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ABSTRACT

In July and Septenber 1982, norphology, size and dis teibut ion of bottom
features made in the Chirikef Basin and near St. Lawence Island by feeding
gray Wwhales were invest igated Wwith side-scan sonar and by divers.
Di stribution and abundance of gray whale prey species and physical
characteristics of the substrate associated with the features were also
i nvesti gat ed.

Wthin the Anerican Chirikof Basin, gray whales fed extensively only in
areas that had a high biomass of amphipods and a substrate conposed of fine
sand with little gravel. Wthin their foraging grounds, the percent of
bottom di sturbed and nean size of feeding features was higher in shallow
wat er than in deeper water, and density of feeding features was positively
correlated with bionmass of amphipods.

Wal es apparently fad either by suet ion furrowing of the bottomto a
depth of 2 cmor stationary suctioning of shallow pits to a depth of 10 cm
These features enconpassed nean areas of 18 nR and 13 nR, respectively. The
whal es removed amphipods but. |ittle else.  Amphipods 5 mMmor less in length
may not be retained by the bal een but these conprise less than 5% of bi omass
of amphipods.

Daily consunption of amphipods was estimated in tw ways--from
behavi oral data and characteristics of feeding features, and on the basis of

theoretical energy requirements. (1) whales performing 198 feeding dives per
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day in July and 164/d in Septenber (wirsig et al. , this report) would consume

an average 321 kg/d wet weight if feeding on average densities of anphipods
(133 g/m2), and 678 kg/d if they selectively fed in areas containing 250 g/ nR
of amphipods. The latter bionmass is equivalent to the nean biomass in the
25% of benthic sanpl es containing the nost benthos. Evidence is presented

showing that gray whales may select areas with high anphipod biomass in which
to feed. (2) Estimated energy requirenments for active netabolism and food

storage for winter are simlar, ranging from 445 kg/d assum ng no energy
storage for magration to 763 kg/d assumng that all energy needed for
mgration is stored during sumer.  About 2500 gray whales are estimated to
summer in the Chirikof Basin, and an additional 9000 may migrate through it.
Assuming that consunption is 650 kg/d/whale, whales resident in and mgrating
through the Chirikof Basin would consume about 7.5% of the standing crop of
benthic amphipods each year, or about 4% of their productivity. However,
since the whales apparently select areas with a higher than average bionass
of amphipods in which to feed and apparently nust do so in order to neet
energetic requirenents, not all of the apparent feeding habitat in the
Chirikof Basin is of use to the whales. The major consideration, wth
regards to industrial developnent, would be exclusion of whales from areas of

prinme feeding habitat.
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| NTRODUCTI ON

The present population of gray whales is estimated to be about 17,600
to 18,000 animals with nost of these sumrering in the Bering Sea and areas to
the north (Reilly 1981; Reilly et al. 1983; Rugh in press). During their
stay on these summer foraging grounds, the whales nust store enough energy to
carry them through their stay on their winter grounds off Baja California and
for all or at least part of their long southward and northward m grations

The gray whale is the only baleen whale to feed prinmarily on benthic
animals. In northern seas, benthic anmphipods form the principal part of the
diet of gray whales (see Nerini in press for a review of feeding ecology).

This chapter presents information on the anount of food consuned per
dive by gray whales and integrates these results wth observations of feeding
behavi or presented by wirsig et al. (this report) to estimate the daily rate
of food consunption. This estimate is conpared to estimates derived through
consideration of the energetic requirements of gray whales. These estimtes
are, in turn, integrated with estimates of the abundance of whales (Mller,
this report) and the abundance, distribution and productivity of principa
prey species (Thonson, this report) to yield an estimate of the inpact that
these whales have on their food resources and to assess the carrying capacity
of their summer habitat in the Chirikof Basin.

MATERIALS AND METHODS

Study Design

Sampling was conducted from the NOAA ships DI SCOVERER ( Septenber) and
M LLER FREEMAN (July). Sixteen stations were occupied in the Chirikof Basin
and 12 stations in the vicinity of St. Lawence Island (Figs. 1 to 4). At
each station, side-scan sonar tows were nade to detect the presence of bottom
features made by feeding gray whales. Bent hi ¢ sanples were taken at each
station to provide descriptions of the quantity and quality of benthic
animals present, the nean grain size, and the caloric, carbon and nitrogen
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content of the substrate. A video camera was also towed in an attenpt to

recogni ze bottom features indicative of feeding and provide greater coverage
for descriptions of benthic habitat. Observations of the feeding behavior

and distribution of whales were also made at each station (Wirsig et al.,
MIller this report). In shall ow water, divers investigated and sanpled

features made by feeding whales.

The types and anounts of work performed in each area are summarized in
Table 1 Details of procedures and nethods used in benthic sanpling with

grab, airlift and video canera are described by Thonmson (this report).

Table 1. level of effort and work performed i n the Chirikof Basin and nearshore areas of f St. Lawrence
Island in July and September 1982.

St. Lawence Island

Chirikof West  South Southeast
Basin (bast (ast Cape Total
stations Occupied 16 4 5 3 28
side-scan sonar - No. tows 16 9 6 8 39
- ko 37.1 30.7 29.7 66. 9 164. 4
Benthic Samples - van Veen gra samples 75 14 15 10 114
- Airlift samples 93 93
- Sediment samples 16 2 3 16 37
Diving Operations - M. di ves 7 1 32 40
- Diver hous 4.8 1 33.7 39.5

Si de- Scan Sonar

The side- scan sonar was generally towed fromthe ships. In shall ow
water it was deployed froma smal 1 boat. Wen towed fromthe smal 1 boat an

anchor and float were used to mark areas showi ng evidence of feeding activity
by gray whales. A Klein Associates 500 kHz side-scan sonar with a Mdel 521

two channel recorder was used routinely. At five stations an EG and G Mdel
259-4 100 kHz side-scan sonar unit was used instead of the 500 kHz unit.
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Compari son of features observed on the bottom by divers and features
detected by the side-scan sonar indicates that hard objects as thin as 2 cm
(I'ight anchor chain) were resolved, as were soft objects as small as 5 cm
(mounds and depressions).

The side-scan unit routinely was towed for 30 mn at each station. In
shal | ow nearshore areas tows were of two or nmore hours duration. These |ong
tows were used to look for and mark specific features and areas to be
investigated by divers.

The ship’s position, speed, heading, and water depth were recorded for
each tow. The side-scan record was marked at 2-rein intervals. Later, the
total nunmber of depressions in the bottomattributable to feeding activities

of gray whales was recorded for 1 or 2-rein segments, coded and entered into a
conmputer .

From each of 18 transects, we digitized the feature boundaries from five
1- or 2-rein segnents of the side-scan chart record. Segnents ware |-rein |ong
when many bottom features were evident, and 2-rein |ong when few were
evident. The digitized feature shapes were then corrected for ship speed and
hei ght of the sonar above bottom and feature areas were conputed. This was
done with a Hew ett Packard HP9874A digitizer in conjunction with an HP9845B
conputer.  Communi cation between machines was acconplished with a system 45
1/0 ROM and an #p-IB interface. Digitizing and data managenent software was
devel oped by LG for this project. The area was cal cul ated fromthe
digitized data using a nodified trapezoid rule (see Loom s 1975). The
plotting was conpleted on a HP-9872A line plotter. Because of the
irregularities of digitizing, a 3-point spatial. snoothing filter was applied
to the data (see Riply 1981). Only recordings nade by the 500 kHz unit were
digitized or used to estimate size of feeding features. Linitations of the
side-scan sonar for this kind of work are discussed by Johnson et al. (1983).

Tenperature

Tenperature neasurements were made with a Plessy Environnental Systens
Model 9041 CID.
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Underwat er Observations and Sanpling

A team of two divers investigated bottom features in areas where whal es
were observed to be feeding and in areas marked by a small boat tow ng the

si de-scan sonar. Di mensi ons and nor phol ogy of features were neasured and
recorded in waterproof notebooks. Faunal observations were also nade and
recorded during a debriefing session after each dive. Features and the

surroundi ng area were photographed with a N konos camera and strobe. Five
diver-operated airlift sanples were taken inside and five outside each of
five features. Sanpl es of the substrate were also taken for later analysis
of grain size, caloric content, and carbon and nitrogen content. Details of
airlift sanpling, processing of benthic sanples, and |aboratory methods are
described by Thomson (this report).

Pl ankt on Tows

Ei ght horizontal plankton tows were made with a 1/2 m #6 nesh net
depl oyed fromthe ship's launch. These tows were made through the mud plunmes
emanating from the nouths of feeding gray whales.

Data Processing and Anal ysis

Al data were coded and entered into Hew ett Packard HP9845B or AMDAHL
470 conputers and |l ater transfered to an |1BM 3033 conmputer for analysis.
Data tabul ation was acconplished w th prograns devel oped by LA, and
addi tional anal yses were performed using SAS (SAS 1982) and BVDP (Di xon 1981)
statistical software.

RESULTS AND DI SCUSSI ON

Description and Distribution of Gay \(\hale Feedi ng Feat ures

Mor phol ogy and Size of Bottom Features Made by a Feeding Wal e

Nerini (in press) discussus the feeding mechanisms of gray whal es. They
apparently may feed in two different ways. Ggi, a captive gray whale,
rolled on her side and--with her head 10-20 cm above the bottom-cleared a
30-50 cm wide swath through the squid Iying on the bottom (Ray and Schevill
1974). Hudnall (1981 cited in Nerini in press) also describes a gray whale
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feeding on its side and sweeping along the bottom in this case |eaving
depressions approximately the size of its head. Nerini (in press) believes
that feeding whales suck up the surface layer of sedinent |eaving a series of
obl ong mouth-sized depressions.  She describes these types of features from
t he Chirikof Basi n.

In the followng section we describe two different types of features
resulting fromgray whale feeding: pits and furrows. The pits were as
described by Nerini (in press). Furrows were apparently made as described by
Ray and Schevill (1974) with the whale sucking while in notion and | eaving
gaps when expelling sedinent. A feeding event is defined as the disturbance
made on the bottom by one whale on one dive, and usually consists of a series
of features made on the bottom by the whale. As discussed below, a furrow ng
feeding event may be made up of a series of furrows.

Furrows. --In 13 mof water off Southeast Cape, St. Lawence Island, a float
and anchor narked a |ocation where two whal es had been feeding continuously
for 2 hin July. 1Ir July, whales made approxinmately 198 feeding dives/day
(wirsig et al., this report). This would represent approximately 33 dives in
the small area investigated during the two hour period. The whales may also
have been feeding before and after the period of observation. A dive was
made 6 h after the float was dropped. The sea floor at this |ocation was
marred by long narrow furrows, often wth short gaps between visible
continuations of the feature. Al though shallow, these furrows were easily
recogni zed because of the disruption to the “mat*’ of anphipod tubes that
covered the bottom Density of furrows was so high that it was not possible
to follow an individual feeding event conposed of these furrows for any great
di stance. I't was possible to isolate and measure 27 discrete portions of
furrows but it was not possible to determ ne how many of these were made
during one feeding dive. Discrete portions of the furrows (features) were
separated from other furrows by short gaps. Mean |ength of all furrows
nmeasured, fromone gap to the next, was 4.9 % s.d. 3.7 m(n “27). Man
wi dth was 47.6 + 34 cm Depth of all features was 1 to 2 cm It was
possible to follow one feature (furrows and gaps) for 14 m and another for
13.5 m  None of the others could be followed this far, largely because of
overlap between feeding features. (Gaps between continuations of furrows were
25-50 cm wi de.
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The side-scan sonar records nmade in July did show what appeared to be
conplete furrows in areas not heavily utilized by whales. It was not
possible to distinguish individual furrows in areas heavily utilized by
whal es. The furrows recorded by the side-scan sonar also showed gaps, and
the furrows were between 25 and 50 cm in width (Fig. 5a).

