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ABSTRACT

The productivity, ecology and distribution of ten amphipod species that
formthe principal prey of the gray whale werestudied in the chirikof Basin.
Near St. Lawence Island, a station for estimtion of secondary productivity
of anphi pods was sanpled by divers in July and Septenber 1982 and with a grab
through the ice in January, March and May 1983.

The benthos i n nost of the Chirikof Basin and all areas sanpl ed near
St. Lawence |sland was dom nated by amphipods, especially the ampeliscid
Ampelisca macrocephala in deep water, and the corophiid Photis fischmanni in
shallow water. Ten amphipod species accounted for 95% of the density of all
amphipod species collected. Miltiple regression analyses on the densities of
the species, using as predictor variables water depth, grain size, sorting
coefficient, caloric content of the substrate, carbon content of the
substrate, and carbon:nitrogen ratio of the substrate showed distinct niche
separation in nost species, as did analysis of gut contents. \here species
showed simlar habitat preferences, they were spatially separated.

Young of Ampelisca macrocephala are released in spring and fall at a
| ength of about 3mm grow about 6 nmper year, may mature after 2 years, and
live 2.5 years. Annual productivity to biomass ratio estimted by cohort
sunmation was 1.8. Young of Photis fischmanni are released in fall and
spring at a length of 1.4 mm sone may nmature in 6 nonths, and they live 1
year. Growh is about 5.5 nmover the year. Annual productivity to biomass
ratio was 3.7. Annual productivity to biomass ratio for the anphipods of the

central Chirikof Basin as a whole was estimated at 1.09.
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| NTRODUCTI ON

The infaunal benthic conmmunities of the Bering and Chukchi seas have
been described in detail by Stoker (1978, 1981). Benthic sanples collected
during our study were taken in conjunction wth observations of the behavior
and distribution of gray whales and with observations of the bottom
di sruption caused by feeding gray whales. The objectives of the study as a
whole were to characterize gray whale feeding areas, to assess food available
to the whales, and to estimate the amount of food consumed by the whal es.

In the northern part of the Bering Sea, gray whales feed on the upper
strata of the benthos, primarily on anphipods (Nerini in press; Thonson and
Mart in, this report). This chapter discusses the ecology of the common
amphipod species that appear to formthe major part of the diet of gray
whal es in the Chirikof Basin and near St. Lawence |sland. Dat a on amphipod

feeding habits and ecology, including relationships to the physical
characteristics of their environnent, can be used to assess food web

rel ationships and energy flow al ong trophic pat hways |eading to gray whal es.

As a part of this study, year-round sanpling was conducted to determne
the secondary productivity of the amphipods. These data were used to assess
the total amount of gray whale food production in the area (see Thonson and
Martin, this report).

MATERIALS AND METHCDS

Studies were conducted in the central Cchirikof Basin and off the east,
west and south coasts of st. Lawence Island (Fig. 1). The nunbers and
| ocations of sanples collected are presented in Appendix Tables 1 and 2.

Sanpling was conducted fromthe NOAA vessel s MLLER FREEMAN (11-25 July
1982) and DI SCOVERER (12-29 Septenber 1982). Wnter sanpling was conducted
fromthe ice near Southeast Cape, St. Lawence Island, on 13 January, 5 March

and 15 May 1983.
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Benthic Sanpling

On board ship, benthic sanples were taken with a 0.15 n2 Van Veen grab.
The volume of sediment in the grab was nmeasured to the nearest 500 nL. A
subsample Oof sedinent was taken for grain size analysis and an additiona
subsanpl e was frozen for later analysis of caloric content, carbonand
ni trogen. A sanple of surface detritus was retained and preserved in 10%

formalin. On board ship the sanple was washed through 5.6 and 1 nm nested
sieves With seawater. Wth the exception of rocks, all material retained on
the sieves was preserved in 10% formalin for |ater analysis in the

| aboratory.

In winter, sanples were taken through the ice with a0.05 n2 Ponar grab
and preserved whole for later processing in the |aboratory.

D ver Sanpling

Observations, photographs and sanples were obtained by a team of 2
divers. Al diving operations were carried out fromsmall boats |aunched by
the NOAA ships. Diving effort was restricted to shallow (<25 m) water in the
vicinity of St. Lawence Island.

Qualitative Sanpling Procedure

(observations of the flora, fauna and the physical environment were
recorded in waterproof notebooks during the dives and/or during a debriefing
session imediately following the dive. Phot ographs were taken with a
Nikonos or O ympus OML canera in an Ikelite housing, using color film and
strobes.

Quantitative Sanpling Procedure

A transect rope connected to an anchor was used to orient divers.

Infauna was sanpled by neans of a self-contained diver-operated airlift. The
airlift consisted of a weighted 2 mlength of 8cm diameter PVC pipe fitted
at the top with a 1 mm mesh net which retained the sanple and could be
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removed quickly and capped. Air was supplied fromtwo 3000 psi SCUBA tanks
fitted with the first stage of a diving regulator that reduced air pressure
t0125 psi over ambient. Areas of substrate to be sanpled were denarcated by
a 0.1 n2 round alum num franme that was pushed into the soft substrate as far
as possible. The airlift was operated until the upper 10 to 15 cm of
substrate within the frane was renoved. The net was then removed, capped and
replaced. Airlift sanples contained little mud and were not sieved further.
They were preserved in 10% formalin.

Laboratory Anal yses

| nvert ebrates

The preserved sanples were washed on a 0.5 mm Sieve. Subsequent
anal ysi s depended on the purpose for which the sanple was collected and the
nature of the sanple. Al animals were picked from sanples that contained
little detrital material. When sanpl es contai ned over 100 g of detrital
material, large (>9 mm) conspicuous organi sns were picked from the whole
sanple. A subsample then was taken and all organisms were picked fromthe

subsample.

In a few selected sanples (45) all aninmals were identified to specific
level. In remaining sanples, all anphipods, bivalves and comon conspi cuous
animals were identified to specific level while remaining animls were
identified to famlial level. Voucher specimens of each species that was
identified were sent to appropriate authorities for verification.

Wiere required for productivity determ nations, amphipods were measured
to the nearest mllineter. Measurements were from the end of the telson to
the tip of the rostrum on straightened animals.

Preserved ani mal s were wei ghed wet, in groups, at the |owest taxonomic

level to which they were identified, a Mettler electronic balance (accurate
to 10 ng) was used.
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Dry weights for amphipods used in productivity experinments were
determ ned using a Sartorius substitution balance (0.1 ng) after drying
overni ght at 80°C. Amphipods for caloric determnation were dried to a

constant weight at60°Cin a vacuum oven. Triplicate observations were nade
for sanples having enough material. Amphipods were pelletized for combustion

and a Phillipson microbomb cal orimeter was utilized to obtain calories per
dry gram Ash free dry weights were neasured after drying at 450°C.

Feedi ng Habits of Amphipods

The length of each animal was neasured, the gut was dissected out, and

the contents nmounted on a slide and exam ned under a conpound m croscope.
In addition, maturity status, sex and presence of eggs or enbryos in the

brood pouches were noted where evident.

Subsamples of the surface detritus were examned to determine the flora
and fauna available as potential food items.  Subsamples were drawn with a
Past eur pipette and placed on a slide for exam nation under a conpound
m croscope.

Sedi ment  Anal ysi s

Gain Size Analysis

The coarse fractions (<4.0 @ ) were separated by dry sieving and the
fines by Day's (1965) hydroneter method.

Bonb Calorinetry

Al'l sanples were dried to a constant weight at 60°C in a vacuum oven.
Triplicate observations were made for sanples having enough material.

Sedi nents were sieved through a 0.5 nmm screen using only the liquid
present in the sanple. Dry sedinments were powdered and benzoic acid added to
enhance conbustion. Powdered sanples, naturally difficult to combust (such
as sedinents), often are partially ejected fromthe crucible during
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conbustion. This was a common occurrence with these sanples and, to minimze
the error caused by this methodol ogical problem only the closest tw val ues

of three, were averaged to obtain the mean value. We did not attenpt to
obtain ash free dry weights of sedinments because of the occurrence of
carbonates in the sanples. Even after sieving, sedinments may have contai ned

meiofauna or faunal parts.

Carbon and N trogen

Sanpl es (approx. 50 g) were placed into beakers and wei ghed. The
beakers were oven-dried at 60°C overnight and rewei ghed to determ ne water
content (%. The dried sanples were then acidified with 5 mL of 7% HCl to
destroy carbonates. They were again oven-dried at 60°C for 12 h, powdered,
and honogeni zed.

Approxi mately 30 ng of sanple were used for anal ysis. The apparat us
used for the CHN determ nati ons was a Perkin-Elmer nodel 240C CHN el enent al
anal yzer. The analytical precision, based on 3 replicate anal yses, was

better than 0.2%

Chl orophyl | a

Prewei ghed sedi ment sanples were extracted for 1 h in 10 aL of 90%
acetone at 4°C in darkness. Sanmpl es were centrifuged at 4000 rpmfor 10
mn. Then, the acetone solution was pipetted into a glass photometer cell
with a 10 cmlight path. Extinction of the solution was measured against 90%
acetone at 6650, 6450 and 6300 nm i n a spectrophotometer., After correction
for the blank, the follow ng equation was used to estimate ng Ca per g
sediment wet weight (Strickland and Parsons 1972):

ng Ca = 11.6 (E665) - 1.31 (E645) - 0.14 (E630) / sedinment weight g (cell
path |ength)

Cbservations were in triplicate. Small pieces of shell and animal parts were
present in the sanples and displaced sedinment in sanples. Organi sns
were renoved from sanpl es under a microscope, but it was inpractical to
remove all faunal parts and meiofauna.
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Data Processing and Anal ysis

All data were coded and entered into Hewl ett Packard HP9845B or ANDAHL

470 conmputers and later transfered to an |1BM 3033 conputer for analysis.
Data tabul ation was acconplished w th progranms devel oped by LA, and

addi tional analyses were performed using SAS (SAS 1982) and BMDP (Dixon 1981)
statistical software.

