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1. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS WITH RESPECT TQ
GCSOIL AND GAS DEVELOPMENT

A. (objectives

The objectives of this study were to monitor population numbers,
reproductive success and food habits of key seabird species in the Bering and
Chukchi seas. The work was undertaken in order to understand the relationships
of seabird populations to the physical and biological processes controlling
regional marine communities,

B. Conclusions

Black-legged Kittiwakes (Rissa tridactyla) suffered a third
consecutive year of reproductive failure in the SE Bering. Few, if any, chicks
were produced on the Pribilof Is. or on St, Matthew |. The starvation of young
shortly after hatching indicated that food availability was low, as it apparently
has been in recent years. Common murres_<Uris aalge) and thick-billed
murres (U. lomvia) on St. Matthew |I. had better success than Kkittiwakes and
apparently had a better reproductive season in 1983 than in 1982. Although the
census results are somewhat equivocal, murre numbers on St. Matthew |. apparently
were higher in 1983 than in 1982 and similar to numbers in 1977.

Invertebrates were important to murres and Kittiwakes on St. Matthew I,
particularly during June, while walilevepollock(Theragrachalcogramma) was
the dominant prey during Julvy and August, The biomass of pellock in diets of
both Kittiwakes and murres was higher in 1983 than in 1982, suggesting that food
avaitabil ity improved between the two years.

Least auklets(Aethiapusilla) on St. Mat-hew I.during the
breeding season depend on Laltanus marshal 1ae, the dominant targe copepod in
the middle shelf domain. Feeding occurs near the island where local
oceanographic features may concentrate prey. Dee' ines in the number of copepods
fed to auklet chicks and declines in chick growth rates between 1982-83 contrast
with the general improvement in availability of poliock and in the apparent
effect of the improvement on the biology of piscivorousmurres and Kittiwakes,
suggesting multispecies interactions among members ofcopepod- based food webs in
the SE Bering Sea.

Murre and Kittiwake numbers at Cape Lisburne showed no change from
previous years and reproductive success was good. Arctic cod {Boreogadus
saida) were extremely abundant in Ledyard Bay in 1983, accounting for the
majority of the carbon flux between lower trophic levels and the seabirds
throughout the summer. |In spite of the super-abundance of cod, however, the
growth rates and survival of Kittiwake chicks were lower than in years when sand
lance {Ammodyteshexapterus) were available, indicating the pivotal role of
sand lance in the economy of Kittiwakes in the E Chukchi Sea.

Measurements of water temperature, phytoplankton abundance and
zooplankton abundance in Ledyard Bay throughout the summer revealed a close
correspondence between changes in all three in late summer and the appearance of
sand lance in seabird diets. The results indicate an association between sand
lance and numbers of their principal prey and support the hypothesis that
hydrographic conditions in spring and early summer on the Bering-Chukchi shelf
determine the availability of sand lance to seabirds by affecting the development
of prey populations,
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c. Implications with Respect toOC80il and Bas Development

Information of the kind we have gathered cm the biology of seabirds,
particularly on the magnitude of fluctuations in population food web and
environmental parameters, will help us to detect future changes in seabird
populations and to distinguish between those that are natural and those that
resultfrom human activity in the marine environment.

I1. INTRODUCTION
A, General Nature and Scope of Study

This study has attempted to monitor seabird populations, including their
numbers, reproductive success and food habits. Also, we have attempted to
elucidate the relationship of seabirds to marine food webs and oceanography. We
have focused. our attention on murres,Kittiwakes and auklets,"key" species in
the sense that they are among the most easily studied, the most numerous, and the
most sensitive indicators of environmental change.

B. Specific (objectives

1. Census murres,Kittiwakes and auklets at breeding colonies on St.
Matthew I. and at Cape Lisburne.

2. Establish permanent census plots forauklets on St. Matthew 1.

3* Determine the breeding phenologies and reproductive success of
murres, Kittiwakes and auklets.

4. Determine growth rates of kittiwake and auklet chicks.
5. Determine the food habits of murres,Kittiwakes and auklets.

6. Determine seasonal changes in water temperature and phytoplankton
and zooplanKton stocks in LedYard Bay.

C. Relevance to Problems of Oil Development

Accidental oil discharges in the vicinity of seabird congregations
elsewhere in the world have caused the deaths of large numbers of birds.
Uncertainties associated with oil development in Alaskan waters and the
possibility of spills near colonies of important biological significance are
causes for concern. In the event of an accident or other negative impact of
development, it will be necessary to document the extent oftheeffecton
seabirds and other marine organisms, Our studies are designed to provide
baseline information on seabird populations in the Bering and Chukchi seas with
which the possible effects of oil development can be assessed,

I11. CURRENT STATE OF KNOWLEDGE

Field work on 8t. Matthew 1. in 1983 enlarged upon our studies there in
1982 and those of DeGange and Sowls (1%78) in 1977. Results of previous work on
the island are presented in Springer et al. {in press a).0ur work at Cape
Lisburne extended the long-term studies conducted there and at Cape Thompson each
year since 197é6. A summary account of the work between 1976 and 1981 is
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presented in Springer et al.{in press bY. Additional information on seabird
trophic relationships and regional physical processes in the Bering and Chukchi
seas is presented in Springer et al. {1984) and in Springer and Roseneau{in
press).

lv, STUDY AREAS
The locations of Cape Lisburne and St. Matthew 1. are shown in Fig.1.
Detailed information on these sites is presented in our previous annual reports.

We conducted the auklet studies in two of the major auklet colonies on
St. Matthew I. (Fig. 2.). “Pterodactyl Colony” is located on north and west
facing talus slopes between about 13-150m above sea level and has large areas of
slumpblock and boulder rubble at the bottom leading into the sea. These iower
areas were covered with lichens and generally contained lower auKletdensities
than higher in the talus. The second colony, “Arch Colony”, is located on
northwest-facing talus slopes about 33-200 m above sea level. Large areas of
this colony also were covered with lichens as well as a thin layer of soil
supporting sphagnum mosses and mat-cushion tundra.

V. SOURCES, METHODS AND RATIONALE OFDATA COLLECTION

Transportation to and from St, Matthew I. was provided by ARCO Alaska in
cooperation with the Alaska Office of NOAA/OMPA. Transportation from the island
was provided also by the U.S. Fish and Wildlife Service.

Two people arrived on the island on 8 June after sailing on the
work-vessel Bhiel Trader, chartered by ARCO, from Dutch Harbor to an
exploration support barge anchored near the island. They were lightered ashore
from the tug Marine Constructor, also chartered by ARCO. Two additional
people arrived on 13 July after a similar trip aboard the Bhiel Traveler.
Departing the island, two people were tightered to the barge on the tug on 4
August and were then flown to Nome aboard an ARCO-chartered twin engine
helicopter on 7 August, The other two people left the island on 11 August,
sailing to Homer on the Western Pacific, chartered by the USFWS.

Field work at Cape Lisburne was carried out by two or three people

between 14 June - 28 August. Transportation to Cape Lisburne is via commercial
air carrier.

Murres and Kittiwakes at both sites were censused on plots established
during earlier work. Additional monitoring plots were established at St. Matthew
1. The methods for taking the censuses, as well as for determining breeding
phenolagy, chick growth rates and food habits were the same as those used in all
other years (see Springer et al. 1984, in press b} with the following additions,
The equations used for estimating the sizes of pollock were:

Otoliths >10.0 mm Y= (3,175X1 - 9.77G
Otoliths {10.0 mm Y= (2.246X) - 0.510

where Y = fish length in cm
X =otolith length in mm; from Frost and Lowry 1981},

and, W = 0.0075L2.377
where W= fish weight in g
L = fish length in cm; from Pereyra et al. {1974) in Smith {1979},
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Young-of-year pollockwere all assigned a weight ©f0,50sthe approximate
midpoint of weights of young-of-year pollocK determined by T. Nishyama{unpubl.
data). The length-weight estimates for capelin were taken from K.Pahlke
(unpubl. data) and are as follows:

fish length <80 mm, weight estimate = 5 ¢
80 mm < fish length €113 mm, weight estimate = 10 ¢
fish length >»1{53 mm, weight estimate = 20 g.

The auklet census plots were chosen on the basis of visibility and
representativeness with regard to auklet density. The plots were placed
variously in areas of high, medium and low density and in transition zones
between areas of different density, Counting positions were located in most
cases such that more than one plot could be censused from each position. @Atll
positions were at least 40 m away from the plots to minimize disturbance of birds

during the counts. Photographs were taken to document the locations of all
plots,

Two methods were employed to establish indices of auKlet numbers on the
census plots, the “net movement” method described by Byrdet al.(1983) and a
modification of the “surface average” method described by Bedard{194%a).

Bedard{1%6%a} counted the number of birds in 14.2 x 14.2 m plots every
half hour between 0500 and 0800 hours during the last’ few days preceding
egg-laying. The censuses were taken on three successive days and the second,
third and fourth-highest counts were averaged. For our surface average counts we
established 11 census plots in Pterodactyl Colony and & plots in Arch colony.
The plots were 10x10 m in surface area. We counted the number of each species of
auklet on each plot once every 15 minutes during the entire morning and
early-afternoon activity period, generally between the hours of 0500-1500 in
early June. Hours of peak activity became later as the season progressed, so we
adjusted our census period to correspond to that change. Counts were made during
three phonological periods: pre-laying (arrival of birds on the plots until 17
Junel, incubation {18 June - 16 July), and chick feeding (17 July - sea-going).
We averaged the five highest counts from each day counts were made. Additional

counts were made of the proportions of immature auklets and of adults carrying
food .

Two water sampling stations at Cape Lisburne were occupied at intervals
of about three days or less except when ice or weather conditions prevented boat
travel. The stations were approximately 2 km offshore; one station was directly
north of the Cape LisburneAir Force Station and the other was directly west of
Kay Creek on the west side of the cape. The bottom depth of each was
approximately 14 m. One liter water samples for the determination of
chlorophyll-a were taken in replicate from the depths ofi, 5 and 13 m. The
samples were filtered through glass fiber filters within 30 minutes of
collection, buffered with magnesium carbonate and frozen in air-tight, dark
containers over calcium carbonate within 2080 minutes of filtration according to
the method of Strickland and Parsons €(1972). The samples remained frozen until
they were extracted in ?0% acetone and read with a Turner Designs florimeter in
the laboratory (Strickland and Parsons 1972}.