The mean total length of the seven isolated furrows was 46 es.d 12 m
(Table 2.) This distance is consistent with Wursig et al.'s (this vol une)
surface observations of mean horizontal distance travel ed underwater by a
feeding whale in July: 100 ¥ s.d. 46 m (n = 24).  The nean furrow length not
including gaps was 41 £ 10 m  Mead width of furrows measured by divers of f
Sout heast Cape, St. Lawence Island, in July (42.6 *34.1 cm) was used to
calculate the nean area enconpassed by these furrow. Mean area was 18  5.m?
for the seven furrows.

Table 2. Total length, total length of gaps and area enconpassed
by gray whales' feeding furrows recorded by side-scan
sonar in the Chirikof Basin. Mean width of furrows
recorded by divers was used to conmpute area.

Total length Furrow

Total length of gaps | ength Area

Station (m (m (m (m?)
2A 67 7 60 26
2A 54 15 39 17
2A 49 0 49 21
2A 38 4 34 14
2B 41 3 38 16
2B 37 0 37 16
2B 34 3 31 13

Pits,--Pits are defined here as shallow depressions in the seafloor.
These were noted by divers and recorded by side-scan sonar in nost areas
investigated. Again, density of pits was so high in the shallow waters off
Sout heast Cape that isolation of single feeding events by divers was
I mpossi bl e. It was possible to nmeasure individual features conposed of a

series of pits and individual pits.
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I ndi vidual isolated feeding events were recorded el sewhere by side-scan
sonar (Figs. 5b to 5g). The whale's node of feeding in this case was
apparently as described by Nerini (in press). Wile on its side, the whale
appears to have taken individual suction 'bites' of the substrate. These
‘bites'may be regularly spaced in a senmicircle, randomin a small area,
sonet hi ng between the previous two, or so close together that individual
'bites' are not recogni zable (Figs. 5b to 5g). Mean total area of these

Is given in Table 3.

Table 3. Mean area of gray whale ‘hites’ into substrate at six feeding-
feature areas in the Central Basin and off the west coast of
St. Lawence Island (see Fig. 5).

Total Area Mean Area
Feature No.l (m2) No. 'Bites' of 'Bite' ()
B 17.0
c 11.0 8 1*2
D 10*2 2 0.8
E 12.4 10 1.2
F 11.3 12 0.9
G 15.5 102 1.21

L See Fi gure 5.
2 The largest pits are not included in the calcul ation.

Mean total area of individual feeding features was 12.9 + s.de 2.7 nf (n
= 6) and nean area of individual ‘bites that could be resolved was 1.08
nf (n = 46) with a range of 0.75 to 2 ni.

In Septenber, divers measured 49 features in the heavily pitted region
off Southeast Cape (Fig. 6). Al though features up to 28.5 nf in area
were recorded, nmean area of all features was 2.9 % s.d. 5.5 o’ (n = 49).
At this time depth of all features was on the order of 10 cm The features
were close to each other, and often only a few centimetres separated them
Many features appeared to cross and nmerge with each other. The divers were

unable to identify individual feeding events.

In Septenber over the shallow waters off Southeast Cape, sone features
noted on the side-scan record could be identified as individual feeding
events. Some showed elevations within the feature simlar to ‘coal esced
bites' observed in deeper water. Mean area of eight of these features was
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FI GURE 6. Feat ures observed by divers off Southeast Cape, St. Lawrence
s land, at depths 11 to 13 m in September 1982.
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16.9 + s.d. 3.3 m°. Atthistime, however, nost feeding features were so
concentrated that individual feeding events were not discernible. This was
especially evident on transect 133 nade in 1t to 13 moff Southeast Cape in
Septenber ( Fig. 7). As the area of intense pitting was approached, apparent

size of features became larger (Table 4).

Tabl e 4. Mean size of whale ‘hite’ feeding-feature areas in relation to
‘percent of_hottom affected for five segments along transect 133
&eeFlg 7).
% of Bottom Mean % s.d.
Segnent  No. Af feet ed feature area (m)
A 2.2 4.3* 2.0
B 9.4 7.4* 3.6
C 36.4 20.7 34.7
D 36. 4 34.7 *38.3
E 26.9 15.5% 13.9

The large apparent size of some of the features in the heavily pitted areas
was due to the difficulty in recognizing pit boundaries on the side-scan
record. There was a |arge discrepancy between the size of features recorded
by divers and by the side-scan sonar (Figs. 8 and 9). I nspection of the
seabed by divers revealed that the feeding features made by the whales were
convoluted, overlapped and resenbl ed a nmaze. To further conplicate the
patterns, some whales had also been feeding within other features. Divers
were able to deternine feature boundaries and neasure them  They were not
able to identify the entire feeding event. Very poor visibility ensured
random sel ection of transect line direction and features for nmeasurenent on
the transect. During digitization, location of individual feature boundaries
on the side-scan sonar record within these heavily pitted areas was extremely
difficult and grossly overestimated nean feature size. Estimtes of feature
size made by divers were nore realistic. Areas showi ng heavy feeding
activity were easily recognizable and thus the estinmate of percentage of
bottom disturbed may be quite accurate.

Exam nation of the side-scan record indicated that the nearshore areas
of f Southeast Cape showing this heavy pitting enconpassed about 12 kni.
Ei ghteen percent of the seabed was affected or about 2,300,000 ni. If a
whal e cleared 15.5 niper dive and nade between 164 and 198 feeding dives
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side scan data were made on digitized corrected data.
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per day (wirsig et al., this report), then only 820 whal e-days or nine whal es
in the area fromthe beginning of July to the end of Septenber were required
to account for the disturbance to the seabed that was observed. About 40
whal es were observed off Southeast Cape in July and twenty in Septenber
(MIler, this report) .

In sumary, nean area of furrows was 18 # s.d. 5 ni. Mean area of
pit type feeding events in deep water was 13 es.d. 3 nfand nean area of
pit type feeding events in shallow water may be on the order of 17 % 3
. In all areas examned, pits were sl ightly nore numerous than furrows
(8.0/1000 n2 vs. 6.5/1000 ni, n = 350). W do not know how many feedi ng
events are represented by each of these types of features. A mean area of
15.5 n2 (the mean of recognizable pits and furrows) will be used as the area
of a feeding event in later conputations

The size frequent y distribution of features recorded in July in deeper
waters not investigated by divers was simlar to that recorded off Southeast
Cape by divers (Figs. 8 and 9). In the central basin and offshore waters off
Sout heast Cape approxinmately one-half of the features were less than 2.5 nR
in area and as such were within the size range of individual ‘bites’ . The
| arger features could include coalesced * bites’ and long stretches of furrow
that could not be resolved into smaller units.

Seasonal Conparisons. --Feeding feature size tended to increase in Septenber
(Fig. 8. In July, the mbdal size class in the Chirikof Basin and of f shore
from Southeast Cape was 1 to 2.5 ni. In Septenber, nodal size in the
Chirikof Basin and along the south coast of St. Lawrence Island was 5 to 10
n?. This difference is also evident in the |arger mean size of features
recorded for September vs. July (Table 3).

Distribution of Features

In nost areas, there appeared to be a mxture of small and large pits
and furrows (Figs. 10 to 14). The distribution of bottom features recorded
via side-scan sonar and attributed to the feeding activity of gray whales is

shown on Figure 15, and their density and nean size in various areas are
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Table 5. Mean area (# s.d. ) of features neasured via corrected digitized
side- scan sonar and by divers in July and Septenber of 1982.
Bottom features were atributed to the feeding activity of gray
whal es. The number of features neasured is shown in parentheses.
Area July Sept enber

Chirikof Basin

st. Lawr ence Islandl
west Coastl
south coastl
Sout heast Cape (of fshore)!

Sout heast Cape (nearshore)l

3,9 # 4.1 (292) 6.1 £ 4.5 (21)

7.0 # 9.0 (452) 8.8 * 11.7 (61)
8,3 % 11.0 (74)

17.8 * 26.4 (144)

Sout heast Cape (nearshore)2 2,3 + 3,1 (27) 2.9 * 5.5 (49)

1 From si de-scan sonar.
2 Diver nmeasurement.

shown in Table 6. It was possible to identify three categories of areas on

the basis of the side-scan record:

1. The northeastern region and the west central region (Station 5B;

Fig. 15) of the Chirikof Basin are used very little or not at all by
gray whalesg Mean density of features was only 0.01 # s.d.

0.03/1000 o in the 174,000 nithat were exam ned.
2. The north central region of the basin appears to be used only

sparsely E Mean density of features was 0.60 #
0.45/1000 ;2 he ‘hales.

3. The central portion of the chirikof Basin and all of the areas
around St. Lawence Island that were examned (Fig. 15) appear to be

used extensively by gray whal es. Mean density of features was
greater than 10/1000 n¥f®r all of these areas (Table 4).

of the various category areas examined, the proportion of seabed
affected by the whales was|owest in the deep waters of the central basin and
hi ghest in the shallow waters off Southeast Cape (Table 6.) Thi s apparent
inverse rel ationship between depth and percent of the seabed affected by

whal es was statistically significant (r = -0.32, 0.01>p>0.001, n = 82).
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Table 6. Mean density (no. /nt) of mpjor taxa and domi nant anphi pod species in all sanples taken in the
Chirikof Basin and near St. Lawence Island in the sunmer of 1982
St. Lawence Island Sout heast Cape
Location Chirikof Basin South Coast West Coast Depth 11-15 m  Depth 22-23 m
Sanpl e size 75 15 16 34 10

Tot al 6204 t 6195 12918 + 8515 10419 + 5306 110262 + 56084 9909 * 4444
Amphipoda 5086 * 5907 11056 + 7790 9088 * 4951 107873 t 57192 8808 t 4106
Pol ychaeta 651 + 638 766 + 787 740 * 993 1256 t 1943 704 * 594
Bivalvia 150 £ 249 677 t 522 251 t 300 327 * 490 162 £ 195
Cumacea 117 + 248 140 * 206 27 + 48 406 + 569 96 £ 75
Echinodermat a 67 + 136 1+5 0 10* 21 16 * 18
Ascidiacea 18 + 63 46 + 55 280 1 740 6*13 13 £ 17
Ampelisca eschrichti 74 £ 551 4 + 8 0 31 1 100 246 * 286
Ampelisca macrocephala 2061 + 3182 2582 t 2391 2841 t 2163 1080 t 1278 5030 * 2478
Byblis gaimardi 402 * 865 74 + 120 1573 1 2652 952 * 927 55 + 82
Photis fischmanni 74 * 143 1032 + 2139 17 t 36 95572 * 54565 139 * 164
Protomedia fasciata 607 *+ 1795 191 + 448 133 1 264 50* 148 124 * 148
Protomedia grandimana 872 t 3446 5367 t 5331 872 t 1090 2800 * 2997 1041 * 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
Pont oporeia fenorafa 65 *254 233 % 377 34 * 79 66 * 134 500 *651
Orchonene lepidula 119* 269 198 * 374 502 * 659 2697 * 1759 117 * 180
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Mean area of the features was also greater in the shallow water off
Sout heast Cape than in deeper water (Table 6). The relationship of this
variable to water depth was also statistically significant (r = -0.32,
0.01>p>0.001, n= 82).

