 - Species in this group were nost inportant in Station
Goup D. The protobranch clam Yoldia hyperborea had its highest density
(16 individuals/nf) at Station 20 in this station group.

Species Goup 28 - The two species in this group were nost inportant
in Station Goups A and B. The clam Axinopsida serricata dom nated the
species group, with 115 and 88 individuals/m2 found at these two station
groups, respectively.
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Species Goup 29 - These species were nost inportant in Stations G oups

A and B. The gastropod Retusa obtusa and the polychaete Myriochele heert
were the dom nant species in this species group.

Species Goup 30 - This species group was nost inportant in Station
Goups A and B. Inportant species, in terns of density, were the poly-
chaete Heteromastus filiformis and the ophiuroid Ophiura sarst.

Species Goup 31 - The eight species in this group were nost inportant
in Station Goups A and E.  Station 27, in Station Goup E contained all
of the species in Species Goup 31. One or nore of the species were absent

in all other stations in the other station groups. The polychaete Brada
villosa appeared to be the npbst domi nant species at these two station groups.
This species group was al SO inportant in Station Goups A and D.

Species Goup 32 - Species in this species group were nost inportant in
Station Goups A', A*, and B. Station 16 in Station Goup B contained all of
the species in Species Goup 32. Al but tw (Budorellopsis uschakovi and

Ctenodiscus crispatus) of the species in this group were pol ychaetes.

Species Goup 33 - These species were nost inmportant in Station G oups
A and B. Stations 4 and 5 of Station Goup A contained high densities of
this species group. The polychaete Travisia forbesti had a high density of
92 individuals/m2 at Station 4.

Species Goup 34 - The protobranch cl am Nucula tenutis, the only nenber

of this species group, was nost inportant at Station Goups C, E, H and I.
The highest density occurred at Station 27 (Station Goup E), with 994
i ndi vi dual s /ni.

Species Goup 35 - The protobranch clam Nuculana fossa, the only nember

of this species group, was nost inportant at Station Goups Cand E. Sta-
tion 51 (Station Goup C) contained a high density of 222 individuals/nf.

Species Goup 36 - These species were nost inportant at Station Goup C
Station 49 contained especially high densities of this species group. The
sea cucunber Cucumaria sp. occurred in a density of 214 individuals/m2 at

this station.
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Species Goup 38 - These species were nost inmportant at Station Goup A,

specifically at Station NL. Two species domnated in density: the echiuroid
WOr m Echiurus echiurus alaskanus and the amphipod Ericthonius hunteri occurred
at Station N1 in densities of 165 and 168 individual s/nf, respectively.

Species Goup 40 - These species were inportant at Station Goup J.

Three anphi pod species of the same genus (dmpelisca) occurred in this group.
The amphipod Ampelisca macrocephala was the nost common species present,
Wi th 14, 408 individuals/m” found at Station 65.

Species Goup 41 - The clam Hiatella aretica, the only menber of this
species group, was nost inportant at Station Goup G (Station 56), with a
hi gh density of 820 individuals/m2 found here.

Species Goup 42 - The polychaete Myriochele oculata was nost inportant
at Station Goups A, H and |I. The highest density occurred at Station 31
(Station Group 1), with 25,053 individuals/m® found there.

A summary of the major station groups follows (refer to Figs. 2a and
2b, Table Vv, and the dom nance-diversity curves in Appendix B).

Wien Goup Ain the Navarin Basin lease area (delineated at the 23.5%
simlarity level: Fig. 2a, transforned density data) was |ocated on a map,
It was apparent that Stations w1 and N5 of this station group were |ocated
approxi mately 1000 kmnorth of the other stations in Goup A Furthernore,
exam nation of the species groups within Station Goup A revealed that sta-
tions NL and N5 were distinct, in ternms of species densities, fromthe
other Goup A stations. Thus, subdivision of Goup Ainto Station G oups
A and A* was made at the 26% simlarity level. Wen untransformed data
(information that increases the inportance of dom nant species to the sim-
larity coefficients) were utilized in the cluster analysis, Stations Nl
and N5 (Station Goup A"1) were well-separated fromthe stations in the
Navarin Basin group (Station Goup A'l) (Fig. 2b; Tables 1IIa, b).

Station Goup A - This station group contained 132 species and was
conposed primarily of species in Species Goups 14, 28, 29, 30, and 42; mem
bers of Species Goups 5 6, 31, 32, 33, 34, and 36 were al so comon, but
to a lesser extent. At least small numbers of individuals of species in nost
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of the species groups were present in this station group. Species that were
found in all 12 stations in Station Goup A were Haploscoloplos elongatus,
Axinopsida serricata, Hetercmastus filiformis, Nephtye punctata, and Priapulus
caudatus. The species dom nant in density was Heteromastus filiformis, and

t he species dom nant in biomass was Ctenodiscus crispatus.

Station Goup A* - This station group was characterized by species in
Species Goups 6, 30, 38, and 42. Species Goups 2, 4, 5 31, 32, 34, and
36 were also inportant, but to a l|esser extent. Species dom nating by
nunbers in this station group were Myriochele oculata, Haploscoloplos elon-
gatus, Ericthonius hunteri, and Diamphiodia craterodmeta, in decreasing order
of density. The domi nant species, in terns of bionass, were Argis lar

and Echiurus echiurus calaskanus.

Station Goup B - The fauna in this station group was conposed of
speci es mainly in Species Goups 28, 29, 30, 34, and 42. Species Goups
6, 14, 32, and 33 were of lesser inportance. Species in common at all sta-
tions in Station Goup B were Axinopsida serricata and Heteromastus fili-
formis . The leading species, in terns of density, were H filiformis,
Ophiura sarsi, Maldane glebifex, Arinopsida serricata, Diamphiodia crate-
rodmeta, and Priapulus caudatus. Five of these six species (all but A
serricata) were nenbers of Species Goup 30. The leading species, in terns
of biomass, were O sarst, M glebifex, and Ctenodiscus crispatus.

Station Goup C - This group was characterized by species in Species
Goups 8, 34, 35 36, and 42. Species groups 6, 28, 29, and 30 were of
| esser inportance. The domi nant species in this group, in terms of density,
wer e Nucula tenuis, Nuculana fossa, Cucumaria sp., Sternaspis scutata, and
Serripes groenlandicus. The latter three species, dom nant in bionmass,

were nenbers of Species Goup 36.

Station Goup D - This group was characterized by species in Species

Goup 34, with Species Goups 6, 30, and 31 of |esser inportance. Species
in coomon with all stations in Station Goup D were Barantolla americana,

Nephtys punctata, and Macoma calcarea. The species in this group dom nant
in density and biomass, were the -nle-ha~e~ B cmendane~r gnd the clam
respectively.



Station Goup E - This group was characterized by Species Goups 6, 12,
31, 34, and 35. Species Goups 15 28, and 30 were of |esser inportance.
The dom nant species in this group, in terns of density and bi omass, were

t he polychaete Haploscoloplos elongatus and the clam Nucula tenuis, respec—
tively.

Station Goup F - This group was characterized by species in Species
Goups 6, 7, 11, 15, 30, and 40. Species Goups 1, 8, and 11 were of |esser
I mportance. Species domnating in density at this station group were Har-

pinia gurjanovae, Praxillella praetermissa, Glycinde picta, Haploscoloplos
elongatus, and Barantolla americana, all menbers of Species Goup 6. Echi-
narachnius parma dom nated in biomass.

Station Goup G- This group was characterized by taxa in Species G oups
2, 14, and 41, with species groups 1, 6, 18, and 30 of |esser inportance.
Species dominating in density in this group were Hiatella arctica, Asabellides

sibirica, Balanus crenatus, and Cistemides granulata, in decreasing order of
density. The species dom nating in bionmass were Hiatella arectica and Strongy-

locentrotus droebachiensis. !

Station Goup H- This group was characterized by Species Goups 15,
34, and 42, with Species Goups 6, 30, 36, and 40 of |esser inportance. Taxa
dominating in density were Myriochele oculata, Echinarachnius parma, and
Nucula tenuis. The species dom nating in biomass was Macoma calcarea.

Station Goup | - This group was characterized by Species Goups 6, 11,
12, 14, 15, 34, and 42. Species Goups 7 and 13 were of |esser inportance.
The dominant species in this group (Station 31) were Myriochele oculata,

Asabellides sibirica, Aleyonidium disciforme, and Pholoe minuta, in decreasing
order of density. Foramnifera were also very inportant, occurring at a den-
sity of 3,753 individuals/nf. The species doninating in biomass was Aleyoni-

dium disciforme.

Station Goup J - This group was characterized by Species Goups 1,
5 6, 7, 11, 34, and 40. Species Goups 1 and 30 were of |esser inportance.
Speci es dominating in this group were Ampelisca macrocephala, A. birulati,

lspecimens originally listed in the data printouts as unidentified Echinoidea
were determ ned as Strongylocentrotus droebachiensis after all data were
anal yzed.

49



A eschrichti, and Mysella tumida, in decreasing order of density. Ampe-
lisea macrocephala al so domi nated the bionass.