ZooplanKton were collected in a 8.5 m, 0.250 mm mesh net towed vertically
from the bottom to the surface, The samples were preserved in 34X formalin and
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identified by K.Coyte at the Institute of Marine Science, University of Alaska.
Fresh sand lance regurgitated by Kittiwake chicks were preserved in 34 formalin
and the contents of their stomachs also were analysed by K.Coyle.

We have extended the notation far observers used in our earlier reports.
As used in this report, the notations are: C - A. Springer, E - D.Roseneau,N -
D.McGuire, O - 6. van Vliet, P - P. Martin, Q - B. Cooper, R - 8. Cooper.

V. RESULTS
A. Murres
L. Census

The results of the murre censuses on St. Matthew J. and Cape Lisburneare
detailed in Appendix Tables 1 and 2, respectively. Included in Appendix Table 1
are the diurnal compensation counts of murres from St. Matthew I.

St. Matthew 1.

Results of the murre census on 13 plots on St, Matthew 1. that contained
murres and that were censused in all three years of study [1977 - DeGange and
Sowls (1978), 1982 - Springer et al. {in press a)} are summarized in Table 1.
Friedman’s and Multiple Comparisons tests of significance indicated that the
uncompensated scores in 1982 were significantly lower than those in 1977 and
1983, which were equivalent ¢(.01<P<.025),

Interpretation of the scores compensated for diurnal activity patterns
are less straight-forward. DeBGange and Sowlis(1978) noted the counting times for
only 8of the plots and did not make any diurnal activity counts in 1977.We
counted a particular plot at several different times ofthe day in 1982, but all
counts were not on the same day. Therefore, daily (day-to-day)as wellas
diurnal, changes in attendance were incorporated into the activity pattern we
used to compensate the 1982 scores, In 19S3 we made repeated countsof a plot at
different times of the day on the same day. @& strong correlation over the daily
cycle existed between the 1982 and 1983 curves {Fig.3), however, the magnitude
of thehourly changes differed considerably; in 1982 there was a larger
proportional change between the morning }ow and the evening peak numbers,perhaps
reflecting the overall sffect of daily changes in attendance.

The 1982 census scores for all 15 plots compensated by using both the
1982 and 1983 diurnal activity curves, and the 1983 scores compensated by using
the 1983 curve are summarized inTablel. Table 2 summarizes the uncompensated
and compensated scores for8 plots where the counting times werefecorded in
19773 the 1977 and 1982 scores have been compensated usingboththe1%?82 and
1983 diurnal curves. When the scores from all three years are compensated using
the 1983 curve, the same pattern as in the uncompensated scores is obtained,
i.e., numbers in 1%77 and 1983 are equivalent, while the numberini®82 is about
40% lower. However, when the 1982 curve is used to compensate the1977 and 1982
scores, as done in our previous report, the numbers in1982 and 1983 are
equivalent and are about 434 lower than the number in 1977.

Table 3 summarizes the results of repeated counts of 3 subplots at St.
Matthew I. in 1982 and 1983. The sum of the 1983 counts averaged84Z higher than
the sum of the 1982 counts. Table 4 lists the results of repeated counts in 1982
and 1983 of a subplot containing only thick-billed murres. T he meanof the
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Table 1. Numbers ofmurreson Plots D-1, 2 and 4-9; E-1, 3, and 4~8; and
F-1, 3, 4 and & at St. Matthew Island. Data for 1977 are from DeGange
and Sowls (1978).

Year Uncompensated Scores Compensated Scores
1977 42,882

19824 24,634 49,120

17828 T 30,782

1983 37,094 50,434

A Scores compensated using 1982 diurnal counts.
8S8cores compensated using 1983 diurnal counts.

Table 2. Numbers ofmurres on Plots E-3 and -85 and F- 1, 3, 4 and 6 at
St. Matthew Island. Data fori1977 are from DebBange and Sowls (1978).

Year Uncompensated Scores Compensated Scores
i 9774 20, 975 54, 450
1977B " 29, 559
19828 15, 270 27, 450
i 9828 T 18, 858
1983 22,5(52 30, 444

# Scores compensated using 1982 diurnal counts,
BScores compensated using 1983 diurnal counts.
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Table 3. Uncompensated numbers of murres on three subplots at5t. Matthew
Island where replicate counts were made in 1%82 and 1983.

1932 i 983
Subplot n X S n X S
9a 2 1,502 194 2 4,157 730
2b 5 1,621 8323 é 1,985 &920
2d 2 2,232 1,057 3 3,086 333
Total : 5, 355 9, 842

Table 4. Counts of common murres (COMUY and thick-billed murres {TBMU) on two
subplots in plot E-lon&St. Matthew Island, 1982 - 19834,

‘fear Date Subplot TimeB comMu TBMU
1982 25 Jul 1 1521 0 124
1732 0 187

1 Aug i 1530 0 139

1930 0 133

9 Aug 1 1520 0 83

1983 14 Jul 1 1905 0 154
20 Jul 1 1241 8 143

28 Jul 1 1611 0 141

5 Aug 2 14630 13 134

AA11 counts were made by Observer E,
B ReringDaylight Time.
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Fig. 3. Diurnal activity patterns of murres on St. Matthew 1. in 1982 and 1983.

counts in 1983, 159, is 334 higher than the mean of the counts. in 1982, 120.

Common and thick-billed murres were differentiated during single counts of
7 subplots on St, Matthew 1. (TableS5) and of 13 subplots on Hall I. (Appendix
Table 3). Six of the subplots on St. Matthew I. were counted similarly by DeGange
and Sowls in 1977. A comparison of the proportions of the two species in 1977 and
1983 shows no consistent difference in relative numbers of the two species between
years. Three additional areas were established in1983 where repeated counts of
all species were made <Appendix Tables 4-4).

Cape Lisburne

A summary of the murre censuses at Cape Lisburne is presented in Tableés,
including the results from 1984 (Springer and Byrd,unpubl.data). Compensation in
all years was done using the diurnal curve obtained in 1977. The results are
remarkably consistent with other years, suggesting that there has been no long-term
change in numbers since 1974,

2. Phenology and Reproductive Success

St. Matthew 1.

Two plats were located where nesting thick-billed murres could be easily
viewed. Our counts of the numbers of eggs, chicks and adults on those plots are
listed in Tables 7 and 8. We were unable to find similar plots where sufficient
numbers of common murres were visible for meaningful information. The counts o f
the thick-billed murre egg plots will provide a basis for comparing productivity in
future years.
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Table 5. Ratios of common murres {COMU> and thick-billed murres {TBMU) at 5t.
Matthew Island, 1977 and 1983. Data fori1977 data are fromDeGange and Sowls
1978; A.Sowls,unpubl. data.

Location Time! Date coMuU TBMU COMU/TBMU

Blory of Russia Cape

(1st Cove - left) ND2 12Jul 1977 59 203 0.3
1303 21 Jul1983 44 339 0.1
(ist Cove - right) ND 12 Jul 1977 19 95 0.2
1415 21 Jull983 360 444 0.6
{2nd Co-ve - left)3 1700 19 Jul 1977 0 276 0
1440 21 Jul 1783 22 137 0.2
(2nd Cove - right) ND 1977 ND ND ND
1440 21 Jull983 49 236 0.2
(Share-side ofD-8) 1730 19 Jul 1977 194 0 0
i 338 21 Jul 1983 235 0 0
<Sea-side of D-8) ND 1977 ND ND ND
1338 21 Jul 1983 270 32 5.2

Bull Seal Point
{Northwest side) 1130 9 Jul 1977 125 57 2.2
1040 1 Aug 1983 197 47 4.2
{Southeast side) 1100 8 Jul 1977 26 39 0.7
ND 1983 ND ND ND

Cape Upright

(Plot Ne. 1} ND 19 Jul 1977 & 274 {0.1
ND 1983 ND ND MD
{Plpot No. 2) ND 15 Juylez? 13 37 0.4
ND 1983 ND ND ND
Totals (1977 plets recounted in 1983): 1977 272 4631 0.4
1983 798 789 0.8
Totals ¢all plots counted each year): 1977 442 981 0.5
1983 1,117 1,277 0.9

iBering Daylight Time.

2ND= no data.

3 The "2nd Cove® total reported by DeGange and Sowis (1978) is a countof the
cove's north side {see DeGange and Sowls 1978, Figure é).
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Table 6. Summary oftmurre census results at Capelisburne.

Uncompensated Scores Compensated Scores
Year Sample Af Sample B2 Sample A Sample B
1976 9,925 14,100 NA NA
1977 10,104 15,501 14,779 22,138
1978 9,524 NA 14,094 NA
1979 10,3%0 16,123 17,342 26,000
1981 10,108 14,236 11,968 17,735
1983 9,401 16,395 15,110 25,151
1984 11,228 16,283 22,148 30,622

1Plots 1y, 12, 25, 26, 30, and 32.
ZPlots 11, 12, 25, 26, 30, 32, 65, 66, 70 and 72.

Common murres laid earlier than thick-billed murres as they did ini1%82.
Common murresbegan carrying fish, particularly capel in, to the colonies about {3
July and many were carrying fish by 26 July. The first common murre chick was seen
on 19 July and the smallest chicks seen on 9 August were about 8-10 days old.
These hatching dates are about 2-3 weeks earlier than in 1982 (see Springer et al.
in press &) and are comparable to hatching dates on the Pribilof 1s. during 1975-79
(Hunt et al. 1%98la). Sea-going of common murres was first seen on i1 August, but
few chicks left the cliffs before about 10-14 August. Thick-billed murres were
first seen carrying fish on 27 July and many were carrying fish by 9 August. The
first thick-billed murre chicks were seen on 7 August and were less than about five
days old. ©On 9 August the estimated ages of 18 thick-billed murre chicks were: 1-=2
days old, 6; 2-4 days old, 4; 4-é days old, 8; } 6 days ald, O.