RESULTS

Benthic Habitats

Mat Communi ty

The shallow (10-15 m) shelf off Southeast Cape, St. Lawence Island, was
covered with a cohesive 'mat' that had a gel atinous texture. Presence of
this ‘mat’ allowed bottom features nmade by feeding gray whales to be
conspi cuous and wel | defined.

Photis fischmanni was the domi nant amphipod in sanples from the shallow
shel f of f Southeast Cape, St. Lawence Island. In this area its mean density
was close to 100,000 indiv/m2 and mean bi omass was 125 g/w?2. This snall
(2-7 nm) anphipod inhabits a rather long soft tube, and it was the presence
of these tubes that was the nost conspicuous feature of the 'mat' [ayer in
this area. Mean bionmass of all tubes (not including sediment or animals) in
airlift sanples was 1470 # s.d. 812 g/n2 (n = 20) in July and 771 % 395 g/ ni
(n = 20) in Septenber. Sediments taken in 6 surface sanples of this ‘mat’
were all very fine sand (range 3.47 to 4.03%) and were all poorly sorted
(range 1.23 to 2.14 ¢ ).

Anphi pods accounted for 98% of the total. nunbers of animals and 65% of
biomass in airlift sanples that penetrated to a sedinent depth of 10 to 15 cm
(the thickness of the mat). Cumaceans, | sopods and other crustaceans
contributed a further 0.5% to total nunbers.
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Ostracods, foramnifera and nematodes were conspicuous meiofaunal

animals in the surficial sedinments (Table 1).

Table 1. Total nunbers of meiofauna counted in 3 subsamples
from each of 5 sanples of surfieial sediments from
the ‘mat’ layer in shallow water near Southeast
Cape, St. Lawrence Island.

Ostracods 13 Foraminifera 18
Harpacticoid copepods 7 Nenat odes 20
Crustacean |arvae 1

Large nunbers of pennate and centric diatonms were also found in sanples
taken fromthe surface of the 'mat's As a result, the chlorophyll a content
of these sedinents was high, 11.8 #+ s.d. 2.0 ng chl a/g sedi ment wet weight

(n=5) inJuly and 7.1 es.d. 2.3 ng/g (n “5) in September..

A ‘mat’ may al so be present in deeper waters of the Chirikof Basin
Density of animal tubes is high (Nelson et al. 1981; Johnson et al. 1983) but
not as high as in shallow areas off Southeast Cape. Mean bionmass of anim
tubes, not including animals or sedinent, in sanples fromthat part of the
Central Chirikof Basin domi nated by anphi pods was 344 * 160 g/w? (n ~25).
These tubes were simlar in construction to the ampeliscid amphipod t ubes
found on Southeast Cape. Tubes were uncommon in areas not dom nated by
amphipods. Surficial sedinents fromthis area also contained pennate and
centric diatoms, nematodes and harpacticoid copepods.

Sedi mnent Characteristics

Surface sediments in the Central Chirikof Basin are fine sand (Nelson
1982; Table 2). In the northeastern part of the basin, surface sedinents are
Yukon-derived sandy silt. Surface sediments south of the Seward Peninsul a
are coarser than those found in the central basin (Table 2). Fi ne sand
substrates are also found in the study areas off the west, south and east
coasts of St. Lawence Island (Table 2). The total range of nean grain size
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Tabl e 2. Physical and chemical characteristics Of sediments of the Chirikof Basin amd nearstore areas of St.
the sumer Of 1982. Al values were measwred and calculated on dry sediment.,

Iawrence Islard in

Mean grain sorting Caloric organi ¢

size! Coef fi ci ent content carbon M trogen ¢/N
Location & b cal/g mg/g mg/g ratio
Chirikof Basin
South of Name 3*9 * 0.1 3 2.2+% 0.4 266 *43 (3)3 4612 0.48 * 0.07 9.6 £ 1.1
(Stn 1A 4A 48, Fig. 1)
South of Seward Pen. 2.510.3 (4 21 % 0.2 414 * 349 (4) 2.7*0.8 0.38 * 0.13 8.5 2.7
(St | B, 3B, 34 2)
Gntral Basin 3.3¢().3 (9 18404 395 * 193 (9) 2.8* 0.5  0.39%0.06 7.3 % L2
(Stn 4, X, 2A, TA 7,
64, 6B, 54, 3B)
St. Lawence Island
West coast 3.2 ¢0.0 (2) L4 * 0.0 444 «173 (2) 2.2 (1) 0.32 (1) 6.7 (1)
(Stn &)
South coast 2.8 ¢().2 (3) 1.4%0.3 19 * 9 (3) 30+ 0.9  0.42£0.07 6.7 £ 1.0
(8m 10c, 10D, 1(E)
Southeast Cape - offshore 2.8 £0.3 (2 1.6*%0.1 187 * 182 (2) 4.1 % 00 0.53 * 0.08 7.8 £ L2
(Stn 9A >20 )
Southeast Cape - nearshore 3.710.2 (6) 1L7%0.3 w* 163 (7) 3.4 %21 0,40 * 0.20 8.5t22

(Stn 9A @0 w

1<1>=-Log10nm, 23 ¢ = fine sand, 3~4P = very fine sand, 45P = coarse silt .
Log, o

“Sample size for grain analysis.
3 Sanple size for caloric content and carbon and nitrogen detemmination.
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for the sedinents of the study area is very small (2.2-4.00) and is categor-
ized as fine or very fine sand (4@ is the cutpoint between sand and silt).

The sorting coefficient indicates the anmount of dispersion around the

mean grain size. Large values (e.g. 1-4) indicate a heterogeneity of
substrates in a sanple. Al areas show poorly (l-2 &) to very poorly sorted
(2-4 %) substrates. Surface sedinents fromthe nearshore waters of St.

Lawence Island showed |ess heterogeneity than those of the central basin.

Infaunal Benthos

One hundred and fifty benthic sanples were taken in the Chirikof Basin
and in nearshore waters of St. Lawence Island. Standing stock biomass of
all infauna was highest off Southeast Cape and the west coast of St. Law ence
Island (Table 3). The | owest infaunal bionmass was found in the Chirikof
Basin (Table 3). Overall, amphipods were the dom nant taxa in ternms of both
density and bionass (Tables 3 and 4), followed by bivalves and polychaetes.

The benthic infaunal communities of the Bering sea have been described
by Stoker (1978, 1981). He found that a comunity dom nated by ampeliscid
anphi pods occupied the central and western portions of the Chirikof Basin and
the west and east coasts of St. Lawence Island. The presence of this
comunity is indicated by areas with a high bionmass of anphi pods and high
density of the ampeliscid amphipod Ampelisca macrocephala (Figs. 2 and 3a).
W found that stations off the south coast of St. Lawence Island al so showed

hi gh bi omass of anphi pods and a high density of Ampelisca macrocephala.

A community dom nated by a sand dollar and a bivalve characterized the
central -eastern portion of the Chirikof Basin (Stoker 1981). Farther east,
the area south of None was characterized by a comunity domninated by the
cockle Serripes groenlandicus, two polychaetes and two ophi uroids. The

presence of these two comunities is indicated by | ow biomass of anphi pods
and | ow density of Ampelisca macrocephala in Figures 2 and 3a. Station 5B

(Fig. 1) falls within an area dom nated by echinoderms (Stoker 1981) and al so
shows a | ow biomass of anphi pods.
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Table 3. Biomass (g/m2 wet weight) of major taxa and dominant species in all sanples taken in the Chirikof
Basin and near St. Lawence Island in the sunmer of 1982.

St. Lawence |sland Sout heast Cape

Location Chirikof Basin Sout h Coast Veest  Coast Depth 11-15 m Depth 22-23 m

Stationsl 1-7 10 8 9 9

Sanpl e size 75 15 16 34 10
Tot al 210.8 t 166. 8 284.5 * 99.5  327.1 * 286.6 297.8 t 144.9  353.1 t 129.8
Amphipoda 69.3 £ 92.5 119.9 * 48.7 129.6 t 50.0 194.1 + 77.8 139.3 £ 52.0
Polychaeta 26.8 + 31.3 19.5 £ 13.2 51.2 £ 54.0 38.5 * 56.6 25.4 £ 22,0
Bivalvia 64.4 t 112.4 93.1 £ 65.1 118.1 £ 265.5 29.4 * 63.5" 142.8 £ 134.6
Isopoda 0 0 0 4.4* 7.5 1.9 * 1.4
Echinodermata 27.1 * 65.7 o5 * 1.9 0 9.0* 19.1 701 * 8.8
Asci di acea 2.8 8.4 26.6 * 26.2 24.9 + 54.9 3.6 £ 11.0 14.6 £ 13.8
Anpel i sca eschrichti (A) 7.5 £ 14.7 ().5* 1.3 0 0.8+ 2.0 24.4 £ 41.0
Ampelisca macrocephala (A) 42.6 * 61.4 67.5 t 34.4 79.2 * 43.5 10.9* 11.7 82.3 * 29.6
Byblis _gaimardi. (A) 10.0 £ 22.4 0.7 £0.8 17.2 + 25.7 5.2 £ 5.6 2.9t5.4
Photis fischmanni (A) 0.2 0.4 1.8+ 3.4 0 124.5 * 65.5 0.4t 006
Liocyma flexuosa (B) 1.8 £ 55 23.1 % 46.2 6.8 * 8.8 3.8 £ 6.8 0.4 * 1.0
Liocyma viridis (B) 1*1 * 9*7 6.6 £ 25.6 0.8 3.1 0 14.7 * 28.2
Macoma calcarea (B) 33.3 £ 69.8 47.4 * 35.3 37.5 £ 54.6 14.3 * 59.5 73.4 * 102.1
Nephtyidae (P) 9.2 £ 21.8 3.3t8.9 12.3 £ 26.1 15.6 * 24.0 10.2 * 13.1
Sabellidae (P) 0.7 £21 0 7.6 £ 13.1 0 0.1 0.2
Travesia sp. (P) 0.0 £0.2 0.4 * 1.7 15.4 * 40.1 0.2t 0.8 0.2 0.6
Dendraster extenuata (E) 16.0 * 55.0 0 0 0.6 22 0
Pelonaia corrugata () 2.6 £8.3 25.7 + 26.2 6.9 £ 16.4 3.6 £ 11.0 14.4 ¢ 13.8

A= amphipod, B = bivalve, P = polychaete, E = echinoderm T = tunicate
1 see Figure 1 for |ocations.
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Table 4. Mean density (no. /m*) of major taxa and domi nant anphi pod species in all sanmples taken in the
Chirikof Basin and near St. Lawence Island in the summer of 1982.