A principal coordinate analysis using the Czekanowski coefficient
with transformed density data (Fig. 5) revealed station groupings simlar
to those produced by cluster analysis (Fig. 2a). The greatest anount of
group separation was attributed to Axis 1 (25.2% Table VI). The amount
of separation attributed to Axes 2 and 3 was 16.2% and 10.8% respectively.
Goups distinctly separated in Figure 5a were A*, D, and G Station groups
that showed the |east separation in Figure 5a were A and B. Stations 73
and 74, which clustered with Station Goups C and F, respectively (Fig. 2),
but were spatially separated fromthese groups by approximately 1,000 km
(Fig. 3a), also grouped with Station Goups C and F in the principal coordi-
nate analysis (Fig. 5).

Nunerical Analysis: Untransfornmed Density Data

A normal cluster analysis of untransforned abundance data produced ten
station groups at the 22%sinilarity level (Fig. 2b; Table IIIa, b). One
maj or group, identified as Station Goup A'l, consisted primarily of stations
deeper than 100 mw thin and adjacent to the Navarin Basin and Zhemchug
Basin |ease areas. This station group (A'l) originally consisted of two
station groups (A" and B) that were identified by the |og-transforned data
analysis, indicating a general simlarity between these two station groups.
The domi nant species |inking these two groups were Asinopsida serricata,
Heteromastus filiformis, and Myriochele oculata. The ot her large group,
identified as Goup DI, consisted primarily of stations close to or shallower
than 100 m northeast of the Navarin Basin |ease arsa. Group A"l consisted
of two stations adjacent to Cape Nome. The other station groups are identi-
cal to those delineated in the log-transfornmed cluster analysis (Figs. 2a
and 3a).

Motility and Trophic Structure

The percent frequency of occurrences of motility and feeding classes
in station groups formed by cluster analysis of transformed density data
are presented in Table VII. The nost frequent notility class in each station
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PRINCIPAL COORDINATE ANALYSIS
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Figure 5. Plots of loadings on the first three coordinate
axes extracted by principal coordinate analysis,
usi ng In-transformed density data and the
Czekanowski simlarity coefficient.
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group was of individuals that were notile. The percentage of notile indivi-
dual s among station groups ranged from 55% (G oup J) to 76% (G oup C). Ses-
sile and discretely motile organisms ranked second and third, respectively,
in ternms of percent frequency of occurrence. Deposit-feeding organisns

domi nated the feeding classes in all station groups, ranging from51% (G oup
F) to 64% (Goup D). Suspension feeders and predators were nearly equal at
nmost station groups. Most station groups were conposed of |ess than 12%
scavengers.

Density, Biomass, and Diversity

Density, biomass, and diversity data arranged according to station
groups delineated by cluster analysis of transformed density data are pre-
sented in Table VIII. Density values ranged from 148 individuals/m2 at
Station 21 (Station Goup D) to 32,023 individuals/m2 at Station 31 (Station
Goup I). The station groups with the |owest and highest nean density were
Station Goups D and I, respectively (Table 1X). Biomass values ranged from
14.2 g/niat Station 71 (Station Goup B) to 649.4 g/ni at Station 38

TABLE VI

AMOUNT OF BETWEEN- STATI ON- GROUP SEPARATI ON OF THE THREE
DOM NANT AXES I N THE PRI NCI PAL COCRDI NATE ANALYSI S
OF Zn-TRANSFORMED DENSITY DATA

Percent Separation Cunul ative
Axi s of Station G oups per cent
1 25.2 25.2
2 16. 2 41.4
3 10. 8 52.2
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TABLE VI |
DI STRIBUTI ON OF MOTI LI TY AND FEEDI NG CLASSES N STATI ON GROUPS FORMED BY CLUSTER ANALYSI S OF

In-TRANSFORMED DENSI TY DATA
N= nunber of species occurring in a station group, SE = sessile, DM

discretely notile,

M= notile, DF = deposit feeder, SF = suspension feeder, P = predator,
s = scavenger, U = unknown
Mtility Cass % Feeding Cass %

Station

G oup M DM SE u DF Sk P S
Al (N = 132) 60 15 24 1 57 20 13 9
all (N = 63) 65 14 21 0 56 16 13 14
B (N ~ 101) 60 12 28 0 61 17 16 6
C (N = 49) 76 4 20 0 53 17 22 8
D (N ~48) 67 7 26 0 64 11 19 6
E (N = 44) 75 6 19 0 63 12 20 5
F (N = 81) 63 15 22 0 51 19 17 12
G (N = 33) 70 3 27 0 57 15 17 8
H (N = 65) 63 11 26 0 55 20 16 9
I (N = 38) 66 8 26 0 55 20 18 7
J (N =72 55 15 30 0 55 26 11 8

*Percentages based on the nunber of each species occurring in the station group.



TABLE VI'|

DENSI TY, BIOMASS , AND prversiry of | NDI VI DUAL senthIc sapring STATI ONS

Stations are arranged according to the station groups delineated by a
cluster analysis of transformed density data

Station Density Bi omass No. of Si mpson Shannon Brillouin Speci es
G oup Number (No/m?) (g/ nf) Taxe ~ Diversity Diversity Diversity — EVENNESS  Richness
A 1 400 118.3 38 0.05 3.21 2.94 0.90 7.26
2 1666 239. 7 60 0.08 3.12 3.00 0.76 8.70
3 3604 75.1 73 0.11 2.96 2.90 0.69 9.23
4 2336 84.4 85 0.09 3.17 3.08 0.71 11.26
5 2266 101.6 82 0.14 2. 86 2.18 0.65 10.77
i 2192 131.4 62 0.08 3.05 2.96 0.74 8.53
8 2592 94.4 56 0.18 2.55 2.49 0.63 7.38
9 1570 122.4 44 0.29 2.23 2.15 0.58 6.25
10 868 21. 40 0.06 3.18 3.03 0. 86 6. 30
11 2186 144.4 62 0.08 3.20 3.10 0.77 8.58
12 1596 173.2 50 0.08 3.05 2.97 0.78 6.90
13 1086 21.8 39 0.07 3.04 2.87 0.83 6.41
A" N1 2528 158.7 53 0.08 2.99 2.93 0.75 7.00
N 958 466. 4 48 0.05 3.33 3.1 0. 86 7.45
B 16 1954 90.7 54 0.10 2.95 2.88 0.74 7.21
17 1950 167.3 41 0.17 2.41 2.34 0,65 5.75
18 1618 46.3 53 0.08 3.08 2.95 0.77 7.87
22 1702 215.9 36 0.16 2.51 2.42 0.70 523
23 1826 130.3 45 0.08 2. 94 2.84 0.77 6. 52
24 1348 92.4 39 0.06 3.02 2.91 0.82 5.88
69 1784 122.6 45 0.13 2.73 2.67 0.72 6.08
10 1718 155.8 48 0.17 2.52 2.45 0.65 6.65
11 1018 14.2 29 0.26 2.00 1.93 0.59 4.30
12 1006 325.9 32 0.19 2.33 2.23 0.67 4.95
75 782 62.9 34 0.10 2.72 2.59 0.77 5.41
c 49 958 592.0 35 0.10 2.68 2.55 0.75 5. 62
51 796 68.4 26 0.24 2.00 1.92 0.61 3.98
73 720 47.6 24 0.14 2.44 2.35 0.77 3.74
D 14 246 34.0 15 0.09 2.48 2.21 0.92 3.2
15 890 156.8 32 0.07 2.96 2.19 0.85 5.43
19 1152 157.0 39 0.09 2.85 2.75 0.78 5.78
20 424 120.6 22 0.27 1.93 1.83 0.62 3.54
21 148 20. 11 0.30 1.61 1.44 0.66 2.23
25 870 71.5 20 0.19 2.19 2.00 0.72 3.1
E 26 1352 32.5 26 0.40 1.53 1.48 0.46 3.62
21 3036 266. 4 45 0.19 2.35 2.31 0.62 5.58
F 54 3008 431..6 42 0.09 2. 86 2.75 0.76 6.32
55 9646 231.3 14 0.04 3.47 3.40 0.81 9.49
74 1524 24.5 30 0.13 2.42 2.32 0.71 4.65
G 56 1933 634. 6 43 0.30 2.11 2.12 0.57 5.73
H 48 4332 112.2 47 0.61 1.15 1,13 0.30 5.60
50 1842 46.7 39 0.42 1.59 1.54 0.43 5.14
52 2150 35.9 46 0.18 2.26 2.20 0.59 6.10
| 31 32023 145.0 36 0.68 0.90 0.89 0.25 3.67
J 38 15664 649. 4 62 0.19 2.21 2.20 0.53 6.48
40 542 485.2 52 0.23 2.13 2.12 0.54 5.76
65 21014 376.4 30 0.45 1.04 1.04 0.31 3.00
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(Station Goup J). The station group with the [owest and hi ghest nean

bi omass were Station Goups H and G respectively. The Shannon diversity
ranged fromO0.90 (Station 31:Station Goup I) to 3.47 (Station 55:Station G oup
F) while the Brillouin diversity ranged from0.89 at Station 31 to 3.40 at
Station 55. Sinpson diversity (a dom nance index) ranged from0.04 at Station
55 (74 taxa present) to 0.68 at Station 31 (36 taxa present). Brillouin
evenness ranged from0.25 at Station 31 (Station Goup |I) to 0.92 at Station

14 (Station Goup D). Species richness ranged from 2.23 at Station 21 (Sta-
tion Goup D) to 11.26 at Station 4 (Station Goup A).