Comparison with Gay Wale Distribution

The distribution of feeding features on the sea floor as reveal ed by
si de-scan sonar closely parallels the distribution of whales as observed
during shipboard transects (Table 7). A high density of feeding features on
the bottom was generally accompani ed by |arge nunbers of whales sighted at
the surface at or near side-scan sonar stations (Table 7). No whal es were
sighted at any of the stations where the sonar reveal ed one or fewer feeding
features per 1000 nion the bottom Only at Station 7A were there a
moderate number of feeding features but no observations of whales.

The correl ation between nunber of feeding features on the sea floor and
nunber of whal es observed at the stations was significant (r = 0.53,
0.05>p>0.01, n = 20).

Distribution of feeding features on the sea floor also parallels
distribution of whales as shown by aerial surveys. Mller (this report)
found high densities of whales off Southeast Cape and the west coast of St.
Lawrence Island and in the central and northwestern portions of the Chirikef
Basi n. He observed few whales in areas that showed few or no feeding
features on the sea floor. Aerial surveys conducted by Ljungblad et al.
(1982, 1983) showed a simlar distribution of whales.

Characteristics of Gay Wale Feeding Areas

There were striking biological and physical differences between areas
that were heavily utilized as feeding grounds by gray whal es and those that
were only lightly utilized or not utilized at all (Table 8). The nost
obvi ous difference between the three types of areas was in the biomass of
amphipods. Biomass of anphipods in areas where side-scan sonar showed nany
features attributable to feeding gray whal es was an order of magnitude
greater than in areas with a paucity of features, and almost two orders of
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Table 7. Nmber of bottom features attributed to the feeding activities of gray ties as recorded
via side scan smar and mmbers of whales observed via shipboard transects in 20 areas in
t he Chirikof Basin and near St, Lawrence Island.

Mo. features/1000 m?

No. Whales!
Area mean T sd (N Sighted at Station Remarks
St. lawrence Island
West coast 4% 10 (66) 65
South coast 24 %17 (36) 20
Boxer Bay 10£3 (5)2 15
Southeast Cape 26 £ 16 (87) 40
Chirikof Basin
7A 8% 4 (1) 0
7B 16 10 (13) 10 (15)3
6A 3t1 (12) 0(2)3 4 between 7B and 6A
68 22% 4 (12) 4 (20)3 16 between 6A and B
5A 318 (6) 1
5B 0, (11) 0“
2A 13£9 (8) 8 ~100 across internat ional
bouwdary from 2A

2B 5*10 (9 4
1B 1+1 (5) 0
3A ().5£05 (5 0
3B 0.1*0.1 (5 0
3 85  (13) 2
1A 0 (l0) 0
4A 0 (l0) 0
4B 0.1 £0.1 (4 0
4C 0 (19) 0

L Fran MITer (this report). |
2 Includes only transects Wi thin Baxer Bay.

3 Parenthetical values include Whal €S sighted nearby.
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Tabl € 8 .Pysical and bological characteristics of stations were the side-scan sonar record shoved 0, [ €W, and mny features attribued t O feeding
activity of gray vhales. The mean, standard deviation and sample size (in parentheses) are shown.

Chirikof Basin

No Features
(0-0.08/100 N?)*

Few reatures
(0.14-1.23/1000 =)

Many Features
(3.49-30.81/1000 n?)

All Areash*

(3. 4392 %)

Yean grain size ($)

Sortirg coefficient ()
alore cONtent (Cel/g)
Carbon/nitrogen ratio
Carbon  content  (mg/g)

Bimmss Of auphipods (g/of)
Total benthic biommss (g/w?)

Dmivart SPECI €S (% OF total bionass)

0.25 @& 2312 0.3 (3 3.23* 0.0

382274(1)() (3) (®)

a t 0.44 (5) 202 ton (3 179 0.3 (8)

3By () UL a3 464 * w (1)

9.2.1.1 (Y B6* 3.3 (3 7.0.1.0 (9

3.9* 13 (5 24708 (3 2.9% 0 (]

0 (23) 13.7% 129 (15 . 132.8* 96.5 (37)

179.9 ( 3) 128.1% 1312 (15) 262.8 * 146.3 (37)
calcaren (25) Macom calcaren (16)  Ampelisca wacrocephala (33)
Serripes (15) Yoldia hyperborea (7) Macomm calcarea (12)
Sand dollar 12)  Astarte spp. (7)  Byblis gaimardi 0]
Chirodota { 11f Tephtys spp. (6)  Sand dollar Q)
Nephtys spp. (5) Ampelisca eschrichtd  (5)

314 40,32 (17)

1¥64 ¢ 0032 (m
W81 s)
7.3 a0 (is)
31*08 (I5)

148.3 * 81.1 (933
ma * 1319 (93(2

w

Photis fisclmanni
Byblis

Macoma calcarea %

Yoldia mvalis
Nephtys spp.
Ampelisca eschrichti

O P OO P

* Rarge of Dem ™. featwres/1000 W for stations in the category.
** Includes statfors in the Qentral Basin as per Table 4 and stations near St. lawrence Island.
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magni tude greater than in areas showing no features. The correlation between
|l og transformed biomass of amphipods in random sanples taken in the vicinity
of side scan tows and | og transformed density of features attributable to
feeding activities of gray whales was significant (r = 0.75, p<0.001, n =
131).

Bival ves, echinoderns, and polychaetes were the dom nant benthic
organisms in areas that showed few or no feeding features on the side-scan
record. Ampeliscid anphi pods and the corophiid anphi pod Photis fischmanni
accounted for 42 to 45% of the benthic biomass in sanples taken from areas
showing a large nunber of gray whale feeding features on the side-scan record
(conpare Figure 15, this chapter and Figures 2 and 3 in Thomson, this
report) .

The distribution of gray whales as shown by aerial surveys and shipboard
observations (MIller, this report; Ljungblad et al. 1982, 1983) also
corresponds closely to the area of the Chirikof Basin occupi ed by dense
concentrations of ampeliscid anphipods (Stoker 1981: Fig. 62.2).

In all areas exanmined, the mean grain size of sanples associated wth
si de-scan records showi ng many gray whale feeding features was 3.1 % s.d.
0.3 (Table 8). That value is within the range of mean grain sizes (2.9-3.5)
preferred by the ampeliscid amphi pods inhabiting the Chirikof Basin (Stoker
1978; Thonson, this report).

Areas with nmany whale feeding features also showed |ess heterogeneity of
substrate than areas with few or no features on the side-scan record (the

sorting coefficient was smaller, Table 8).

There was nuch less gravel (particle size >2.0 nm) in areas show ng many
features (0.2 + s.d. 0.5% of dry sedinment weight, n = 16) than in areas
showing few or no gray whale feeding features (4.6 + 6.8% n = 8). Although
gravel has been reported in the stomachs of gray whal es (Zimushko and |vashin
1980), it nust interfere with feeding activities. A whale clearing 15 nf
of sea bottomto a depth of 2 cm given a nean gravel concentration of 4.6%
could ingest 37 kg of gravel at each feeding, as opposed to about 2 kg when
mean gravel concentration is 0.2% This difference in amount of gravel to be
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handl ed could be quite inportant, considering that the whal es nade between

164 and 198 feeding dives per day (Wirsig et al., this report).

Thematcommuni ty described by Thonson (this report) was characteristic
of feeding areas on the shallow shelf off Southeast Cape, St. Lawence
Island.  Presence of this cohesive layer allowed feeding whales to |leave a
|l ong-1asting record of their feeding activities on the bottom This mat
layer may be characteristic of all portions of the study area utilized by
foraging gray whales. As discussed by Thonson (this report), animal tubes
were the nost striking feature of this mat. Bi omass of these tubes, |ess
sediment and animals, was 1470 + s.d. 812 g/nf(n = 14) in July and 771 *
395 g/ni(n = 20) in Septenber in the shallow waters off Southeast Cape.
Along the south coast of St. Lawence Island, biomass was 210 % 103 g/ ni
(n = 15) and in the areas of the central basin utilized by whales it ranged
between 242 £ 92 (n = 5) and 476 & 217 (n = 5) g/n’.

Food Renpval by Gay Wal es

Ef f ects on Benthic Animal s

In July and Septenber, in the shallow waters off Sout heast Cape, St.
Lawence Island, airlift sanples were taken both inside and outside bottom

features attributed to the feeding activities of gray whales.

At depths of 10-15 mon the shallow shelf off Southeast Cape, St.

Law ence |sland, the bottomwas covered by a ‘mat’ of animal tubes. Thi s
'mat' consolidated the surface |ayer of sedinent, inparting it with a
cohesive gelatinous nature. Sedi nents were very fine sand. Anphi pods

accounted for 65% of the total biomass of 297.8 # 144.9 g/ni(n ~34) and

98% of the total density (110,262 # 56,084 indiv./m2) Of benthic animals in
this area. Polychaetes and bival ves accounted for 13% and 10% of benthic

bi omass, respectively. The amphipod Photis fischmanni was the dom nant
benthic animal in terms of both biomass (42% of total) and density (87% of
total) .  The ampeliscid amphipods Ampelisca macrocephala and Byblis gaimardi

and the bivalve Macoma calcarea were al so inportant contributors to bionass.
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In July, a float and marker were placed within a group of two whales
that were observed to be feeding for at least 2 h. The two whales, nade at
| east 33 dives and showed concrete evidence of feeding (mud plunes, mnud
streaming from nmouths). The bottom features were investigated 6 h after the
float was dropped, but we have no way of know ng absolutely that the whales
made the feature that was invest igated or when the feature was nade. Mean
| ength of furrow determ ned above was 41 m  Over 1000 m of furrows could
have been made in the 2 h of observat ion. In all, 27 features were measured
and/ or photographed and benthic sanpling was carried out inside and outside
one feature. Bi omass of benthic animals inside the feature was 221 g/mz,
about 40 g/n2 higher than outside. Yoldia myalis, a burrow ng bivalve, was
common (50 % 21 g/mz) in four sanples taken within the feature and rare

in four sanples taken outside (<1 g/mz) the feature. The furrow was
likely over a high density patch of this species. |If the bivalve Yoldia is
excluded from consideration, the biomass within the feature was 171
g/ ni--equivalent to the biomass outside (182 g/mz). It is not known

how much of the biomass in the feature remained after the whale fed and how
much inmigrated subsequently.

The isopod Tecticeps alascensis was nore abundant within the feature

than outside. Analysis of stomach contents of this isopod showed that it had
been feeding primarily on anphipods (Table 9). It seens likely that this
i sopod inmigrated into the feature to take advantage of the sea bed that had
been traumati zed by a feeding gray whale. Car ni vorous (Fauchald and Jumars
1979) nephtiid polychaetes were al so nore abundant within the feature (Table
11), and may al so have quickly immgrated into it for the same reason.

The anpeliscid anphi pod Anpelisca macrocephala was al so nore abundant
within the feature than outside. In fact its biomass within the feature was
hi gher than in other sanples taken at sinmlar depths away from areas that had
been utilized by whales (Table 11). Photis fischmanni showed a markedly

| ower biomass within the feature (Table 11).  Synidotea picta, anot her

isopod, was nore abundant within the feature than outside, as were the

amphipods Protonedi a grandimana and Dyopedes arcticus.
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food itens found in the guts of 43

speci nens of the isopod Tecticeps alascensis taken at depths of 10

to 15 min the nearshore waters off the southeast cape of St.

Law ence Island in the summer

of 1982.

Food Item

Frequency of Qccurrence

Amphipods
Unidentified amphipods
Ampeliscidae
Ampelisca eschrichti
Haustoriidae
Euhaustorius Sp.
Lysianassidae
Orchomene Sp.

Prot onedei a sp.
Photis sp.l
Corophium_sSp.