St. Lawrence Island Sout heast Cape
Location Chirikof Basin South Coast Viest  Coast Depth 11-15 m Depth 22-23 m
Sanpl e size 75 15 16 34 10

Tot al 6204 = 6195 12918 + 8515 10419 £ 5306 110262 * 56084 9909 * 4444
Amphi poda 5086 t 5907 11056 t 7790 9088 t 4951 107873 t 57192 8808 * 4106
Polychaeta 651 + 638 766 * 787 740 * 993 1256 * 1943 704 £ 594
Bivalvia 150 £ 249 677 t 522 251 t 300 327 t 490 162 £ 195
Cumacea 117 £ 248 140 + 206 27 t 48 406 * 569 96 £ 75

Echinodermata 67 t 136 1*5 0 10 £ 21 16 * 18

Ascidiacea 18 + 63 46 * 55 280 t 740 6 13 13 17

Ampelisca eschrichti 74 *551 4 + 8 0 31 + 100 246 + 286
Ampelisca macrocephala 2061 * 3182 2582 t 2391 2841 * 2163 1080 * 1278 5030 t 2478
Byblis gaimardi 402 £ 865 74 + 120 1573 + 2652 952 + 927 55 + 82

Photis fischmanni 74 * 143 1032 * 2139 17 t 36 95572 * 54565 139 * 164
Prot onedi a fasciata 607 * 1795 191 * 448 133 = 264 50 ¢ 148 124 * 148
Protomedia grandimana 872 t 3446 5367 t 5331 872 * 1090 2800 t 2997 1041 t 1319
Grandiphoxus acanthinus 91 *213 205 * 203 251 * 368 153 * 220 71 * 144
Harpinia gurjanovae 113 + 187 40 * 79 70 £ 135 1439 * 1130 187 * 152
Pontoporeia fenorata 65 *254 233 377 34 £ 79 66 + 134 500 £ 651
O chonene lepidula 119* 269 198 * 374 502 * 659 2697 * 1759 117 * 180
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Figure 2. Amphipod bi omass (wet weight) in the Chirikof Basin and near St.
Lawrence Island in July and Septenber 1982.
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Density of the common anphipod species collected in the Chiriko
Law ence Island in July and Septenber 1982.
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Mean total biomass of the 37 sanples from the central Chirikof Basin
t hat were dominated by ampﬁipods (Fig. 2) was 298.1 g/m2--lower than the 482
t 286 g/nireported by Stoker (1978) as the mean biomass of sanples taken
within the ampeliscid anphi pod community. However, Stoker (1978) found the
hi ghest bi omass values in the northwestern part of the Chirikof Basin, an
area not sanpled during this study. Mean biomass of 33 sanples taken by us
within the area dominated by the two ‘'non-amphipod' communities in the
eastern Chirikof Basin was 289.5 g/nR2. Stoker (1978) found a mean biomass of
193 £ 111 to 265 % 140 g/n2 in this area.

Mean densities in our sanples were higher than values reported by
Stoker: 9317 # 6897 indiv/in2 vs. 3688 * 823 indiv/mZ2 for the amphipod
community, and 2125 indiv/n2 in our sanples VS. 340 * 103 to 702 * 208
indivinRg in Stoker's sanples for other communities. Stoker’s density and
bi onass estimates include sanples froma much |arger geographic area and as
such are not directly conparable to values presented here.

There appeared to be considerable variation in the distribution of
standing crop of the domi nant anphi pod species in the study area (Tables 3
and 4; Figs. 3ato 3h). One of the principal ainms of the study was to define
and characterize gray whale feeding areas. To this end, the follow ng
sections attenpt to identify environmental conditions associated with the
presence or absence of gray whal e prey species

The approach used was to quantify the abundance of the doni nant
anmphi pods in terns of various substrate conditions and depth reginmes, and
then use nmultiple regression analysis to determine if some of these
envi ronnental variables could be used as predictors of the standing crop of

these ani mal s.

All grab and airlift sanples that were acconmpani ed by neasurenents of
the appropriate variables were used in the analyses. The environmenta
variables that were considered in the analysis were depth, nean grain size,
sorting coefficient, organic carbon content of the sedinent, caloric content
of the sediment, and carbon to nitrogen ratio of the sedinent. Inspection of
scatter plots of the data indicated that, in sone instances, a nean grain
size squared term was necessary to account for non-linear relationships”.
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A stepwise nultiple regression procedure (BMDP2R, Dixon 1981) was used
to assess the relationships between the environmental variables and the
standing crop Of benthic ani mals. This technique added environmental
variables to the regression equation one at a time beginning with the
variable having the strongest sinple correlation with aninmal abundance.
Thereafter, environnental variables were added in decreasing order of partial
correlation until no additional variable would, if included in the equation,
significantly (P<0.05)* inprove the equation’s ability to predict standing
crop.

Most of the environmental variables used in the analysis were correlated

with one another (Table 5). Depth, the organic variables, sorting coeffi-
cient and mean grain size were all intercorrelated. The finest substrates

tended to be associated with the shallowest depths, and finer substrates
tended to have a higher carbon and caloric content than coarser substrates.

In these circunstances it is usually inpossible to determ ne which of the
intercorrelated predictors is (or are) of direct inportance to the animals.

Ampeliscid Anphi pods

Ampelisca macrocephala Was the dom nant benthic animal in terns of both
nunbers and bi omass in sanples taken in the Chirikof Basin, off the west
coast of St. Lawence Island, and in the deeper waters near Southeast Cape

(Tables 3 and 4; Fig. 3a). It was al so the dominant species in ternms of
bi omass in sanples taken from the south coast of St. Lawence Island.

The density of Ampelisca macrocephala varied greatly with mean grain

size and sorting coefficient and less so with depth and organic conposition
of the substrate (Tables 6, 7 and 8). Because of an apparent non-Ilinear
relationship between nean grain size and the density of this species (Table
8), both mean grain size and its square were forced into the nultiple
regression equation. Both terns were significant predictors of the density

* Significance levels for individual variables in multiple regression
equations in this report are the conventional ones derived directly from
the F-to-delete values at the final step of the stepw se analysis. These
| evel s generally overestinmate the significance of each variable as a
predictor (HIIl 1979).
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Table 5. Pearson product-nmoment correlation matrix of physical measurements taken with benthic sanples fromthe
Chirikof Basin and vicinity of St. Lawence Island; n "118,
Mean grain Mean grain Caloric Organic

Dept h size si ze sauared Sorting cont ent carbon
(m (®) (®2) coef ficient Cal /g g/ g

Mean grain size -0. 31**

Mean grain size squared -0. 31** 1. 00**

Sorting coefficient 0.27** 0.09 NS 0.14 NS

Cal oric content 0 24 0 23 0. 22* 0% 34%x*

Organic carbon ~0. 41%%* 0. 40*** 0. 41%** 0.11 NS 0.10 NS

Car bon/ ni trogen -, 24 0.04 NS 0.05 NS 0. 19* 0.01 NS 0.33***

Significance (two-sided) shown by asterisks;

0.01>P>0.001 and *** means P<0.001,

NS nmeans not significant,

p>0.05; * neans 0.,05»P>0.01, ** neans

sa10oadg Laag
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Table 6. Mean density % s.d. (mo./m2) Of 10 dominant species Of benthic amphipods in sanpl es
taken i N the Chirikof Basin amd vicinity of St. Lawrence Islamd i N sumer 1982.

Depth Remge ()

12-19 20- 29 30-39 40-50
Anpelisca macrocephala %6 + 1243 2894 * 2948 1939 2249 4197 + 4884
Byblis gaimardi 83 + 20 9 + 212 735 o 1640 68 t 1168
Ampelisca eschrichti 27%94 67 o 18 89 + 170 34A 52
Harpinia gurjanovae 1282 * 1732 8 * 143 104 * 19 112 * 150
Grandiphaxus acanthinus 139 * 209 155 £ 275 150 + 252 7+18
Protomedia fasciata 56 £ 148 104 * 1% 814 * 2032 59 * 134
Protomedia grandimana 2511 + 2897 .1882 * 3582 1642 * 4373 252 * 340
Photis fischmanni 83319 * 60276 437 + 1426 107 £ 161 22 *39
Pontoporeia f-rata 58 £ 127 152 * 394 170 * 356 5+8
Orchomene lepidula 2351 * 1876 319 * 520 132 £ 218 104 * 403
Sample Si ze 39 37 57 17
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Table 7. ¥m density * s.d. (w./m?) Of 10 dontnant
ad ViCinity of s. lawewe Islanl durirg the sumer

gdfisggfz benthic amphipods in sediments Of  various omganic characteristics.

Samples vere teken | N the Chirikof Basin

Caloric content (Mg) !

Organic carbon (g/g2)

Carbon/nitrcgen (ratio)!

