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ABSTRACT: Benthic faunal abundance, diversity, and biomass were examined in the northeastern
Chukchi Sea to determine factors influencing faunal distribution. Four taxon-abundance-based benthic
station groups were identified by cluster analysis and ordination techniques. These groups are
explained, using stepwise multiple discriminant analysis, by the gravel-sand-mud and water content of
bottom sediments, and the organic carbon/nitrogen (OC/N) ratio. In contrast to previous benthic investigations in the northeastern Bering and southeastern Chukchi Seas, faunal diversity between inshore
and offshore regions in our study area were not related to differences in sediment sorting. Instead,
regional diversity differences in the northeastern Chukchi Sea were related to greater environmental
stresses (e.g. ice gouging, wave-current action, marine-mammal feeding activities) inshore than offshore. The presence of a high benthic biomass north of Icy Cape in the vicinity of Point Franklin and
seaward of a hydrographic front is presumably related to a n enhanced local depositional flux of particulate organic carbon (POC) in the area. We postulate that POC-rich waters derived from the northern
Bering and northwestern Chukchi Seas extend to our study area and the flux of the entrained POC provides a persistent source of carbon to sustain the high benthic biomass. Annual POC enrichment of the
coastal region north of Icy Cape is reflected by the great abundance of amphipods and other invertebrates present there and the concentration in summer of walrus Odobenus rosmarus djvergens and
gray whales Eschrichtius robustus that feed on these invertebrates. This study demonstrates that there
can be high standing stocks of benthos in arctic regions with relatively low annual primary production
if local carbon is augmented by POC advected from highly productive areas.

KEY WORDS: Benthos . Community structure . Biomass . Bottom front. POC advection - Multivariate
analysis . Arct~c. Chukchi Sea

INTRODUCTION

The relative importance of environmental factors
in shaping benthic systems of continental shelves
can vary widely (Coull 1977, Tenore & Coull 1980,
Postma & Zijlstra 1988). Among the various environmental factors, primary production can have a major
shaping role because of its importance in determining the amount of food available to the benthos. In
high arctic continental shelves primary production is
generally low (Subba Rao & Platt 1984), and is typically reflected by reduced yearly input of autochthonous particulate organic carbon (POC) to the benthos. This low primary production is a result of
O Inter-Research 1994
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extensive yearly sea-ice cover which imposes light
limitation, prolonged and strong vertical stability of
the water column and low nutrient supply (Dunbar
1968, McRoy & Goering 1974, Nemoto & Harnson
1981, Subba Rao & Platt 1984). Consequently, on
those arctic shelves where the supply of POC is low
and derived only from local primary production, benthic abundance and biomass are reduced (Thomson
1982, Grebmeier & Barry 1991). This implies that, in
the arctic, for the maintenance of a high benthic
abundance and biomass it is essential that a n adequate allochthonous source of POC be available. The
relationship between benthic abundance and biomass, and differences in the source of POC (both
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allochthonous and autochthonous) is well documented for the northeastern Bering and southeastern
Chukchi Seas (Grebmeier et al. 1988). In the adjacent northeastern Chukchi Sea, characterized by
considerably lower primary productivity (Parrish
1987), the benthos has not been examined in the
- , Beau
context of the source of POC. The transport of
nutrients and POC from the Bering Sea to the southeastern Chukchi Sea is described by Walsh et al.
(1989a, b ) , but the importance of these advected
nutrients and POC to the benthos in the adjacent
northeastern Chukchi Sea is not known. Much of the
initial pulse of water-column primary productivity on
the shallow shelf of most northern Alaskan waters
remains ungrazed (Cooney & Coyle 1982, Walsh &
McRoy 1986, Grebmeier et al. 1988, Dunton et al.
1989, Springer et al. 1989). The sinking of ungrazed
phytoplankters, as well as POC advected from more
southerly waters, would b e expected to enrich the
benthic environment of the northeastern Chukchi
Fig. 1. Location of the study area (cross hatched) (from Feder
Sea. =his conjecture is supported for the northern
et al. 1994)
portion of the latter area by the presence of high
standing stocks of amphipods and mollusks in excess
STUDY AREA
of that to be expected based on local carbon production (Feder et al. 1989, 1994) and the annual return
The northeastern Chukchi Sea (Figs. 1 & 2) is relaof feeding populations of walrus Odobenus rosmarus
tively shallow with an average depth of 50 m. Although
divergens and gray whales Eschrichtius robustus (Ingham et al. 1972, Fay 1982, Davis & Thomson 1984,
the bottom is generally smooth, there are several
Clarke et al. 1987, Phillips & Colgan
1987).
74' N
Numerous publications on distribution and biology of the macrobenthos
in the northeastern Chukchi Sea are
73'
available (e.g. MacGinitie 1955, 1959,
Filatova 1957, Sparks & Pereyra 1966,
Ingham et al. 1972, Hoberg et al.
72'N
1980, 1982, Phillips & Reiss 1985a, b,
Phillips & Colgan 1987, Jewett 1988a,
b), but only Stoker (1978, 1981) and
Feder et al. (1994) include quantitative information. The study in the
northeastern Chukchi Sea reported
70'N
here expands a quantitative benthic
data base available for the north
,,o,
Bering and contiguous southeast
Chukchi Seas and the adjacent Beau68' N
fort Sea (Carey et al. 1974, 1984,
Stoker 1981, Feder et al. 1985, 1990,
Grebmeier et al. 1988, 1989). We examine the distribution and dynamics
660
of lithological and benthic facies, and
the relationships of benthos to sediment and water-mass characteristics
65'N176' E
l6dn W
17Q0X
17;'
W
16;' W
161' W
166'
15;'
and marine mammals in the northeastern Chukchi Sea.
Fig. 2. Bathymetry of the C h u k c h Sea (from Feder et al. 1994)
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important bathymetric features which influence the
flow and distribution of water masses. Water mass
properties of the Chukchi Sea are discussed by Coachman et al. (1975), Johnson (1989), Walsh et al.
(1989a, b), and Weingartner (1993, unpubl.). Chukchi
Sea waters reflect advective and in situ processes, with
the most important of these being the northward
advection of waters through Bering Strait. This flow
bifurcates offshore of the Lisburne Peninsula. The
northwestward branch transports Bering Shelf Water
(BSW) through the Hope Sea Valley with a northeastern branch of BSW flowing along the east flank of
Herald Shoal (Feder et al. 1994).The BSW entering the
Chukchi Sea is characterized by low temperatures
(-1 to 2"C), high salinity (>32.5%0)and relatively high
nutrient and POC concentrations (Grebmeier et al.
1988, Walsh et al. 1989a, b). In summer and fall,
a northeastward-flowing branch forms the Alaska
Coastal Current (ACC) which consists primarily of
Alaska Coastal Water (ACW). This water mass, which
is heavily influenced by the Yukon River and numerous smaller drainages along the Alaskan coast, consists
of relatively warm ( > 2"C) and less saline (< 31.8%")
water, with a high sediment load (Burbank 1974), but
low concentrations of nutrients and POC (Grebmeier et
al. 1988). A third water mass, Resident Chukchi Water
(RCW),is either advected onshore from the upper layers of the Arctic Ocean and/or is ACW and BSW remnant from the previous winter. A bottom-intersecting
front paralleling the 30 and 40 m isobaths is typically
observed in summer and fall (Johnson 1989, Weingartner 1993). This front extends northward from the
Lisburne Peninsula to about 71" N and then swerves
eastward toward Point Franklin. ACW lies inshore of
the front while BSW and RCW lie offshore and to the
north of this front. Because ACW is less dense than
BSW or RCW, it may also occur at the surface and offshore of the bottom front. Coachman & Shigaev (1992)
and Whitledge et al. (1992) speculate that a fraction of
the water flowing north along the Lisburne Peninsula
is ultimately derived from the vicinity of Wrangel
Island in the northwest Chukchi Sea. This highsalinity, nutrient-rich water is advected into the southeastern Chukchi Sea by the Siberian Coastal Current.
They suggest that nutrients within this current supplement those derived from the Bering Sea to enhance
annual primary production in the southcentral
Chukchi Sea and contribute POC to the northeastern
shelf. Occasionally, upwelling occurs along the northeastern margin of our study area from Icy Cape to
Point Barrow (Wiseman & Rouse 1980, Johnson 1989,
Aagard & Roach 1990) and may also occur at the shelf
edge (Weingartner pers. comm.).
All sediments are very poorly to extremely poorly
sorted. The inner shelf between Point Hope and Point
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Barrow is carpeted by relatively coarse sand and
gravel. Further seaward are predominantly muds containing minor proportions of gravel and sand (Naidu
1988).With the exception of a few disjointed polynyas
within the inshore region (Stringer & Groves 1991),the
Chukchi Sea shelf is covered with sea ice from November through June (Phillips & Reiss 1985a, b, Carey
1991).