Vil . DI SCUSSI ON

Biologically Inmportant Taxa (BIT)

One hundred and twenty eight (128) taxa were delineated as BIT, with
62 inportant in terms of biomass at one or nore stations. Since some of
these taxa are distributed throughout the study area or are common wthin
specific station groups, they probably have great influence on trophic and

TABLE | X

MEAN DENSI TY AND Bl OVASS VALUES FOR ALL STATI ON GROUPS
DETERM NED BY CLUSTER ANALYSI S OF In-TRANSFORMED

DENSI TY DATA
Station G oup Density (No/mz) Bi omass (g/mz)
A 1, 864. 111.2
A" 1, 743. 312.6
B 1,519. 129.5
C 825. 236.0
D 622. 94. 4
E 2,194, 149. 4
F 4,726. 229.1
G 1,933. 634. 6
H 2, 775. 64.9
| 32,023. 145.0
J 15, 407. 503.7
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other interactions in their particular localities. Mny of these taxa
shoul d have val ue as nonitoring organisns if any of the |ease areas are
devel oped into producing oil fields.

Nurrerical Anal ysis

The numerical analysis of transformed abundance data delineated 11
station groups on or near four potential petroleum|ease areas (Navarin
Basin, Zhemchug Basin, St. Matthew Basin, and Hope Basin) and within the
Chirikov Basin (Figs. 2a and 3a).

Three station groups (Station Goups B, C, and F) contained stations
which were spatially disjunct (i.e., well separated geographically) (Fig.
3) . Station Goup B consisted of two station clusters, one in the Navarin
Basin | ease area and the other in the Zhemchug Basin |ease area. Al though
the six density-dom nating species (Heteromastus filiformis, Ophiura sarsi,
Maldane glebifex, Axinopsida serricata, Diamphiodia craterodmeta, and
Priapulus caudatus) in Station Goup B occurred in both clusters, only O
sarsi and A. serricata dominated those stations in the Zhemchug Basin |ease
area, while the remaining four species domnated in the Navarin Basin |ease
area (data summary submitted to NODC). Separation of these two station
clusters in Station Goup B was not evident in the principal coordinate
anal ysi s.

Station Goup C consisted of three stations, one of which (Station 73)
was | ocated approxi mately 1000 km south of the other two menbers of the
group (Figs. 2a and 3a). Al three stations were linked primarily by
Nucula tenuis (Station Goup 34) and, to a |lesser extent, by Stermapsis
scutata (Species Goup 36). Station 73, located in deeper water than Sta-
tions 49 and 51, was characterized by (1) a larger nunber of Nucula tenuts
and Stermaspis seutata than occurred at Stations 49 and 51, and (2) by the
absence of Nuculana fossa (Species Goup 35), Cucumaria sp., and Serripes
groenlandicus (both in Species Goup 36). This separation of Station 73
fromthe other two stations in Goup Cis also apparent in the principal
coordinate analysis (Fig. 5). Station 49 was the only station of the sta-
tion group that contained all five of the density-dom nating species (N
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tenuis, N. fossa, Cucumaria 9P. |, S. scutata, and S. groen landicus) of Sta-
tion Goup C. Station 51 contained high densities of N. tenuis and N. fossa.

Station Goup F also consisted of three stations, one of which (Station
74) was |ocated approximately 1000 km south of the other two nenbers of the
group (Figs. 2a and 3a). The three stations in the group were |inked by
Pholoe minuta, Glyeinda picta, Praxillella praetermissa, Harpinia gurja-
novae, Haploscoloplos elongatus (all in Species Goup 6) and Spiophanes
bombyx (Species Goup 15). Stations 54 and 55, but not Station 74, were
linked by Westwoodilla caecula (Species G oup 9) and Cyclocardia sp. (Spe-
cies Goup 10). In addition, Station 74 was differentiated by the nuch
| oner density values (1524 individuals/mz), one-third to one-sixth those of
Stations 54 (3008 individuals/nf) and 55 (9646 individuals/mz), respectively.
Furthernore, biomass estimtes for Station 74 (24.5 g/mz) were roughly six
percent and ten percent of those at Stations 54 (431.6 g/mz) and 55
(231.3 g/mz), respectively. Anong the six species (Harpinia gurjanovae,
Praxillella praetermissa, Glycinde picta, Haploscoloplos elongatus, Baran-
tolla americana, and Paraphoxus oculatus) that dominated in Goup F, only
two (B. americana and P. oeculatus) did not occur at all three stations.
Wien the principal coordinate analysis was exam ned, Station 74 was not
obvi ously separated fromthe other two stations in Station Goup F (Fig. 5),
reaffirmng the simlarity of the stations in the group despite the consider-
abl e geographi cal separation of Station 74.

The Navarin Basin |ease area consisted of three distinct station groups,
A, B and D. Mst of the stations in Goups A and B were |ocated at depths
between 100 mand 200 m Simlarities between the latter two groups exist
in the inportance of five dom nant species groups (6, 28, 29, 30, 32) and
in the dom nance of three species: Heteromastus filiformis, Axinopsida
serricata, and Ophiura sarsi (Figs. 1 and 5; Table V; Appendix B). The only
station (Station 13) in Station Goups A and B with few individuals of the
above three species occurred in the relatively shallow water adjacent to St.
Matthew Island; Station 13 was the last station to join Station Goup A" in
the cluster analysis of transformed density data (Fig. 2a), indicating its
low affinity with Goup A . The principal coordinate analysis revealed the
simlarity of Goups A and B: little separation between these groups was
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apparent (Fig. 5). Reduced nunbers of species (in either of the station
groups) in Species Goups 5 6, 7, 14, 19, 21, 23, 31, 33, 34, 36, and 42
di stinguished Station Goup B from Goup A'.

Three (Stations 14, 19, and 20) of the six stations in Station Goup D
were located in water depths between 80 and 90 m This station group had
the lowest nean density (622 individuals/mz) and second-|owest mean bi omass
(94 g/mz) of all of the station groups (Table IX). Station G oup Dwas well
separated fromall of the other groups in the principal coordinate analysis
(Fig. 5.

Station Goup E included two stations (Stations 26 and 27) in the St.
Matt hew Basin | ease area at water depths of 35 and 46 m respectively. These
stations were dominated by the polychaete Haploscoloplos elongatus, W th
densities of 612 (at Station 26) and 418 (at Station 27) individuals/mz. No
other stations examned in the present survey contained such high densities
of H. elongatus. Station 27 also contained the highest density, of all sta-
tions, of the protobranch cl am Nucula tenuis (994 individuals/nf). The
hi ghest concentration of WN. tenuts el sewhere was at Station 50 in Station
Goup H adjacent to Kotzebue Sound, with 238 individuals/mz. Station 27
in Station Goup E showed a close affinity with Station Goups € and D on
plots of the first and second axes and of the first and third axes of the
principal coordinate plot (Fig. 5a, b). Station 26 in Goup E is consistently
separated from Station 27 on these plots, presunably the result of the high
density of N. temuis at the latter station.

Station Goup A" consisted of two stations (N1 and N5, |ocated close to
Cape Nome) that were in only 22 m of water. These stations were dom nated
indensity by the polychaetes Myriochele oculata (47 individuals/mz) and
Haploscoloplos elongatus (72 individuals/mz) and in biomass by the shrinp
Argis lar (17.6 g/mz) and the echiuroid Echiurus echiurus alaskanus (9.2 g/mz).
Station Goup A* was wel|-separated in the principal coordinate anal yses from
all other station groups (Fig. 5), although it showed affinities to Station
G oups G (geographically close) and | (another shallowwater station group
dom nated byM oculata).

Station Goup G represented by a single station (Station 56) |ocated
in Bering Strait, was dom nated by a suspension-feeding clam (#atella
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arctica), a deposit-feeding polychaete (dsabellides sibirica), and a
suspensi on-f eedi ng barnacl e (Balanus erenatus), with densities of 820, 93,
and 83 individual s/nf, respectively. No other stations approxi mted the
densities of these species. Biomass values at this station were dom nated
by three species, two of which were also inportant in density: Hiatella
arctica (265.8 g/mz), Balanus crenatus (22.8 g/mz), and Strongylocentrotus
droebachiensisl (221.8 g/mz). In the principal coordinate analysis, Station
56 showed sone affinity with the two Chukchi Sea stations of Goup F (Sta-
tions 54 and 55) just north of the Bering Strait (Fig. 5). Both density
and biomass at Station 56 were relatively high, with estimtes of 1933
individuals/m2 and 635 g/mz, respectively. Stoker (1981) also reported a

hi gh biomass at stations in the region of the Bering Strait. He related
these high values to: (1) high productivity in spring, (2) an influx of
detrital carbon from the Yukon River (as well as Norton Sound; Feder, unpub.
data), and (3) the current structure in the vicinity of the Strait, such
that the velocity of the northward flow, with its contained detritus, is
greatly increased (data presented in this Final Report appear to reflect
this by the high abundance of the suspension-feeding clam Hiatella and the
sea urchin Strongylocentrotus) and consequently transports nuch organic
carbon to either side of the strait.