QG her taxa
Foraminifera

Gast ropoda
Ani mal tissue
Sedi ment

Enpty

[EEN
WO — NN — — W ©

O O PO —

1 Includes P. fischmanni.

In Septenber, four features of

results were sinilar to those fromJuly (Table 11).
than outside features,
isopods and nephtiid polychaetes was hi gher than

of Photis fischmanni was lower

Ampelisca macrocephala,

out si de features.
fi schmanni

negligible.

Tabl e 10. Mean i ndi vi dual

from sanp

vicinity of Southesat Cape, St.

Differences in nean individual
from sanpl es taken inside and outside feeding features were

wet wei
les taken inside and outaide feedi ng eatures tn the

i ndeterm nate age were investigated,;
Wthin features, bionmass
and bi omass of
for

weight Photi s

ght of the amphipod_Photis fischmanni

Law ence |slan

Mean i ndi vi dual

wet wtl (mg) + s.d.
(sanpl e size)

Mont h I nside feature Qutside feature
July 1.34 £ 0.80 (3) 1.72 + 0.69 (4)
August 1.34 # 0,76 (12) 1.16*0.42 (15)
1 onl sanpl es containing nore than 100 indi vi -

dual s were used. Values are biomass in sanple/

no.

individuals in sanple,
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Tabl e 11, Mean biomass (g/m2 * sdds ) Of major taxa and dominant Species from sanples taken inside and
outside bottom features attributed to the feeding activity of gray whales and from samples
taken of the uypper 2 om and ypper 10~15 am of substrate. Al sanples were taken of f
Southeast Cape, St. Law ence Island, by diver operated airlift.

July Sept enber sanpl es taken
surface to 10-15 a
Inside  CQutside I nsi de Outside 2 cm of mat into md

Taxon n= 4 4 20 20 30 10
Total. bionass 221 £ 69 182 41 256 * 131 263 * 128 207 * 102 412 * 138
Amphipods 104 * 62 159 * 42 130 * 70 206 * 73 147 % 77 18t 78
Polychaetes 12 % 11 3*2 46 + 63 1825 78 94*73
Isopods 23 + 12 3*3 43*29 5*7 15 * 18 310
Bivalves 53 * 19 6*11 24 t 67 26 £ 76 16 £ 38 44* 45
Amphipods
Photis fischmanni 21 * 21 106 *43 34 +42 150 *65 73 £ 69 8le 49
Protomedia grandimana 5*5 1£2 3l ¢ 28 19 * 13 10* 11 721
Ampelisca macrocephala 44 £27  12%7 20 % 20 67 21 % 16 21 % 13
Byblis gaimardi 2%2 4% 4 11 * 10 86 4*5 <1
Anonyx nugax 817 16%9 12*8 4*3 g8t 16 26*9
Orchomene lepidula 4* 4 6* 4 5*3 7*6 6%6 8 t6
Pyopedes arcticus 7+ 10 2%2 00 0t1 15 * 14 33 % 16
Some Ot her Taxa
Tecticeps alascensis (|1) 17*7 0t1 33 * 28 4*7 11 * 15 <l
Synidotea picta (T) 5t6 23 88 112 3*5 3*10
Nephtys spp. (P) 8+ 9 <1 39 * 61 22 2%2 28* 29
Macoma calcarea ( B) 1£2 < 15+ 63 18 £ 77 1£1 13 £ 18
Yoldia myalis ( B) 50*21 <1 6*13 7*12 4*21 16*38

| isopod, P polychaete, B bi val ve.

425



Feedi ng Ecol ogy

Based on the |ength-weight relationship of P. fischmanni (Thomson, this
report), all of the nean weights shown above correspond to a 4 nmm
I ndi vi dual . There were also no apparent differences in the size frequency
di stributions of Ampelisca macrocephala taken frominside and outside feeding
features in September (Fig. 16). Recolonization by these species appears to
i nvol ve the general population rather than specific size groups.

It is interesting that total biomss of polychaetes exclusive of Nephtys
spp. Was simlar inside and outside the feeding features. Stomach contents
of gray whales taken in Russian waters indicate that they feed al nost
exclusively on anphi pods (Zimushko and Ivashin 1980; Bogoslovskaya et al.
1982; Blokhin and Pavlyuchkov 1983; Yablokov and Bogoslovskaya in press).
QG her aninals are rare in stomach contents. It is also worth noting that
amphipods accounted for 78 to 87% of total bionass in sanpl es taken outside
but immediately adjacent to furrows, but only 44% of total benthic bi omass of
sanpl es taken 800 m from feeding features in July. Thus, the whales had been
feeding in areas with a high biomass of amphipods and | ow bi omass of other

taxa. In July, whales were feeding on the top 2 cmof the 'mat' | ayer.
Sanpl es taken to a depth of 2 cmin the 'mat' |ayer contained a |arge bionass
of amphipods and | ow bi omass of other taxa (Table 11). The whales were

selecting for amphipods both during selection of feeding sites and by
processing only the top 2 em of the substrate,

In these shallow waters off Southeast Cape, density of _Photis fischmanni
alone in areas where whal es were feeding was over 100, 000 ani nal s/mz.
Density of Ampelisca macrocephala was only 1/5 of that in deeper (>20 m
wat er where density of all animals was only 10,000/m2. There was a
significant negative correlation between densities of A _macrocephala and P.
fischmanni, considering all sanples taken within, outside and away fromthe
furrowa found in shallow water off Southeast Cape (r = -0.329, p<0.00l, n =
86). A high density of P. fischmanni was acconpanied by a | ow density of A.

macrocephala.  Conpetition for space with P. fischmanni may be a factor that

limts the abundance of A. macrocephala in this region.

In other regions, ampeliscid amphipods are opportunistic recol oni zes of
di sturbed areas (Mills 1967). During this study, we observed that

di sturbance of the seabed by divers or the underwater Vvideo frame caused

426



Feedi ng Ecol ogy

- /)
|

// INSIDE FEATURE
N=1I0

SRS

7
10 Ui 007
S- -’// ////// é ///// %%//// 72
5 1

N =279

10

/.

my
%%éCVA% -

121314 1516171819

NN
NN

I NN

//

456789101

(>

[y

LENGTH (mm)

a macrocephala from
a bottom feature
shal | ow wat er

FIGURE 16. Length frequency distributions of Ampeli
airlift sanples taken inside and outs
attributed to feeding activities of a gra
off Southeast Cape, St. Lawence Island, i

427



Feedi ng Ecol ogy 190

ampeliscids to |eave their tubes and begin sw ming about. Because of the
high density of Photis tubes, ampeliscids disturbed by whales may not be able
to settle again until they find a relatively depauperate substrate.
Ampeliscids disturbed by a feeding whale would find a suitable habitat within
the fresh furrow. When whales fed in these shallow areas they reduced the
density of P. fischmanni Within features and may have al |l owed Ampelisca
macrocephala to recol onize the furrow.

Nerini et al. (1980) estimated relative ages of pits through exam nation
of the densities of Ampelisca macrocephala and ot her species. In the
foll owing paragraph, we have used the same nethodology to estimate relative
furrow age. “Twenty-four sanples each were taken within and outside five
fur rows. The density of Photis fischmanni in all of these sanples was
negatively correlated wth the density of both the isopod Tecticeps
alaskiensis (r = 0.416, 0.01<p>0.001, n = 48) and the ampeliscid amphipod A.
macrocephala (r = -0.446, p<0.001, n = 48). There was no correlation between
densities of A. macrocephala and T. alaskiensis (r = 0.06, p<0.05, n = 48).

W estimated the relative ages of furrows by conparing the nunbers of

animal s and bi omass of amphipod tubes found in sanples taken inside as a
percentage of those taken outside the furrows that were sanpled.

In Table 12, we have estimated the relative ages of features by assumng
that those with the | owest biomass of tubes and density of amphipods relative

to biomass and density outside were the freshest features.

Table 12. Estimated relative ages of gray whale feeditngbfeatures based on
u

numbers ‘of amphipods an bi omass™ of amphpod es.
Photis Ampelisca Tecticeps Animal
Y. Sanpl es fischmanni macrocephala alaskiensis Tubes*
Age Station Inside/Outside % infoutl % infout % infout % infout
fresh 464a 5/5 5 8 1387 5
464b 5/5 10 1168 0 43
464c 55 22 2123 2909 54
152 4/ 4 33 501 2900 49
aid 475 55 54 1 543 157
* Based on g/uf,

1 Yean density inside the feature expressed as percentage of mean density outside feature.
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itwoul d appear that when a furrow is first created it is denuded. The

above tabl e also shows that the scavengi ng amphipod Tecticeps alaskiensis is
the first to col oni ze. Ampelisca macrocephala is relatively quick to

colonize the area but its relative density decreases as_Photis fischmanni
re-establishes itself. If so, then the furrow at station 154, which was

sanpled in July in an area where whal es had been observed to be feeding, was
either an older furrow or reflected the effect of a different node of
f eedi ng. As previously nentioned, in July the whales were apparently
skimm ng the bottom and | eaving furrows 2 cm deep while in Septenber they
were making pits 10 cmdeep. Furrowing may be a less effective method of
f eedi ng.

There are sone differences between these results and those of Nerini et
al. (1980), Nerini and Qiver (1983, and Nerini (in press). Features we
sanpl ed of f Sout heast Cape were on average 2.9 nf in area and were 2-10
cm deep. Pits exam ned and sanpl ed by Nerini were smaller (1.8 nf) and
deeper (19 cm. They found a reduction in density of Ampelisca macrocephala

inside features. However, Nerini et al. (1980) were sanpling in deeper
water, where A. macrocephala Was the dominant organi smand Photis fischmanni
was rare. Conpetition for space in the bottom nmay have been minimal as only
a total 6000-12,000 animals/m2 were present. Decreased conpetition for

space in deeper water may have allowed ampeliscids to settle anywhere on the
bottom  The snaller deeper pits found by Nerini et al. (1980) may, in fact,
have been avoi ded by ampeliscids because they prefer areas with a substanti al
current (Sanders 1956). Length-frequencies of Ampelisca macrocephala sanpl ed
inside and outside furrows in Septenber by ourselves are identical to Nerini
et al.’s (1980; Fig. 13) results fromthe fall.

Feeding gray whales apparently have little effect on burrow ng
polychaetes and bivalves and a large effect on surface-dwelling fornms such as
anphi pods and isopods. Recolonization by the latter groups is extremely
rapi d. Scavengi ng isopods, polychaetes and perhaps lysianassid anphi pods may
nove into denuded areas to take advantage of damaged animals, Qher species

such as Ampelisca macrocephala and Photis fischmanni appear quick to respond
t0 newly avail abl e substrate.
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Effects on Physical Characteristics of the Substrate

Foragi ng gray whal es cause a disruption of the surface ‘mat’ |ayer that
overlays the sea bed in the shallow waters off Southeast Cape, St. Lawence
Island. This 'mat' is conposed of dense concentrations of anphipod tubes and
it is the presence of these tubes that give the surface layer its discrete
and cohesive nature. Disruption of this ‘mat’ by feeding whales is not
total. In July, biomass of the animal tubes and other organic matter not
including animals was 937 % s.d. 116 g/ni(n = 4) outside feeding
features and 465 % 315 (n = 4) g/nfinside features. I n Sept enber
bi omass of this material was 795 + 405 g/ni(n = 18) outside feeding
features and 282 + 256 g/nf(n = 18) i nside. It should be noted that
some of the tubes inside features nay have been constructed by recently
imm grated animals.

Mean grain size within the 'mat’ layer averaged 3.4 * s.d. 0.2% (n~4)
outside of the features and 3.6 * 0.1¢ (n = 4) inside features. Mean sorting

coefficient was 1.4 # 0.3 ¢ (n = 4) inside features and 1.5 * 0.2¢ (n "4)
outside features. The feeding activity of the whales or subsequent erosion ,

(if any) of features does not appear to affect sediment characteristics. The
presence of animal tubes within features may prevent or at l|east retard

erosion of features.