MATERIALS AND METHODS

Bottom surficial sediment and macrobenthic samples
were collected August to September 1986 with a 0.1 m 2
van Veen grab. Station locations were selected on the
basis of known variations in sediment types (Naidu
1987), bathymetry (Hill et al. 1984, Phillips & Reiss
1985a, b), and mean ice position in summer (Grantz
et al. 1982).Depths of stations ranged from 18 to 51 m.
For the collection of suspended particles in nearbottom waters, 1 l water samples were retrieved from
Niskin bottles attached to a CTD system and programmed to obtain samples at 5 m from the bottom.
Nutrient and dissolved oxygen samples were taken
from the water column August 1990.
Bottom sediment samples were collected at 45 stations (Fig. 3), and analyzed for grain size parameters
according to Folk (1980). Water content, by weight, in
gross sediments was estimated to get a measure of
sediment fluidity, an important parameter affecting the
benthic habitat (Boswell 1961).One liter of each Niskin
water sample was filtered through pre-weighed Nucle-

Fig. 3. Station locations in the northeastern Chukchi Sea where
geological and biological data were collected

Mar. Ecol. Prog. Ser. 111: 171-190. 1994

pore filter membranes (pore size 0.4 pm) for determination of suspended matter. Organic carbon (OC) and
nitrogen (N) were analyzed on carbonate-free samples
of bottom sediments, using a Perkin-Elmer Model 240B
CHN analyzer. The precision of the OC and N analyses
was better than 8 %. OC/N values were computed on a
weight to weight basis.
Nutrient and dissolved oxygen samples were collected in August 1990 at 28 stations with a CTD/rosette
sampler at approximately 5 m intervals throughout the
water column. Nutrient samples were analyzed within
1 h of collection with an Alpkem RFA chemical analyzer using standard analytical methods (Whitledge et
al. 1981).Dissolved oxygen concentrations were determined on all samples by standard Winkler titrations.
Five replicate benthic biological samples were collected at 37 selected stations (Fig. 3). Samples were
sieved on a 1.0 mm mesh screen, fixed in 10 % buffered
formalin, and animals identified, counted, and wet
weighed. As in other benthic biological studies (e.g.
Grebmeier et al. 1989), organisms collected by grab,
and subsequently used in analyses, included slowmoving surface dwellers and small, sessile epifauna.
Highly motile epifauna such as large gastropods,
shrimps, crabs and sea stars (except the infaunal
sea star Ctenodiscus crispatus) were excluded from
analyses. Wet-weight biomass values were converted
to organic carbon biomass using previously verified
conversion values (Stoker 1978). The carbon conversions permit comparisons of biomass between stations
by reducing the influence of calcium carbonate in
mollusks and echinoderms on total biomass. A statistical comparison of carbon biomass at stations north and
south of the identified bottom front (Johnson 1989)
consisted of t-tests utilizing SYSTAT (Wilkinson 1990).
Diversity (Shannon: H'; Shannon & Weaver 1963)
and dominance (Simpson: D; Simpson 1949, Odum
1975) indices, and species richness (Margalef 1958)
were calculated. Data used for classification and ordination of stations consisted of taxon abundance values.
Station groups were identified by hierarchical cluster
analysis. The Czekanowski coefficient was used to
calculate similarity matrices for cluster analyses (Bray
& Curtis 1957, Boesch 1977).Since the latter coefficient
emphasizes the effect of dominant taxa on classification, logarithmically transformed [In ( X + l ) ] data were
used. Principal coordinate analysis (Gower 1967, 1969)
aided interpretation of the cluster analysis (Stephenson & Williams 1971, Boesch 1973, Probert & Wilson
1984). Fauna were categorized by trophic groups according to Jurnars & Fauchald (1977) and Grebmeier et
al. (1989).The mean percentage of each trophic group
within each station group was calculated. Values for
each trophic group were compared by l-way ANOVA,
and multiple comparisons were performed with the

Student-Neuman-Keuls test using a statistical package
(SigmaStat;Jandel 1992).
Stepwise multiple discnminant analysis (MDA),
using a BMDP7M program, was applied to biological
data to correlate station group separation by cluster
analysis with environmental variables. Analyses were
performed using physical oceanographic variables
(salinities and temperatures of surface and bottom
waters), sediment variables (sediment water content,
size composition, mean size and sorting, organic carbon and nitrogen, and OC/N ratio) based on either dry
or wet weight determinations. Percentage values for
sediment variables were arcsine transformed. Additionally, MDA was performed to correlate regional
separation of benthic fauna by biomass with oceanic
variables (depth, surface and bottom-water temperature and salinity, and current velocity). MDA has been
used elsewhere and in the northeastern Chukchi Sea
to test a biological model (e.g. benthic station groups)
with environmental parameters (Flint 1981, Shin 1982,
Weston 1988, Feder et al. 1994).