The stations in Goup H consisting of three stations northeast of the
Bering Strait and along the Seward Peninsula, were dom nated by the surface-
deposit-feedi ng polychaete Myriochele oculata and the suspension-feeding
sand dol | ar Echinarachnius parma; tuni cates al so domnated at two of the
stations (Stations 48 and 52) of the group closest to the Bering Strait.

The surface-deposit-feeding (and probably al so suspension-feeding) clam
Macoma calearea dom nated in biomass here. The mean density and biomass

of the stations in this group ranged from 1842 to 4332 individuals/m2 and
36 to 112 g/mz, respectively. In the principal coordinate analysis, Sta-
tions 48 and 52 of Station Goup Hwere well separated fromall other groups
in the plots of the first and second axes and of the first and third axes

lListed in data sheets as Echinoida and identified after data were anal yzed
(see Results).
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(Fig. 5a, b). Station 50, the one station of the group |ocated adjacent to
Kot zebue Sound and cl osest to Station Goup C, is always separated fromthe
other two stations of Goup H and shows affinities with Goup C. The high
densities of the dom nant species, both surface-deposit- and suspension-
feeders, presumably reflect the periodic availability of detrital materials
passing fromthe Bering Strait eastward al ong the Seward Peninsula (see

Di scussion in Stoker, 1981).

Station Goup | is represented by a single station (Station 31) |ocated
just north of Etolin Strait (between the mainland and Nunivak Island). Sta-
tion 31 was domi nated by Foraminifera, the deposit-feeding polychaetes
Myriochele oculata and Asabellides sibirica, and the suspension-feeding
ectoproct (bryozoan) Aleyonidium diseiforme. The |atter species doninated
in biomass. In the principal coordinate analysis, Goup | is separated from
all other groups. The high density of 32,023 individuals/mz at this station
I's the highest observed at any station sanpled in this investigation, and
is primarily the result of large nunbers of the tube-dewelling polychaete
M oculata. The water in Etolin Strait probably contains terrestrial detritus
derived fromthe Kuskokwim River in the sumer; this nmaterial presumably
settles out on the bottom adjacent to Station 31 when current velocities are
reduced there. The highest Sinpson Index (a dom nance index that approaches
1.0 when few species occur at a station) was recorded at this station, with a
value of 0.68; the |owest Shannon Diversity Index, 0.90, also occurred here.
The species at Station 31 are dom nated by organisns that appear to be adapted
to an environnent where the bottomis periodically enriched by the influx of
allochthanous carbon fromthe Kuskokwim River. The extremely high foramini-
feran density further suggests an enriched, but well oxygenated, bottom

Station Goup J, consisting of three stations north of St. Law ence
Island (the Chirikov Basin) , was distinguished by the dom nance of anphipods
in Species Goups 6 and 40. Wthin Station Goup J, Station 65 (the station
in the group closest to St. Lawence Island) was the nost dissimlar station
in the group (Fig. 3a), due in part to the presence of over 14,000 Ampelisca
macrocephalus /ni at that station. Also, at Station 65, the other two amphi-
pod species of Species Goup 40, A birulai and A eschrichti, were rel a-
tively uninportant. Conversely, Stations 38 and 40 had relatively high
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densities of all three of the amphipod species in Species Goup 40. Station
65 joins the other two stations in Goup J at a lowsimlarity level (26%
Fig. 2a) in the In-transformed cluster analysis. The area within and ad-
jacent to Station Goup J is a region where gray whal es (Eschrichtius
robustus) seasonally feed intensively on gammarid amphipods (Nerini et al.,
1980; personal communication), and where bearded seals (Erignathus barbatus)
and wal ruses (Odobenus rosmarus divergens) al so feed periodically on the
bottom (Lowy and Frost, 1981). Although Station Goup J shows strong af-
finities to Goup Fin the principal coordinate analysis (Fig. 5), these
groups are not adjacent to each other geographically (Fig. 3a). However,
the | ocation of Station Goup F north of the Chirikov Basin and the Bering
Strait probably indicates settlenent of larvae of species transported form
the stations in Goup J to the northern region. Goup Jis also relatively
well separated geographically fromall of the other station groups.

General Features of the Station G oups

An assessment of the biological data in this report indicates that nost
of the station groups, both within and adjacent to the basins considered,
have features that separate them fromall of the other groups. Characteristic
species dom nate in density and bi omass in nost of the groups, and can be
used to describe these groups, thereby making it possible to plan viable
monitoring prograns for each of the petroleum |ease areas. A description of
some of the areas described in this report is also included in Stoker (1978),
whi ch conpl enents and suppl ements sonme of the information presented here.

The station groups located primarily in the deeper waters of the Zhemchug
and Navarin Basin |ease areas (Station Goups A' and B) were conposed mainly
of deposit-feeding organisms characteristic of the nuddy bottom present in
t hese areas (see Feder et al., 1980b). Two deposit-feeding species were
common to this shelf area: the capitellid polychaete Heteromastus filiformis
and the nud star Ctenodiscus crispatus.

The two stations (Stations 73 [Station Goup C] and 74 [Station Goup E|)
wi thin the Zhemchug Basin north of the Pribilof Islands are in waters shal-
| ower than are Station Goups A and B and are also characterized by
deposit-feeding species. These species are nore characteristic of md-shelf
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areas (see Feder et al., 1980b), however: at Station 73, the deposit-
feeding clams Nucula tenuis and Nuculana fossa doninated, and, at Station
74, the deposit-feeding polychaetes Praxillella praetermissa and Glycinde
picta dom nated. The substratumin the vicinity of the latter station is
characteristically higher in sand fractions than are other regions around
the Pribilof |slands (Feder et al., 1980b). A donminance, in terns of

bi omass, of two suspension-feeding species at Station 74 appears to reflect
this difference in substrate, with the sand dollar Echinarachnius parma
(probably al so using resuspended particulate matter) and the clam Serripes

groenlandicus present.

Station Goup D, east of the Navarin Basin, is also doninated by
deposit-feeding species. Again, however, the species differ somewhat from
other nearby stations within the Basin. The deposit-feeding clanms N tenuis
and Macoma calearea and the deposit-feeding polychaete Maldane glebifex are
the nmbst common species present. The inportance, in bionmass, of the sand
dol lar E. parma suggests an increase in sand fractions of the substrate in

the Goup D area.

The stations within the St. Matthew Basin (G oup E) suggest an enriched
depositing environnent. Three deposit-feeding species donminated in density:
t he polychaetes Haploscoloplos elongatus and Barantolla americana and the
clam N. tenuis. The dom nance in biomass of deposit-feeding clams (&
tenuts, M calearea, N. fossa, and Yoldia amygdalea) further indicates the
presence of an organically rich bottom presumably representing a region
at the periphery of the very rich area enconpassed by Station 31 (Station
Goup I). It isinthe latter region that the extraordinary high densities

of the deposit-feeding polychaete Myriochele oculata occurs.

The shallowwater stations (23-40 nm) of the Chirikov Basin are doni nated
by tube-dwel |ing anmphipods, Ampelisca spp. These anphipods are generally
consi dered suspension feeders (probably feeding primarily on resuspended
sediments available after storns) and typically occur where high |evels of
particulate material settle to the bottom Presumably, zooplankters
funnel ed through the Anadyr Strait and detrital particles fromthe Yukon
Ri ver and Norton Sound contribute to this particulate material (see Stoker,
1981) .
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The stations off Cape None (Station Goup A‘) also reflect an environ-
ment where particulate material is settling to the bottom The polychaete
M oculataisvery common here, and the deposit-feeding clam M calcarea
donm nates in biomass. The suspended materials of Norton Sound (derived from
the Yukon River and other rivers within the Sound) presumably contribute
much of the food available to the benthic species of Station Goup A.

Station Goup G (Station 56), located in Bering Strait, reflects the
hi gh-velocity currents and hard substrate present here, by the increase
in dominance of suspension-feeding species: the clam Hiatella arctica and
the barnacl e Balanus crenatus. AN increase in benthic biomass is typically
apparent in the Bering Strait (Stoker, 1978, 1981).

The species that domnate Station Goup H northeast of Bering Strait,
i ndicate the deposition (as a result of loss of current velocity) of materials
funnel ed through the Strait and into Kotzebue Sound. The polychaete M
oculata and the deposit-feeding clams N tenuis and M calecarea are inportant
here. The presence of the sand dollar E. parma al SO suggests an increase
in sand fraction in the sedinment here.