Food Available to Gay Wales

In the shall ow waters off Southeast Cape in July, gray whales were
apparently feeding on the upper 2 cmof the 'mat' that covered the bottom
Airlift sanples taken to a sedinent depth of 2 cmindicated that a total
biomass of 207 * 102 g/nf wet weight was available to the whales.
Amphipods, especi al | y Photis fischmanni and Ampelisca macrocephala, accounted
for 71% of this biomass. At the feeding feature sanpled in July, 159
g/ nf of amphipods were available to the whales.

Amphipod bi omass estimates from deeper waters of the Chirikof Basin and

areas adjacent to St. Lawence Island are given in Table 13.
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Tabl e 13. Esti mates of amphipod bi omass in Chirikof Basin and the St.
Law ence |sland areas.

mean + s.d. (sanpl e size)

Central Chirikof Basinl 133 o 97 (37)
St. Lawence Island
south coast 120* 49 (15)
west coast 130 *50 (16)
Sout heast Cape (of fshore) 139 * 52
Sout heast Cape (nearshore) 194 £ 78 (34)

1 Only sanples from areas utilized by gray whales are included.

O her bal een whal es appear to seek out and feed in dense concentrations
of zooplankton (e.g., Brodie et al. 1978; eGriffiths and Buchanan 1982). As
previously noted, over the study area as a whole there was a strong
correlation between bi omass of amphipods and nunber of feeding features.
Wien all of the areas not used by whal es are excluded fromthe conputations,

the correlation between log transformed percent of sea floor disturbed and
| og transforned nmean bi omass of amphipods was 0.69 (0.01>p>0.001, n = 17).
This relationship would indicate that, wthin their feeding grounds, whales
are selectively feeding in areas of high amphipod density. This relationship
explains differences in gray whale feeding activities anmong stations that
were 10’s of km apart and we have no data on snmall scale distribution of
feeding features in relation to biomass of anphipods.

Mean bi onmass of amphipods in all sanples taken in areas utilized by
feeding gray whales was 148 #* 81 g/nf(n = 93). The frequency
distribution of biomass in the sanples shows that 49% of sanples contained a
bi omass of anphi pods greater than the mean (Table 9).

Tabl e 14. Frequency distribution (% of amphipod biomass in 93 sanples taken
within that portion of the study area utilized by gray whales.

Range of Amphipod Bi omass (g/nt)

0-49 50-99 100- 149 150-199 200- 249 250- 299 300- 349 >350

9% 20% 22% 24% 15% 6% 3% 1%
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Food Retention Efficiency of Gay Wales

Notall aninmals may be retained by the baleen when the whale is
f eedi ng. Johnson et al. (1983) discuss the available conflicting evidence.
Amphi pods as small as 4 nm have been found in gray whale fecal material, but

bal een separation of gray whales may allow aninmals of sizes less than 4 nmto

escape.

Ei ght horizontal plankton tows were taken through rmud plunmes enanating
from feeding gray whal es. These tows were taken at a water depth of 20 m
bet ween grab stations 138 and 179 off Southeast Cape, St. Lawence |sland
(Fig. 2). A control tow taken away from nud plunes contained no benthic
ani mal s. Speci es conposition of the benthic anphi pods recovered fromtows
through nud plumes (Table 10) reflects the species composition on the bottom
at nearby grab stations. Ampelisca macrocephala was the dom nant benthic
species both in tows (Table 15) and in the grabs (Thomson, this report).
Prot onedia spp. were next in order of abundance both in tows and grabs.
Unli ke the situation on the shallow (10-15 m shelf, Photis fischmanni and
Byblis gaimardi were rare in these deeper water grab sanples. These two

species were also rare in the plankton towa through nmud plunes.

A conparison of the sizes of Anpelisca macrocephala recovered from
pl ankton tows through nmud plumes with those taken in nearby benthic sanples
(Fig. 17)shows a preponderance of 4 and 5 mmindividuals in the plankton
tows (81%. These two size classes conprised 23% of the population on the
bottom at Station 138 (Fig. 17). This evidence suggests that sonme
individuals snmaller than 6 nmare not retained by the whale. However,
i ndividuals less than 6 nm conprise only 3.2% of the wt weight bionmass of
A. macrocephala on the bottom Ampelisca macrocephala, A. eschrichti and
Byblis gaimardi, animals sinmilar in size, were the dom nant animals in areas
heavily utilized by the whales (Table 8). Wal es feeding on these species
woul d retain nost of the biomass, assuming that individuals greater or equal
to 6 mMmin length are retained. Protonedia spp. and Dyopedes arcticus were

al so abundant in plankton tows and nay not have been retained by the whal es.
However, both of these animals are small, and together they conprised only
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Table 15. Nunber of benthic aninmals found in eight surface
pl ankton tows taken through nud plunes emanating
from feeding gray whales off Southeast Cape, St.
Lawrence Island, in July.

Tow Nunber
Taxon 1 2 3 4 5-82 Tot al
Amphipods
Ampelisca macrocephala 8 8 8 10 29 63
Byblis_gaimardi 1 1 2
Photis fischmanni 1 3 4
Ischyrocerus sp. 1 1 1 3 6
Pontoporeia fenorata 11 1 5 8
Prot onedi a sp. 6 2 3 13 24
Dyopedes arcticus | 6 2 4 13
Atylis sp. 1 1
Orchomene Sp. 1 2 3
Lenbos arcticus 1 1
Grandiphoxus acant hi nus 1 |
Boekosimus plautus 1 1
Podoceros Sp. 4 | 5
Orchomene lepidula 1 1 2
Qther Taxa

Cumacea 1 | 2
Polychaeta 1 1

*Four tows comnbi ned.
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Length frequency distributions of _Ampelisca macrocephala from (a)
pl ankton tows taken in July through nud plunmes emanating from
feeding gray whales, and (b) benthic grab sanples. Gab sanples
were taken off Southeast Cape, St. Lawence Island, near the
| ocation of plankton tows.
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6.5% of the biomass of anphipods found on the bottomin the area where the
towa were nade.

Wien al | benthic species collected in the plankton tows are comnbined,
individuals of 5 nmor |ess conprised 71 % of the total nunber of aninals
collected in the tows. In benthic grab sanples taken nearby, 39% of the 3744
amphipods taken were 5 nmor less in |ength. W estimated biomass of
amphipods by | ength categories by applying the Iength vs. dry weight
rel ati onship devel oped for Photis fischmanni (Thonson, this report) to

approximate the length weight relationship for small animals and that of
Ampelisca macrocephala (Thonson, this report) to large aninmals. Animals of
size 5 mmor less in these sanples conprised only 4.3%of total amphipod
biomass. The percent total amphipod bi omasses contributed by six other size

categories are shown in Table 16.

Tabl e 16. Length to dry weight relationships for six size categories of
amphipods.
% of Total bpry Weight Biomass of Anphi pods
Si ze Range (nm) 2-5 6-10 11-15  16-20 21-25 @ 26-29

% Total 4.4% 18.1  21*2 12.9 24.8 18.5

Thus , at water depths of nore than 20 m over 75% of the total anphipod
bi omass is contributed by amphipods greater than 10 nmin |ength. Even if
none of the amphipods of size 5 mmor less are retained by the baleen, the
| oss would be less than 5% of total anphipod biomass.

The shallow water benthos off Southeast Cape was dominated by the small
amphipod Photis fischmanni. In July and August 40-60% of the bionmass was
represented by anphipods less than 5 nmin length. Feeding efficiency may be
lower in this region. However, we do not know what proportion of these small
amphipods i S retained by the whale. Oiver et al. (1983) found large numbers
of amphipods less than 5 mmin length in gray whale feces collected in the
vicinity of St. Lawence Island.
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Utilization of the Chirikof Basin By Gay Wales

Mgration

The theoretical estimation of food consumption by gray whales while on
their summer feeding grounds requires some know edge of their mgration
patterns and food consunption while mgrating. M grating ani mal s may
consistently swimat a speed of 7.2 kmh (Sumich 1983). Qther authors cited
in Rugh and Braham (1979) have cal cul ated travel rates of 7to 10.2 knl h.
Rugh and Braham estinmated that gray whales travel at a nean speed of 4.3 kmh
between Point Loma, California, and Unimak Pass in the Aleutian Islands.
Wirsig et al. (this report) calculated a nean forward speed of 2 kmih for
feeding whal es. It is not surprising that feeding whales nmove at a slower
speed than traveling whales.

Qiver et al. (1984) and Darling (in press) found ‘pockets’ of suitable
habitat along the Vancouver Island coast and Darling specul ates that these
may be found along migration routes between California and Al aska. I'f the
whales feed while traveling through these ‘pockets’, or stop to feed there
and then quickly traverse the regions between 'pockets' as they do off
Vancouver Island and in Russian waters (see Darling in press), then mean

speed of travel will be reduced,

Gay whal es depart Russian waters in md Cctober to Novenber, arriving
at Unimak Pass during the |ast two weeks of Novenber and the first three
weeks of December (Rugh and Braham 1979; Yablokov and Bogoslovskaya (in
press). |If the whales depart the Siberian coast on the first of Novenber and
arrive at Unimak Pass on 22 Novenber (the date of peak passage; Rugh and
(in Braham (1979)) then a nean speed of 1.7 kmih is required to cover the 864
km coastal . mgration route outlined by Braham (in press) between the Bering
Strait and Unimak Pass. This is- less t han the forward speed of a feeding
whal e.

Bet ween Unimak Pass and Point Loma nean speed of migrating whales is 4.3

kmh (Rugh and Braham 1979), slow enough to allow feeding, given the
traveling speeds cited above. The timng of novenents past Vancouver |sland
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and Oregon (Herzing and Mate 1981; Darling in press) indicates that traveling
speeds are simlar between Unimak Pass and Vancouver |sland and between
Vancouver Island and California.

Nort hbound whales travel at a slower rate than southbound whal es (Rugh
and Braham 1979).  The main pul se of northbound mgrants passes California
during the first week of March (Dohl et al. 1981). They reach Oregon by md
March and pass Vancouver Island during the last two weeks i n March. Mean
speed would have to be about 4 to 6 kmh during this time. By June animals
are found between Unimak Pass and the Bering Strait. To arrive off St.
Lawr ence Island by the first of June, the whales traveling the coastal route
woul d have to average only 2.2 kmih during this Bering Sea portion of their
j ourney. Braham (in press) has observed these northbound whales to be
feeding extensively in Bristol Bay and north of the Al askan Peninsul a.
Mgrating animals also feed sporadically off Vancouver Island in spring
(Qliver et al. 1984; Darling in press).

Nerini (in press) has reviewed the question of feeding during the
mgrations and found sone evidence for feeding all along the route, including
feeding in offshore waters of Baja California. However, the only confirned
intensive feeding is fromthe northern part of the range, and the evidence
suggests a lack of feeding activity off California (Nerini in press).

For the purposes of the followi ng energetic conputations, we consider a
mature nmale gray whale that spends 62 days on its winter grounds (R ce and
Wolman 1971). It departs on 12 March and arrives at Vancouver |sland on 28
Mar ch. It passes through Unimak Pass on 19 May and arrives at St. Law ence
Island on 1 June. The whale spends 150 days on the summer feeding grounds in
the Chirikof Basin, departing on 1 Novenber. Uni mek Pass is reached on 22
Novenber and Point Loma, California, on 11 January. Alternative calculations
will be made below assuming different rates of feeding while mgrating.