RESULTS
Sediment composition
Sediments were typically very poorly to extremely
poorly sorted (Appendix I). The distributional pattern
of sediments closely conformed to that described by
Naidu (1988) for the northeastern Chukchi Sea with a
trend of seaward fining of sediment types from gravel
to muds. However, within broad lithologic units identified, a mosaic of different sediment subtypes occurred.
At shoals within the outer shelf (e.g. Hanna and Herald
Shoals) erosional lag deposits comprised of poorly
sorted gravels occurred surrounded by muds.
The suspended sediment concentrations 5 m above
the sea floor (BWSP) are shown in Appendix I and the
distribution depicted in Fig. 4. There is a concentration
gradient in the suspended particles within the nearshore region. In the vicinity of Herald and Hanna shoals
(see Fig. 2) the concentrations of suspended part~cles
were relatively high. The concentrations of OC In bottom sediments are shown in Appendix I and their distribution in Fig. 5. Highest concentrations of OC and N
(Appendix I) occurred at stations northwest of Point
Franklin and at 4 stations northwest of Point Hope.

Nutrient and oxygen distribution
Since carbon derived from primary production originates in the upper water column, the distributional
patterns of nutrients and dissolved oxygen can be used
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values in the nearshore waters south of 70" 30' (Walsh
et al. 1989b).The high nitrate concentrations are associated with mixtures of Bering Shelf Water (BSW) and
possible Siberian Coastal Water (Coachman & Shigaev
1992, Whitledge et al. 1992). A pycnocline at about
25 m is established in the offshore areas deeper than
30 m, which allows maintenance of relatively high concentrations of nutrients in subpycnocline waters. The
subsurface dissolved oxygen concentrations are maximal at the pycnocline and represent a n accumulation
of oxygen from primary production processes (Fig. 6).
There is good correspondence between elevated subsurface nitrate available for phytoplankton growth and
supersaturated dissolved oxygen concentrations at the
bottom edge of the pycnocline. The highest subsurface
oxygen concentrations measured near the pycnocline
on the northern transect represent 135 to 145 % saturation. These concentrations correspond well with previous observations (Musina & Balysheva 1960, Codispoti
& Richards 1971) with reported values of 140 % saturation in the Chukchi and East Siberian Seas.
Fig. 4 . Suspended sediment particles (in mg I-') 5 m above
the bottom

Benthic fauna
as indicators of locations of food production. More than
5 years of nutrient data collected in the Chukchi Sea
suggest that 60 % of the nitrate advected from the deep
Bering Sea is still available for uptake within the northern Chukchi Sea (Walsh 1989). These relatively high
concentrations of nitrate are apparent in the offshore
waters north of ?l0 (Fig. 6), in contrast to much lower
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Fig. 5. Organic carbon (mg g-') in bottom surficial s e d ~ m e n t s

General. Over 425 taxa were identified with polychaetous annelids, crustaceans (primarily barnacles
and amphipods), and mollusks (mainly bivalves) typically dominant in abundance. Sipunculids, bivalves,
sea cucumbers, and sand dollars generally dominated
biomass (Feder et al. 1989, Feder et al. 1994).
Number of taxa, abundance, and diversity of individual stations. Number of taxa ranged from 23 (inshore
Stn CH31) to 143 (inshore Stn CH16) (Appendix 11).
Abundance varied from 454 ind. m-2 (offshore northern Stn CH13) to 31576 (inshore northern Stn CH16).
Highest abundance values generally occurred close to
the coast north of Icy Cape in the vicinity of Point
Franklin. High Shannon and low Simpson dominance
indices were generally present at offshore muddy
stations in contrast to relatively low Shannon and
high Simpson values at inshore sandy-gravel stations
(Fig. 3, Appendix 11).
Benthic biomass of individual stations. Carbon biomass varied from 1.0 (inshore Stn CH45 adjacent to
Cape Lisburne) to 19.6 g C m-2 (inshore Stn CH7
adjacent to Point Franklin) (Appendix 11). Mean carbon biomass (10.3& 4.3 g C m-') at stations to the north
and west of the bottom front identified by Johnson
(1989) and Weingartner (1993) was significantly
higher (p < 0.001) than that for the southern stations
(5.2 % 2.3 g C m-2) (Fig. 7). Separation of northern and
southern groups of stations by biomass was explained
by stepwise MDA. Since bottom temperature and bottom salinity were highly correlated variables, 2 sepa-
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Fig. 6. Subsurface distribution
of nitrate (PM) and dissolved
oxygen (m1I-') in the northeastern Chukchi Sea In August
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rate analyses were run, each with either bottom temperature or bottom sdlinity, in addition to other oceanographic variables. Discriminant function 1 for each
analysis contributed 100% of the total separation
between the 2 groups. Further, 91.9 to 97.3 % (the former for bottom salinity, the latter for bottom temperature) of the stations were correctly grouped by the
jackknife classification into the 2 groups by the variable (either bottom salinity or bottom temperature) that
formed a single discriminant function. Thus, the separation of the 2 groups, by carbon biomass, is due to
lower bottom-water temperatures and higher bottom
salinities in the northern region, values typical of BSW
(Walsh et al. 1989a. b).
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Amphipod abundance, biomass and dominant families. Benthic amphipods, a major food for gray whales
(Nenni 1984, Highsmith & Coyle 1992), represented
the major faunal component at coastal stations adjacent to and north of the bottom front with abundance
and carbon biomass higher (p I0.01: Mann-Whitney
Rank Sum Test) there than to the south. Amphipods at
5 of the coastal stations north of the front (Stns CH5, 6,
7, 10 & l ? ) , within a region identified as a feeding area
for gray whales in summer (Phillips & Reiss 1985a, b,
Moore & Clarke 1992), comprised 65% of the total infaunal abundance and 37 % of the total carbon biomass
(Table 1).Arnphipod abundance varied between 1562
and 6644 ind. m-' at the 5 coastal stations. Dominant
amphipod families, by abundance, at the above stations were the Ampeliscidae (a tube dweller), Isaeidae
and Atylidae (30, 28 and 23 % of the amphipod abundance, respectively) and by carbon biomass, Atylidae
and Ampeliscidae (66 and 27 %, respectively) (Table 2).
Ampeliscid amphipods consisted of Arnpelisca eschrichti, A, macrocephala and Byblis spp. Isaeid amphipods were dominated by Protomedeia spp. and the
tube dweller Photis spp. The important atylid was
Atylus bruggeni.
Community structure. Cluster analysis delineated
4 station groups, 2 offshore (I and 11) and 2 inshore
(111 and IV) (Fig. 8). Principal coordinate analysis (PCA)
indicated that 70% of total variation among stations
was accounted for by the first 3 coordinates. PCA
shows stations of offshore Groups I and I1 to be relatively well separated on the plot of the first and second
coordinate axes (Fig. Qa).Although Stn CH5 is located
along the coast and north of other Group I stations, it
joins Group l at a relatively high level of similarity in
the cluster analysis and is closely associated with
Group I on principal coordinate plots Separation of
inshore Groups 111 and IV is best shown on the plot of
the first and second coordinate axes, although Stn CH8
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Table 1. Stations in the northeastern Chukchi Sea between Point Hope and Point Barrow within 50 km of shore. Stations are
within the area where gray whales occur during the summer. W = mean; SD = standard deviation
Stn