Rage Of valwes 58- 299 300-3%9 400-932 1.38-2.99 3.03-6.46 6. 06- 6. 99 1.03-12.9
Species

Ampelisca macrocephala 2299 * 3131 2488 * 2634 1698 * 2241 2529 * 285 1635 + 2561 3302 ¢ 7 1284 £ 2129
Byblis gajmardi 315 * 149 719 * 184 913 * 1026 664 + 1419 493 + 811 684 * 1557 52 * &4
Ampelisca eschrichti 39 % w 129 * 198 35+ 93 63 + 150 58 * 148 %+ 174 33+119
Harpinia gurjanovae 232 * 539 127 £ 199 20 * 1130 511 ¢ 918 50 * 502 350*622 443 + 897
Grandiphoxus acanthinus 158 + 240 133 £ 278 91 * 1 172+ 213 2f14 125 * 235 138 ¢ 237
Protouedia fasciata 597 * 18% 247 * 142 86 * 216 346 * 159 371 * 817 78 199 574 t 1705
Protomedia _grandimana 2193 + 3433 1065 + 4744 1750 t 2415 1t 2772 2343 * 4508 1476 t 3118 wmo * 3917
Photis _fischmanni 9927 * 35821 152 ¢ 18 59115 t 61727 22096 ¢ 44958 21392 * 51684 17511 + 41506 25195 t 51875
Pontoporeia femorata 146 * 333 143 * 386 53 * 120 %t 245 153 * 3717 167 * 339 79 ¢ 212
Orchomene lepidula 319 * 852 171 * 255 1834 + 1929 961 * 1559 438 * 995 763 * 1262 743 t 177
Sample Si ze 67 39 44 0 60 66 &

1 Values expressel per unit dry sediment.
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Table 8. Mean density % s.d. (no. /a?y of 10 doni nant species of benthic
i Sanples were taken in the
cl:téigrzikof Basin and vicinity of St. Lawence Island in the sumer of

amphipods 1N various sedinent types.

Speci es o
Mean grain size (¢)
Sort ing
Coefficient (4 2.16-3.00 3.01-3.50 3.51-4.03

Ampel i sCa macrocephala

1.10-1.75 2779 + 2716 4226 + 3436 212 + 219

1.76-2.59 263 t 495 3362 * 2809 975 t 1424
Ampelisca eschrichti

1.10-1.75 41 *89 123 * 245 0

1.76-2.59 29 & 63 118* 173 36 & 108
Byblis gaimardi

1.10-1.75 128 * 284 1113 * 2055 1140 * 1057

1.76-2.59 101 t 126 1090 * 1297 118 * 313
Harpinia Qurj anovae

1.10-1.75 89 ¢ 131 423 * 763 1182 * 1306

1.76-2.59 44 t 108 153 * 259 619 *868
Grandiphoxus acanthinus {

1.10-1.75 241 * 299 107 * 159 190 & 232

1.76-2.59 26 1 51 187 + 342 17+ 34
Protomedia fasclata

1.10-1.75 282 + 800 102 * 212 21 + 63

1.76-2.59 2000 t 3297 185 * 423 96 t 193
Protomedia grandimana

1.10-1.75 2702 +6226 1692 + 2461 3309 + 2744

1.76-2.59 438 *669 2118 * 3135 261 * 348
Pontoporeia femorata

1.10-1.75 191 & 417 24 % 62 13 % 47

1.76-2.59 4t 16 371 * 492 69 * 141
Photis fischmanni

1.10-1.75 585 t 1506 22433 t 52310 93419 t 67718

1.76-2.59 62 ¢ 128 39 ¢ 81 25258 t 36560
Orchomene lepidula

1.10-1.75 364 ¢ 550 619* 1127 1972 + 2086

1.76-2.59 3N 233 * 392 1304 t 1837
Sanpl e_si ze

1.10-1.75 32 29 20

1.76-2.59 i 23 29

263



Prey Species

of Anpelisca macrocephala (Table 9) and defined maxi mum abundance (hol di ng
other factors constant) at a nean grain size of 2.9 ¢ (the cutpoint between
fine and very fine sand). Mean grain size in sanples where abundance of A
macrocephala exceeded 1000 indiv/m? averaged 3.2 #£ s.d. 0.40% , (n = 16). The
grain size terms in the equation appeared to be quite accurate in describing
the relationship between grain size and density. The equation also predicted
greater abundances in well sorted substrates than in poorly sorted substrates
(Table 9). After allowances for nean grain size and sorting coefficient,
hi gh density of Ampelisca macrocephala was weakly related to high caloric

content. Density of A. macrocephala was higher in sedinents of |ow organic
carbon content (Table 7) than those of high organic carbon content, but this

variable was correlated with grain size and was not included in the equation
after grain size was considered in the analysis.

Byblis gaimardi was a significant contributor to biomass, especially in
sanples fromthe Chirikof Basin, west coast of St. Lawrence |sland, and
shal | ow wat er off Southeast Cape (Table 3; Fig. 3b). Both mean grain size
and its square were forced into the multiple regression equation and were
significant predictors of the density of this species. Holding other terns
constant, the equation predicts maxi mumdensity at a mean grain size of
3.1 &, Mean grain size in sanples where abundance exceeded 1000 indiv/nR
averaged 3.5 % s.d. 0.2 ¢. Again the equation accurately predicted the
preferred substrate. Shallow water and sedinents containing a high caloric
content were also significant predictors of a high density of Byblis

gaimardi .

Ampelisca eschrichti was nowhere very abundant (Table 4) but is included

in discussions that follow for conparison with the two conmbn ampeliscid
speci es. The multiple regression equation derived to explain variance in
density of Ampelisca eschrichti placed nuch weight on the two nmean grain size
terms that were forced into the equation to account for an observed non-
linear relationshinp. The equation (Table 9) predicts maxi num densities of
this species at a nean grain size of 2.9¢ in poorly sorted substrates with a
hi gh carbon content and a |ow carbon to nitrogen ratio.
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Table 9. Results of multiple regression analysesl of densities (no./mz) of 10 dominant amphipod species, using as predictors the physical measurements associated with samples.

All samples were taken in the Chirikof Basin and vicinity of St. lawrence Island; n = 118.

Anpelisca Byblis Ampelisca Harpinia Gla;xdﬁhmns Protamedia Protamedia Photis Pontoporeia Orchanene
acan

macrocephala  gaimardl  eschrichti  gurjanovae “fasclata  grandimena  fiscmanni = femorata W Jepiowla
(onstant (Y-intercept) -6. 6692 -0.31131 -12. 8585 2.6919 2.6368 2.2533 5.2761 9.6869 -7.4828 5.1891
Depth ~0.0405%#* =0, 0342k - - -0.0379* -0.117- -0.06 g
Mean grain size 1. 933 7. 508w 8.89000k* 0.4780 ® -0.6 9224k -0.4487 ® 5. 6445%+2
Mean grain size squared -1.3815%° -1.1931%2 ~1.5102%42 -3 3 3 3 =3 -0.9438 ® -3
Sorting coefficient -1.4188* 0.7 922k ~1.3050p#k -1.6578%* 0. s8i* —1. QQ73%k —2, 25k —L.6915%**
Caloric content 0.0017* 0.0033%** 0.0016* -0.0014* 0,00 623k 0.0034%**
Omganic carbon 0. 1532 -0, 23744+
Carbon/ni trogen -0. 1341* 1. 156600 0, 1417%* 0.0959
Multiple R 0.61 = 0. gk 0. Sw 0. 0. 59- 0. 3- 0. Som 0. 853k 0 zw 0, 730k
2 Of variance explained 37.3 31.6 26.6 33.8 34.2 15.7 25.4 13.0 7.70 5.7
S.E Of estinae L15 110 0.78 1.06 0.91 1.20 L1t 104 1.00 .00

I Regression coefficients Of each varizble that entered tie equation ar € stown, along with the comstant (Y-intercept) aml statistics describirg the fit Of the eguat ion.
Significace | evel S Of the regression equation ad approximate significace levels Of tre regression coefficients ar € stown DY asterisks; N5 means notsignificant,p>0. 05;

* meas 00PN 01. # — 0,010P>0.001 and *** —Pp<0.001., .
In order to acCoWt for pon linear relationships, both mean grain S| Z€ and mean Qraln size squared vere forced inte the equation.

3 Variable N considered for inclusion.
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Phoxocephal i ds and Haustoriids

Har pi ni a gurjanovae was nost abundant in shallow water off Southeast
Cape, St. Lawence Island, and noderately abundant in other areas (Fig. 3f).
Maxi num densities were found in shallow water in fine, well sorted substrates
with a high caloric content (Tables 6, 7, and 8). Al'l of these variables
were significant predictors of the density of this species in nultiple

regression analysis (Table 9).

Grandi phoxus acanthinus was rare at the deepest depths sanpled and was

equal | y abundant over other depth ranges (Table 6). It was nore abundant in
wel | sorted substrates but density did not appear to vary Wwth nean grain
size (Table 8). Mil tiple regression analysis predicted naxi num density in

wel | sorted substrates with a high carbon to nitrogen ratio (Table 9).

Ml tiple regression analysis was not very successful in explaining
densities of Pontoporeia fenorata. None of the variables considered in the

analysis was significantly correlated with the abundance of this species
(Tabl e 10). When nean grain size and its square were forced into the

equation, only 8% of variance in the density of this species was explai ned

(Table 9).

Corophiid Amphipods

The congeners Protonedia fasciata and P__grandimana differed in the
habitats of maximum density. Miltiple regression analysis predicted maximum
densities of P. grandimana in shallow water and in well sorted substrates.
In contrast, maxinum densities of P. fasciata were predicted in poorly sorted
coarse substrates with a low caloric content (Table 9).

Photis fischmanni Was the dom nant anphipod on the shallow shelf off
Sout heast Cape, St. Lawence Island (Table 5). It was comon in sanples
taken off the south coast and relatively rare in other areas. Miltiple
regression analysis predicted maxi num densities of this species in shallow
water, in substrates that were well sorted with a high caloric content and
| ow carbon to nitrogen ratio (Table 9). Density of P. fischmanni was
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positively correlated with nean grain size (Table 10), indicating that
hi ghest densities were found in fine substrates. However, after all other
vari abl es had been considered by the analysis, high densities were predicted

in coarse substrates.

Lysianassid Anphi pods

O chonene lepidula was nost common in shallow water near St. Lawrence

Island (Table 4; Fig. 3h). Mul tiple regression analysis predicted maxi num
densities of this species in shallow water, in well sorted substrates with a
high caloric content, low organic carbon content , and high carbon to nitrogen
ratio.

Trophic Rel ati onshi ps

Feedi ng Habits of Anphipods

The results of analysis of gut contents of 499 anphipods are shown in
Tables 11 and 12. Three hundred and forty of these anphi pods had been
feeding on sedinent. Fewer than 100 guts contained algal material and fewer
than 60 contained animal naterial. The species represented in Tables 11 and
12 conprise the mpjority of anphipods collected during the study and are thus
representative of the general feeding habits of the anphipods in the region.