Cape Lisburne
The first murre chick was seen on 2 August, a date somewhat later than

average (Table?). Murre eggs and chicks were abundant on the ledges indicating
that reproductive success was good.

3* Food Habits
St. Matthew |I.
Food habits of murres at St. Matthew |. in 1982 and 1983 are summarized in

Tables 10 and 1i, respectively. Pollock and a taxon we have tentatively identified
as belonging to the familyPleuronectidae were both important contributors
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Table 7. Countsof adult thick-billed murres,eqgs and
Arch Coleny, 5t. Matthew Island, 1983.

chicks oneggplot 1 at

27 Jun 4 Jul 13 Jui 22 Jui 1 Aug
Number of adults timet) 72 {1300 37 <0600> 24 <0843) &4 <(0%00) ND2
21 (1500) 28 (1135) 48 (1238
47 {1339) 49 {1530
Number of eggs 12 ND ND 2
Number of chicks 0 ND ND 3
Number of adults
sitting orneggs er chicks 0 ND ND 0
Number of eggs laid
since last visit 12 ND ND 0
Number of eggs or chicks
lost since last visit 0 ND ND 7

'Bering Daylight Time.
2 ND = no data.

Table 8. Counts of adult thick-billed murres, eggs
at Nort h Camp Colony, S§t. Matthew Island, 1983.

and chicks on eggplots 1-3

27 Jun 3 Jul 22 Jul 1 Aug

Number ofaduits{timet’ 116 (1615 9% (1730 114 <0900) 63 (ND2Z)
8% (1330

Number of eggs 21 24 ND i0
Number of chicks 0 0 ND 10
Mumber of adults
sittingon eggs orchicks D 0 ND 2
Number ofeggslaid
since last visit 21 5 ND é
Number of e9gs or chicks
fost since last visit 0 2 ND 7

IBering Daylight Time.
2 ND = no data.
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Table 9. Approximate date of first hatching of
murre chicks at Cape Lisburne.

Year First Hatching
1976 6 Aug
1977 1 Aug
1978 21 Jul
1979 22 Jul
1980 i Aug
1981 26 Jul
1983 2 Aug
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Table 10. Occurrence of major taxa in diets of thick-billed murres (TBMU), common
murres (COMU), and black-legged Kittiwakes {BLKI) on St. Matthew Island, 15 July -

& August 1982,

TBMU CoMU BLKI
n FAY n A n A

Number examined

Number empty

Frequency of invertebrates
Frequency of fishes
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B. Numbers of Individuale
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Mallotus villosus 0
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C. Estimated Wet Weight {g

Theragra chalcoqramma 536 43 1,247 20

Badus macrocephalus 0 8 9 {1

Cottidae 170 2 0

Mallotus villosus 0 ]
euronectidae® 133

Unidentified fishes é

o, O
Laagd * N <1

243
[emif ol e d e e [ ]

4 Values in parentheses are the frequency among the total number of birds
examined. WValues not in parentheses are the percent {frequency, numbers,

or weight, respectively, among birds containing identifiabie prey remains.
Tentative identification. = . )

One specimen contained 400 individuals, and a second specimen contained 209
individuals.

™ @

260



Tabte $1, Occurrence of majortaxa in diets. of thick-billed murres (TBMU), common
murres (COMUW, and black-legged Kittiwakes (BLK: Yon St. Matthew Island, 7 Junhe -
¢ August 1983,

TBMU COMU BLK1
n A n P n A
Number examined 97 (100 79 (100} 53 <100)
Number empty 9 {? 4 (9) 3 {4
Frequency of invertebrates ag 79 ig 24 35 70
Frequency of fishes 37 71 71 23 21 42
#. Frequency of Occurrence
Theragra chalcogramma 34 &5 63 84 17 36
otiidae 2 4 z 3 0 0
Malioctus villosus 1 2 20 27 3 &
upea harenqus i 2 i 1 0 0
euronectidae 15 29 24 32z 0 0
Shrimps 1 2 2 3 1 2
Crabs i 2 0 ] qQ ]
Parathemisto spp. é 12 2 3 3 é
Gammarigae 10 19 0 0 4 g
Thysanoessal Spp. 2 4 7 b4 i 2
Myeidae i 2 i i g ]
| sopoda 3 é 0 0 2 4
Squids 0 Q g g 3 é
Polychaetes 8 19 i i 12 24
Pteropoda 0 0 0 a g8 17
Unidentified crustaceans i3 29 g 12 S 11
Mollusca 0 ] ¢ 1] 3 é
B. Numbers of Individuals.
Theragra chalcogramna 317 24 7864 64 41 71
Cniilgae 15 4 4 {1 g ]
HMal lotus villosus 2 {1 52 4 4 '
Tulpea harenqgus i {1 2 {1 0 0
Teuonectigaed 43 11 378¢ 31 a 0
C. Estimated Wet Weight {gJ
Theragra chalcogramma 1,533 g0 5,773 83 388 80
ottidae 79 4 {1 g g
Mal lotus villosus 40 2 295 14 100 20
Culpea harenqus 30 2 40 {1 0 0
Fleuronectidae® 22 1 1890 K] 2 1]

#Ualues in parentheses are the frequency among the total number of birds
examined.. Valuesnot in parentheses are the percent frequency numbers,
or weight, resg;tgue]x,_an1ong birdse containing identifiable preyremains.,

B Tentative identification.

¢ One specimen contained 310 individuals,

®0ne specimen contained 155 individuals.
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of biomass to murre diets in 1982. The importance of the f1atfish in 1983,
however ,wasmuchless than poliock, which dominated murrediets that wear,
Capelin(Mallotusvilliosus) were of moderate importance to croon murresin
1983.

Invertebrates were taken frequently by thick-billedmurres in bath years
(Tablei2)and probably contributed significantly io their diets, particularly
duringearly summer. Common murres characteristically took fewerinvertebrates,
except in the June sample period. Itwas not possible to estimate the numbers or
biomass of theinvertebrate fraction of the stomach contents in most cases because
the prey organisms were highly fragmented.

The numbers and estimated biomass cftotalfishesinmurrediets are’
summarized in Tables13-16. A greater number of fishes with a greater estimated
biomass was recovered from croon murres than from thick-billed murres., Forboth’
species,the biomass offishes was lowest in June and increased steadily throughout
the summer in both years, The numbers of fishes and their estimated biomass were
much higher in 1983 than in 1982.

The importance of young-of-year pollock declined dramatically between
1982-1983 (Tabie 173,

Cape Lisburne

Food kabitecoifmurresat Cape Lisburneini¥83 are summarized in Tablei8.
Cods, primarily Arctic cod with smaller numbers oftsaffroncod{(Eleqinus
gracilis’,dominated the diets of both species throughout the summer, The
availabilityofcods in 1983 was unprecedented in the many prioryearsofstudyat
Cape Lisburne. Other prey taxawereoflittie importance,

A sense ofthe magnitude ofthe contribution of cods can beseeninTable
19,whichcomparesthe numbers and estimated biomassof+fishes in thick-billed
murre diets between yecars. The averageé numbers of fishes/birdwerenotvery
differenitharnirother years, although the average biomass/birdwas generally much
higher. Thie i¢ because in other years taxa such assculpins,sandlance and
capelin contributed substantially to total numbers; however,because these taxa
were generally smailer than cods, particularly Arctic cod,theircontributionin
terms of biomass wag relatively small.

g, Tack-legoed Kittiwakes
1. Census

St, Matthew 1.

Resul ¢ of the census of black-legged Kittiwakeson St. Matthew I.are
detailed inéppendix Tabla7. The results ofthe censuses of 12 plots counted in
three years ofstudyare summarized inTable20. The total number of birds and
nestsonthelZ plotsincreased from 1982 to 1983,but the increase in thenumber
ofnestswassmall.Little difference in the number of nests on those ploig has
bean recorded in the three years that censuses have been taken.

2. Phenclogy, Reproductive Success and Chick GrowthRates

8t. Matthew 1.

On 1% July we saw one nest with two small chicks and on 24 July w2 found
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Table 12. Frequency of occurrence {#%) of invertebrates in diets of thick-billed
murres {TBMU), common murres (COMUW), and black-legged Kittiwakes (BLKI>at§t,

Matthew Island. Values in & include ail specimens; values in B exclude empty
specimens.

Jun 1-20 Jui 21 Jul-18Auq
Year TBMU  COMU  BLKI TBMU COMU  BLKI TBMU COMU  BLKI
1982 A ND! ND ND 33 1 100 40 54 71
B 100 17 100 50 67 100
1983 A 71 50 63 47 0 84 85 9 38
B 89 52 48 47 0 8é 8S 9 43

! ND = no data.

Table 13. Numbers and estimated biomass of fishes in diets of common murres at
St. Matthew Island. Arithmetic mean number and weight {g)/bird.

Jun 1-20 Jul 21 Jul-10 Aug
Year n X s n X s n X S
Numbers
1982 NDa 9 2 3 33 20 43
1983 30 7 10 13 14 14 34 24 56
Biomass
1982 ND 9 10 17 33 46 62
1983 30 54 80 13 115 73 34 130 127

A ND = no data.
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Table 14. Numbers and estimated biomass offishes in diets of thick-billed
murres at St.Matthew Island, Arithmetic mean number and weight (g}/bird,

Jun 1-20 Jul 21 Jul-10 Aug
Year n X s n X s n X s
Numbers
1982 ND#A 9 {i i 23 378 119
1983 24 2 4 14 10 19 19 10 16
Biomass
1982 ND g 3 é 25 4gc 118
i 983 24 9 21 14 39 43 19 52 59

A ND = no data.

BOne specimen contained480 individuals and a second specimen contained 336
individuals.

c One specimen contained 359 g and a second specimen contained 459 g.

Table 15. Numbers and estimated biomass of fishes in diets of common murres at
5t. Matthew Island. Geometric mean number and weight {g)/bird.