Abundance (ind. m-2)
All infauna
Amphipods

%
An~phipods

Biomass ( g C m-2)
All infauna
Amphipods

YO

Amphipods

CH5
CH6
CH7
CH10
CH17

3656
8472
7482
2912
4998

2302
6644
5204
1562
3128

63.0
78.4
69.6
53 6
62.6

6.63
5.62
19.64
13.0
6.64

0.81
2.90
13.50
3.13
1.82

12.2
51.6
68.7
24.0
27.4

X
(SDI

5504
(2403)

3768
(2107)

65.4
(9.2)

10.3
(5-9)

4.4
(5.2)

36.8
(22.9)

Table 2. Dominant amphipod families at stations in the northeastern Chukchl Sea within the area where gray whales occur
Stations
CH7

CH10

CH17

Mean (SD)

%

Dominant amphipod families (ind. m-2)
1644
372
Ampeliscidae
Isaeidae
514
4564
Atylidae
2
874

16
136
3506

1176
36
0

2530
98
0

1147 (1005)
1070 (1962)
876 (1518)

30.4
28.4
23.2

Dominant amphipod families (g C m-2)
< 0.01
Atylidae
1.69
Ampeliscidae
0.63
0.48
Isaeidae
0 06
0.50

12.84
0.01
0.01

0
2.99
0 02

0
1.74
<0.01

2.91 (5.60)
1.17 (1.12)
0.22 (0.28)

65.6
27.3
0.5

Taxa

CH5

CH6

is closely associated with stations of Group IV in this
analysis. Stations in offshore Group I are clearly separated from inshore Groups I11 and IV on plots of first
and second, and first and third coordinate axes (Fig. 9b).

Stations in offshore Group I1 are best separated from
inshore Group 111 on the plot of first and second coordinate axes. Distribution of station groups, based on both
multivariate analyses, is shown in Fig. 10.

% SIMILARITY
STATION STATION
GROUP NUMBER
CH28
CH 37
CH 29

Fig. 8. Dendrogram showing station groups formed by cluster analysis of abundance data based on station-to-station fauna1
similarities

178

Mar. Ecol. Prog. Ser. 111: 171-190, 1994

= GROUP I

A = GROUP

I

n

111
0 = GROUP IV
$ = GROUP

Fig. 9. Plots of loadings on (a) principal
coordinate (PC) axes 1 and 2 and (b) PC
axes 1 and 3 of a PC analysis of benthic
abundance data at stations occupied in
the northeastern Chukchi Sea

Group I, the most southerly of the offshore groups
comprised a muddy-gravel assemblage dominated by
juvenile barnacles and the tube-dwelling ampeliscid
amphipod Byblis spp. (Table 3).This group had a mean
abundance value of 1602 ind. m-* and a biomass of
6.3 g C m-2 (Table 4). Group 11, offshore and north of
Group I, consisted of a muddy assemblage dominated
by the tube-dwelling polychaete Maldane glebifex

Fig. 10. Distribution of macrofaunal groups based on cluster
and principal coordinate analyses of abundance data

and the protobranch bivalve Nucula tenuis (= N. bellotti). An abundance of 1315 ind. m-' and a biomass of
9.2 g C m-2 were recorded here. Group I11 consisted of
stations separated into northern and southern components, and comprised a sand-gravel assemblage dominated by juvenile and adult barnacles and amphipods
(primarily Profomedeia spp. and Ampelisca spp.) that
accounted for 80 % of the total abundance. This group
had the highest abundance (8444 ind. m-') and biomass (10.0 g C m-') in the study. Group IV, adjacent
to the coast and located between the northern and
southern portions of Group 111, consisted of a sandy
assemblage dominated by the sand dollar Echinarachnius parma. Lowest abundance (929 ind. m-') and
biomass (4.9 g C m-') occurred here. Shannon indices
(H') were highest and Simpson indices (D) lowest at
the 2 offshore station groups (Table 4). H' was lowest
and D highest at the 2 inshore groups where, as noted
above, specific taxa dominated.
The 4 cluster groups were explained by stepwise
MDA by a number of sediment parameters. The first
analysis, based on dry weight sediment values, excluded percent mud which had a high covariance with
percent sand (Table 5, Fig. 11).Discriminant functions
(DFs) 1 and 2 contribute 97.8% of the total separation
among station groups. A total of 62.2 % of the stations
were correctly grouped by the jackknife classification
into station groups by the 3 variables that form the discriminant functions. The lowest negative value along
DF 1 is due to the percentage of sand. The next lowest
negative value along DF 1 is sediment OC/N. The high
positive value along DF 2 is the result of the percentage of gravel in sediment. A negative value along DF 2
is due to the OC/N value of the sediment. The centroid

179

Feder et al.. Benthos-environmental interactions in the Chukchi Sea

Table 3. Dominant taxa, in terms of abundance, and percent occurrence of taxa within station groups
Group