Four species of anpeliscid anphipod dom nated the benthos of the central
Chirikof Basin and areas off the west and south coasts of St. Lawence |sland
and deep water off Southeast Cape. Al four species were deposit feeders.
The three species of Anpelisca alnost exclusively consuned sedinment while
Byblis gainardi appeared to be a nore selective feeder. Al nmost all of the

guts of Byblis gaimardi contained diatoms in addition to sedinent (Table 11).

Photis fi schmanni, the dominant benthic animal in shallow water, and

Protonedi a spp., common anphipods in all areas, were also sediment feeders,
as were Pontoporeia fenmorata, Wyconmedon simlis and all other anphipods
exam ned except Harpinia gurjanovae and Orchonene sp. (Tables 11 and 12).
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Table 10. Pearson product-mment COrr el ati ON coefficients of the density (00./18) of dominam: amphipod species with physical measwements associatd Wit h sanples taken in te
Chirikof Basin amd vicinity Of St. lawrence Island; N = 118.

Ampelisea Byblis Ampelisca  Harpinia  Grandiphoms ~ Protomedia  Protamedia Photis Pontoporeia  Orchamere

micTocephala  gaimardl  eschrichti  gurjanovae  acanthbws — fasdlata . prandiana  fischmenni  ~femorata . lepidula

Depth 0.03® -0, 21* 0. 30%% ~0.41%% —0.31% 0.13 ® 0,42k ~0, ek -0.09 ~0.56xkk

¥ grain sire -0.25% 0.17 ® -0, 24* 0.30%* -0.02 ¥ —0.30%* 0.10 ® 0. It -0.14 ® 0.08 ®
Yem grain Si Z€ Squared —0.20% 0158  -0.26% -1 -0.16 1§

Sorting coefficient 0,46k 013 8 0.00 %8 -0, 37%k% 0. 4Gk 0.15 18 0. 38k -0, 4k -0.16 1§ 0.4k

Caloric content 0.06 15 0. 40w 0.19 0.07 18 ~0.29%% -0. 18 -0.22* 0.24* 0.03 1 0.13 15

Organic carbon -0. 22 0.14 -0.05 % 0.19 = -0.09 1 -0.09 0.23% 0.16 ® 0.04 s 0.06 =

Carbon/ni trogen -0.138 0.01 % -0.25% 0.05 = 0,22¢ 0.12 % 0.10 s -0.08 -0.07 » 0,14 s

1 Varisble M considered.
Signif icance (two-sided) stown Dy asterisks; ™ mems N significant, P05 * meams 0.02X0.01, * maw 0. 01>%001 and ** means BC0.00L .
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Table 11. Freqency Of ocourrence of food items found in the gubs of 1l species of awphipads collected in the central Chirikof Basin in the sumer Of 198. Semples ave fram
areas 1B, 2A, 3B, 4A, 4B, 5A and 7B.

Species Protomedia  Ampelisa Ampelisca  Ampelisa  Byblis Harpinia  Bathymedon Podoceropsis Ischyrocercs Photis Macharionyx
spe* macrocephala eschrichti  birulai gaimardi gurjanovae  sp. Sp. sp.~ fischmarmi milleri

Total no. examinad 74 28 1 12 30 13 11 4 3 4 1

Sediment 66 28 1 8 29 4 8 3 3 3 |

Detritus 3

Unidentified diatoms 26 3 21 1 !

Chaetoceros Spe 1 2

Filamentous diatoms !

Unidentified dinoflagellate !
Peridinitm Sp. A

Tintinids 1
Foraminifera ! 1
Filmentous Mat eri al 1
Nematodes

Polychaetes

Sporge _

lnidentified ani mal tisswe

(RSP )

Bty 2 4 ! 7 3 1 1

! includes P. fasciata, P. dulkeiti, P. lindhlii and P. microdactyla.
2 Includes B. npanseni.
3 Includes I. angiupes.
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Table 12. Frequency Of occwrrence Of food itens fowd fn tte gus Of 8 species Of anhipds collected near St.

lawence Island in the sumer Of 19%.

Area Southeast Cape rearstore (11-14 ) Soutteast Cape offstore (22 M) Souch Crest (aea 10D, 1)
Species Photis @ Pmtmia_orm Ampelisca Protamedia  Weycamedon  Ampelisca Pmtmed:la Ampelisca Pontoporeia Photis
| i — gy janovag Sp- ‘macrocephala sp.” similis eschrichti spe” mcrocephala  femorata fischmanni
Total no. examined 40 3 25 28 13 15 5 2 30 30 15 10
Sediment 39 1 19 16 1 15 5 1 26 24 15 8
Detritus
Unidentified diatoms 9 2 2 1
Permate diatoms 5
centric diatons 1
Naviculoid diatams |
Chaetoceros SP. 1
PerM nim sp. |
_nzmsp-
Dinobryon sp 1
Roraind [ €1 8 !
Unidentified protozoa
Identified napit 4
Harpacticoid nauplii 1
Harpacticoid copepods 5
Amphipod remains 9
CGrustacean [ €NRI NS 3 1 11
Nematodes 7
Unidentified animal tissue | 6
Empty 1 12 6 3 2 ! 4 6 2

} Inclules P. microdactyla.

2 1ncludes O. Tepidula.
3 Includes P. microdactyla.

4 Includes P. epimerata and possibly P. microdactyla.

§ Asag
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Prey Species

The lysianassid Orchonene sp. fed on animal material in addition to
sedi nent. Harpinia gurjanovae appeared to be a selective carnivore; few guts
contained sedinment or plant material (Tables 11 and 12).

Feeding Quilds

The trophic rel ationships among the various conmponents of the benthos
were identified and quantified in the follow ng manner. Animal s were
assigned to a feeding guild according to the nonenclature of Fauchald and
Jumars (1979), using information provided by them Stoker (1978) and Tables
11 and 12.

Wet wei ght was converted to carbon using data provided by Stoker
(1978) .  The carbon available to animals in the formof detritus, algae and
mei of auna was estinated by applying the value of carbon content of sediment
to the volunme of sedinment sanpled by the grab or airlift.

A large amount of food in the form of meiofauna, algae and detritus
appeared to be available to the benthic animals in all areas (Table 13).
Surface deposit feeding appeared to be the nobst common feeding node in al
areas (Table 13). Surface deposit feeders included the ampeliscid anphi pods,

Photi s fischmanni and the bival ve Macoma calcarea. In view of the tota

anount of food available in sediments, it is not surprising that bionass of
this group was up to 3 tinmes higher than that of the other primary
consumers. In areas not dominated by anphipods, total bionass was |ower due
to the relative scarcity of surface deposit feeders.

Deposit feeders ingest substrate bel ow the sedinent surface and, in the
areas studied, were represented mainly by polychaetes. This was the |east
comon node of feeding in all areas.

Carnivores included the isopod Tecticeps alascensis, polychaetes of the

genus Nepthys and lysianassid anphipods. Sone of these animals may also have

been feeding on sedinent; 16 of 28 speci nens of O chonmene lepidula? had
i ngested sediment (Table 13).
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Table 13. Mean biomass (g/u?) of carbon in sedinents and nean bi onass according to major feeding mode of
benthic animals taken in the Chirikof Basin and areas adjacent to St. Lawence |sland. Conversion
of wet weight to carbon was acconplished using data provided by Stoker (1978).

Chirikof Basin Near St. Lawrence Island

Not domi nat ed Donmi nated by Viest Sout h Sout heast Cape

by amphipods anphi pods Coast Coast O fshore Near shor e
Carbon in sedinents’ 350 307 233 318 434 466
C/N ratio 9.0 7.0 6.7 6.7 7.8 8.5
Surface deposit feeders 2.2 11.3 11.5 10.2 13.2 10.1
Depost feeders 0.8 0.5 1.0 0.4 0.7 0.9
Filter feeders 1.2 0.7 2.7 3.0 1.9 1*0
Car ni vor es/ scavenger s 1.0 1.5 1.6 | 1.6 1*5 3.0
Notcl assi fi ed 1.5 1.0 1.6 0.7 1.2 0.9
Tot al 6.7 15.0 18.4 15.9 18.5 15.9
Sanpl e size 38 37 1 15 10 55

1 1ess than 50 g/w? of anphi pods
2 Standardized to a sediment depth of 5 cm
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Prey Species

Filter feeders conprised only 5 to 19% of total biomass in various parts
of the study area. In contrast, filter feeders generally dom nate the
benthos in other shallow areas (Jumars and Fauchald 1977). For exanple, in
northwest Baffin Bay and Lancaster Sound in the eastern Canadian arctic,
filter feeding was the dom nant node of feeding at depths <100 m ( Thonson
1982); at Cape Hatt, northern Baffin Island, filter feeders, mainly bivalves,
conprised 90% of standing crop at a depth of 7 m (Cross and Thonson 1981).
Grain size and organic carbon content of sedinents in Lancaster Sound and
northern Baffin Bay were simlar to those found in the Chirikof Basin.

St oker (1978) believes that filter feeding bivalves were under-
represented in his sanples which, like many of ours, were taken with a Van
Veen grab. However, we also obtained few bival ves when operating the
airlift, and bivalve siphons were not conspicuous when we were diving or
observing the seafloor wth the video canera. A heavy suspended sedi nent
| oad was observed during all dives and video tows. It is possible that these
massive amounts of sedinment precluded filter feeding by bivalves.  Another

factor preventing the establishnent of filter feeders may be conpetition for
space. Brenchley (1982) has shown that animal tubes restrict burrow ng

activities of bivalves and polychaetes. The dom nant surface deposit feeders
were all tubicolous amphipods.  Their prodigious nunbers, closely packed

tubes covering the entire seafloor, and apparent ability to recolonize
qui ckly (Thonson and Martin, this report) may prevent other groups from
establ i shing thensel ves.