The stations south of the Hope Basin |ease area (Stations 54 and 55)
wer e dom nated by deposit-feeding species feeding on particulate materi al
funnel ed through Bering Strait and deposited in a region where water currents
have decreased in velocity. The deposit-feeding polychaetes P. praetermissa,
G. pieta, and H. elongatus were common here. The suspension-feeding sand
dol lar E. parma dominated in biomass, suggesting that particulate naterial
Is still an inportant conponent of the water colum in this region.

The shal  ow, nuddy stations of Kotzebue Sound, east of the Hope Basin
| ease area, were dom nated by deposit-feeding species characteristic of such
an environment. The clanms N. tenuis, N. fossa, the sea cucunber Cucumaria
sp. , and the pol ychaete Sternaspis scutata were common.

CGeneral Summary and Inplications of G| Devel opment

In general, each of the station groups within or adjacent to the
basin examned in this study had individual species and/or species groups
that characterized and distinguished them from the other groups. In sone
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cases, the simlarities within groups occurred between stations that were
widely separated geographically, e.g. , the 1000 km separating stations

of Station Goups C and F and the disjunct distribution of segments of Sta-
tion Goup B (Figs. 2a and 3a). Although the wi de separation of stations
within groups C and F inplies ecological differences between these disjunct
stations, in general, these station groups delineated by multivariate tech-
ni ques appear to be distinctive enough to also be useful for nonitoring

pur poses. Furthernore, know edge of species conposition within the station
groups makes it possible to assess the ecol ogi cal consequences of damage or
| oss of any of these species within the stations or station groups. Thus,
the deposit-feeding species in the Zhemchug and Navarin Basins are actual or
potential food resources for several bottomfeeding species (e.g., the
Tanner crab Chionoecetes opilio and sone species of bottonfishes), and |oss
of these food organisns could disrupt the trophic systeminvolving these
and other predatory species in the region of the |ease areas (Feder and
Jewett, 198la; Jewett and Feder, 1981). The organically-enriched region

of the St. Matthew Basin |ease area sustains dense popul ations of numerous
speci es of sessile, deposit-feeding organisnms, many of which are of potential
inportance to bottomfeeding predators. No data are available on the epi-
faunal species conposition or trophic interrelationship of species in the
|atter |ease area. However, it is to be expected that such large concentra-
tions of organisms as are found at Station 31 (Fig. 1, Table IX) nust have
ecol ogi cal inportance within the system and alterations of the benthic
biota woul d be expected if any of the species present were negatively affected
by industrial activity. In addition, the high densities (25,000 individuals/nf)
of the tubes of the polychaete Myriochele oculata at Station 31 nust stabi-
lize the bottom sediments of the area to sone extent. Loss of some or all
of these sessile polychaetes coul d destabilize the bottom sedinments, with
subsequent alteration of the species conposition, density, and/or bionass
(e.g., see discussion in Rhoads, 1974). Simlar destabilization of bottom
sedinents could also occur in the Chirikov Basin if severe damage was sus-
tained by the tube-building ampeliscid anphi pods (dmpelisca spp.) present

in large nunbers there, as well as the tube-dwelling polychaete Myriochele
oculata within Station Goup H (northeast of Bering Strait). In the case
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of the ampeliscids in the Chirikov Basin, gray whales depend on these
crustaceans for food during the sunmmer, and depletion of this resource
woul d be critical for the whales at this time; they feed al most exclusively
on their sunmering grounds (Frost and Lowy, 1981). Likew se, damage to
the large bivalve nmollusk populations present in the Chirikov Basin could
negatively affect the bearded seals and wal ruses of the region (Stoker
1978; Fay, 1981; Frost and Lowry, 1981, Lowy and Frost, 1981). The oc-
casi onal inportance of the northeastern Bering and southeastern Chukchi
Seas to bottomfeeding fishes (Jewett and Feder, 1980; Feder and Jewett,
1981a) inplies that the high standing stock of infauna (Stoker, 1978, 1981)
Is inportant to these organisms in those warmyears when the fishes are
able to migrate there to feed intensively. The continued presence of
Chionoecetes opilio, a comercially-fished predator (in the southeastern
Bering Sea) on infaunal organisns (Feder and Jewett, 198la), in the latter
regions also indicates the inportance of sustaining healthy popul ations

of infauna there.

VITT . CONCLUSI ONS

Numerical analysis of van Veen grab sanples collected in 1979 and 1980
in the eastern Bering and southeastern Chukchi Seas identified station groups
(based on infaunal and sl ow noving epifaunal species) on or near four poten-
tial petroleum|ease areas —the Zhemchug Basin, Navarin Basin, St. Mtthew
Basin, and Hope Basin. A prelimnary understanding of the Chirikov Basin
in conjunction with the data of Stoker (1978), also emerged fromthe present
i nvestigation. The present study, although based on collections made on
one occasion at each station, makes it possible to develop a prelimnary
assessnent of the infaunal conposition in the vicinity of the above |ease
areas. As described in the introduction of the present report, organisns of
t he infaunal benthos are frequently chosen to monitor long-term pollution
effects because they tend to remain in place, typically react to long-term
envi ronmental changes, and, by their presence, generally qualitatively
reflect the nature of the substratum Furthernore, the presence of epifaunal
and finfish species of actual or potential comercial inportance (crabs
shrinps, snails, bottomfishes), nost of which feed on benthic organisns
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in the areas investigated, also enphasizes the necessity of understanding

t he benthic biota. Thus, changes in the availability of benthic food organ-
isms (inclusive of many of the species addressed in this report) could
indirectly affect these commercial species.

The data presented in this report, in conjunction with those of Haflinger
(1978), Stoker (1978), Feder and Jewett (1978, 1980), and Feder et al. (1980b;
in press), make it possible to understand the infaunal conposition of each of
the oil |ease areas (each of which is separable biologically fromthe others)
prior to initiation of industrial activity. Consequently, a benthic monitor-

i ng program can now be devel oped for each |ease area, if required, with con-
fidence that a reasonable data base is available to serve as the informationa
core of each program However, it nust be enphasized that nmost of the benthic
bi ol ogical data fromthe region considered in this report is distribution and
abundance information only. Although limted |ife-history data are available
for some bottomliving species (Feder and Jewett, 1978; Feder and Jewett,
1981a; Hood and cCalder, 1981a, b; Feder et al., in press), life-history in-
formation for the majority of these species is unavailable. Furthernore, a
broad spectrum of physical and chem cal environnental data, taken in conjunction
with these benthic biological data, are virtually non-existent (but, see
Haflinger, 1978; Stoker, 1978; relevant chapters in Hood and Calder, 198la, D).
Thus, al though monitoring prograns can be initiated, they can only be based

on the available biological density and biomass data

CGeneral izations, primarily based on multivariate anal ysis of In-trans-
formed density data, are presented bel ow on the benthos in the vicinity of
the petroleum lease areas investigated. A conparison of the summaries il-
| ustrates the uni queness of nost of the biological groups identified in the
eastern Bering and southeastern Chukchi Seas. Each station group is con-
sidered briefly in terns of the major features that characterize it.

1. The infauna of the Zhemchug Basin |ease area was segregated into three
groups — Station Goup B, Station 73, and Station 74 (Fig. 3a).

a. Station Goup B - the stations occurred at depths between 100 m
and 200 m Some stations in this station group also occur in the
Navarin Basin | ease area; these stations are considered when that
group is presented. Mst of the species in the group were deposit
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feeders. The dom nant species (in density) present were the
polychaete Heteromastus filiformis, the brittle star Ophiura
sarsi, the polychaete Maldane glebifex, the cl am Axinopsida
serricata, and the brittle star Diamphiodia craterodmeta, in
decreasing order of inportance. The |eading species in biomass
inthis group were 0. sarst, M glebifex, and the mud-consuni ng
sea star Ctencdiscus erispatus, in decreasing order of inportance.

b. Station 73 -located at 79.6 m this station clustered with Sta-
tion Goup C, but is spatially separated by 1,000 kmfromthe
other stations in the group. Station Goup C is considered bel ow
The station was characterized in density by the deposit-feeding
cl am Nucula tenuis and the deposit-feeding polychaete Sternaspis
scutata, in decreasing order of inportance.

c Station 74 — located at 72 mdepth, just north of the Pribilof
I'slands. The station clustered with Station Goup F, but was spa-
tially separated by 1,000 km from the other stations in the group.
Station Goup F is considered separately bel ow. The dom nant
species, by density, at this station were the amphipod Harpinia
gurjanovae and the deposit-feeding polychaetes Praxillella praeter-
migsa and Glyeinde picta, in decreasing order of inportance.

Speci es domi nant in bionmass were Nepthys caeca (12.5 g/mz),
Praxillella practermissa (3.1 g/nm), and unidentified Foramini-
fera (2.4 g/mz).