Animals that summer in the American Chukchi Sea and off Siberia pass
t hrough the Chirikof Basin during migration. Information on the distribution
of whales in Soviet waters is insufficient to deternine what proportion of
that popul ati on passes through the Chirikof Basin. Nort hward migrating
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whal es appear to congregate near St. Lawence Island before dispersing to
their summering areas. Thus nost of these whales nust pass through the
Chirikof Basin. An assunption will be made that all of the Soviet-summering
animals and all animals that summer in the Anerican Chukchi Sea (see bel ow)
do SO Mean traveling speed of migrating whales through the Bering Sea
appears to be about 2 kmh and the di stance across the Chirikof Basin is
approximately 270 km  This journey would require six days and is performed
tw ce. Fol | owi ng these assunptions, wut ilizat ion of the Chirikof Basin by
mgrating whales would be on the order of 100,000 whal e-days

Resi dent Popul ati on

The total population of gray whales is estimated to be 17,600 (Reilly
et al. 1983; Rugh in press). Most of these whal es appear to summer in the

Bering Sea and areas to the north (Rugh in press). Zimushko and Ivashin
(1980) estimated that 7700 to 7800 gray whal es sunmmered off the coast of
Siberia between Mys Olutorskiy and Wrangel | sl and. In July 1982, Ljungblad

et al. (1983) found nean densities of 0.006 to 0.430 whales/n.mi.2 in
their six survey areas in Anerican Chukchi Sea in 1982. This represents an
uncorrected total of 2550 whal es. Application of our correction factor for
whal es bel ow the surface (wirsig et al. and MIller, this report) yields a
corrected estimate of 9109 whal es

Mller (this report) estimated that 1929 gray whales were found in the
Chirikof Basin in July of 1982. Ljungblad et al.'s (1983) raw estinates for
a larger area, including the west coast of St. Lawence Island, for the
period June to August 1981 and July 1982 were 743 and 666 whal es,
respect ively. Application of Mller’'s (this report) correction for whales
bel ow the surface yields estimtes of 2805 whales in 1981 and 2379 in 1982.

The estimates |isted above for numbers of gray whales near St. Law ence
Island and in regions to the north in 1982 total 19,338, greater than the
total number of whales that enter the Bering Sea. In July 1982, gray whales
had apparently not yet conpleted their mgration to Russian waters.
Sonet hing on the order of 14%of the entire population of gray whal es
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sumered in the Anerican chirikof Basin and vicinity of st. Lawence Island
in 1982.

Whal es arrive at St. Lawence Island in May and June and depart in
Cctober and’ Novenber (Pike 1962; Rugh and Braham 1979; Brahamin press). |f
we assume that the chirikof Basin fraction of the population is in residence
from1 June to 30 Cctober and if we use the maxi mum popul ation estimate of
2479 whales for June, July and August and the estinmate of 701 whales for
Sept enber and COctober (includes 100 whales in vicinity of St. Law ence
Island) (Mller this report), then utilization by these whales would be on
the order of 265, 170 whal e-days. Total utilization of the Chirikef Basin
would be on the order of 365,170 whal e-days, 27%of which is by mgrating
whal es.

Wursig et al. ( this report) have estimated that gray whal es made 198
feeding dives per day in July and 164 feeding dives per day in Septenber.
If we apply these estimates to the nunber of whal e-days in the Chirikof Basin
for summer residents, we obtain a total of 51.1 x 10°feeding dives for
the entire resident population. W shall conservatively assume that whal es
en route to waters to the west and north make 164 feeding dives/day, the
nunber of feeding dives recorded for whales in Septenber by wirsig et al.

(this report). Total number of feeding dives for whales migrating * through
the Chirikof Basin would be 16.4 x 106.

Total nunber of feeding dives nade by gray whales in the chirikof Basin
during the tour se of a year would thus be on the order of 67.5 x 10°
Mean area cleared during a feeding dive was estimated to be 15.5 m2.
Total area cleared would be 1046 x 10°nR (1046 kn?).

The total area of the American Chirikof Basin used as foragi ng grounds
by gray whales is approximtely 20,000 to 27,000 kni. The area cleared

by whal es represents about 4.4% of their feeding habitat in the Chirikof
Basin. The side scan records made during this study indicate that nean area
of bottom disturbed in the areas of the Chirikof Basin used by whal es was
3.9%in July and 6.1% in September.  Johnson et al. (1983), based on many
side-scan sonar records collected in 1980, have estimated that 1200 knf
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of seabed (5.6% wthin the above mentioned foraging grounds were disturbed

by the whales during that summer. QOiver et al. (1984) have shown through
field experiments off Vancouver Island that feeding features nmade in an

ampliscid mat by grey whales do not persist nore than one year. The above
estimate of bottom disturbance, therefore, represents annual feeding

pressure.

Food Consunption by Gay Wales

Estimate from Behavior and Cbservations of Feeding Features

Most previous estinmates of feeding intensity and food consunption by
bal een whal es have been made on the basis of assumed energy requirenments
(Brodie 1975, 1981; Gaskin 1982). The discussion that follows represents an
attenpt to estimate food consunption by a baleen whale in its natural habitat
through observations of behavior and node of feeding.

Gray whal es nmade a nean 198 feeding dives per day in July and 164
feeding dives per day in September (wWirsig et al., this report). Feedi ng
dives lasted 3.7 + s.do 1.0 min in July and 3.5 + 1.4 mn in Septenber
(Wwursig et al. this report). Two varieties of features made by feeding
whal es were noted on the sea floor. Furrows were a mean of 47 mlong and
enconpassed a mean area of 18 nf, and feeding events conposed of pits
made on one dive enconpassed a mean area of 13 a?.

Unfortunately, we were unable to determne directly whether gray whales
create one or nore than one bottom feature conposed of several pits or
furrows per dive. Oiver et al. (1984)have observed a small gray whale
making five pits 0.72 n2 in area on one dive of 3to 4 mn duration. It
appears |ikely that gray whales can clear only one feeding feature per dive.
They would have less than 4 min in which to clear over 800 kg of sedinent
froman area of 15.5 ni. A great deal of water nust be taken into the
mout h while sucking nmud off the bottomand this nust also be processed
t hrough the bal een. In fact a large anount of water may be necessary to
dilute the nud and keep it from consolidating on the baleen when expelling
contents of the nouth,
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Most of the food consuned consists of benthie amphipods, based on
conparison of benthic animals found inside and outside of feeding features
and the exam nation of literature on stomach contents of summering gray
whales. Airlift sanmpling has shown that nost of these amphipods are found in
the upper few centinetres of the substrate. Sone of these amphipods are too
small to be retained by the bal een. However, as shown above, these snall
amphipods account for |ess than 5% of the total bionass of benthic amphipods
over nost of the feeding range. A food retention efficiency of 95%is
assumed in the follow ng calculations.

Assuming that the whales consune only amphipods and do so with a 95%
retention efficiency, clear .a nean area of 155 ni per dive, and feed on
nmean concentrations of amphipods (133 g/mz), then the average whale in
the Chirikof Basin will consume 388 kg/day in July and 321 kg/day in
Septenber or a nean of 361 kg/day over the 150 days in the Chirikef Basin.

As previously discussed, gray whal es probably feed selectively in areas
with a high biomass of amphipods. Twenty-five percent of sanples contained a
bi omass of amphipods greater than 200 g/nf and 10% contained greater than
250 g/m?. Table 17 gi ves estimates of daily food consunption (averaged over
the sumer) by a graywhaleselectively feeding in areas with an amphipod
bi omass hi gher than the mean of 133 g/n?.

Table 17. Estimated daily gray whale food consunption at three assuned
above-nean |evel’s of amphiped bi OMBSS.

Assunmed nean bi omass of amphipods
at feeding locations (g/m?) 200 250 300

Food consunption (kg/d) 542 678 813

Estimate f r om Ener geti ¢ Requi renents

Dai ly food intake of gray whales was estimated using data on daily
requirements of an active whale provided by Rice and Wolman (1971) and Sumich
(1983). These values were conpared to standard netabolism cal cul ated
according to Brodie's (1975) method.
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Conput ations were made for an adult male gray whale 12.5 min length and
wei ghing 23 nmetric tons. The average whal e taken by Russian whalers in the
northern areas weighs 23 netric tons (calculated from data provided by
Zi nushko and Ivashin 1980 and Blokhin and Vladimirov 1983). A male was used
to avoid the problem of accounting for pregnancy and lactation. A male of
this weight is approximately 12.5 mlong (R ce and Wolman 1971).

Separate calculations were made assuming that (1) whales feed
sufficiently during mgration to offset energetic requirenents during that
time, (2) feeding during mgration accounts for only 50% of energetic
requirements at that tine, the remainder comng fromreserves stored during
shiner, and (3) feeding during mgration provides a negligible proportion of
a mgrating whale's energetic requirements.

Standard Metabol i sm—Standard netabolism of a cetacean includes basal
met abol i sm and the energetic costs of buoyancy. This estimate of energetic
requirenents was cal cul ated according to Brodie's (1975) nethod. Surface
heat production was calculated from the follow ng equation

(36=Te)
d

Wiere His the surface heat produced in Keal/m? of surface area, k is

conductivity of blubber (Brodie's1975fi gure of 21.18 Kcal/m?/h per
degree difference for 1 cmthickness was used), Te is the tenperature of the

environnent, d the depth of blubber in cm(taken as 13 cmfrom R ce and
Wolman 1971), and 36 is the body core tenperature in ‘C

Mean tenperature at the bottom of the Chirikof Basin in July was 2.5° #
ssde 1.4°C (n = 9) and tenperature at the surface was 5.3 * s.d. 2,7°C (n ~
9)* In July, gray whales made 198 feeding dives/day lasting an average of
3.68 mn per dive (wirsig et al., this report), or 12 h of feeding dives. If
the remaining 12 h were spent at or near the surface then the average
tenperature of the whales’ environnment was 3.9°C. Surface heat production
was, therefore, calculated to be 522Kcal/m?/h.
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Sumich (1983) estimates the metabolically active surface area of a gray

whal e at 0.33 x (length in m?2 or in this case 51.5 m Thus, total
heat |oss fromthe surface was estimated at 64.5 x 10°Kecal/d.

Heat is also lost through respiration and warmng of food.  Volume per
breath of 644 liters was calculated from mean lung capacity 2.65% of body
weight (in kg, see below) and a tidal volume of 80% of capacity (Rice and
Wolman 1971). During the sumrer the whales breathe once a mnute (wirsig et
al., this report). Mean air tenperature in the Chirikof Basin in July was
7*C. Varming this air to 36°C at a rate of 0.2 Kecal/°C/L (Brodie 1975)
involves a heat loss of 5.1 x 10°Kcal/day. This figure nust be doubled

to account for heat lossthrough humdification of the air (Brodie 1975). A
further 30 x 10° Kcal/day is | ost through warm ng food that is ingested

(Brodie 1981).

Considering surface heat |oss, respiration and warmng of food, total
heat | oss in July would be on the order of 1.0 x10° Kcal/day. Basal
met abol i sm may al so be calculated fromthe formula (Lockyer 1981)

(Q- 70.5 W0.7325)

where Q = basal netabolismin Keal/d and Wis the body weight in kg. For the
23 M gray whal e under consideration basal metabolism would be 1.1 X10°
Kcal/day. These figures represents standard and basal metabolism | f
mgrating and food gathering activities require energy expenditure above that
al lowed for by standard nmetabolism then the additional energy expenditure
must be added to these estinates (Brodie 1975).