Jun 1-20 Jul 21 Jul-i0Aug
Year n 3 tis n % t1s n X tls
Nunber s
i 982 ND 9 2  #-4 33 6 1-25
1983 30 3 710 13 10 3-28 34 12 4- 36
B i omass
1982 ND 9 3 L 4-17 33 11 1-99
1 983 30 16 2-110 13 63 11- 365 34 73 1 &-327

ND = no data.

264



Table 16. Numbers and estimated biomass of fishes in diets of thick-billed
murres at St. Matthew Island. Geometric mean number and weight ¢(g3/bird.

Jun 1-20 Jul 21 Jul-10Aug
Year n X +is n X e n X i1s
Numbers
1982 ND 9 i .9-1 25 3 9-14
1983 24 2 .7-4 14 4 .5-16 19 é 2-17
Biomass
1982 N 9 1 .3-4 25 3 .3-31
1983 24 l .2-79 14 i4 2-101 19 22 4-125

ND = no data,

Table 17. Relative importance {%) of young-of-year pollock among allpollock
in diets of thick-billed murres{(TBMU), common murres{COMU>, and black-legged
Kittiwakes (BLKI) at St. Matthew Island, 15 July - 8 Augusti1982 and 7 July

9 August 1983.

TEMU CcoMu BLKI
1982 1983 1982 1983 1982 1983
Frequency of occurrence &9 37 82 45 0 0
Number 99 68 88 21 0 0
Biomass 59 8 14 1 0 0
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Table 13s Occurrence of major taxa in diets of thick-billed murres{TBMU}, common
murres {COMUY, and black-legged KittiwaKes {BLKI) at Cape Lisburne, 16 June - 28
August 1983,

__TBMy__ coMy __BLKI__
n %A n A n A
Number examined 104 (100 25 (iom &1 (100)
Number empty 2 (2> 0 (0> 1 (2)
Frequency of invertebrates 46 45 7 28 7 12
Frequency of fishes i01 99 25 100 40 100
4. Freguency of Occurrence
Cods 89 87 25 100 60 100
Sculpins 44 43 7 28 3 S
Sand lance 11 11 5 20 2 3
Capelin 2 2 1 4 3 5
Other 28 27 7 28 9 15
Shr imps 11 11 l 0 0 0
Amphipods 8 8 5 20 0 0
Mysids 4 4 1 4 0 0
Euphausiids ] g Q 0 0 0
Polychaetes 18 18 1 4 5 8
Qther 29 28 i 4 3 S
B. Numbers of Individuals
cods 1,005 73 513 73 617 92
Sculpins 214 14 32 3 2 {1
Sand lance 53 4 135 19 29 4
Capelin 7 {1 i {1 é {1
Other 91 7 17 2 i 3
C. Estimated WetWeight(a)
Cods 11,531 24 5,324 24 8, 488 99
Sculpins 335 4 40 {1 2 {1
Sand tance 100 {1 270 5 58 {1
Capelin 14 {1 2 {1 11 {1
Other 120 {1 34 {1 24 {1

# Values in parentheses represent the frequency among the total number of birds
examined. WValues not in parentheses represent the percent freguency,numbers,
or weight, respectively, among birds containing identifiable prey remains.
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Table 19. Number and estimated biomass of fishes in diets of thick-billed murres
at Cape Lisburpe, Arithmetic mean number and weight (g)/bird; data for1977-80
are from Springer et al. (1984),

JEn 1-20_Ju] 21 Jul - 10 Auq 11-31_Aug
n X s n X s n X s n X s
Numbers
1977 6 5 7 22 & 8 15 7 9 9 9 12
1978 ND 17 8 i4 29 20 20 10 15 13
i 979 ND 17 12 14 ND 19 23 25
1980 ND ND 32 6 8 ND
1983 37 10 15 21 13 14 20 21 20 24 i8 17
Biomass
19727 6 10 13 22 i9 29 15 14 18 9 23 3é
1978 ND 17 23 44 29 43 70 16 53 55
1979 ND 17 $4 81 ND 19 57 67
1980 ND ND 32 54 84 ND
1983 37 100 102 20 187 144 20 151 124 24 72 79

ND = no data.

Table 20. Black-legged Kittiwake census summary for 12 plots on St. Matthew
Island that were counted in each of three years

Year Birds Nests
1977 T 2,160
1982 2,785 2,034
1983 3,629 2,283
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5 small chicks among 34 successful nests. Using the average incubation period of
28 days «Swartz 1944, the eggs from which the 3 chicks hatched were laid before
26 June. Laying dates in late June through early July are the same as in 19282
<Springer et al. in pressal.

The reproductive success ofKittiwakesini®?83 was the same as in 1982 -
few, ifany, chicks were raised, The average clutch size was small,but was
comparable to that reported for thePribilofIs.during the 1ate-1970"cs{see Hunt
et al. 1981a’); chick survival was very poor {TableZ2i}. We examined an
additional 28 nests on St, Matthew I. on 7 August,one of which had one egg and
another of which had one chick, and 51 nests on Halll. on ?August,twoof which
had ene chick each. @Al1 failures during incubation appeared to be caused by
adults deserting the nests, Chicks generally died within a few days after
hatching, apparently from starvation and exposure.

Cape Lisburne

The mean hatching date of Kittiwake chicks at Cape Lisbhurne was about30
July, a date midway between the earliest and latest dates in past years {see
Springer et al.in press b}.

The clutch size ofkittiwakes{(Table 22 was large compared to other
years at Cape Lisburne{(see Springer et al. in press b». However, mostof the
second chicks hatched in two-chick broods died within a few days of hatching.
Starvation appeared to be the cause of death. Growth rates of the surviving
chick-s were relatively slow {Table23).

3. Food Habits

St. Matthew 1.

Kittiwakes at St. Matthew 1. fed on poliock,capelin and a variety of
invertebrates in 1983(Tableli). They were frequently seen carrying fish,
especially capelin,to the colonies during mid-July, but not after that time when
the birds foraged more widely offshore. The shift coincided with the period when
large schools of ‘bait’ fish were detected at depths of 6-24 m in nearshore
waters instead of at the surface ¢J. Anderson, pers. ohs. from July-August
bathymetry surveys from the _Marine Constructor. Considerably more fishes
were taken in 1983 than in $982, when only one fish was recovered fromlé
KittiwaKkes collected in July and August. Invertebrates were taken frequently in
both years, but perhaps somewhat less so in 1983<{Tablel2). “Young-of-Year
pollock were not taken in either year.

Cape Lisburne

Cods, over 994 Arctic cod, were the principal food of Kittiwakes in 1983,
as they were for the murres{(Tablel8). Other species of fishes and
invertebrates were not important, except during August when the adults were able
to obtain limited numbers of sand lance,

C. fuklets
i. Census

Least auklets, crested auilets{Aethiacristatella) and parakeet
auklets (Cyclorrhynchus psittacula) nest on St, Matthew I. Results of the
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Table 2i. Reproductive success of black-legged kittiwakes at Tusk Colony
on St. Matthew Island,1%983.

Plot 24 Plot 2B
No. nests 58 172
No. enpty nests 29 94
No. |-egg clutches 22 75
No. 2-egg clutches 7 3
Clutch size / nest 0.6 ().5
No. chicks fledged 0 {3

Table 22. Reproductive success of black-legged Kittiwakes at Cape Lisburne,
1983,

No. nests 103
No. empty nests 8
Clutch size / nest 1.6
No. chicks fledged {43

Table 23. Growth rates of black-legged Kittiwake
chicks at Cape Lisburne.

Year Grams/day * s (n)
1977 19 + 3 (18>
1978 20 + 7 (21)
1979 18 + 1 (24)
1980 18 + 4 (43)
1981 14 + 3 (3D
1783 16 + 3 (45
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surface average counts ofauklets are detailed in Appendix Tables8and®. The
census was not designed to estimate the total numbers cfaukletson St. Matthew
l.or in the two study colonies, but was designed to provide indices of

population numbers for future comparisons.

The surface average numbers of auklets on the plots in the two colonies
during the three phases of the breeding cycle are summarized in Table 24. Least
aukllets were generally in the lowest abundance during the prelayingperiod.
Crested auklets were most numerous during incubation. The small numbers of
parakeet avklets on the plots preclude similar generalizations for this species,
The presence of immature birds, plus the fact that many courtship activities take
place underground {Bedard1%946%a) may explain our higher numbers during the
incubation and chick periods,

Comparisons of net movement and surface average counts of auKlets are
presented in Table 25. While some variation in the surface average counts
occurred, the net movement counts were extremely variable. Thus, the surface
average technique appears to be better suited for establishing an index of
numbers in the St. Matthew l. colonies than does the net movement technique.

Bedard(196%9a) found that immature auKlets arrived on St. Lawrence I. in
early June and comprised 30-35% of the total number present by 20 June. Immature
least auklets were not present in the colonies on St., Matthew I. until nearly the
end of June and they comprised about 204 of the total number by mid-July (Fig.

4) . Immature crested auKlets were not seen until20 July and also comprised
about 204 of the total number{Fig.4}.

2. Phenalogy and Chick Growth Rates

Upon our arrival on 8June,auklets had formed pairs and several
copulations were seen. Three femaleleastauklets collected on 13 June each had
fully developed follicles within one day of laying. The first egg was found on
21 June. On 17 July, <chicks from 1-5 days old were found in Bof14 nests. The
number of adults carrying food also began to increase about that time {Fig.3J.
The first sea-going chick was seen on 7 August.

Growth rates of 22 least auklet chicks weighed during intervals of 5-18
days averaged 3.9 g/day{(s = 0.96 g/day); growth rates of {2 chicks weighed
during intervals of at least 10 days averaged 3.6 g/day{s = 0.78qg/day). The
growthrateof3,46 g/day was significantly lower than the average growth rate of
five chicks in 19S2 (4.9 g/day, s = 8.%g/day} weighed during intervals of at
least1ld days <Mann-Whitney P£0.025).