Productivity of Anphi pods

Sanples for the estimation of secondary productivity were taken in 15 m
depth off Southeast Cape, St. Lawrence Island, during July and Septenber 1982
and during January, March and May 1983. Only Photis fischmanni and Anpelisca
macrocephala were taken in sufficient quantities during all periods for the

estimation of secondary productivity.
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Prey Species

Ampelisca macrocephala

Ampelisca macrocephala is a | arge tubicolous ampeliscid anphi pod t hat

may reach 32 mmin total |ength. Ovigerous fenmales were found in the
Chirikof Basin in July and Septenber. At this time, eggs were in early
stages of devel opnent; those npst devel oped showed only 1leg buds. These

ovigerous females were 21 to 29 mmin length. Mean nunber of eggs per female

was 18 # 6 (n ~18). The eggs were large (1.2 x 1.5 m) and weighed 1.2 to
1.3 mg wet weight (0.31-0.39 mg dry weight). Femal es with oostigites in

formation were found off Southeast Cape in July. In Septenber, large fenales
were rare in sanples taken off Southeast Cape. Ovigerous females were al so
taken in the March and May sanples. In My, ovigerous females were 14 to 16

mmin length. The eggs were not well devel oped but had eye spots.

Exam nation of the length frequency histograms for _Ampelisca macro-
cephala from Sout heast Cape (Fig. 4) shows two periods of release of young.
Individuals 3 mnmmin length were abundant in the sanples taken in My but
absent in March (Fig. 4). Individuals 2 to 4 nmin length were comon in
January and rare in Septenber. The ovigerous females observed during sunmmer

apparently released young in fall.

The following interpretation has been placed on the life history of
Ampelisca macrocephala at Sout heast Cape. Young released in spring at a
length of 3 Mmwere 4 to 5 nmin length by July and 5 nmin Septenber. They
reached 7 to 8 nmin January, 9 to 10 nmin Mirch and My, and were 10 to 13
mmin length the following July. Sone matured at 15 mmthe follow ng spring
and may al so have spawned in fall. The 7 and 8 mmindividuals found in the
July sanples were hatched the previous fall, reach 9 nmin Septenber, 10 nm
in January, 12 mm in March, and 13tol4mmin May; they may have spawned in
the fall at 15 nmm and/or the following spring at 18 mm Life span is about
2.5 years in this area.

The growth rate of Ampelisca macrocephala in the northern Bering Sea is
simlar to that of other northern and arctic amphipods (Table 14). Gowth is
about 6 nmm per year.
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9.2

Table 14. Growth rates of arctic and temperate amphipods. ALl valwes i N mm.

Lergth at Gowh over Length at Gowh over length at

hatching lst year 1 year 2rd year 2 years Reference
Arctic Canada
Gamarus setosus 3 4.5 7-8 7*5 14-16 Steele 1961 ; Cross 1982
Onisims litoralis 3 9 12 6.5 16+ Steele 1961; Ry 1978; Coss 1982
Weyprechtia pinguis 3-4 9.5 11-14 12.5 19- 24 Steele 1961 ; (rss 1982
Temperate Atlantic
Anpelisca macrocephala 3 7*5 10- 11 16.5 Kammeworff 196
Ampelisca previcomnis. 2 10 12 Klein et al, 1975
Bering Sea
Photis fischmanni 1.4 55 6-7 Thi's report
Ampelisca macrocephala 3 6 8-10 6 15 This report
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Dry weight was regressed against length and used to conpare condition of
the animals in July and January, and to generate a |ength-weight equation for
use in conputation of productivity. Examination of the data and residuals
showed that the length vs. dry weight relationship of Ampelisca macrocephal a
was wel | described by a power curve (length and weight were both log trans-
formed). Anal ysis of covariance (Di xon 1981) showed that differences in
sl opes of the regression |lines were nonsignificant for animals collected in
summrer and winter (F =1.93, P =0.17, d4f = 1, 62). After accounting for
l ength, differences in nean weights of animals 4 to 18 mmin length taken in

July and January were nonsignificant (F = 3.81, P = 0.056).

There was a difference in the caloric content of animals taken in wnter
and sumrer. Mean caloric content of animals was 3674 % 436 cal/g dry weight
in JUy and 2136 584 cal/g in January. The nean difference was 1538 cal/g
dry weight or about 0.16 g lipid/g dry weight (1 g lipid = 9540 cal) assuni ng
that all of the loss was due to lipid utilization.

The regression of length on weight for all animals collected in July and
January was highly significant (r = 0.98, P = 0.0000, n = 71). The equation
dry weight = 0.00197 (1ength)3'02681 expl ai ned 96% of the variance of dry
weight on length. This equation was used to estimate mean dry weight of the
various categories of individuals listed in Table 15.

Productivity was estimted using the cohort summation method (Crisp
1971).  Mean length was estimated for each cohort shown in Figure 4.  Mean
dry weight of individuals was estimated from I ength using the above
equat i on. Several cohorts were present during each sanpling period, and
productivity was conputed separately for each one (Table 15). The May to
July productivity estimate is |ess precise because it necessitated conparing
data from May 1983 with July 1982. Inter-year differences in growth rates
could be substantial.

Total productivity of A. macrocephala for the ten nmonth period between

July 1982 and May 1983 was 3.8 g/nfdry weight and nean standing crop was 2.9
¥ 1.0 g/w2. Productivity to biomass ratio was l.3. The May 1983 and July
1982 data were used to estimate productivity from My to July; this yielded a
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Table 15. Computation of productivity estimate for Ampelisca marrocephala fram Southeast Cape, St. lawence Island, by cohort summation of population growth. Biomass is
expressed as dry weight.

Spring  Ghorts Fal | abores
Mean Mean Standing Mean Mean Standirg
Date legth  Indiv. dry  density Praluctivityl lergth  Indiv. dry density Praductfvity!
(m) W (@ (10./1#) (ﬁ) (g/f) (mm) w. (mg) (r0./ud) (;/r::% (g/n?)
vatced SPI i NQ 1952 Hatched Fall 1982
July 1987 4.5 0.19 &6 0.154 © 157)2
Sept 1982 5.0 0.26 239 0.061 0.087
1953 1.3 0.81 115 0.626 a279 f.‘.g 8'. (2)8 1210hbt m‘;dzzlz (0.12)2
tarch 1983 9.2 1.63 612 00995 a569 5.4 0.32 300 0.0% 0.091
my 19s3 0.1 1.58 201 0.318 597 v 038 115 0.044 0.012
Hatched Spring 1981 Hatched Fall 1981
Juy 19 11.2 2.% 664 1.% (0.433)3 1.4 0.8 641 0.539 (0.174)3
Sept 1982 1.4 4,01 254 1.020 0. 487 8.8 1.4 492 0.700 0.39
I 1983 1bnds 6.31 114 0.720 0.423 10.7 2957 46h L ow 0.3m
March 1983 Bl .29 107 0.780 a 18 12.3 3.9 175 0.686 0.431
May 1983 1607 9.83 20 0. 1 0.165 13.1 4,74 193 0.915 0.151
Hatched Spring 1980 Hatched Fall 1980
July e 18.3 13.05 18 a235 (0.000)3 15.3 7.59 167 1.268 (0.513?
see 1982 0 15.2 7.44 99 0.737
Jsn s 18.2 1.8 47 0,603 0.3%
March 1983 18.1 1.6 36 0,454
Hatched My 1953
vy 1983 3.6 0.10 251 0.024

1 productivity = Wedght increment Per animal over the period x mesn density over the period.
2 Minimm estimate assupirg fo DOrtality between batching and imdicated [ 1 ['€; weight of mesdy tatched i ndividual estimtel fran extrapalation Of lergtheight regression.
3 May to July maductivity estimated from individuml weight gein and standing crop difference between previows ad following years® cohort (see text).
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productivity estimate of 1.5 g/n2 for a total annual productivity to biomass
ratio of 1.8.

Photi s fischmanni

Some femal es of Photis fischmanni 4 to 6 nNmin |ength were ovigerous in
January. Eggs were 0.3 mmin dianeter with ill-formed enbryos. In My 1983

females 2 to 7 nmnmin length were brooding and/or had just released young 1.3
to 1.5 nmin length.

Thus the 2 mmindividuals that formed the greatest proportion of this
species in sanples taken in July 1983 (Fig. 5) had nost likely been released
in May. This cohort grew 1l mmin the period July to Septenber and formed the
spawni ng popul ation for the fall, Ovigerous or broodi ng femal es were not
taken in Septenber; however, fall-winter spawning is indicated by the
presence of 2 nmindividuals in January sanples and oostigite formation in
July. Aninals hatched in the fall reached 2 to 3 nmin length by January, at
which time females were ovigerous, and reached 3 to 4 nmin My. The rate of
growt h proposed here of 0.5 nmnonth is consistent with gromth rates of other
northern anphi pod species (Table 14). Photis fischmanni appears to require
six nonths to reach maturity, lives one year and may spawn tw ce.

Productivity was calculated by cohort summation (Table 16). Tot al
productivity from July 1982 to May 1983 as estimated by this nethod was 24.97
g/ m2 and nmean biomass was 8.158 g/m?. Productivity to biomass ratio for the
ten-month period was 3.1. Data from May 1983 and July 1982 yielded a
productivity value of 5,42 g/m2 for the period May to July. Total annual
productivity was 30.39 g/n2 and annual productivity to biomass ratio was 3-7.

DI SCUSSI ON

Interrel ationshi ps Arong Species

The ten amphipod species discussed in the preceding section accounted
for 95% of the density of all anphipods taken in the study area. In nost of

the areas studied, anphipods were abundant and totally domnated the
bent hos. Wthin the narrow range of depths and bottom conditions that we
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Table 16. Oomputation of productivity estimate for potis fischmmni fran Southeast Cape, S. lawrence Island | by cobort sumation Of population growth, Biomass is expressed AS

dry wight.
Spring Gohorts Fal | ohorts
Mean Mean Standing Mean Mean Starding
Date lergth  Indiv. dry density cro Proterfuityl lergth  Indiv. dry denslty croy Broduct jvi ty!

m . (W) (ro./f) (g/uf) (g/uf) (im) W. (g  (oo./af) (g/nf) (g/uf)
Hatched Spring 1983
May 1983 14 0.004 26020
Hatched Spring 1982 Hatched Fall 1982
July 1982 2.0 0.01 26797 0. 268 (0. 2
Sapt 1982 3.02 0.($ 108635 8.691 4.740

1.4 0,004 Yot sampled
Jm 1983 4,64 0.37 609 0.225 15.840 2.85 0.06 3223 0.193 (0.18))3
My 1983 5.16 0.47 3360 1,579 0.198 3.62 0.17 305% 5,201 1,850
Hatcred Fal | 1981

July ue 4.64 adl 22035 8,153 (5.263)2
Sept 1982 5.28 0.48 17335 8.321 2.165

1 productivity = Mean demsity berween samplingperiodsxweight increment Per individwal between sampling periods.