Active Metabolism

Sumich (1983) estimated active netabolism of agray whal e through
observations of the breathing rate of mgrating animls. However, his
estimate may be too high. He extrapolated tidal volunme of a6.2 M young
gray whale with a total lung volume of 7% of body weight and a vital capacity
of 50% of total lung capacity to an adult animal. The total lung capacity in
| arge whal es appears to be between 2.5 and 2.8% of body wei ght (Lockyer
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1981).  Vital capacity may be about 80% of total capacity, but appears to
vary with activity levels. Lockyer, therefore, cautions about calculating
netabolic rate from blow rate and sw nmi ng speed.

However, it is constructive to estimate netabolic rate from respiration
rate using Sumich's (1983) nethod and different assunptions for conparison
with other estimates. Breathing rates for gray whales are shown in Table 18.
The follow ng estimates for active metabolism assune a breathing rate of .1
bl ows/rein while on the feeding grounds, and 0.72 blows/rein while mgrating
and while on the winter grounds. Total annual energy expenditure and the
food required to meet this expenditure for a 23 M gray whale are shown in
Tabl e 19.

Tabl e 18. Breathing rates for gray whales in various |ocations and under
various activity levels. Values are average for that activity.

Location/Activity Speed (w's) Blow/min source
Wnter Gromds
Restirg 0.5 Sumich (1983)
Resting 0.5 Harvey and Mate { in press)
Swimming 1.1 1.0 Harvey and Mate (in press)
California
Migrating 1 0.52 Smich (1983)
2 0.69 Sumich (1983)
3 1.14 Sumich (1983)
Average 1.97 0.72 Sumich (1983)
Feedi ng G ounds
All activity, July 0.997 Wirsig et al. (this report)
All activity, September * 1.122 Wirsig et al . (this report)
Shallow water feeding <20 m, July 0. 7% Wirsig et al. (this report)
Deep water feeding 20~40 m, July 1.043 Wirsig et al . (this report)
6080 m July 1.193 Wirsig et al. (this report)
Shallow water feeding Q0 m, September 1.085 Wirsig et al . (this report)
Deep water feeding 20-40 m, September 1.116 Wirsig et al . (this report)
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Table 19. Annual food requirenents of a 23 M nale gray whale cal cul ated
fromthe breathing rate using Sumich's 1983 met hod.

Breat hing Oxygen Ener gy Food
Areal rate Consunption’ ExpendedP Requi r ed"
Activity Days (bl ows/ rei n) (litres X 106)  (Rcal x 100) (kg)
Wnter 62 0.72 3.13 15.12 25,511
M gration 153 0.72 7.73 37. 32 62, 956
Chirikof 150 1.10 11.59 55.90 94, 297
Basi n _
108. 34 182, 765

*Assunes total |lung volume of 2.65% body weight and that tidal volume is 80%
of total (Lockyer 1981).

"Assumes that 1 litre of oxygen netabolizes 4.825 Kcal (Lockyer 1981).
c Assumes dry M@I?Pt s 15% of wet weight, caloric value of anphipods is 5.2
Kecal/g dry weight, assimlation efficiency is 80% and baleen retention

efficiency is 95% (Stoker 1978; Lockyer 1981).

Daily ration calculated by the respiration nmethod and averaged over the year
woul d be 501 kg per day. Assuming no net gain or loss in energy stores
during mgration, asummrering whale would have to collect 629 kg/d tomeet
itsdai |y requirenents while on the feeding grounds plus 170 kg/d tostore
energy for the 62 days it spends off theBaja. If the whales consune hal f
their daily energetic requirements through” feeding during the 152 days of

mgration, then a further 210 kg/d must be collected during summer to account
for the other half of the energy needed for mgration (i.e. atotal of 1009

kg/d) . |If no feeding atall occurs during mgration then whaesfeeding on
the sumer grounds nust consume 1218 kg/ d.

Averaged over the year, netabolic requirements calculated by this nethod
woul d be alnost 3.0 x 10° Kcal/d or about three tines basal netabolism
and food consunption necessary to neet these requirements woul d be about 501
kg/d or about 2.2% of body weight per day (8 times body weight per year). In
conparison, Hinga (1979) has collected data on the feeding rates of captive
cetacea ranging in weight from 100 to 6000 kg and found energy usage between
1.5 and three tines the basal rate. However, Gaskin (1982) cautions agai nst

using netabolic data from captive aninmals because many tend to be overfed and
becone obese.
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Through an exhaustive study of food, feeding habits, feeding rates and
energetic conputations that allowed for growth, Lockyer (1981) concluded that
blue and fin whales consune approximately five tinmes their body weight in one
year. Applying this value to the 23 M gray whale yields an average daily
ration of 315 kg of amphipods. In order to store enough energy for the time
spent on wintering grounds, the whale would have to consume a total of 445
kg/d while on the feeding grounds, according to this method of calculation.
|f energy nust be stored for half the mgration, then food consunption nust
be on the order of 604 kg/d for the 150 d spent on the sumnmering grounds.

Conpari son of Estinates

The eleven estimates of food consunption (Table 20) determned by four
different nethods represent a wide range of feeding rates. The greatest
unknown in the calculations is the amount of feeding that occurs during
mgration. There is 1little evidence of benthic feeding while on the w nter
grounds (Oiver et al. 1983) but there is fairly strong evidence of pelagic
feeding (Norris et al. 1983).

Avai | abl e know edge about gray whal e behavior during mgration makes it
unrealistic to accept either that whales feed throughout the mgration or not
at all. Food consunption during mgration was estimated as follows.  South
of Vancouver Island, nean traveling speed is over 4 kmh during both the
northward and southward migrations and feeding is negligible (see
Mgration). North of the Aleutians, traveling speed is 2 kmh and feeding
activity is extensive in the whole area. Therefore, we shall assume that on
those portions of the route that involve traveling at 2 km'h, whales feed
sufficiently to offset the energetic cost of mgration. This woul d occur
over all of the route north of Vancouver Island for northbound whales (70
days) and north of the Aleutians for southbound whales (22 days, see
Mgration). Si xty-one days are spent feeding only sporadically along the
mgration route and 62 days are spent on the wi nter grounds.

Energetic requirenents based on our calculations fromrespiration rate

data required the whale to consune 799 to 1218 kg/day while on their sumer
foragi ng grounds {Table 20). This is greater than the range of values
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Table 20. Daily food intake of gray whales while on their sumrer feeding
grounds cal culated by four different methods. Al so shown is the
standing crop of anphipods necessary to neet these requirenents
assumng 198 feeding dives/day in June ,,July and August and 164/d
in Septenmber and COctober, 15.5 m cleared per dive, a
retention efficiency of 95% and an assimlation efficiency of 80%

Dai |y Food Biomass Of
I nt ake kg Amphipods!
Met hods and Ass umpt ions (wet wei ght) (g/nﬁg
1. Behavior, analysis of furrows
(a) feeding on nean anmphipod density 361 133
(b) feeding on 200 g/4n of amphipods 542 200
(c) feeding on 250 g/niof anphipods 678 250
(d) feeding on 300 g/m? of amphipods 813 300
2. Energetic, daily ration + storage
for wnter
Respirat | on
(a) no storage for nmigration 799 280
(b) storage for 1/2 migration 1009 356
(c) storage for all mgration 1218 427
Usi ng Lockyer's assunptions
(a) no storage for nigration 445 164
(b) storage for 1/2 migration 604 223
(c) storage for all mgration 763 281
3.Anal ysis of stomach contents? 1200 443

1 Bi omass of amphipods that whal es nust feed on to neet the daily intake

shown .
2 Zimushko and Lenskaya (1970).

derived from exam nation of behavior and food renoval . A feeding rate of
1009 kg/day determined by the respiration nethod allows for storage of energy
required for one half of the migration and requires a standing stock of 356 g
of amphipods/mz. Only a few of our sanples contained a bionmass of
amphipods greater than 350 g/ni.

Based on Lockyer's (1981) assunptions, a feeding rate of 604 kg/d woul d
store energy for about half the mgration and for winter. Based on our data

concerni ng behavior and size of feeding events, this feeding rate would
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requi re feeding on concentrations of anphi pods of about 223 g/mz. Thi's
value represents the nmean bionmass in the 35% of our sanples that contained
the highest biomass.

The estimate of energy intake based on . observations of whale behavior
and furrow characteristics muy be 678 kg/whal e/day (estimate 1le in Table
20). As previously nentioned, gray whales preferentially feed in areas with
a higher than average standing crop of anphipods and this feeding rate
requires.. whales to seek. out areas with a mean anphi pod biomass of 250
g/ ni. Usi ng Sumich's (1983) nethod based on respiration, feeding at a
rate of 678 kg/d would not allow sufficient energy storage to neet the
requirements of mgration or the 62 days spent Wntering off Baja
Cal i forni a. In order to balance the annual energy budget using Sumich's
nmethod, the whale would have to feed at an average daily rate of 678 kg/d for
the entire 150 days spent on the northern feeding grounds and during the 92
days of mgration when whales travel at speeds of 2 kmh; furthermore, the
whal es woul d have to nmeet 40% of the daily requirements (271 kg wet weight of
food/d) on the remainder of the migration route and while on their wintering
grounds off Baja. In contrast, the 678 kg/d estimate fromfood renoval and
behavi or does meet energetic requirenments as computed using Lockyer’s (1981)
assunptions, provided that sone feeding occurs during migration (Table 20).

A conparison of five estimates of gray whale energetic is presented in
Table 21. The estimates based on food renoval and energetic using Lockyer's
assunptions and our calculations of respiration all fall within the envel ope
of acceptable val ues devel oped for feeding rates of captive cetaceans by
H nga (1979) which, as previously mentioned, may be too high. The active
metabolic rate for a gray whale calculated by Sumich (1983) may al so be too
hi gh. It is 3.8 times basal metabolism and as such is higher than Hinga's
1979 envel ope of val ues. It is also worth noting that the netabolic rate
conputed from observations of behavior and furrows would fall below this
envel ope if whales fed on nmean concentrations of amphipods.

Qur best estimate of the feeding rate while on the sumrer grounds woul d

be between 600 and 700 kg/d (650 kg/d will be used in follow ng conputa-
tions). Using Lockyer’'s assunptions this would allow for storage for all the
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Table 21. Conparison of estimates of energetic requirenments of gray
whal es.
Daily Fnergy Expenditure Food Required to Meet Requirements

Weight as a miltiple %Z Body vt as a mltiple of
Method (kg) Kcal/d of basal metabolism ke/dl per day body wt/yr
Theoretical / EMR 23,000 1.1 X105 186 0.8 3.0
Respi rat i on 23,000 3.0 x 10° 27 501 2.2 7.9
Food removald 23,000 2.5 X 10 2.3 420 1.8 6.7
Energetics® 23,000 1.9 x 100 1.7 315 1.4 5.0
Respirat iom 23,000 4.2 X 1P 3.8 708 3.0 11.2
\iéi ght Loss

1 Averaged over the year.
2 Calculated using Sumich's (1983) method and Lockyer's data on lung volume and vital capacity.

3 Assumes feedirg at 678 Kg/ d for 1/2 the mgration period and al | of the time On the sumer grounds.
See text.

4 Using Lockyer's assumptions.

" AS presented by Smich (1983) converted to 23,000 kg wvhale.
time spent off Baja California and for 1/2 the mgration period. This woul d
necessitate that the whales feed on a nmean bionass of about 220 to 260
g/ nd. Based on the total nunber of whale days in the Chirikof Basin as
determ ned above (365, 000 ), total food removed by the whales would be about
10 g/nifor the 23,500 knfof the Chirikof Basin used by gray whales.

Mean biomass of anphipods in the area of the Chirikof Basin utilized by

gray whales is 133 g/ni. The productivity to biomass ratio for amphipods
in the area was 1.9 (Thonson, this report) . The above value for food renpved
represents about 7.5% of standing stock and 4% of productivity of the
anphi pods.