3. Food Habits

Food habits of Teastauklets during the chick period in 1983 are detailed
in Appendix Table 10. They are summarized and compared to food habits in 1982 in
Table 246. Mo important differences in the composition of the prey were apparent
between ¥ears; |east auklets on St. Matthew I. depend on one species of copepod,
Calanus marshallae, for the majority of their food during the chick period.
Comparative data on auklet food habits from the Pribilofs and St. Lawrence |. are
presented in Tables 27 and 2B. Calanus marshallae , the species characteristic
of the middle shelf domain of the SE Bering Sea (Cooney1%981;8mith and Vidal
1984), was replaced in importance on both the Pribilofs and St. Lawrence 1. by €.
plumchrus and C.cristatus, species characteristic of the outer shelf
domain. The location of the Pribilofs relative to the outershelf domain and of
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Table 24. Surface average countsof crested aukKiets (CRAU), least auklets
{LEAUY, and parakeet auklets (PAAU) during the pre-laying{PL), incubation
{1 N), and chick-feeding ¢(CF) periods on study plots at Pterodactyl and éArch

colonies on St.Matthew Island, 1983 .

CRAU LEAU PAAU
Colony Plot PL IN CF PL IN CF PL IN CcF
Pterodactyl
1 3 2 2 57 &2 102 0 {1 8
2 2 4 2 83 141 131 {1 0 0
3 <1 1 {1 40 51 49 {1 0 0
4 {1 2 2 32 46 35 2 {1 <1
5 3 4 3 59 73 82 0 <1 0
é 8 12 9 114 126 182 0 0 0
7 11 18 11 35 51 59 g 0 0
8 11 25 21 42 52 58 0 0 0
9 ND 0 0 ND 29 23 ND 0 0
10 ND 0 0 ND 12 13 ND 0 0
11 ND 6 é ND 85 10KS ND 0 0
Arch
i 0 {1 0 31 &9 48 0 0 0
2 4 7 6 70 9% 95 2 {1 0
3 <1 {1 0 42 44 47 0 0 0
4 0 {1 0 52 47 51 0 {1 0
5 ND 8 12 ND 80 80 ND 0 0
6 ND {1 0 ND 36 31 ND 0 0
Pre-laying period = arrival to '17 June, incubation period = 18 June to

“1éJduly, and chick-feeding period = “17 July to fledging,
ND = no data (plot added after the pre-layingperiod).
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Table 255 Comparisons of surface average and net movement estimates of crested
aukiet (CRAUY ;1east auklet {(LEAU), and parakeet auklet(PAAU numbers onstudy
plotsat Pterodactyl and Arch colonies on St. Matthew Island, 1983,

Colony Plot Date CRAU LEAU PaAU Method of Estimation
Pterodactyl
1 11 Jun 3 57 0 Surface average
14 400 0 Net movement
24 Jun 3 é3 {1 Surface average
] i2 0 Net movement
2 11 Jun 2 129 <1 Surface average
0 -554 0 Net movement
24 Jun 2 83 0 Surface average
-2 -4 0 Net movement
é 13 Jun 8 114 0 Surface average
4 224 0 Net movement
24 Jun 11 131 0 Surface average
-22 -1 ,252 0 Net movement
8 13 Jun 11 42 0 Surface average
6 -396 ] Net movement
24 Jun 14 50 g Surface average
-34 =272 0 Net movement
Arch
2 146 Jun 4 70 2 Surface average
0 14 0 Net movement
3 14 Jun {1 42 ] Surface average
2 é g Net movement
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Table 26. Prey of leastaukletson St. Matthew 1.

1982 {(n=2%9) 1983 (n=40)
Taxon Number Volume ¥ Number Volume <X}

Calanus marshallae 18,658 89 17,448 84
C. plumchrus 0 Q 1 <0.1
Hyperiidae 150 5 59 3
Gammar idae 216 4 209 9
Decapod zoea 187 l 440 3
Thysanoessa spp. 10 {0.1 80 1
Limacina helicina 73 {0.1 8 <0.1
Other | {0.1 | (0.1

Table 27. Prey of least auklets on the Pribiloefls.,
197S-78. Numbers (%) are from Hunt et al. {(1981a);
volume () is according to text. N=238.

Taxon Number ¢4) Volume ¢X%?
Calanug marshallae 65 30
c* _plumchrus i1 5
C. cristatus 24 48
Hyperiidae 2 g
Gammar i dae 2 3
Decapod zoea 0 0
Thysanoessa spp. {1 2
Limacina helicina 0 0
Other 1] 1]

Table 28. Prey of least auklets on St. Lawrence I.Datafor 1964-66 are fromBedard
(1969)3dataf or 1976 are from Searing {1977).

1964-64 (n=124) 1976 (n=12) 1981 (n=24

Taxon Number Volume (¥%) Number Volume (X Number Volume )

Calanus marshallae 77,908 65 344 3 3,132 26
c. plumchrus 0 0 9, 047 90 6, 205 30
C. cristatus 1,444 8 32 2 197 11
Eucalanus bungii 169 <1 9 {1 0 0
Hyperiidae 2,102 9 57 1 32 {1
Gammar i dae 533 3 9 <1 21 {1
Decapod zoea 2,808 3 47 <1 643 7
Thysanoessa spp. 2,325 7 2 <1 1 1
Limacina helicina 6 {1 34 i 3 {1

Other 311 | 31 <1 0 0
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St. Lawrencel, relative to the Bering Slope current probably accounts for the
differences between the composition of the prey of aukletson these islands and
that on S5t. Matthew 1. <Springer and Roseneauin press).

Although there were no important differences in the composition of auklet
prey on St. Matthew 1. between 1982 and 1983, quantitative differences in prey
between years may exist. Comparisons of this kind can be misleading, however, it
is interesting that the difference between the average number of copepods
recovered from sublingual pouches of adult least auklets in 1982 and 1983,440¥%
440, respectively, or a decline (Mann-Whitney P{0.001) of about 304, ‘is nearly
the same as the percentage decline in the growth rates of chicks between the two
years. The prey in sublingual pouches is that which is fed to chicks.

Least auklets on St. Matthew |. apparently fed close to the island at
most times. Hunt et al. (19B1a) suggested that auklets feed generally within 30
k m of share in the Pribilof 1s. AuKlets nesting in the northwestern part of the
island ¥lew westward to feed during Jul vy, while those nesting in the northeastern
part of the islandflew northeast to feed. After 30 July, auklets in the
northeast fed in large concentrations within a zone from about 5 m - 1 km of
shore. We have seen similar episodes of auklets feeding nearshore on St.
Lawrence |. during periods of strong upwelling {Springer and Roseneau in press).

D. Food Web Dynamics

Cape Lisburne

Primary production, as measured by the integrated chlorophyll-a
concentration, underwent a typical bloom in early summer as the sea ice broke up
{Fig. ). Following the bloom, phyteplankton populations remained low throughout
the summer However, beginning in early August, the chlorophyll concentration
began to r se, increasing about 3=fold over the lowest levels by the end of the
month. We do not know if the increase resulted from _in_situ production or from
advection nto the region from the south.

From the examination of stomach contents of sand lance, we found that the
fish were feeding on a meroplanktonic stage of a bivalve, the cladocerans Podon
spp. and Evadne spp. and the copepods Pseudocalanus spp. and Acartiaclausi.

The ambient concentrations of all five taxa were generally Tow until early
August, when they increased dramatically in abundance {Fig. 7}. The increases
occurred at the same time as that of chlorophyll-a, postdating the seasonal rise
in water temperature by about 2 weeks {Fig.?7).

A concurrent increase in the importance of sand lance in murre and
Kittiwake diets occurred in early August {Fig.8). Sand lance were not an
abundant item in the birds’ diets in 1983, a characteristic typical of cold
years, Water temperature in mid-July was only 39C which is in the low range
of temperatures for that time of year (Table 29).

E. Characteristics of Prey Populations

The majority of pollock eaten by murres and kittiwakes at St, Matthew |I.
were age class 1 according to the tength of the fishes, as determined from their
otoliths, and data on pollock size-at-age reported by Smith <1979}, The
distribution of the lengths of intact otoliths recovered from murres and
Kittiwakes in 1983 (Fig. %) indicates the sizes of length cohorts of pol lock.
For reference, fish lengths can be calculated by using the regression equations
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Fig. 7. \Water tenperature and the anbient
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Fig. 8 Frequency of occurrence of sand lance in the diets of murres and
kittiwakes at Cape Lisburne, 1983.

Table 29. Water temperature during mid=-July
at Cape Lisburne.

Year Degrees C
1974 7
1975 4
1974 2
1977 &
1978 8
1979 13
i 980 10
1981 i1
1782 10
19%3 3
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reported above. There was apparently no difference between the distributions in
1982 and 1983, although the 1982 sample size was too small {(n=32) for meaningful
comparison. The 1%83 distribution does not necessarily reflect the absolute
contribution of each cohort to the total numbers of pollock taken, since many of
the otoliths were broken and could not be included in the above distribution.
Also, the young-of-year cohort referred to in Table 17 is not shown in Fig. 9.
Otoliths of that cohort were less than 14 otolith units.

The three principal size cohorts of sand lance in the 1983 sample {Fig.
103 ranged in age from 0+-i+, The two smallest cohorts were somewhat targer
than those in 1977, but considerably smaller than those in 1980. This pattern is
similar to that previously observed, when fishes tended to be larger in warmer
years <Springer etal.1984), Inl%983, the size distributions of each of the
three cohorts were bimodal, and the differences in size between modes of the
smaller size range were proportional to those of the larger size range. This
pattern suggests that individuals from two populations are represented among the
otoliths, perhaps a local population and one that was advected into the region
from the south. We have shown previously that sand lance taken by seabirds at
Cape Thompson were larger than at Cape Lisburne, and that sand lance taken at
Bluff were largest (Springer et al. 1984; in press b}

Two distinct size-age cohorts of saffron cod were taken by murres and
kittiwakes at Cape Lisburne in 1983 {Fig. {13, During the first half of the
summer, larger fishes were taken, while later in the summer smaller fishes were
taken. The lengths apparently represent fishes that differ in age by one year {0+
and 1+ age classes) according to Craig et al. <1981}, who report length-at-age
data for saffron cod in the Beaufort Sea. Advection possibly played a role also
in the change in size of saffron cod during the summer, The average length of the
smaller fishes was larger in 1983 than the average length of the same age class
collected during the same interval in 1979 { Fig. 11, This pattern is consistent
with the trend recorded in 1976-79, when saffron cod were smaller in warmer years
than in colder years (Springer et al. 1?84).