’ Extrapolated tetween My 1983 and July 1982
Assumes no mortality between hatching ad indieated period.
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consi dered, each of these species appeared to differ fromthe others in terns
of habitat selection and utilization. In cases where species showed somewhat
simlar habitat preferences, e.g. Photis fischmanni and Protonedia
grandi mana, there were spatial differences in location of maxinum densities
(Table 17). These spatial differences nost likely reflect differences in
environmental conditions that were not considered in the anal yses.

O chonene lepidula, Harpi ni a gurjanovae, Protonedi a grandimana, Byblis
gaimardi and Photis fischmanni Were all abundant in shallow water. Byblis
gai mardi appeared to be a selective deposit feeder, whereas Photis fischmanni
was not. Protonedia grandimana was also a shallow water non-selective
deposit feeder; however, it was nost abundant off the south coast of St.
Law ence | sl and. The other shallow water species were relatively rare in
this area. O chonene 1lepidula fed on substrate and crustacea. Harpinia
gurjanovae fed on crustacea and meiofauna.

Ampelisca macrocephala appeared to be the nost successful amphipod
species in the study area. Its habitat appeared to be only slightly
different fromthat of its congener A. eschrichti. A. eschrichti was nowhere

very abundant. Protonedia fasciata was also a non-selective deposit feeder,
not apparently restricted to any particular depth. Unl i ke Ampelisca
macrocephala, this species was nost abundant in poorly sorted substrates
having a low caloric content (Table 17).

There appears to be little niche overlap anong the nmost common anphi pod

species in the study area.

In the Chirikof Basin, gray whales appear t0 feed only in areas with a
hi gh bi onass of amphipods ( Thomson and Martin, this report). Areas of the
Chirikof Basin that had a high biomass of anphipods were dom nated by large
(lengths to 30 nm) ampeliscid anphi pods (Table 18). Areas that had a | ow
bi omass of anphi pods in sanples were dom nated by other taxa and the nost
abundant amphipods were smaller (to 15 nm) species such as Protomedia and
Ischyrocerus (Table 18). Areas contiguous to St. Lawence |sland showed a
hi gh density of both ampeliscid anphi pods and other anphipod species. Thus ,
gray whale feeding grounds in the chirikof Basin are domi nated by |arge

282



€8¢

Table 17. Summary of habitat preferences and food hmbits of the 10 daminant amphipod species found in the Chirikof Basin ard near St. Lawrence Island.

Substrate
Grain Caloric Carbon C/N location of
slze Sorting content content ratio Depth Feedirg taximm density
Ampelisca macrocephala medimm (2.9% )  well sorted high sediment , non-selective east gbudant SE Cape
warslore
Anmpelisca eschrichtd medium (2.9 ¢ ) poorly sorted high low sediment, norr-selective SE Cape offsiore
Byblis gaimardi medium (3.1 &) high shallow sediment , selective West coast, St. lawence
Islamnd
Photis fischmanni coarse well sorted high low shallow sediment SE Cape nearslore
Protomedia grandimana well sorted shallow sediment Sowth coast, St. Lawrence
Island
Protomedia fasciata coarse poorly sorted low sediment hirikof Basin
Harpinia gurjanovae fine well sorted high shallow camivorous SE Cape nearslore
Grandiphoxs acanthinus well sorted high not examined None
Pontoporeia femorata nedium 3 $ ) sediment South coast, SE Cape
offstore
Orchomene lepidula well sorted high low high shallow gediment/ carnivorous SE Cape nearsipre
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Table 18. Percent Of total amphipod density contributed by the dominant species at stations Wi th a similar biomass Of amphipods i n the Chirikof Basin.

Percentages are shown only where the indicated specks are daminant,

Rarge of
Amphipod Biomass Ampelisca Amelisca Ampelisca Byblis Protomedia Protomedia Ischyrocerus Photis Harpinia

Station macrocephala  eschrichti birulai gaimardi fasciata grandimama © Sp. fischmanni gurjanovae

0-10 gt
1A 22 25 18
1B 35 25 10
4A 25 68
4B 48 19
4C 91
5B 43
JA 55 15

10-100 g/n?
3A 11 11
3B 30 15 7
2B 55 9 13 10
3C 12 1 46

200 g/nt
2A 51 16 21
5A D
6A 49 10
68 80 5
7B 47 23
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amphipods. Smaller species appear to be excluded by habitat requirements

and/or conpetition. Over nost of their feeding range in the study area, gray
whal es are presented with a concentrated food source in the formof |arge

amphipods.

Productivity

Differences in productivity among the species listed in Table 19 are due
primarily to differences in life cycle. Generally, longer lived species wll

have a lower productivity than short |ived species (Birklund 1977; Wildish

and Peer 1981). The productivity of Photis fischmanni is similar to that of
Ampelisca brevicornis and Pontoporeia fenorata. Al'l three species have a
life span of one year. Corophium insidiosum produces 5-5.6 generations per

year (Casablanca 1975) and has a very high productivity. The relatively |ow
productivity of Ampelisca macrocephala in the Bering Sea is a reflection of

its long life span.

One of the ainms of this study was to deternine the anount of food
avail able to gray whal es and food consunption by gray whales in relation to
food availability. The nmean bi onass of amphipods in all areas utilized by
gray whales in the Chirikof Basin was 132.8 = 96.5 g/n2 (n = 37, includes 0.3
g/ n2 of amphipod parts that could not be identified, Thonson and Martin, this
report). Most of the bionmass was accounted for by animals that reach a
| ength of nore than 20 mm (Table 20).

Application of the annual productivity to biomass ratio of 1.8 deter-
m ned for Ampelisca macrocephala to the bionmass of these |arge anphipods

(124.9 g/w?) yields a productivity of 224.8 g/m2. Application of the
productivity to biomass ratio of 3.7 determined for Photis fischmanni t0 the

smal | est class of amphipods yields a productivity of 7.4 g/n2. Productivity
of an internediate-sized amphipod was not determined, so a productivity to
bi omass ratio intermediate between that of large and small anphipods (2.75)
was used. In this manner, productivity of the internediate size class of
amphipods was estimated at 15.4 g/nm2.  Total productivity of the 132.5 g/ni
of amphipods |isted above was thus estimated at 246.6 g/w2. The annual
productivity to biomass ratio of all anphipods in the chirikof Basin was
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Tabl e 19. Productivity of benthic anphipod species, the benthos as a whole,
and the zooplankton from the tenperate Atlantic and Bering Sea.

Locati on/ speci es Productivity/ Time span
Bi onmss ratio consi der ed Ref erence

Tenperate Atlantic

Pontoporeia femorata 3.6-4.8 1 year Wildish and Peer 1981
Corophium insidiosum 2-5 5 nont hs Birklund 1977
Corophium volutator 3-4 15 nont hs Birklund 1977
Corophium insidiosum 12-19.5 1 year Casabl anca 1975

Anpel i sca brevicornis 3.4-4.4 1 year Klein et al. 1975
Ampelisca Sp. 5 1 year Sanders 1956
Ampelisca brevicornis 3.4 1 year Sheader 1977

Zoopl ankton (North Sea) 1 1 year Crisp 1975

Benthos (North Sea) 3 1 year Crisp 1975

Northern Bering Sea

Photis fischmanni 3.7 1 year This report
Ampelisca macrocephala 1.8 1 year This report
Zoopl ankt on 4.2 1 year Ikeda and Motoda 1979
Macoma calcarea 0.3 1 year St oker 1978
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Tabl e 20. Mean bi onass of anphi pod species according to maxi mum si ze
attained in that part of the Chirikof Basin dom nated by amphipods.

Smal|l <10 mm Intermediate 10-20 mm Large >20 mm

g/ m? g/ ni g/ ni

Phoxocephalids 1.3 Boeckosi mus plautus 0.3  Ampelisca birulai 1.8
Ischyrocerus sp. 0.1 H pponedon granulosus 0.2  A. eschrichti 14. 4
Photis fischmanni 0.3 Melita Spp. 0.1 A. macrocephala 85.5
Corophium_sp. 0.3 Orchomene lepidula 0.7 Byblis gaimardi 19.7
Pontoporeia fenmbrata 1.3  Anonyx nugax 1.2

Protonedia spp. 2.5 Lembos arcticus 1.9

Qt hers 0.5 Wecomedon similis 0.4

Tot al 2.0 5.6 124.9

estimated to be 1.9 in 1982. This estimte was used by Thonmson and Martin
(this report) to assess the food available to gray whales relative to their
requirenents in the Chirikof Basin.

ACKNOWLEDGMENTS

The gray whal e feeding ecology project was funded by the Mnerals
Managenent Service through interagency agreement with the National Cceanic
and Atnospheric Admnistration, as part of the Quter Continental Shelf
Environnental Assessnent Program | wish to thank L. Jarvela and G Qi ver,

contract monitors for this project, for their assistance.

Thanks are due to Cdr. E. Gelb, the officers and crew of the NOAA ship
M LLER FREEMAN, and to Capt. R Ganse, the officers and crew of the NOAA ship
DI SCOVERER for their able and enthusiastic assistance during all aspects of
the field work. M Kaiser and C. Newell of the NOAA diving office assisted
with the planning and execution of diving operations. Ships divers L.
Consiglieri, S. Christopherson, J. Rivera, F. Wod, J. Mrris and M Wite
assisted with underwater sanpling and collection. | especially wish to thank
L. Martin and S. Viada of LG for assistance with all aspects of the field

work. L. Martin, D. Roseneau and D. Troy of LGL collected winter sanples. |

287



Prey Species

wish to thank the people of Savoonga, St. Lawence Island, for their able and
ent husi astic support and assistance with the winter work.