Trophic Interactions Between Gray Wial es and Benthic Ani mal s

In the follow ng discussion, we attenpt to trace the flow of energy
through the benthic food web of that portion of the Chirikof Basin utilized
by feeding gray whal es. This type of exercise is useful in that it
identifies major energy pathways and key conponents in the food web. In this
case, the purpose is to conpare the food renoval by gray whales with food
availability and renoval by other conponents in the benthic food web.
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An imals taken in grab and airlift sanples were assigned to feeding
guilds according to the nomenclature and de finit ions of Fauchald and Jumars
(1979). Information on the trophic position of each species was taken from
Fauchald and Jumars (1979), Stoker (1978) and Thomson (this report).

Filter feeders include bivalves of the genera Liocyma, Serripes,
Astarte, Hiatella, sabellid polychaetes, tunicates, and SOne phoxocephalid
and haustoriid amphipods. These aninals filter the water, extracting

phytoplankton, snmall zoopl ankton and detritus.

Surface deposit feeders feed at the water/substrate interface and
i ncl ude ampeliscid amphipods, cumaceans, and bivalves of the genera Macoma
and Yoldia.

Deposit feeders often burrow through the nud and ingest it to extract
nutritive val ue. Thi s group included many pol ychaetes and sone holo-
thurians. Carnivores and scavengers included polychaetes of the genus
Nephtys, lysianassid amphipods, starfish, and sone isopods.

Surface deposit feeders, mainly anphipods, conprised 63 to 75% of
standing crop within those portions of the study area utilized by gray whales
(Table 22). Filter feeders were next in order of inportance, conprising 5to
19% of standing crop. Carnivores and scavengers conprised between 9 and 19%
of standing crop. The guild whose abundance differed nmost between areas that
were and were not used as foraging grounds by gray whales was the surface

deposit feeding guild (Table 22).

In the central ¢hirikof Basin, grab sanmples contained a nean of 6.05
liters of substrate with a carbon content of 2.9 g/kg. Assunming a water
content of 10% and a specific gravity of 2.7, the nmud associated with the
animal s taken in the grab contained a mean of 252.9 ¢ ¢/w?.  Some of this
carbon was in the form of bacteria, meiofauna and nutritive detritus directly
utilizable by animals. Some of it was refractory and of little nutritive
value. The low carbon to nitrogen ratio found in this region (7.0 * s.d 1.0,
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Table 22. - biomass (g %?) and percent of total biomass according to major feeding mode of benthic animals taken inthe
Chirikof Basin and areas adjacent to St. lawrence Island. Gomwersion o f wet weight to - was accamplished using
data provided by Stoker (1978).

Surface deposit Carnivores | Not
feeders Deposit feeders  Filter feeders  scavengers clagsified Total
Area Sml:zies gt % g/t % g ot % go % B % g C/m.2
Chirikof Basi n

Ares not used by ties 38 2.2 33 0.8 12 1.2 18 1.0 15 22 6.7
Area usal by whales 37 1.3 75 0.5 3 o7 5 1.5 10 7 15.0

St. Lawrence |sland
West nast 11 11.5 63 1.0 10 2.7 15 1.6 9 4 18.4
Sout h coast 15 0.2 &  * 0.4 3 3.0 19 1.6 10 4 15.9
Southeast cape (offshore) 10 32 N 0.7 4 1.9 10 1.5 8 6 18.5
(nearshore) 55 0.1 64 0.9 6 1.0 6 3.0 19 6 15.9

A3o700yg Surpead



Feedi ng Ecol ogy

n=28) indicates that nuch of this organic matter may have been of direct use

to the aninmals.

To estimate total productivity of ‘the benthos, we nultiplied neasured
bi onass by assumed production to biomass ratios. Mst of the surface deposit
feeders were anphipods. Thomson (this report) determned a productivity to
biomass ratio of 1.9 for the dom nant anphipods in this region. Pol ychaet es
in west Greenland have a productivity-to-biomass ratio approaching unity
(Curtis 1977) and this value was used to approximte productivity of
pol ychaetes.  Stoker (1978) found a productivity-to-biomass ratio of 0.32 for
Macoma calcarea. Stoker clained, however, that this estimate is too low In
the follow ng conputations we have conservatively estimated a productivity to
bi omass ratio of one for bivalves. A productivity to biomass ratio of one
was also applied to all other groups. A gross production to consunption
efficiency of 0.15wasassumed for all groups. Values for productivity of
zoopl ankton in the area north of St. Lawence Island were taken from Ikeda
and Mdtoda (1979).

Consunption by whales was cal culated as follows. The previously derived
estimate of 650 kg per whale per day was assunmed for the previously
det ermi ned 365, 000 whal e-days in the 23,500 knfof the Chirikof Basin
utilized by gray whales. Wt wei ght was converted to carbon using data
provi ded by Stoker (1978). Total consunption by whales in the Chirikof Basin
woul d be on the order of 237 x 10%g/yr or 10 g/nmi wet weight (0.7 g
c/m?).

Figure 18 summarizes these estimtes of standing crop, productivity and
energy flow between the various conponents of the benthic ecosystem of the
central Chirikof Basin. Benthic deposit feeders consume nore than one half
of the available carbon in sedinents. Filter feeders, on the other hand,
appear to consume only a small fraction of primary productivity. Product -
ivity of the benthic filter and deposit feeders as a whole may approach 23 g
¢/m?/yr and as such appears larger than the estimted productivity of
zoopl ankt on. Infaunal benthic carnivores consune approximately one half of
the productivity of filter and deposit feeders. Gay whales, on the other
hand, consume about 5% of total benthic standing crop and 3% of
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productivity vy. They consume approxinmately 7,5% of the standing crop of
anphi pods, their primary food source, and approxinmately 4% of anphipod
productivity vy. The remaining 23 g C nfannual benthic productivity is

avail able to walrus, bearded seal, ringed seal, fish and |arge epibenthie
ani mal s.

Overall, gray whale food requirenents do not appear to be as close to
the carrying capacity of their environnent- as are the food requirenents of
some other consumers. The Pacific walrus is believed to be near the carrying
capacity of its environnent in that its annual consunption of the bivalves
that formits major food resource approaches the annual productivity (Fay et
al. 1977). In the North Sea, demersal fish consume approximately 60% of the
annual productivity of the benthos (Crisp 1975). In contrast, gray whales in
t he Chirikof Basin consunme approximately 4% of the productivity of the
benthic anphi pods. However, as previously nentioned, gray whal es appear to
selectively feed in areas with a higher than average standing crop of benthic
animal s and energetic computations show that they may, in fact, have to do so
in order to survive. The areal extent of areas with a sufficient standing
crop of amphipods usable as a food resource for the gray whales within 23,500
km¢ identified as suitable feeding habitat is unknown. About 30% of our
sanpl es contained a mean bionass of anphipods sufficient to meet the needs of
t he whal es.

| MPLI CATI ONS FOR DEVELOPMENT

The chirikof Basin appears to be a major mgration corridor for gray
whales and is the foraging grounds for at least 14% of the popul ation over
the sumer. Feeding pressure by mgrating and resident whal es appears to be
| ow when conpared to the overall food resource in the area. However, gray
whal es appear to feed selectively in areas with a high biomass of amphipods.
As shown by the uneven distributions of feeding features and of whal es, some
areas are heavily utilized and some are not.

Darling (in press) has theorized on the basis of his own work and

information presented in the Russian literature that gray whales occupy
‘ pockets' of suitable habitat and nove quickly between these. In order to
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meet the requirenents of food storage for migration and the stay off the
Baja, it appears that gray whales may have to feed in areas with an extrenely
hi gh bi onass of amphipods. These prine areas may represent only a snal
fraction of apparently suitable habitat in the chirikof Basin. Sever al
heavily utilized areas are evident in. Figure 15. Qur survey of the Chirikof
Basin was by no neans conprehensive and we cannot identify all of the areas
that are more inportant than others within the 23,500 km? of suitable
habi tat defined by us, Johnson et al. (1983), Nerini (in press), and
Ljungblad et al. (1982).

The primary concern with regard to potential devel opment woul d be
disruption or denial to the whales of ‘pockets’ of prime feeding habitat.
This mght have an effect on the whales out of proportion to the area
affected

LI M TATI ONS, DATA GAPS AND RECOMMENDED STUDI ES

Qur estimates of food consunption and utilization of the American
Chirikof Basin by gray whales are based on several major kinds of data of
varying precision. In the follow ng section, we identify those data in which
we lack a reasonable degree of confidence and outline the kinds of studies
needed to strengthen the estinmates.

1. Mgration: A great deal is known about migration routes and timng for
gray whales in the vicinity of Unimak Pass and south of Vancouver
Island. However, the nature and extent of use of the chirikof Basin by
whal es en route to and from Siberia and the Chukchi Sea are poorly
known . Systemat ic surveys woul d have to be conducted at nonthly or
shorter intervals from May through November to determ ne nunbers,
movenents and frequency of feeding for gray whales in the Chirikof
Basin.  Sone of the requisite data have been collected by Lj ungblad et
al. (1982, pers. comm. ) but not yet reported in detail. The amount of
f ceding that occurs along the migration route is also unknown. This
information is required for more precise energet ic conputations.

2. Behavior: Qur estimates of feeding dive duration, blow rates and surface
times are based on large data sets fromJuly and Septenber of one year.
Qur estimates of the percentage of time that a whale spends feeding are
rough and shoul d be refined by prol onged observations of individua

whal es. It is possible that some whal es travel between ' pockets’ of
concentrated food. These whal es should be distinguished from whal es
feeding in ‘pockets’. The apparent tenacity of individual gray whales

with respect to particular feeding locations requires further study, as
does the possibility that specific feeding territories my exist.
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Movenents and behavior of whales resident in the study area shoul d be
studied along the lines of the work performed by Darling (in press) off
Vancouver |sland. Shore-based work at St. Lawrence Island coul d provide
nmuch additional information on the behavior of summering gray whales

3. Food renoval: Qur estimate of the ambunt of food renoved during an
average dive is weak, mainly because we obtained no direct underwater
observations of feeding whales. Single bottom features nmade by one whale
during one dive should be isolated by divers, the area determ ned, and
the standing crop of potential prey organisns imrediately adjacent to the
feature determned. This sampling should be conducted over the season to
determ ne changes (if any) in node of feeding. A large nunber of
features would have to be sanpled to determne the extent of small scale
selectivity of feeding sites by the whales.

4. Studies of the gray whale may offer the only opportunity to obtain
detail ed and precise data concerning the energy budget of a |arge
cet acean. The gray whale’s node of feeding lends itself to the
determnation of food consunption in nature. An ener gy budget
incorporating accurate estimtes of food consunption in nature would
provide valuable insight into the energetic requirements of |arge
cetaceans that mgrate and store food for a period of relative food
scarcity.

The present procedure for estimating energetic requirements is based on
assumed lung capacity, assuned oxygen utilization, and estinmated weight
loss during winter. Estimates of weight loss while in Baja are useful
but must be used with caution. It is uncertain whether all of the weight
| oss by non-pregnant females in winter is due to metabolic requirenents.
\Whal es may be overinsulated for tropical waters (Gaskin 1982) and sone
wei ght | oss may represent adaptation to warm water

H gh technology telemetric techniques may offer an opportunity to refine
some of the data used in energetic conputations. Measur ements of Co

content of expelled air and tenperature at various depths in the bl ubbér
of active animals would be hel pful. Positional and novenent data
obtainable via telemetry (especially satellite telenetry) would al so
assist in characterizing behavior during the parts of the mgrations that

have not been studied in detail.
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