VIlI. & VIII. DISCUSSION AND CONCLUSIONS

SE Bering Sea

The breeding season of 1983 was the third consecutive year of failure for
black-legged Kittiwakes on islands in the SE Bering Sea. Kittiwakes failed on the
Pribitof Is. in 1981<D. Lloyd pers.comm.), 1982 (Craighead and Oppenheim1982)
and 1983 (A.Merculieffpers.comm.) and on St, Matthew I.and HallIl. in 1982 and
1983. Qur impression is that low prey availability during those years was
responsible for the failures. Because pollock are the most important prey of
Kittiwakes on the Pribilof Is. (Hunt et al. 1981a) and on St, Matthew I., an
absence of pollock in surface waters apparently has been the direct cause.

Murres had a better season than they had in 1982, and they had a better
season than kittiwakes had in 1983. The uncompensated numbers of birds on the
census plots on St. Matthew |. in 1983 were similar to numbers in 1977 and higher
than 1982. There is little evidence of a long-term decline in the murre
population on St. Matthew 1. as has occurred at Cape Thompson and Bluff(see
Springer et al. in press b)>. Similarly, murre numbers on St. Lawrence |. wer e
| ower in the particularly severe year 1976 than in 1971 and 1981{(Roseneau et al.
in press). Murre numbers on the cliffs at Bluff in mid-July 1984 were only about
a third as large as numbers in recent years, but are not expected to remain that
low since the summer of 1984 was extremely severe oceanographically in Norton
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Sound <Springer et al.unpubl. data}. Because pollock are the most important
prey of murresin the SE Bering Sea,particularly low availability of pollock in
1982 might account for the low murre numbers that year.

The majority of pollock biomass in murre and kittiwake dietsis
contributed by year class 1 fish, Fishery survey data obtained by the Northwest
and Alaska Fisheries Center(NAFC) indicate that the abundance of age 1pollock
in the SEBering Sea in 1983 was about three times greater than in 1981 or 1982
¢{Bakkala and Traynor1984). Our food habits data, which show a marked increase
in consumption of pollock between 19S2-83, are consistent with these survey data.

The NAFC data also show that the recruitment of the 1979-1981 year
classes was low compared to that of the 1974 and 1978 year classes, i ® ., the
abundance of age ipollockin 1980-1982 was 1ow compared to 1975 and 1979.
Unfortunately, comparable data are not available for the year-class years
1975-1977. Still, the information generally fits well with the pattern of
reproductive success of black-legged Kittiwakes on 8t. George I. since 1976
{Table 302. It is not inconsistent that reproductive success in 1983 remained
low, since the estimated abundance of age 1 pollock in 1983, while about three
times greater than the previous two years, was still only 48% of the 1979
estimate {Bakkala and Traynor 1984).

Another interesting relationship involves theauklets and the connection
between the abundance of their main prey, copepods, and the abundance of pollock.
We have discussed the possibility elsewhere that tight coupling in the pelagic
capepod-based food web of the S8E Bering Sea might lead tomultispecies
interactions when stocks of poliock wax and wane <Springer and Roseneau in
press), Age cl ass 1 pollock feed on large calancidcopepods(ClarkKel1?78; Smith
1981; T. Nishyvamaunpubl. data) that are also the major prey of least auklets,
Smith and Vidal{1984> have suggested that declines in the numbers of calancids
from the outer shelf domain during spring represent losses to vertebrate
consumers, including whales, birds and fishes. Thus, years in which recruitment
of age 1 pollock is low, as in 1982, would be favorable for auklets,since the
auKlets would face less competition from the fish for prey biomass. The
observat ons from St. Matthewl. during the past two years support such an
hypothes s. In 1982, a poor pollock year, auklets apparently were able to feed
their ch cks more, resulting in faster chick growth, than in 1983, a much
improved pollock year. In contrast, murres and Kittiwakes, which depend on
pollock, had better seasons in $983 than in 1982.

On a larger scale, the distribution in the Bering Sea of pollocK and
copepod biomass may contribute to the geographical differences in the numbers of
murres and auklets at insular breeding colonies, Copepods are apparently
supplied to the northern shelf by the Bering Shelf current, which advects
zoopiankton from the outer shelf domain onto the northern shelf (Springer and
Roseneau in press). However, pollock are rarely found on the northern shelf,
where they are replaced by Arctic and saffron cod {(Frost and Lowry 1%81a;
Wolotira et al.1979). Probably because of harsher environmental conditions,
populations of these cods, as well as of other fishes, are small compared to the
pollock population as indicated by test fishery data {Welotira et al, 1979} and
by the absence of a commercial fisheryon the northern shelf. In summer, the
baleen whales are represented only by the gray whale {Eschrichtiusrogbustus)

which feeds primarily on benthicamphipods(see Frost and Lowry 1%?81bJ.
Thus, competitors of auklets for copepod biomass are probably few compared to
those in the outer shelf domain, while at the same time copepod biomass is
apparently large.

283



Table 30. Black-legged Kittiwake reproductive success on the Pribilof 1s.
and St. Matthew 1. <number af chicks fledged/total nests), and recruitment
“of age class 1 pollock in the eastern Bering Sea <billions offish). Nd =
no data. Pollock data are from BakKala and Traynor (1%83).

Kittiwake reproductive success

Year Pollock recruitment St. George 1. St. Paul I. St. Matthew 1.
1975 ND ND 0.44 ND
1 976 ND 0.42 0.52 ND
1977 NO 0.45 0.43 ND
1 97a ND 0.22 0.36 ND
1979 8.7 0.40 0.54 ND
1980 low 0.38 ND ND
1981 1.0 0.07 ND ND
1982 0.9 0.01 ND 0.01
1983 3.5 0.0t ND 6.0
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Pollock is the largest contributorof biomass to diets of piscivorous
sea birds in the SE Bering Sea. On St. Lawrence I|. piscivorous seabirds feedona
variety of fishes including Arctic cod, sand lance and capelin <Springer and
Roseneau unpubi.data). The ratio of the numbers of murres, the numerically
dominant avianpiscivores at Bering Sea breeding colonies, to the number of teast
auklets (Fig.12) indicates a shift in the proportions of available fish and
copepod biomass from predominantly fish in the south tocopepods in the north,
This trend is consistent with the reported distribution of pollock and with the
inferred competition for copepods in the SE Bering Sea.

The persistent failures of black-legged Kittiwakes in the SE Bering Sea
contrast with the pattern of average to good success punctuated by occasional
failures lasting only one year at colonies in the N Bering and E ChuKkchi seas,
The long-term nature of the Kittiwake failures at southern colonies indicates a

prolonged inadequacy of pollock, and is now a cause for concern for Kittiwakes
breeding at those colonies.

Unfortunately there are no systematic data on seabirds from the Pribilofs
or St. Matthew I. collected before the inception of the commercial polleck
fishery in the late 1960's. Preble and McAtee(1923) quoted from Palmer ¢18%%),
“« « « 8t, Paul Island, August2, 1890, most nests with young, but a few had a
young and an egg, or sometimes two or three eggs.” Thus, we do not know if the
levels of reproductive success reported for the Pribilofs during the period
1975-79 (Hunt et al. 198ta) are typical of levelsin such a pelagic system.
During the late 1970's, the average clutch sizes of laying pairs were about in
the middle of the range of clutch sizes at northern colonies ¢(see Springer et al.

in press b). Chick growth rates were slow-moderate and mortality was relatively
high,

The availability of pollock to surface-feeding seabirds, such as
kittiwaKkes, on islands in the SE Bering Sea may never be as high as is the
availability of sand lance and capelin to coastal populations. Sand lance and
capelin form dense shoals in shallow water and are easily captured by Kittiwakes.
The availability of these fishes accounts for generally high chick growth rates
and survival. Pollock do not form such near-surface shoals and therefore they
are less available to Kittiwakes, even though the total biomass ofpolliock may
greatly exceed that of the other forage species. Major changes in the abundance
of pollock, such as in the recent years of poor recruitment of age 1 fish, are
likely to have major effects on Kittiwake reproductive success. Generally lowered
recruitment, which might have resulted from the reduction of adult poliockK by the
commercial fishery (Fig. 13), might have contributed to the low-moderate levels
of Kittiwake reproductive success during the late 1970’s.

E Chukchi_ Sea

Murre numbers at Cape Lisburne apparently have varied little between
years since censuses were first taken there in §97é6. This trend contrasts with
those at all other colonies in the Bering and ChuKchi seas where we and others
have made systematic counts in two or more years during the same interval. Such
numerical constancy suggests that murre food webs in Ledyard Bay are also stable
compared to those elsewhere, and may be more effectively buffered in some way
against disruption by seasonal and annual variations in the physical environment.

The great abundance of Arctic cod at Cape Lisburne in 1983 allowed
Kittiwakes to lay large clutches of eggs, but was not sufficient to maintain all
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Bakkala and Traynor (1984).
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of the chicks at the colony. Chick mortalitywas high - mostof the second
chicks to hatch in two chick broods died - and growth rates af the surviving
chicks were slow compared toother years at Cape Lisburne when sand ltance have
been available during the chick period. Thus, sand lance appear to be & key
species to Kittiwakes in terms of the overall production of young. While Arctic
cod is probably always important to Kittiwakes during the egg-laying period, sand
lance seem to be necessary for the birds to enjay a highly successf ul breeding
season.