Stations
in group

% Similarity "

Dominant taxa

Mean abundance
(ind. m-')

% Occurrence

in groupb

Byblis gaimardi
Balanus crenatus (~uvenile)
Leitoscoloplos pugettensis
Nucula ten uis
Echiurus echiurus alaskensjs
Cirratulidae
Barantolla americana
Maldane gleb~fex
Protomedeia spp.
Thyasira gouldi
Nucula tenuis
Maldane glebifex
Lum brineris sp.
Macoma calcarea
Cirratulidae
Barantolla americana
Leitoscoloplos pugettensis
Haploops laevis
Balanus crenatus (juvenile)
Protomedeia spp.
Balanus crenatus
Ampelisca macrocephala
lschyrocerus sp
Leitoscoloplos pugettensis
Cirratulidae
Ampelisca eschr~chti
Urochordata
Pholoe minuta
Echinarachnius parma
Scoloplos armiger
Spiophanes bombyx
Glycinde wireni
Liocyma vin-dis
Amphiophiura sp
Similarity level at which groups were selected
bThe value for each of the dominant taxa included in this column for multi-station groups is based on the number of stations
at which the particular taxon occurs

of Group IV is distinct from that of Groups I , 11, a n d 111
along the axis of DF 1. The centroids of Groups I and I1
are separated from Group 111 on DF axes 1 and 2.
Group I1 is distinct from Group I along the DF 1 and 2
axes. The separation of Group IV from Groups I, 11, a n d

111 is mainly the result of the higher percentage of sand
in sediment of Group IV and also the higher OC/N
value within Group IV. The difference in percent
gravel results in separation of Groups I a n d 11, as well
as separation of both groups from Group 111.

Table 4. Abundance [X (SD)],biomass [X (SD)],number of taxa, Sirnpson dominance (D) and Shannon diversity (H')indices, and
species richness of station groups
Group

Abundance
(ind. m-2)

Biomass
(g C m-')

No. of
taxa

D

H'

Species
richness

1
I1
I11
IV

1602 (953)
1315 (1094)
8444 (9655)
929 (612)

6.3 (2.9)
9.2 (3.9)
10.0 (6.5)
4.9 ( l .S)

172
204
248
64

0.04
0.05
0.29
0.18

3.65
3.84
2.47
2.39

23.5
28.6
72.5
9.3
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Table 5. Summary of the stepwise multiple discriminant
analyses of the environmental conditions among the 4 station
groups formed by cluster analyses of abundance data. Sediment data used in the analyses are based on dry weight
values. Percent mud, which has a high covariance with sand,
has been excluded
D~scriminantfunction.

1

2

3

Percent separation
Cumulative separation

71.61

71.61

26.19
97.80

2.20
100.00

Variable
Percent gravel
Percent sand
Sediment OC/N

Table 6. Summary of the steptvise multiple discriminant
analyses of the environmental conditions among the 4 station
groups. All sediment data used in the analyses are based on
wet weight values

/

0.95
0.36
-0.72

-

Another MDA was based on wet weight of sediment;
again, mud was excluded. DF 1 contributed 83.7 % of
the total separation among groups of stations (Table 6,
Fig. 12).A total of 75.7 % of the stations were correctly
grouped by the jackknife classification into station
groups by the 2 variables that form the discriminant
functions. The variables are percentage of water
within sediment and sediment OC/N value. A high
positive value along DF 1 is due to the high percentage
of water in sediment. The negative value along DF 1 is
due to the high OC/N value of sediments. The centroids of Groups I and I1 are distinct from those of
Groups 111 and IV along the axis DF 1. Separation of
Groups I and I1 from 111 and IV is due to the higher percentage of water and lower OC/N values in sediments

1

2

Percent separation
Cumulative separation

83.65
83.65

16.35
100.00

Variables

Standardzed function coeff~cients

Percent water in sediment
Sediment OC/N

Standardized function coefficients
-0.30
-0 91
-0.53

Discnminant function:

0.96
-0.17

I

-0.29
-0.94

of Groups I and 11. Separation of inshore Group 111 from
IV, and Group I from I1 is apparent along the axis of DF
2, and is due primarily to higher sediment OC/N values at Groups IV and 11, respectively. The relationship
of sediment parameters to cluster groups is also evident in a ternary diagram relating stations to % water,
gravel + sand, and mud (silt and clay) (Fig. 13).
Feeding types. Feeding types within station groups
varied according to location and substrate type
(Table 7, Figs. 11 & 13). Within coastal Groups 111
(sandy-gravel substrate) and IV (sandy substrate),
suspension-feeding taxa (SF) were significantly more
abundant (49 and 66% of total abundance, respectively: p I 0.05) than other feeding types. At muddy,
offshore Groups I and I1 the fauna was dominated by
surface (SDF) and subsurface deposit feeders (SSDF)
compared to other feeding types in the groups ( p 5
0.05).

Discriminant function 1

Fig. 11. Station plot of the
results of a stepwise multiple discriminant analysis utilizing environmental variables recorded in
the study. The analysis is
based on dry sediment
weight. ( 0 )Centroids of
the 4 respective station
groups
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Fig. 12. Station plot of the results of a stepwise multiple
discriminant analysis analysis
utihzing environmental variables recorded in the study.
The analysis is based on wet
sediment weight. (0) Centroids of the 4 respective
station groups

lncrease in percent water

Increase in OC/N

C

I

-4.0

-3.0

-2.0

-1.0

1 .O

0.0

2.0

3.0

4.0

Discriminant function 1
DISCUSSION

Factors affecting benthic abundance and
composition of benthic groups
Benthic fauna1 assemblages, based on taxonomic
abundance, in many areas have been determined on
the basis of sediment geotechnical properties, as influenced by granulometry, water content, and amount
of organic carbon (e.g. Boswell 1961, Day et al. 1971,
Franz 1976, McCave 1976, Webb 1976, Flint 1981,
Mann 1982, Weston 1988). The 4 benthic station
groups described in this paper are best explained,
based on discriminant analysis, by the relative amount
of gravel, sand, and mud, OC/N values and percentage of water in sediment. Trophic mode segregation
by deposit and suspension feeders is well documented (Rhoads 1974),and sediment preferences
of the 2 feeding groups are reported from many
subtidal benthic studies (e.g. Sanders 1960,
Young & Rhoads 1971, Long & Lewis 1987).
Sediment preferences of the 2 major feeding groups in our study area were similar
to those reported elsewhere.