2. The Navarin Basin | ease area was conposed of three relatively distinct
station groups -Station Goup A, B, and D (Fig. 3a).

a. Station Goup A —nost of the stations of this group occurred at
depths between 100 m and 200 m  Station 12 of this group occurred
at 103 m and Station 13 was at 78 m both of the latter stations
were close to, and west of, St. Mitthew Island. The dom nant spe-
cies present, in terms of density, was the deposit-feeding polychaete
Heteromastus filiformis; the bionmass doninant was the nud-consum ng
sea star Ctenodiscus crispatus. This group differed from Station
Goup B by differences in species groups (see Discussion and Table
V).
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b. Station Goup B — although this station group is a disjunct one (i.e. ,
separated by Station Group A'; Fig. 3a), its biological features are
relatively simlar throughout. See the description of this group
under the Zhemchug Basin |ease area above.

c. Station Goup D —stations in this group occurred from8l mto 103 m
This group had the |owest nmean density (622 individuals/nf) and the
second | owest mean bi omass (94 g/mz) of all the station groups exa-
mned in this investigation. The dom nant species, in terns of
density and bi omass, were the deposit-feeding polychaete Barantolla
americana and the clam Macoma calcarea, respectively. Station 14,
at 85 mand just northwest of St. Mtthew Island, had a biomass of
34 g/m*. Station 21, at 103 m had the | owest bionass (21 g/n‘) of
the entire station group.

3. The St. Matthew Basin |ease area and vicinity consisted of two station
groups — Station Goups Eand I (Fig. 3a).

a. Station Goup E - the two stations (Stations 26 and 27) in this
group occurred at depths of 35 mand 46 m respectively. The dom nant
species present, in terns of density and biomass, were the deposit-
f eedi ng polychaete Haploscoloplos elomgatus and the deposit-feeding
clam Nucula tenuis, respectively. No other station in any of the
other station groups contained such high densities of H elongatus.

b. Station Goup H - the one station of this group, Station 31, occur-
red at 22 m relatively close to the mainland and north of Etolin
Strait. The dom nant species, in density, was the polychaete M
oculata, with a density of 25,000 individuals/m® An ectoproct
(bryozoan) Aleyonidium diseiforme, domi nated the bionmass at this
station. The high overall density at this station (32,023 indivi-
duals/mz) was the highest value observed at any of the stations sam
pled in the investigation; this high density was prinmarily a reflec-
tion of the large nunbers of the polychaete M. oculata. Large
nunbers of Foraminifera al SO characterized this station; the pre-
sence of such large nunmbers of these shelled protozoans was al so
unique to this station.
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4, The Hope Basin |ease area and vicinity consisted of three station groups -
Station Goups C, F, and H (Fig. 3a).

a. Station Goup C - the two stations (Stations 49 and 51) in this group
that is adjacent to the Hope Basin occurred at depths of 30 m and
24 m respectively. The other station in the group, Station 73, was
in the Zhemchug Basin |ease area, and is discussed with the stations
of that area. The species dominant in density (in decreasing order
of inportance) at Stations 49 and 51 were the deposit-feeding clans
Nucula tenuis and Nuculana fossa and the sea cucunber Cucumaria sp.,
The species dom nant in biomass were Cucumaria Sp., the deposit-
f eedi ng polychaete Sternaspis scutata, and the large clam Serripes
groenlandicus, in decreasing order of dom nance.

b. Station Goup F — the two stations of this group are located south
of the Hope Basin | ease area and just north of Bering Strait; Sta-
tions 54 and 55 occurred at depths of 32 and 53 m respectively.

The other station in this group (Station 74) is in the Zhemchug Ba-
Sin lease area and is discussed with the stations of that area. The
dom nant species, in decreasing order of density, were the amphipod
Harpinia gurjanovae and the deposit-feeding polychaetes Praxillella
praetermissa and Glyeinde picta. The sand dollar Echinarhachnius
parma donmi nated the bionass.

C. Station Goup H- The three stations of this group were northeast
of Bering Strait, and occurred from depths of 13 mto 23 m The
dom nant taxa (in decreasing order of density) were the polychaete
Myriochele oculata, the sand dollar E. parma, and tunicates. The
species dominating in bionass was the deposit-feeding clam Macoma

ealearea.

5. Station groups from St. Lawence Island through the Chirikov Basin to
Bering Strait consisted of three station groups — Station Goups J, A",
and G (Fig. 3a).

a. Station Goup J — the stations in this group are either adjacent
to St. Lawrence Island or within the Chirikov Basin, and occurred
at depths of 23-40 m The domi nant species (in decreasing order
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of density) were the tube-dwelling anphipods Ampelisca macrocephala,
A birulai, and A eschrichti. Ampelisca macrocephala dom nated in
bi omass. Station 65 of Goup J was close to St. Lawence Island

(at 23 m, and differed fromthe other two stations of the group by
having fewer A. birulai and A. eschrichti.

b. Station Goup A* — the two stations of this group are adjacent
to Cape Nome at a depth of 22 m  Species donminating in density were
t he polychaetes M. oculata and Haploscoloplos elongatus and the amphi-
pod Erichthonius hunteri, in decreasing order of inportance. The
speci es dominant in bionass were the crangonid shrinp Argis lar
and the deposit-feeding echiurid worm Echiurus echiurus alaskanus.

¢ Station Goup G- consists of a single station in Bering Strait at
a depth of 52 m Both the density and bionass at this station were
relatively high, with values of 1,933 individuals/n’ and 635 g/n’,
respectively. Species domnating in density were the boring clam
Hiatella arctica, the sea urchin Strongylocentrotus droebachienstis,
the deposit-feeding polychaete Asabellides sibirica, and the barnacle
Balanus crenatus. This was the only station with high densities of
H aretica and B. ecrenatus. Hiatella arctica dominated the bionass.

Know edge of species conposition within the station groups delineated
by this study makes it possible to make a prelimnary assessment of the
ecol ogi cal consequences of damage to or |oss of any of the food species within
the stations or station groups. Many of the common, deposit-feeding in-
faunal species in the Zhemchug and Navarin Basin |ease areas are actual or
potential food resources for bottomfeeding species such as the Tanner crab
(Chionocecetes opilio) and bottomfishes. Loss of any or all of the benthic
food species as a result of industrial activity or petroleum contam nation
coul d seriously disrupt the trophic systeminvolving these species. The
dense popul ations of infaunal species in the vicinity of the St. Mtthew Basin
| ease area consist of many species comonly taken as food by epibenthic pre-
dators el sewhere in the eastern Bering Sea, and damage to | arge segnents of
this food reserve could negatively affect as yet unknown biological inter-
actions in the area. The dense masses of tubes of the polychaete Myriochele
oculata in the area just north of Etelin Strait and Nunivak Island stabilize

70



the bottom sedinments of the area. Loss of, or damage to, a |arge segment of
thi s polychaete popul ation woul d destabilize the bottom sedinents, conse-
quent |y causing a new conpl ement of species to be established. Cbvious ecol o-
gi cal changes woul d be expected in the latter area if such damage occurred.
A simlar change of the bottom structure would be expected in the Chirikov
Basin if major nortality of , or damage to, the extensive ampeliscid anphi pod
popul ations present there occurred. In the latter situation, alteration of
bottom structure with concomtant ecol ogical changes are to be expected.
However, a far nore serious consequence of destruction of nmajor portions of
t hese anphi pod beds woul d be manifested by the loss in food available to the
| arge popul ati ons of gray whal es (Zschrictius robustus) dependent on these
crustaceans for a major conponent of their sumrer food. Danmge to the bi-
val ve populations in the Chirikov Basin via petroleumor other industria
devel opment would affect an inportant seasonal food supply for bearded

seal s (Erignathus barbatus) and wal ruses (Odobenus rosmarus). The high
bent hi ¢ bi omass | ocated south and southeast of the Hope Basin | ease area
conprises a food reserve available to the resident Tanner crab and to

transi ent popul ations of bottonfishes and marine manmal s that periodically
nove into the region for sumrer feeding activity. The area is relatively
shallow and could be readily contam nated by petroleum fractions. Damage

to or loss of the high standing stocks of benthic food organisns in the

Hope Basin | ease area could be detrinental to the predatory species that
frequent the region. It should be enphasized that both the Tanner crab and
the transient bottonfish popul ations here are operating near the northern
limts of their range, and alteration of any aspect of their environnent
could seriously affect their survival in the northeastern Bering and south-
eastern Chukchi Seas.

Avail ability of many readily-identifiable, biologically well-understood
organisms is a prelinmnary to the devel opment of nonitoring prograns. Sizeable
biomasses Of taxonomically wel|-known annelids, mollusks, crustaceans, and
echi noderms were typical of nmost of the stations, and many of these taxa
were sufficiently abundant to represent organisns potentially useful as
monitoring tools. Some aspects of the feeding biology of these benthic
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organi sms are known or can be surm sed, based on a know edge of the same

or simlar species elsewhere. However, other aspects of the biology of
these organisns are poorly understood, although limted data are available
for bivalve and gastropod growth as well as know edge of reproduction and
recrui tnent biology (see selected chapters in Hood and Calder, 1981a).
Hopeful Iy, future investigations in the study areas will clarify some of the
more inportant aspects of the biology of the dom nant benthic species; this
i nformation would increase the reliability of future monitoring programs for
the eastern Bering and southeastern Chukchi Seas.