J. Cole of L& and G Lapiene and J. Talbot of NOAA provided val uabl e
| ogi stic support in Al aska.

R Dillinger of LGL supervised sanple analysis and identified nost of
the ani mal s. K. Coyle of Univ. of Alaska verified the crustacean
identifications, and K Fitzhugh and H Harry verified polychastes and ot her
taxa, respectively. S. Naidu and A.J. Paul of Univ. of Al aska perforned
carbon and nitrogen analysis and caloric analysis, respectively.

| wish to thank L. Maritzen, J.S. Baker and C. Holdsworth of LGL for
assi stance with data processing. B. De Long drafted the figures, B. Griffen
and H. Hogarth typed the nanuscript. | especially wish to thank W.J.
Richardson of LGL for editorial assistance and for fruitful discussions on
study design, data interpretation and analysis.

LI TERATURE CI TED

Birklund, J. 1977. Biomass, growth and production of the amphipod Corophium
insidiosum Crawford, and prelimnary notes on Corophium volutator
(Pallas). Ophelia 16:187~203.

Brenchley, G.A. 1982 Mechani sms of spatial conpetition in marine soft-
bottom comrunities. J. Exp. Mar. Biol. Ecol. 60:17-33.

Casabl anca, M-L. de. 1975, Méthode de calcul de |a production par
estimation de |a mortalité. Application & une population a structure
conplex du crustace Corophium insidiosum Cr awf or d. (Langune de
Biguglia, Corse). C.R. Hebd. Seanc. Acad. SCl. Paris 280:1139-1142.

Crisp, D.J. 1971.  Energy flow neasurenents. p. 197-279. In: N.A, Holme
and A.D. McIntyre (eds.), Methods for the study of marine—benthos. |BP
* Handbook no. 16. Blackwell Scientific Publications, Oxford.

Crisp, D.J. 1975 Secondary productivity in the sea, p. 71-89.  Im:
Productivity of the world ecosystems. Proc. of a Synposium sponsored by
U.S. National Conmittee for the IBP. NAS \shington, D.C.

Cross, W.B. 1982, In situ studies of effects of oil and dispersed oil on
primary productivity of ice algae and on under-ice amphipod communities.
In: Special studies - 1981 study results. (BIOS) Baffin Island Q|
Spill Working Report 81-10. 61 p.

288



Prey Species

Cross, W.E. and p.H. Thonson. 1981. Macrobenthos-1980 study results.
(BIOS) Baffin Island G| Spill Wrking Report 80-3. 81 p.

Day, P.R  1965. Particle fractionation and particle-size analysis. p. 562~
566. In: c.A. Black et al. (cd.), Methods of soil analysis, Part 1.
Am Soc. of Agronony, Mnograph No. 9.

Di xon, W.J. (cd). 1981.  BMDP statistical software. Univ. of California
Press, Berkeley. 726 p

Fauchald, K and pP.A, Jumars. 1979. The diet of worms: a study of
polychaete feeding guilds. QOceanogr. Mar. Biol. Ann. Rev. 17:193-284.

Fey, M.G. 1978. Acute lethal toxicity of Prudhoe Bay crude oil and Corexit
9527 on four arctic marine invertebrates. Rep. by LG Ltd. for
Environmental Protection Service. 98 p.

HIlI, M 1979. Annotated conputer output for regression analysis: a supple-
ment to witeups for conputer progranms BMDP2R and BMDP9R. Health Seci.
Comp. Facility, UCLA, Tech. Rep. No. 48. 74 p.

Ikeda, T. and S. Mdtoda. 1979. Zooplankton production in the Bering Sea
cal cul ated from 1956-1970 OSHORO MARU data. Mar. Sci. Comm. 4(4):329-
346.

Johnson, K. R, C.H. Nelson and H.L. Mtchell. 1983, Assessnent of gray
whal e feeding grounds and sea floor interaction in the northeastern

Bering Sea. Final Report by U S. Geological Survey, Menlo Park, CA to
NOAA/ OCSEAP, Juneau, AK. 78 p.

Jumars, P.A. and K Fauchald. 1977. Bet ween- conmuni ty contrasts in
successful peolychaete feeding strategies. p. 1-21. In: B.C  Coull
(cd.), Ecology of nmarine benthos. Univ. of S. Carolina Press, Colunbia,

S*C.

Jumars, P.A. and K. Fauchald. 1977. Bet ween-comunity contrasts in
successful polychaete feeding strategies. p. 1-21. In: B.C Coul
(cd.), Ecology of marine benthos. Univ. of S. Carolina press, Col unbia,
S*C.

Kanneworff, E  1965. Life cycle, food and growh of the anphi pod Ampelisca
macrocephala Liljeborg fromthe @resund. Ophelia 2:305-318.

Klein, G, E. Rachor and S.A. Gerlach, 1975, Dynanmics and productivity of
two popul ations of the benthic tube-dwelling anphi pod Ampelisca
brevicornis (Costa) in Helgoland Bight. Ophelia 14:139-159.

Nel son, C.H. 1982. Late Pleistocene-Holocene transgressive sedinmentation in

deltaic and non-deltaic areas of the northeastern Bering epicontinental
shelf. Geologie en Mijnbouw 61:5-18.

Nel son, H., R.W. Rowl and, S.W. Stoker and B.R. Larsen. 1981. Interplay of
physi cal and biological sedimentary structures of the Bering continental
shelf. p. 1265-1296. In: D.W. Hood and J.A. Cal der (eds.), The eastern
Bering Sea Shebdeanography and resources. Of. Mr. Poll. Assess.,
Natl. Ocean. Atmos. Admi n., WAshington.

289



Prey Species

Nerini, M In press. A review of gray whale feeding ecology. _ln: M.L.
Jones, J.S. Leatherwood and S.L. Swartz (eds.), The gray whale

Eschrichtius robustus. Academ ¢ Press. N.Y.

Sanders, H.L. 1956. Cceanography of Long I|sland Sound, 1952-1954. X The
bi ol ogy of marine bottom comunities. Bul I . Bi ngham Oceanogr. Coll.
15:345-414,

SAS. 1982. SAS user’s guide: basics. SAS Institute, Carey, N.C. 921 p.

Sheader, M 1977. Production and population dynam cs of Ampelisca

tenuicornis (Anphi poda) with notes on the biology of its parasite
Sphaeronella longipes (Copepoda). J. Mar. Biol. Assoc. U K 57:955-968.

Steel e, D.H. 1961. Studies in the narine amphipods of eastern and
nort h-eastern Canada. Ph. D. Thesis. MG 11l University, Mntreal, P.Q.
350 p.

St oker, S.W. 1978. Benthic invertebrate macrofauna of the eastern
continental shelf of the Bering and Chukchi seas. Ph.D. thesis, Univ.
of Al aska, Fairbanks. 259 p.

St oker, S.W. 1981. Bent hi ¢ i nvertebrate macrofauna of the eastern
Bering/Chukchi continental shelf. p. 1069-1090. In: D.W. Hood and

J.A. Calder (eds.), The eastern Bering Sea Shelf: oceanography and

resour ces. Of. Mar. Poll. Assess., WNatl. Ccean. Atnps. Admn.,
Washi ngt on.
Strickland, J.p.H. and T.R. Parsons. 1972. A practical handbook of sea-

water analysis. Bull. Fish. Res. Board Can. 167. 310 p.

Thonson, D.H. 1982 Marine benthos in the eastern Canadian high arctic:
multivariate anal yses of standing crop and community structure. Arctic
35:61"74.

Wildish, D.J. and D. Peer. 1981.  Methods for estimating secondary produc-
tion in marine anphipods. Can. J. Fish. Aquat. Sci. 38:1019-1026.

290



Prey Species

Appendix Table 1. Sumary of sanples ocollected and work performed i n the Chirikof Basin near St.
Lawrence Island in July and September 1982.

Benthic samples No. Of sediment  Amphipod feeding Video tows
Area Station (no. samples)l samples’ No. animals Bw no. (h)
Central Basin
1A 407(5V 1
1B 263(5)V 1 17
4A 205 W 1 27
4B 2920wV | 15
4C 473V 1
3A 269(5 W 1
3B 276(5 W 1 39
3C 423(5)V 1
2A 246(5 WV 1 36
2 257 (W 1
5A 232(5v 1 15
5B 240(5 W 1
6A 21905V 1
68 205(5 1
TA 1905V 1
7B 207 (5 1 43
St. Lawence Island
South Goast
10C 438(5 W 111(. 75)
10D 446(5 113(.5)
Boxer Bay
10E 455(5 W 45 115(. 18)
West Coast
8 (1)
8B 3(1.9)
8C nearstore 100 (5 W 7(1)
of f shore 92(5 W 11(1)
8D 113 W 14(1.9)
8E 125(5)A 45
southeast cape
9A of f shore 136(5)v 46 16(1.7)
179(5 W 19(2.1)
nearshore 152(8)2A i
158(15)A
166(30)A
464(30)2A
475(10) °A
464(30)3p

1V.Van Veen Grab, A = Diver-operated airlift, P = Ponar Grab.
2 507 of samples taken inside and 50% taken outside f rrows.

‘winter sanpling in Janwary, March and May 1983.
4 Gain size, caloric content, carbon and nitrogen content.
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Appendi x Table 2. Level of effort and nunbers of sanples collected and
anal yzed from the Chirikof Basin and the vicinity of St.
Lawence Island in July and Septenber 1982.

Days on site 31
Days wor ked 24*
Video tows No. tows 27
Hours towed 26
Di ves No. 40
Di ver hours 39.5
Benthic Sanpl es Van Veen Gab 114
Arlift Sanples 98
Ponar grab (winter) _30
Tot al 242
Sedi ment sanpl es Gain size 38
Cal oric content 43
Carbon nitrogen content 32
Chl orophyl | content 10
Surface detritus 19
Anphi pods Stomach contents (no. animals) 499
Caloric value 30

* 7 days were |ost due to bad weather in Septenber.
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