Fig. 13. Ternary diagram
relating stations to station
groups based on percentage
of water, gravel, sand and
mud. Stations within benthic
biological station groups are
encompassed by solid lines

The sediment of our offshore Groups I and I1 had a
higher content of mud and water than inshore Groups
111 and IV. Dominance in northern offshore Group I1 of
2 subsurface deposit-feeding taxa, the tube-dwelling
polychaete Maldane glebifex and the protobranch
clam Nucula tenuis, and the surface deposit-feeding
clam Macoma calcarea (Table 3) is probably related to
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Table 7. Percentage [K (SD)] by abundance (ind. m-2) of feeding types within station groups. SDF: surface deposit feeder;
SF: suspension feeder; SSDF: subsurface deposit feeder; PRED: predator; SCAV: scavenger; HERB: herbivore

1

Group

SDP

SF

SSDF

PRED

SCAV

HERB

%

%

Yo

Yo

%

Y'

"Mean values for the SDF and SSDF categories were significantly greater than the means for the categories SF, PRED,
SCAV and HERB (p 10.05)
The mean value for SF was significantly greater than means for SDF, SSDF, PRED, SCAV and HERB (p 5 0.05)

the higher substrate fluidity resulting from the high
mud and water content of sediment there (Fig. 13).
Presumably this fluidized mud offers an optimum substrate for tube building bp M. glebifex, and provides
easy access by M. glebifex, N. tenuis and M. calcarea
to POC associated with such sediments. Close association of POC with muddy sediments is demonstrated by
numerous investigators (see Weston 1988 for review),
including those worlung on the Alaskan arctic shelf
(Naidu & Hood 1972, Naidu 1985). However, within
the generally muddy substrate of Groups I and 11, there
are subtle sediment variations, such as the higher
admixture of coarse grains and lower water content
within the substrate of Group I (Figs. 11 & 13). The
substrate variations are reflected by differences in
dominant taxa within the 2 groups (Table 3). Thus,
southern offshore Group I, with a higher content of
gravel, is dominated by the surface-deposit feeding
ampeliscid amphipod Byblis gaimardi and juvenile
barnacles Balanus crenatus while northern Group I1
by the subsurface deposit feeders N. tenuis and M.
glebifex and the surface-deposit feeder M. calcarea.
The presence of juvenile, but not adult, barnacles in
Group I suggests that they are smothered after settlement by the relatively high sedimentation offshore
(Fig. 4; M. Baskaran & A. S. Naidu unpubl. data).
Separation of inshore Group 111 from IV is due to a
higher content of gravel and lower content of sand
within the substrate of Group 111 (Fig. 11).This group is
dominated by juvenile and adult barnacles which is
consistent with the presence of gravels concentrated
under intense coastal currents. These coastal areas are
also characterized by occasional rocky outcrops
(Phillips et al. 1985a, b), which reflect a high energy
hydrodynamic environment conducive to barnacle survival. At some stations in the northern portion of Group
111 large numbers of ampeliscid amphipods were present where the substrate is favorable for the tubebuilding activities of these crustaceans (Tables 1 & 2 ) .
Success of amphipods here appears to be controlled

primarily, as discussed later, by high deposition of POC
to the seafloor surface. The presence at inshore Group
IV of a relatively large resident population of the sand
dollar Ecd4inarachniusparma is made possible by the
presence of a gravel-poor sandy substrate (Fig. 11).
Success of the suspension-feeding sand dollar in this
area is probably a result of the prevalence of strong
currents associated with Alaska Coastal Water (ACW;
Phillips 1987) which entrains fine sediments and associated POC as a food resource (Burbank 1974). Low
Shannon diversity and high Simpson dominance values within Group IV (Table 4) appear related to
stresses induced by strong currents and sedimentreworking activities of sand dollars there (Brenchley
1981, Smith 1981, Highsmith 1982). It would seem that
ice gouging of the bottom described for this region
(Grantz et al. 1982) is not a factor in species reduction
here, as this stress would be expected to equally affect
the large sand dollars at the sediment surface. The
higher amount of sand, relative to gravel, in the substrate of Group IV compared to the adjacent Group 111
is most likely related to the sand transported and
deposited by littoral currents and river outflow. This is
reflected by the local presence of sandy barrier islands
and turbid fluvial discharge immediately south of Icy
Cape (Truett 1984).
Our studies indicate that, in the context of sediment
sorting, there is an important difference between distributional patterns of benthos in our study area and
those of the adjacent southeastern Chukchi and northeastern Benng Sea shelves (Grebmeier et al. 1989,
Feder et al. 1990). Grebmeier et al. (1989) related
benthic diversity values in the northeastern Bering
Sea to sediment heterogeneity (sediment sorting).
They reported highest diversities at nearshore stations
where sediments were poorly sorted and lowest diversity offshore where sediments were relatively well
sorted. In the southeastern Chukchi Sea, Grebmeier et
al. (1989) and Feder et al. (1990) indicate that diversity
increases offshore where more heterogeneous sedi-
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ments occur. In contrast, our studies in the northeastern Chukchi Sea demonstrate that sediments,
close to shore and further offshore, are typically poorly
to extremely poorly sorted. Consequently, differences
in benthic fauna1 diversity between inshore and offshore regions in the northeast Chukchi Sea are not
related to differences in sediment sorting. Instead, we
believe that offshore/inshore dissimilarities in diversity
in our study area are related to regional differences,
as discussed below, in environmental stress. Inshore
waters of the Chukchi Sea are subject to greater
bottom disturbance by the action of strong currents,
local eddies and gyres, ice gouging, migrating sand
waves associated with intense wave/current action,
and feeding activities of sand dollars, gray whales and
walrus (Barnes 1972, Toimil 1978, Fay 1982, Phillips &
Reiss 1985a, b, Klaus et al. 1990). These factors result
in a more fluctuating, stressful environment inshore
than offshore. Thus, it is not surprising that benthic
populations inshore in the northeastern Chukchi Sea
have lower Shannon diversity and higher Simpson
dominance values than offshore.
A knowledge of the origin and dispersal of water
masses is often helpful to explain taxonomic distribution and abundance of benthic invertebrates, primarily
because water masses play an important role in characterization of the physical environment, distribution
of food resources and dispersal of planktonic larvae of
benthic species (Thorson 1957, Creutzberg et al. 1984,
Stewart et al. 1985). In this study, no statistical relationship between salinity and temperature of water
masses and station groups was determined. Nevertheless, a broad association of station groups with major
water masses was apparent (Fig. 10; see 'Study area').
Thus, taxa at offshore Groups I and I1 were generally
those associated with Bering Shelf Water (BSW)
whereas taxa of Group IV and the southern segment of
inshore Group I11 generally coincided with ACW. Such
an association of benthic taxa with ACW is consistent
with observations of Feder et al. (1985) and Grebmeier
et al. (1989)in the contiguous northeastern Bering Sea.
This broad association of specific taxa, within the station groups, with water masses is to be expected based
on known differences in the hydrodynamics of the
water masses and their effects on the requirements of
inshore and offshore species.
There can be factors, other than those discussed
above, that affect benthic abundance in our study area.
For example, numerous studies have shown that ice
scouring disrupts and modifies the sea bed over much
of the continental shelf of arctic seas, affecting sediments and associated fauna (Barnes & Reimnitz 1974,
Carey et al. 1974, Grantz et al. 1982, Barnes et al. 1984,
Phillips et al. 1985a, b, Carey 1991, Woodworth-Lynas
et al. 1991). In our study area, we expected a progres-