Initial assessment of all data for the study areas suggests that: (1)
sufficient station group uniqueness exists to permt devel opment of nonitoring
prograns based on taxen conposition within groups, using grab sanpling and
selected statistical techniques, and (2) adequate nunbers of biologically
relatively well-known, abundant, and/or large (in biomass) species are avail-
able to permt nomnation of likely nmonitoring candidates for nost of the
Basins if oil-related activity is initiated.

Ix. NEEDS FOR FURTHER STUDY

Wth respect to this study and t0 previous benthic studies in the Bering
and Chukchi Seas, we feel that the follow ng questions and conments need to

be addressed in the future:

L. What is the seasonal variation in density and biomass of infauna in
the areas exam ned?

2. Wth regard to the tenporal variation referred to above, what are the
life histories of the most inmportant organisns (in terns of density,
bi omass, and/or act of pronoting stability of the benthic environnent)
in each species group?

3. \What are the nost inportant species involved in trophic interactions
with known and/or potential conmercial fisheries species in the Bering
and Chukchi Seas?

4, Are there specific stages in the life histories of the nmost inportant
infaunal species that cause themto be very susceptible to effects of
oil and/or industrial devel opnent?
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Due to the extremely high species diversity (up to 85 taxa exam ned/
station and an average of 44 taxa/grab overall), abundance (up to 32,000
i ndi vidual s/station and an average of 1,660 individuals identified/
station, yielding approxi mately 80,000 individuals identified overall),
and biomass (173. g biomass/station), we were unable to analyze as

many stations as we had originally planned, based on our best estimates
of time available fromearlier work in the southeastern Bering Sea and
el sewhere (with attributes at nost 60% of those discussed above). Hence,
we anal yzed all stations in the higher-priority (Navarin, Zhemchug, and
Hope Basins) |ease sale areas, but only analyzed selected stations in
the lower-priority (St. Mtthew and Chirikov basins) areas. Conpletion
of analysis of sanples in these latter areas would greatly inprove our
characterization of the infauna in these areas for future studies, thus
allowing better nonitoring of the infauna in these regions.
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APPENDI X A

LI ST OF ALL TAXA | DENTI FI ED FROM THE GRAB SAMPLES TAKEN APRIL 1979
AND MAY-JUNE 1980 I N THE EASTERN BERI NG AND CHUKCHI SEAS

Biologically inportant taxa (BIT) are shown by
crosses (x) under the appropriate criteria

Criteria:

1. Taxon occur in 50 percent or nore of stations

2. At least 10 percent of individuals at some stations

3. At least 10 percent of wet biomass at sone stations

4. Abundant with respect to number of individuals at sone stations
5. Abundant with respect to total bionass at sone stations
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Figure 9. Dominance-diversity curve (density)} calculated from Station Group D.
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Figure 11.



STATION GROUP E - BIOMASS

[} QQ.IQ‘Q"‘Q..Qﬂll’ﬂ‘Oilﬂﬁﬂllll"ﬂ.I.lllll-&‘ﬂ.ilIII‘Q...‘I]!.Qo. Oocffte R RERRCOBR ARCR e cofy o

DOMINANCE = DIVERSITY CURVFS

]
g
-
%
o

3.0

000000000 [ sessxesansexans (0000000000 © s4saksennnx
X
X
E3
X
X
X
X
X
X
X
X
»
X
X
]
X
X
*
X
X
X
X
X
*x
]
*
x
=
>
x
b3
X
X
>
X
X
X
X
X
x
T PR R Y R R Y 2 RN T T Z R S R SR R L RS 2 2]

-

[

+
.
~N

g 8 ° 8 o o
~

o o o~ «©

o
(-] < (-4
' t ]

-CC ~C 3w BW—CI - SaAEV METER//QQ ~N

-
o

-
o
1

CRRBERRD o0 o e RE WO x oo BB o oo oRx R,

30

0l ¢RoRRARRFORNASE o e RANBRRRE G RRER cARRRIBBRRRERAR L ATRRANIESR

-3 0
[ 1Y

50

40

20

10

INDIVIDUAL TAXON NUMBER

PLOT VALUE

DATA VALUE

TAXON NAME

TAXCGN NO.

DBDO OOME D=4 OONO WO N O O O 000 ~s D NN NN O ORI~
N0 D> DD O NN =M F P OO N OO O-0 O MONIN D D DNV
Of~ 3 ¥ 0 QDN Mt SO O N AL NN DD 0N O QO et st NN FN DO OONO
$ 9000000008000 05 00880000 00dEste00RsRNORARNCOIDES
Nt~ OO 0000000000 Q0CO0000 NP

R R R U U I T 2 I IO O O O ]

OO O F NN NN 00 F V0O F N F B0 OD DD F NOO T FNO P FDRON

Ot T = T OO NI F U0 80O MNP NN TN O @ P P~ DO MANNINO OO O

Laelints £ Lt AR A i g b gt o N (=lelelololololelololololulololel-]

S R 0SS VBNV PRIV V00BN OINTREBERSRAANRSEIRNeS
N

-

() < -~
> nv - o
- v w - < N
< —— X X A U
O T < c XaX < | g - X
=z xxxE x - wC C+= - bl Lod e clL
(= TVITH - |t L ULP) gL e Ve Zz C«
- =0 v Z DWW =KD U ey < >
g - W X Chees Uil sqealweQC - WC
o« Wil - [+4 D W=Zdu =TuC<=XieNC =E WZ OM
W IDNL DN W <ZO LOCO» UWUZONE=~OU -~ W <«

.o ..
|.23‘567590123.567890‘234557890123“&&7.&9-0-
rtrd Nt e S SN NN NNUNNNNMMM MMM nm S

Dominance-diversity curve (blomsss)} calculated from Station Group E.

Figure 12.

110



- DNSTY

STATION GROUP _
B N Y T T T R T I T TR T PE P TS ST RN T 0 PO PO SRREL N 2L SR RELEL ELEEEL LA REEEEL L EEL L ELES

mOM‘qugz « DIVERSITY CURVFS

.o

Txx @ xxxxxxxxxxxVrxxx OQMMEIEARGIVNAXX S Xix pp gME ok KX
X
»
X
k3
X
X
X
X
X
X
X
X
X
*
X
X
X
X
X
X
X
X
X
»
X
X
X
X
X
X
E
X
X
X
X
X
X
X
X
]
X
X
X
E]
*
X
X
»
=
@ 00000000000000 sMERERERRIEEET S ARERIKKER XA KB XXX &K
~ < - o ] ~ o w mn
N N o~ -t -t - o o o

gu

-~C ZZOECua IWr-we xx N

BEBRIARARREGRE L8 cRARAERBIRRRRERARB I ERARER R »

PRARRARRAAR G ARERRARARC AR HRERARRR G RANRR LB R R RERDRAERERAERPS

50

40

30

20

10

INDIVIDUAL TAXON NUMBER

PLOT VALUE

DATA Vv elOE

TAXON NAME

TAXON NO

S00000000O

OM—QNNE =03 NPT NN 2 0000 0 OO OO OMMMMMMMo
O MININM O@OMNMOC 0O T OO $INNMOONININOOT T IR~ O0000000000 0N
W MM N e O O OO ~000 WANMIMIONINN COOQOQOQOT OGN
00 008 0 0020008000800 PRESITCERIGSCPOIEOISIPOPIOIOEPVPPIIOPORIREBERIOIBGEDS

00000000

000000000000 000000 00000000000 C0oe 00000000000000 0
CO00000COCU VW Iy $o000000000000000000
000000&%%00%0@000000.OJTOOODOOOOOOOOOBOODOOOOA%¢CCCC

646400 0°o 0000° [CEY] vu U

2322 RRRENARSCANDOQE F 0L QOVDVO 0T Y, I NNOQOOERSH BN
IO O ot oot ot Lalalalol

<

< [ -

v = [ond <

2 < = < L)

- — v. X W < =

X Va aqw C atag v x U bl z v < 3 —
L ZZVv X~ v CEr-- e o - -a = 2C v U oA —
quw Ca’Zar-<a - waad g w e = i - C— «5 ) = Fu
> Uy My A Z X =X = Z X JCRX Qo =NV - Sl
Clh We—ayCr > ~ACEHAC WXZ AV UV W= OOl =qr =, W
g [« Pl WITH E e FWZe= COUme =yl Zombll =0 XXV T ZWSE
AX AN DI XX =AW= Tl 212 A2 O =—WIUX D= Wok-0
=Sa=CIULFUSOCUNX bt~ XX-eNdludg—qdl—dZ 40 U SUNnCEddg

o UdCRQZar-— V=~ LAUSIET~NCLZVEDY CUNUAEICUNC e W
Za—~a IF4ASE «V.°Z« FaVIQwCaa o U SSWiU ST o 2omMX oo

ol L b= O L) oL o o
EE4>0axEAVOCY CE== IV J0C-A=00y Vg uauo-
A JLCIEXITL > WA ~CUULKET WS CCWE >N Dl et
IToavIcaaawaE VO CUVIZVZCUZIUHUSIXZISZOEO
M BN T | O DN o kit & .I...:-rb. SO NN e D o Gag |
" . 33333353333#6.‘4“ QQ“W“

Dominance-diversity curve (density) calculated from Station Group F.