The close correspondence between the increases in chlorophyll-a,
zooplankten populations and the availability of sand iapce to seabirds in LedYard
Bay suggests interactions between three trophiclevels of the neritic community.
We do not know if warming conditions beginning about mid=-July promoted the
increases in zooplankton, or if they all resulted from the advective import of
associated food web organisms from the south. Neimark (1976} found a significant
positive correlation between numbers of Acartiaclausi and warming water
temperatures in Norton Sound; in 1974, an environmentally cold year, the number
of dcartiaclausi began to increase rapidly beginning in the interval 146-31
Jul v and peaked during the interval 1-15 August. The increase followed the rise
in water temperature in Norton Sound by about two weeks, as it did in Ledyard Bay
in1983. However, the period of maximum abundance of the cladocerans was two
weeks earlier than that of Acartia, while the period of maximum abundance of
bivalve veligers was two weeks later. AtBarrow, Redburn ¢(1974) suggested that
the abundance of _Acartia and the cladocerans was a function of advection from the
south, since the peak in numbers coincided with the intrusion of warmer water and
the presence of other neriticcopepodtaxa,

Although many details remain undescribed, it seems that oceanographic
conditions on the Bering-Chukchi shelf play a major role in determining annual
levels of seabird reproductive success at colonies in Norton Sound, on St.

Lawrence 1., in the E ChuKchi Sea, and probably on the Diomedels. Two marine
“rivers” having sharply contrasting physical and chemical properties flow
northward through Bering Strait during summer, In the east, Alaskan Coastal

Water, a warm, low-salinity water mass normally develops in early summer
following the dissipation of sea ice in Norton Sound, breakup of the Yukon River
and increased insolation <Coachman et al , 1975>. Annual variability in the
development of this seasonal water mass is thought to have significant effects on
the coastal zone food webs supporting coastal seabird populations <Springer et
al. 1984). Contrasting in the west, Bering Shelf-Anadyr water consists of Bering
Shelf Water and énadyr Water, both of which originate at depth in the Bering Sea
and are cold, high salinity water masses {Coachman et al, 1975). The flow of
this water across the northern shelf promotes exceptionally high levels of
primary production during summer {Sambrottc et al. 1984) and advects sufficient
copepod biomass from the south to apparently influence the breeding distribution
of least auklets in the Bering Sea <Springer and Roseneau in press},

Ordinarily, the presence of the two flow regimes, Alaskan Coastal Water
and Bering Shelf-Anadyr water, maintains two very different marine environments
on the Bering-Chukchi shelf, in which characteristic food webs have adapted to
the prevailing physical conditions. However, in some years the juxtaposition of
these water masses breaks down leading to major disruptions of regional food
webs. For example in 1984, anomolous circulation in the N Bering Sea. carried
Bering Shelf-Anadyr water deep into Norton Sound, a situation that persisted from
early summer through about mid-August {Springer et al, unpubl. data].
Consequently, the normally very warm environment of the NE Bering and E ChuKchi
seas was unusually cold throughout the summer, In Norton Sound where the anomcly
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was greatest, murres and Kittiwakes experienced theworst breeding season ever
recorded <Murphy and Springer unpubl.data). The normalKittiwake breeding
population of about 13 thousand pairs at Bluff was reduced to300~730 birds
total, AdultKittiwakes were found dead and dyingalong the UnalakleetRiver,
Five emaciated specimens we examined had eaten berries and apparently had starved
to death. Murres were less severely affected, butoniy about a third of the
normal number was at the colony during mid-July. The reproductive success of
murres and Kittiwakes was nil. It seems certain that the availability of fishes
normally taken by murres and KittiwakesinNorton Sound,particularly sand lance
and saffron cod (Springer et al.unpubl.data), was very low. The analysis of
zooplankon samples collected at Bluf¥f {Springer and Murphy in progress) may
indicate whether the prey of the fishes was reduced as well.

IX. NEEDS FOR FUTURE STUDY

The persistent reproductive failures of black-legged Kittiwakesaon the
Pribilofs and St’. Matthew I.pose an important question about the stability of
the poliock population in the BE Bering Sea. They also emphasize the needfor
the monitoring of selected seabird colonies each year, especially during periods
of anomolous breeding performance such as that during the 1980“s. The insight
provided by long-term data is that which will be needed to adequately assess the
affect of OCS oil and gas development on regional seabird populations. Thus,
certain colonies should be designated for low-level surveys each year, such as
those we have done in the E Chukchi and at Bluff. Colonies that would be
appropriate are those on the Pribilofs, at Bluff and at Cape Lisburne, since they
are in distinct environmental regimes and have long histories of nearly
uninterrupted study, @A schedule for visiting other colonies at regular, but less
frequent intervals, should be considered for a period ofilyears.
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AFPENDIX

Tabl e 1. Hurrecensusresults from St. Mat thew Island, 1983.

21 Jul 26 dul

27 dul

Plot Time# Ohs. E Obs. P X Time Ohs, E Ohs. F¥X Time

Obs, E Ohs, P ¥

cl

G23

£-4,4

£-8 1525 28 28
G9 1530 81 81
D12 1145 1,209 1,209

D-6 1230 39 390

D-7 1245 2,930 2,930

D-8 1340 557 557

D92 1315 3,225 3,205 1345
D-9b 1425 2,245 2,245 1315
D-9c 1455 1,100 1,100

D-9d 1520 2,440 2,440 1200
E-1 1400 1,190 1,190

E-3

E-4

E-5

E-6

E-7

E-8, F-1

F-2

F-3

F-4,4

2,740 2,430 2,585
1,570 1,820 1,495

2,320 2,130 2,225

#Bering Daylight Time.
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{Table 1, cont.)

29 Jul

30 Jul

1 Aug

{Plot) Time?# Ohs, E 0bs.

P Ohs, 8%

Time

Ohs, E Ohs.

P X

Timelbs, E Ohs. P X (%}

(¢-1)
(€-2,3)
(C-4,4)
(C-8)
(€-9)
{0-1,2)

(D-6)
-7
(0-9)
{D-92)
(0-%b) 1815 2,430 2,700

{D-%c)

{D~9d)

(E-1)

{E~-3) 1215 90

{E-4)

(-9

{E-4) 1340 8,240 8,980
{E- 1355 340
{E-8,F-1) 1515 12,080 12,380
{F-2)

{F-3} 1455 740

{F-4,6) 1705 448 418

2,565

920

8,620
W5 35
12,330

740
425

17140
1555
1340

2,400
410
1,440

410

2,600
410
1,440

18135
1410
1443
1935
2120

0930
1135

735 595 445 (&1
723 783 753 { 69)
887 854 871 (80)
1,151,022 1,087 (100
1,014 1,034 1,074 (9%

1,576 410 1 ,490
1,096 1,016 1 050

# Bering Daylight Time,
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(Table 1, cont. ]

9 Aug

(Plot)  Time# Ohs, E Ohs, P X Rau X Compensated X&
(-1 2,600 3,132
(C-2,3) 410 518
{C-4,4) 1,440 2,309
(C-8) 28 36
(C-9) 81 105
(0-1,2) 943 1,474
{D-6) 390 582
-7 2,930 4,309
(D-8) 557 785
{D-%a) 2,798 4,138
(D-%b) 1200 3,120 2,610 2,845 1,961 2,606
{D-90) 1,100 1,467
{D-%d) 1945 2,730 2,718 2,720 2,484 3,086
{E-1) 1,190 1,526
{E-B 90 136
{E-4)

{E-3)

{E-4) 8,420 12,140
(E-7) 357 502
(E-8,F- 1) 12,330 16,223
{F-2)

(F-3) 740 925
{F-4.6) 425 518

Total : 4,631 %,537

# Bering Day} ight Tim,
¥ Rau x compensated using diurnal counts at Plots D-1,2 on 1 Aug{see above),
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Table 2. Murre census resul ts from Cape Lisburne, 1983,

21 Jul ¢ Aun 11 Aug

Plot Time®# Ohs. N Ohs. O X Time Obs. N Obs. L X Time Obs. N Ohs. 0%

i1 2000 1,230 1,410 1,170

12 2045 1,2$0 1,740 1 ,500

25 2115 B20 690 755

26 2130 1,040 810 925

30 2220 3,140 3,140

32 2245 1,8461,9401 910

63 1430 2,470% 2,740 1500  2,220% 2,220

66 1430 2,140 1,870 2,005 1330 1,635 1,335

78 1500 2,1308 2,130 1430  z,100% 2,3408 2 220

72 1640 1,010 1,190 1,100 1415 870 870

73 1450 590 630 610 1410 410 410
# Bering Dayl ight Time.
# Counts made from shore; al 1 other counts made from raft.
{Table 2, cont. )

19 Aug 27 fugt 28 Augt
(Plot)  Time# Obs. N Obs, O ¥ Time Ohs, N Time Obs., N Raw ¥ Compensated X
(1) 1,170 §,744
(12) 1,500 1,923
(29 755 888
(26) 925 1,058
&) 3,140 3,237
(32) 1,910 1,549
(45) 1850  2,000% 2,4128 2 304 1700 1,18 1100 2,236 4,346
{44) 1,820 3,524
(70) 1930 1,490 {,5308 1,510 1713 1,000 1120 {,953 3,842
(72) 985 1,888
(73 310 945
Total @ 14,704 25,201

#Bering Daylight Time,

¥ Counts made from shore; allether counts made from raft.
c These counts were made outside of the census peried and are not i nc | uded in the raw and compensated means.,
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Table 3. Ratios ofcommonmurres (COMU) and thick-billed murres (TBMU)
at Hall Island, 1983.