sive increase in benthic abundance across the shelf to
deeper water because the inshore area, which is
potentially more pervasively affected by ice gouging
(Phillips et al. 1985a, b), should have had relatively
lower benthic abundance than farther offshore. Instead, abundance values were either similar or higher
inshore than offshore (Appendix 11), suggesting that
ice gouging was not an important factor controlling
benthic abundance in the study area. It is probable that
the recurring presence in winter of polynyas, openwater areas within ice-covered seas, along the inner
shelf areas of the northeastern Chukchi Sea (Stringer
& Groves 1991) minimizes the intensity of ice gouging
which results in benthic abundance values similar to or
greater than those offshore. In contrast, in the adjacent
Alaskan Beaufort Sea, where polynyas are virtually
absent, ice gouging results in lowered benthic abundance inshore (Carey et al. 1974, Feder & Schamel
1976, Carey 1991).
As mentioned previously, ampeliscid amphipods
occurred in high abundance inshore, predominantly
on sandy-gravel substrate, in the vicinity of Point
Franklin (Table 1).This finding is in contrast to that of
Grebmeier et al. (1989)for the northeastern Bering Sea
where ampeliscids were uncommon inshore on sandygravel bottom. These regional differences, as discussed below, can be explained by cross-shelf differences in the supply of POC to the crustaceans in the
2 areas rather than sediment composition (Coyle &
Highsmith 1994).

Factors affecting benthic biomass
As mentioned earlier, carbon biomass values in our
study area were higher north of a hydrographic front
(Fig. 7) in waters with bottom-water salinities and
temperatures typical of BSW (Walsh et al. 1989a, b).
Likewise, we determined that carbon biomass values
for stations occupied by Stoker (1978)in the northeastern Chukchi Sea were also higher (p 5 0.01) north of
the front. As discussed below, we attribute the regional
biomass differences to a relatively larger supply and
deposition of POC in the region north of the frontal system. A portion of BSW, entrained with high levels of
POC, having a primary source in the northern Bering
and southeastern Chukchi Seas (Whitledge et al. 1986,
1992, Walsh et al. 1989a, b, Korsak 1992, Robie et al.
1992, Zeeman 1992),extends to the region adjacent to
Point Franklin within the northeastern Chukchi Sea
(Spaulding et al. 1987, Johnson 1989, Walsh et al.
1989a, b). The BSW that flows northward along the
eastern flank of Herald Shoal (Fig. 2) demonstrates
high fluorescence values (a proxy for POC concentration) in fall (Weingartner 1993).This, as suggested by
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Weingartner, indicates that the region east of Herald
Shoal represents an important route for flux of POC to
the area adjacent to Point Franklin. We believe that a
portion of the POC thus advected northeastward is
deposited into the northern portion of our study area.
This conjecture is supported by the higher ( p = 0.03)
sediment organic carbon values ( X = 8.5 + 3.9 mg C
g-l) for stations north of the front compared to those to
the south to Cape Lisburne (X = 5.7 1.3 mg C g-l)
(Fig. 5). Based on the foregoing we suggest that the
high benthic biomass north of the bottom front results,
in part, from an allochthonous supply of POC that
enhances the locally produced food source to the benthos. This conclusion, which is similar to that arrived at
for the adjacent northeastern Bering and Chukchi Seas
by Grebmeier et al. (1988) and Feder et al. (1990),suggests that higher benthic biomass is associated with
the nutrient-rich waters seaward of a hydrographic
front extending from the northeastern Bering Sea to
our study area (Weingartner pers. comm.).
There are other factors that probably contribute
POC to support the high biomass north of the frontal
zone in the study area. For example, there are sufficient nutrients in the water column at the pycnocline
north of the frontal system to locally enhance phytoplankton production (Fig. 6). The corresponding supersaturation of oxygen (>7.3m1 I-') indicates that
production processes exceed water-column respiration. The accumulation of oxygen during the ice-free
period would be equivalent to a net primary production of about 50 g C m-' (Whitledge & Salo 1991)
which may serve as a source of POC to the benthos.
The presence of relatively high nutrients north of the
front in the nearshore zone from Icy Cape to Point
Barrow is presumably a result of upwelling there
(Johnson 1989, Aagaard & Roach 1990, Feder et al.
1994). Additionally, polynyas are reported to enhance
water-column production in arctic regions (Dunbar
1981, Arctic Ocean Science Board 1988, 1989, Massom 1988, Smith et al. 1990). As mentioned previously, polynyas occur within the inshore region north
of the front (Stringer & Grove 1991); therefore, high
benthic biomass north of the front in our study area
may reflect, in part, increased input of phytodetritus
produced within polynyas to supplement advected
sources of carbon. This suggestion is consistent with
the enhanced meio- and macrofaunal populations observed under the Northeast Water Polynya in Greenland (Piepenburg 1988, Deming et al. 1993). Other
sources of carbon to the benthos in the vicinity of
Point Franklin, where high benthic biomass occurred,
are local beds of macroalgae (primarily Laminaria saccharina and L. solidungula) (Truett 1984, Phillips &
Reiss 1985a, b, also see discussions in Duggins et al.
1988 and Dunton et al. 1989).