Figu— 13.

111



STATION GROUP F - BIOMASS
01 oRRORNRERE NI RBRADNOh B K RRLRARBRERN RS B ARRDARRRCARRRR AR R RAREABAR R R ARA SRR AR RIRREN IR A G h AR AR NSRS

-

SITY CURVHS

DOMINANCF « OIVER

3.0

»

c

9
3
N

R R Y

KEREL AR ER oK 000

(=]

[13%

o
. .
o~

=C¢ ~C 3w

k1ol d

X X XX

- o Q b=4
ﬂ 0 0 0

w
. 3 .
o

0
-0.2

CogIEY. ~ ZF-Wa & ~N

XS REL I AL RS ERIY SIS RS SIS RS R ANTI SIS Y S ¥

XXX

XXX X

O0O00O00 oAk RAX R+ R KRR kK

=4
(=]

w
°
]

»

XX, %y X

X
BRGHABAERNAR S RARARR IR RS AARD cRER o RARARARER  HRRRRNERToRRAARRARR R o« # RS

*e

Ol eRaafftRatie 8 Ooeocks & RESNR

0.

-1.0

S0

40

30

20

10

INDIVIDUAL TAXON NUMBER

PLOT VALUE

DATA VALUE

TAXON NAME

PP P d O o O rb i @ o OO GO O M0 DA F 00 DN sl O el NN N QNN O O N OO DO O -
DGO IO = F O MM OO et O e (D QRO DN AT O O O P~ WP O F ~ 1N O O
WA F it et QOM DN F F OO Q O Q et mt NNNINA NI F F IVIDNINNIAIN O O DO (D D0 0 WD 0>
eassces ses 00800000

At mtrt ittt D OO O QO OO OO COOOO0QCTOVACVOVOOVOTVODOOOVOCOO0O00
(AR AR R R R I i 2 I B I I B I B B e A B Ay |

GO0 O ONF VOO OCOND P NDDD NOF OONG O NG QW NI NNE D3 NTFDRONDN S
MOAN~I DO P DING MNP = F GO F NG DT N G P07 = OO D DNNOODENE F Framey

OGP~ DN T T~ -2 0 O DN OO DT 0 DU UUNN F 3 VMM MO VNI,

000200 QORI PPENCEROBBNN V0NN 0000CCGESIAIINIONAIRAGERETERIOITOTDYS
NN EIN G S MO Nt O 00 0 000000000 0000000000000 D0000
NN =il oot ot ot
"

<
<= N
(122 ¢ - v
[Tl el o N < < e
ot 1] Z - w EUm—

a UXEC via W o « « < « [ < U z [* { gl
T - 2 K-« = I X (=4 = WL o CCxE
x Cu.e— SCe QC qaQ T e Lod I CLObek = € L2
L = AN ~=NCJ - U & €. a LV e Q@ UX—aC
avi<uc CCLZ ACUL CaU =0 ety g - AR o e

Il =2 L e ETC LrCaAviCo=- CZ & Zh el ULreZ

2o it SRS CWIZ WU =S IC T e AT CDIO@—~Z el

0Pl

HNMNINOSDRO~NUMCVNONDRO=NM NI O OO =NMINOMD AOmANMN S NON BMO
o T HSNNANNNNNNN MMM MMD MMeEdd TS a0

Domipance-diversity curve (blomass) calculated from Station Group F.

Figure 14.

112



xxxrr @ weoooooooeeeet © a9y _ _ _ ¥ ¥ ) o ¥ x ¥¥X¥ hahd

oo oWR.HERMe ..Mk B oty ool o ..

- - ARER RR

STA-ION GROUP G _, DENSITY

-V CURVF.
Mook Booo ol RMoooor x HMRAE g e RAR MARRRLERRBRRE Ry N RARNR

‘oM =F _ OIVES,

o
m

X

~
~N

L 4
~N

X

=C¢ ~C ZZICwx ~ ZEwphwoe s o

CRERE O EX W

.
X R I R R E R R R R R A R A A RS R EEE SRS R E RIS REEE S

o e MAENHE o oMt o ot Mmoo Nl xx FikoMoxx Rk oMM R

-ae

e R K e Beoe

ORDER x B Foxx Rk e RMORA: R« Mo x HitR

40

32

24

16

(=21

INDIVIDUAL TAXON NUMBER

PLOT VALUE

DATA VALUE

TAXON NAME

A< N NO.

& O $ NN D INOININ D OF F F AMMN MMM mEmmmey
= N 0 NN O NI N AN N O ININEI NN A NN N NN N
OO O DDA < MM AN ot = GO D @R AN NI N NN
P40 0 000008 B TR EPPEOLISUIIOEERROILTS
e [=lalelalelolelotoletalololle[o]

o VNP O or-r " »

L e
OO DO HNEMM O M Mo
B 9 0 EEESEPIDN0BDICNEINOODINENVIESS
O MNMNG O MO MO0 O O OO 00 MM MMM M MMmme

—ON D F NN st et bt et

piy OO y

L]
X
v < =
= oo X
b - w [a) [
w < = - -
o o v <\ ca o FTUNiel v
“ - qgs —Z CcCZ v X Z=ZXe U=
- =t 4AC ag 2 w =ncwo qaCr—
ax —a Z wy - W «Z2aCZd UZ.
hatonl =) [ g == o LY e
VULDOL CALZTe2ZW gaxdad VLo~ .C Lo
ool DW= ARE“¥ e ZL=NZ D ==t

= XOC VLTIV e Zeii s -y
U ZCSmqeidd Iy IO aIVn UVCUNaIn
Ve C_E0—X OF2D=dgqd U DU Causwae-oI30TwW

ANMe NOMDBO0 Lymg e FO~NMED oo "
W eteese AN QNN NN M MM

a
Q
1
2

Dominance-diversity curve (density) calculated from Station Group G.

Figure 15

113



STATION GROUP G - BIOMNASS

FRIIKKXKAKKAKIXKAKAL JARANARARN e FRARBR, FFF FXFFrTkhk prdkrds

DIVERSITY CURVFS

kkkkkhkhkhkhkkkhhkkkk

oomM1 NANCF -

* kK k ok

KKK kK|

0l

3.0

BRI EOIB IR S PUE Pt Rt AR IR AR B IARRN BN o IR D
1]
[
1]
1
1
1
1
1
1
1
1
1
1
1
1
1
H X
! X
1
X
1
1
1
1
1 X
1
1 >
1
1
1
1
| X
1
1
H X
1
1 >
1
1
I >
1
i X
1
X
X
X
X
X
X
X
X
X
X
X
X
JORS
1
<
> 1
1
i
X 1
X i
1
1
=< 1
1
> 1
1
i
=< i
i
> 1
H
HEXB I E AR ARKRE RS CUKBR SR EE O e o oo ooe Moodoosos koo
— - - o o i i i
o (=] o o o o o o
M @ o~ © © o~ © <
o~ - — o o ) - — N
: \

=C¢ ~C Zuwk BW—CIFk CagEV N~ -k %

Khkkkhkkkhhkkhhkkhhkk ok k&

kkkkhkhkkkhhkkhhkkkhkk

24

kkkkhkhkkhhkkhhkkhkk

CRANRBRERR G RABRERARN S RRRARRRRR L RRARRERN SR AN

-3.0 01

o

4

32

16

[+ )

INDIVIDUAL TAXON NUMBER

PLOT VALUE

DATA VALUE

TAXON NAME

TAXON NO.

. R e -0 we . .88 . o . .8 . @
512421hl;l000Ooonﬂwuuoonnhﬂxuyguuooo
N )Pt e
o~

x

N n =

n e = @
= Eu, < - -
<Ua [=i¥ <Ig - o N
- Ca o «ACKZ2 E 2 V. e o
L O = = e W C 2O wag
=S q W Q€ S LZ I C @ - uw2uz
bl L £ SO e Q@ W i

5
UANLRIAOAANE'NPER —ISIAlthFp
TTAN]RFﬁUR£¥INAEOT€EgAS[TTHuRA]S
PR Sk RN LR
i Z =S Al —_t - AV by
I EVI—USXAYELI-Cu Q UILCOKHU mc Z

.. RS .

 NCTFLO IT-C0T3 © #= NI LI 00 TS INMI R KOO G S
4 o e e IO 8 NI IR GO

Pigure 16. Dominance-diversit y curve (biomass) calculated f r om Station Croup c.
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Figure 17. Dominance-diversity curve (denaity) calculated from Station Group H.
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Dominance-diversit y curve (biomases) cal cul ated from Station Croup H.

Figure 18.
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Dominance-diversity curve (density) calculated from Station Group I.

Figure 19.
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Fi gure 20. Doni nance-diversity curve (blomass) cal cul ated for Station Croup 1.
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Dominance-diversity curve (blomass) calculated for Station Group J.

Figure 22.