Location! Timel Date coMu TBMU coMu/TBMU
Subplot No. 3 1321 18 Jul 398 51 7.8
Subplot No. 4 1321 18 Jui 26 325 0.1
Subplot Ng.95 1350 18 Jul 209 4& 4.5

(Subtotal) (429) {422) (1.9

Subplot No. & 1350 18 Jul 467 26% 1.8
Total (18 Jul) 1,096 488 1.4

Subplot No. 3 1240 9 Aug 442 44 10.1
Subplot No. 4 1220 9 Aug 52 224 0.2
Subplot No. 5 1257 9 Aug 213 40 5.3
(Subtotal) (707} {308 (2.3

Eggplot No. 1 1315 9 Aug 9 102 0.1
Eggplot No. 2 1330 9 Aug 0 51 0
Eggplot No. 3 1345 9 Aug 3 23 0.1
Eggpliot No. 4 1400 9 Aug 26 50 0.5
Eggplot No. 5 1430 9 Aug 11 17 0.4
Eggplot No. é 1415 9 Aug 18 12 1.5
(Subtotal) (47} {255) (0.3

Total (9 Aug 774 563 1.4

I All subplots and eggpiots are located near the boundary separating
Plots H-1 and H-2 {seeDeGange and Sowls1%78).
2Bering Daylight Time.
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Table 4.

Counts of seabirdson subplots 1-4 at Tusk Colony,St. Matthew
Istand, 1%83.

Date Subpliot Timel TBMUZ2 COMUs3 BLKI4
17 Jun 1 1217 0 0 77
175% 0 0 40

2 1240 32 125 224

1747 33 115 212

3 1245 32 6 92

1734 38 7 93

4 1255 22 12 109

1713 38 11 100

29 Jun i 1430 0 0 70
2 1435 17 111 331

3 1445 17 10 105

4 1500 13 14 117

9 Jul 1 1400 0 0 53
2 1400 28 102 238

3 1415 24 12 57

4 1430 21 7 88

15 Jul 1 1700 0 0 5¢
2 NDS ND ND ND

3 1700 27 10 87

4 1715 35 12 99

19 Jul 1 1625 0 i 49
2 1440 25 1463 257

3 1655 48 13 76

4 1715 34 13 90

28 Jul 1 1420 0 0 46
2 1430 19 167 303

3 14415 28 9 81

4 1455 18 13 95

1 Aug 1 1020 0 0 53
2 1030 18 95 154

3 1040 19 9 28

4 1055 0 i1 54

'Bering Daylight Time.

z TBMU
3 COMU
4 BLKI

thick-billed murre.
common murre.

black-legged kittiwake.
5§ ND = no data.
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Table 5. Countsofseabirdsonsubplet 1 at drch Colony, St. Matthew
| sl and, 1983.

Date Timel TBMU2z CoMuU3 NOFU4
15 Jun 14400 136 8 10
1700 142 4 8
2000 142 5 12
2200 110 5 12
16 Jun 1400 305 17 7
26 Jun 1830 120 13 8
2030 143 13 8
27 Jun 0400 202 10 8
1445 307 14 9
4 Jul 04600 141 12 7
1500 142 15 12
13 Jul 2845 74 2 ?
1135 150 20
1333 1463 19 7
22 Jul 0900 242 18 6
1230 169 10 4
1530 219 i5 6

IBering Daylight Time.

2 TBMU = thick-billed murre.
3 COMU = common murre.
4 NOFU = northern fulmar.
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Table &. Counts of thick-billed murres (TBMU) on subplots 1-4 at
Nor thCamp Colony, St. Matthew | sl and, 1%83.

Date Subplot Time! TBMU
18 Jun 1 1127 36
1241) 38

2 1127 é

1240 11

27 Jun 1 1415 48
2 1 630 17

3 1645 51

4 1700 21

3 Jul i 1750 37
2 1s00 20

3 1815 41

4 1825 2%

22 Jul ! 0900 44
1530 32

2 0915 19

1545 15

3 0930 53

1600 42

4 0943 20

1615 17

1 Aug 1 ND2 20
2 12

3 31

4 14

IBepring Daylight Time.
2 ND = no data.
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Table 7. Black-legged kittiwake census results fromS5t. Matthew Island, 1983.

20-21 Jul 29-30 Jul
Plot Time! Birds Nests Time Birds MNests
c-1 1700 213 150
c-Z 14600 ] 0
£-3 1400 1] 0
C-4,4 1330 375’ 324
D-02 1330 545 335
D-1a 1110 158 ?5
D-ib 1130 521 281
b-2 1200 0 0
D-3 1200 0 ]
D-4 1200 0 0
D-5 1260 0 a
D-6 1230 43 26
b-7 1245 248 115
-8 1345 Q ]
D-7a 1315 717 344
D-%b 1420 337 178
p-%c 1450 403 141
b-%d 1520 2 D
E-1 1400 0 il
E-6 1300 10 4
E-7 i 350 86 59
E-8 151s 977 744
F-1 1615 1,104 1,020

1 Bering Daylight Time.
2 Plot D-0 = Tusk Colony, a concentration ofmurres and Kittiwakesnot
reported by DeGange and Sowls (1978).
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Table 8. Numbers of crested auklets {CRAU) ,leastauklets{LEAU), and parakeet
auklets(PAAU on Plots 1-6 at PterodactyiColony on 8t. Matthew Island, 1%283.

Surface Average Net Movement

Piot Dat e Observer CRAU LEAU PaaU CRAU LEAU PaAU
i 11 Jun WR 3 57 0 +i4 +400 0
24 dun R 3 63 {1 0 +12 0

3 Jul 0 2 56 0

11 Jul R | éé 0

20 Jul R 3 100 0

30 Jul R | 104 a
2 11 dun Q/R 2 129 {1 0 ~554 0
24 dun R 2 83 0 2 -4 0

2 Jul Q 5 175 D

11 Jul # 5 164 0

21 Jul R 4 167 0

31 Jul R {1 28 0

3 11 Jun /R {1 40 {1

24 Jun R 0 15 0

2 Jul 0 1 é5 0

3 Jul Q 2 &7 1

11 Jul Q <1 56 0

21 Jui R 2 é1 0

31 Jul R # 37 0

4 11 Jun 8/R 1 32 2

24 Jun R 2 34 i

2 Jul 0 4 64 2

11 Jul R 2 37 0

21 Jul R 4 43 i

31 Jui R {1 27 0

5 13 Jun R 3 59 0

24 dun Q 5 86 {1

2 Jul R é 70 {1

12 Jul. R 2 &4 1}

21 Jul a 4 48 0

31 Jul 0 2 55 0
6 13 dun R 8 114 0 +4 +226 0
24 dun 0 11 131 0 -22 -1,252 0

2 Jul R 17 i 3 0

12 Jul R 8 111 0

21 Jul 0 12 195 0

31 Jul Q 5 149 0
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Table 8,cont.

Numbers of crested auklets (CRAU), least auKlets (LEAU), and
parakeet auklets (PAAU) on Plots 7-11 at Pterodactyl Coleny on St. Matthew

Island, 1983.
Surface Average Net Movement
Plot Date Observer CRAU LEAU PAAU CRAU LEAU Paal
7 13 Jun Q 11 55 i
25 Jun Q 16 45 0
3 Jul R 18 62 0
12 Ju} Q 19 48 0
20 Jul Q 18 71 0
30 Jul Q 4 48 0
8 13 Jun Q 11 42 0 +4 - 396 0
25 Jun Q 14 50 0 -34 -272 0
3 Jul R 34 49 0
12 Jul g 27 58 0
20 Jul Q 31 64 0
30 Jul Q 10 51 0
9 3 Jul R 0 25 0
12 Jul 0 0 33 0
20 Jul Q 0 28 0
30 Jul Q 0 19 0
10 2 Jul R 0 10 0
12 Jul R 0 14 0
21 Jul Q 0 19 0
31 Jul Q g 7 0
11 3 Jul 0 9 95 0
11 Jul R 3 76 0
20 Jul R 7 98 0
30 Jul R 4 115 0
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Table 9. Numbersof crested auklets (CRAU), least auklets (LEAUY,and parakeet
auklets (PAAW onPlotsli-é at ArchColonyonSt. Matthew Island, 1983.

Surface Average Net Movement

Plot Date Dbserver CRAU LEAU PaAl CRAU LEAU PaAU
1 14 Jun R 0 31 0
27 Jun R 2 92 0
4 Jul R 0 69 0
14 Jul R a 45 0
22 Jul R o 48 g

2 16 Jun R 4 70 2 0 t14 g
27 Jun R g 117 1
4 Jul R 9 25 0
14 Jul R S 73 {1
22 Jul R é 98 ]

3 16 Jun Q {1 42 0 0 +é 1
27 Jun Q 1 92 0
4 Jul Q {1 49 0
14 Jul Q 0 30 0
22 Jul a D 47 0
4 16 Jun Q 0 52 0
27 Jun Q {1 S5é |
4 Jul Q 0 44 1
14 Jul Q {1 41 0
22 Jul Q 0 51 0
5 4 Jul R 13 87 0
14 Jul R 3 73 0
22 Jul R 12 80 0
é 4 Jul Q {1 42 0
14 Jul g 29 g
22 Jul Q 0 31 0
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Table 10. Numbers of prey taxen by least auklets on St. Matthew Island
during the chick period in 1983. Size categor es are 1, 0.0-7.0 mm;
11, 72.1-15.0 mm; III, 15.1 mm and larger {(from Bedard 194%). Number

of samples = 40,

Taxaon Size Number

Calanus marshallae 17,468
C. plumchrus i
Parathemistg libellula 11

1 43
Parathemisto spp. 4

L)

Hyperoche medusarum
Monpculodes spp.
Westwoodilla caecula
Atylus bruggeni

]
| )
£
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Orchomene spp.
Jassa spp.

L d

Iscyroceras spp.
Pontogeneia spp.

—
L)

ANGNYx Spp.

Lepidepecreum spp .
Pontoporea affinis

Stenothoidae

]
'QHMMHHHH-\JMHHMHHMHMMHHH

Me phid p dae

Oedicerot d 11
Thysanoessa raschii 11
111
Thysanoessa spp. 11 4
111
Euphaus d furci ia 1 3
11
Hippolytidae zoea 11 i4
Crangonidae zoea 11 2
Pandalidae zoea ) 7
Shrimp zoea 11 12
Paguridae zoea 1 53
Lithodidae zoea 1 130
I1 15
Paralithoides zoea 1 3
Anomuran zoea 1 iz
Aarqis spp. 11 79
Limacina helicina 1 8
Cumacean 11 1
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