*

It is apparent that POC enrichment of the bottom in
the northern margin of the study area persists on a
long-term basis. This is supported by several biological
observations. Arnpeliscid amphipods in the northeastern Chukchi Sea are common to abundant adjacent to and north of the bottom front under BSW and
Resident Chukchi Water (RCW) but typically rare
landward of the front under ACW. We contend that
this distribution pattern of amphipods, which is similar
to that observed in the adjacent northeastern Bering
Sea relative to the front (Grebmeier et al. 1989, Highsmith & Coyle 1992),is to be explained by regional differences in the amount of POC supplied to the bottom.
Based on calculations by Coyle & Highsmith (1994) for
the adjacent northeastern Bering Sea, absence of
ampeliscids under ACW results from a carbon flux to
the bottom that is too low to sustain them. Thus, presence of large numbers of tube-dwelling ampeliscids,
incll~siveof the large Ampelisca macrocephala, along
the coast north of the bottom front in the northeastern
Chukchi Sea supports our contention that a high
carbon flux to the bottom must occur there. The benthos in the latter region is numerically dominated by
the same amphipods that characterize major graywhale feeding grounds in the northeastern Bering Sea
(Klaus et al. 1990). The annual summer return north of
Point Franklin of populations of gray whales, which
feed primarily on these amphipods (Moore & Clarke
1986, Clarke et al. 1987, Highsmith & Coyle 1992), and
walrus, which also feed on amphipods there (Fay 1982,
Feder et al. 1989),indicates that carbon is available on
a long-term basis. Additionally, sediment reworking
by bottom-feeding gray whales (Moore & Clarke 1986)
and walrus (Fay 1982) transfers POC derived from
subsurface sedirnents onto the sea-floor surface (also
described for the adjacent northeastern Bering Sea
by Oliver & Slattery 1985). This POC supplements
primary settling POC and enhances success of opportunistic species such as ampeliscid amphipods (Feder
et al. 1989. also see Boesch & Rosenberg 1981, Jones &
Candy 1981, Thistle 1981, Poiner & Kennedy 1984
for reviews of this process). An abundant motile scavenger/predator amphipod group in the study area, the
Atylidae (Feder et al. 1989, this paper), moves into
marine mammal excavations in large numbers (Klaus
et al. 1990), and its presence is indicative of intensive
marine-mammal foraging activities there.

CONCLUSIONS
Four benthic assemblages identified in the northeastern Chukchi Sea are best explained by gravelsand-mud, OC/N and water content variations of
bottom sediments. In the context of sediment sorting,

Feder et al.. Benthos-environmental ~nteractionsin the Chukchi Sea

there is an important difference between distributional patterns of benthos in our study area and those
reported by earlier workers for the adjacent southeastern Chukchi and northeastern Benng Sea shelves.
In the latter regions, faunal diversity and sediment
sorting were strongly correlated. However, within the
northeastern Chukchi Sea such a relationship was
not observed because all sediments had similar sorting values. It is suggested that low faunal diversity
inshore within our study area is related to greater
environmental stresses there. The presence north of a
bottom front of a notably high benthic biomass, attended by abundant populations of amphipods (primarily ampeliscids) and other macrobenthic organisms, is related to a large local flux of POC to the
bottom. We believe that POC-rich waters derived
from the northern Bering and southern Chukchi Seas
extend to the northeastern Chukchi Sea to augment

locally produced carbon and thus provide a persistent
annual source of carbon to the benthos there. Annual
return in summer, to the region north of the bottom
front, of feeding populations of gray whales and walrus indicates the presence of a persistent and reliable
source of benthic food. Disturbance of the inshore bottom in the above region by the combined action of
currents, waves, ice gouging and feeding activities of
marine mammals results in a stressed environment
where opportunistic benthic species, such as ampeliscid amphipods, have become established. Success of
these species and the marine mammals that feed on
them is further enhanced by advection of POC as suggested above. This study demonstrates that there can
be high standing stocks of benthos in arctic regions
with relatively low annual primary production if local
carbon is augmented by POC advected from highly
productive areas.

Appendix 1. The percentages of gravel (Gr), sand (Sd), silt (St),clay (Cl) and mud in the substrate and the percentage of water in bottom sediments
at each station. Mz: mean sediment size. Concentrations of suspended particles (BWSP) in waters 5 m above bottom and content of organic carbon
In the sediment particles (OCBWSP).Concentrations of organic carbon (OC), nitrogen (N) and the OC/N ratio in bottom sedirnents
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0.82
0.81
0.51
0.48
0.48
0.34
0.84
1.38
0.31
1.08
2.12
0.78
0.22
0.28
0.83
0.19
0.32
0.39
0.30
0.48
0.23
0.30
0.29
0.21
1.25
0.55
0.40
1.01
0.99
1.18
0.28
1.55

OC/N

BWSP
lmg I - ' )

OCBWSP
l ~ Ig- ' )

8 10
7.70
8.00
8.50
8.08
8.00
8.00
8.60
8.20
7.80
7.20
11.70
16 70
11 20
12 90
15 20
14 10
8.60
7.60
7.60
9.10
7.40
13.00
7.50
7.80
8.00
6.30
18.40

1.O
1.1
3.6
1.8
2.0
1.9
1.5
3.4
1.6
4.4
3.2
2.6
06
06
1.1
1.8
1.6
2.5
1.8
1.4
2.1
2.6
0.6
2.3
3.8
0.8
2.4
1.3

-

-

-

-

2.1
1.4
14
1.3
3.5
1.3
0.7
0.9
0.7
2.5
3.9
3.8
0.6
08

112
59

13 40
8 60
8 80
7.90
9.10
7.80
7.50
8.00
8.20
6.00
8.00
7.80
8.00
8.20
7.60

86
103
98
84
128
93
145
191
212
106
88
95
147
80

-

133
134
149
106
-

79

-

130

-

7

136

-

185
221

-
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Appendix 11. S t a t ~ o nnumber, depth, number of taxa, abundance, b ~ o m a s s S
, ~ m p s o ndormnance ( D ) and Shannon d~verslty(H')Indices for benthi
macrofauna collected a t 37 statlons

Stn
CH3
CH4
CH5
CH6
CH?
CH8
CH10
CH11
CH12
CH13
CH14
CH15
CH16
CH17
CH18
CH19
CH21
CH23
CH24

Depth (m)
51
42
19
27
31
46
47
32
44
48
47
47
43
23
18
30
42
42
43

No. of taxa
61
68
74
101
123
40
79
87
46
35
61
107
143
91
29
43
52
52
54

Abundance ( ~ n dm?)
838
1592
3656
8472
7482
2508
2912
1922
758
454
726
4392
31576
4998
462
1622
1146
616
1270
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