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ABSTRACT

Investigations of seabird population sizes and breeding biology were
conducted at Cape Thompson from 1959 to 1961 during pre-development studies
associated with the Atomic Energy Commission's "Project Chariot." From 1976
through 1982, the Alaskan Outer Continental Shelf Environmental Assessment
Program (OCSEAP) supported efforts to recensus seabirds at Cape Thompson and
determine whether changes had occurred since the 1959-61 period. Prior to
the present study, it had been 6 years since the last efforts to census

seabird colonies in this area.

We established a field camp at the mouth of Ikijaktusak Creek omn 2 July
and occupied it continuously until 31 August 1988. Permanent study plots
were se}ected for cliff nesting species in four of the five discrete colonies
comprising the Cape Thompson complex, and regular observations were made
throughout the sfudy to document attendance patterns, breeding phenology, and
success of murres and kittiwakes. Periodic collections of adults offshore
were used to determine the food habits of study species. Shore-based work
was supplemented with offshore studies of seabird foraging from the USFWS
vessel Eagle-Tiglax, 24-31 August (Fig. 2).

Correlation analysis revealed negative trends in murre attendance at all
Cape Thompson colonies between 1960 and 1982 or 1988, significantly so for 3
of the 5 colonies. Based on apparent changes in species composition within
the colonies, Common Murres declined at a more rapid rate than Thick-billed
Murres between 1960 and 1988. Combining information from all colonies, it
appears that murre populations have been relatively stable since about 1979.
In contrast to murres, the kittiwake population showed no significant trends
between 1960 and 1982 or between 1960 and 1988. All fluctuations in
kittiwake numbers documented between years were within the variability
expected within years. Breeding productivity of murres was about average
during 1988 (0.47 young/pair), whereas the productivity of kittiwakes was
very poor (0.15 young/pair).

Murres and kittiwakes fed mostly on arctic cod and sand lance distributed

widely but in low concentrations (e.g., 0.1-10 g/m3) up. to 120 km north and
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northwest of Cape Thompson. In the total area surveyed (225 kmz), only two
major feeding aggregations were observed where fish school densities exceeded
15 g/m3. Forage fish densities were higher in shallow Alaska Coastal
Current waters than offshore in Bering Sea waters, and piscivorous seabirds
like murres and kittiwakes fed mostly in coastal waters. Reduced numbers of
fish in murre and kittiwake stomachs in August and low breeding success of
kittiwakes suggested that forage fish densities observed around Cape Thompson
in late August were sufficient to sustain murres but were insufficient for,

or inaccessible to, kittiwakes.

The breeding failure of Black-legged Kittiwakes at Cape Thompson in 1988
was part of a pervasive syndrome of failure in this species observed
throughout the Bering/Chukchi seas and Gulf of Alaska in recent years. The
causes of recurrent widespread breeding failure need to be identified if
kittiwakes are to have a role in area-wide population monitoring during the

period of Alaskan 0CS development by the oil and gas industry.

The system of land-based plots established in 1988 is recommended for
future population monitoring of cliff-nesting birds at Cape Thompson. Based
on the coefficients of variation among counts observed in this study, it is
estimated that 10 replicate counts per year would detect an 8% change in
numbers of Thick-billed Murres between years and a 12% change in Common
Murres, with 75% certainty of statistical significance at the 0.05 level.
Similarly, a 9% annual change in the population of Black-legged Kittiwakes
should be detectable at the 0.05 significance level given samples of 10

replicate counts of the land-based plots.
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CHAPTER 1. INTRODUCTION

1.1 General Background

Seabird colonies in Alaska contain more than 40 million birds of 30
species, and some of the largest colonies are associated with the productive
waters of the Bering and Chukchi seas. Although critical nesting and
foraging habitat of these birds has so far remained mostly free from
disturbance or alteration, there is a possibility of adverse effects on
either or both components of the birds' environment from the exploration,

production, or transport of oil and gas in the region.

The Outer Continental Shelf (0CS) Lands Act (43 U.S.C. 1331-1356)
established federal jurisdiction over the submerged lands of the continental
shelf seaward of state boudaries. The Act charges the Secretary of the
Interior with the responsibility for administering mineral exploration and
development of the OCS. It also empowers the Secretary to formulate
regulations so that the provisions of the Act will be met. The OCS Lands Act
Amendments of 1978 established policies and procedures for managing oil and
natural gas resources of the O0CS, inciuding provisions for post-sale
monitoring in the Minerals Management Service (MMS) program of environmental
studies. Seabird colonies are part of the monitoring program becauée they
are major components of Alaska marine ecosystems and because they may be
especially vulnerable to 0CS activity. Further, many of the seabirds
occurring in the Bering Sea and Arctic Ocean migrate along Pacific coasts and
are protected by conventions or treaties between the United States, Soviet

Union, Canada, Japan, and Mexico.

In recent years, the MMS has sponsored efforts to monitor seabird
populations through periodic visits to selected colonies in the Bering and
Chukchi seas (Fig. 1.1). Colonies on the Pribilof Islands and Cape Peirce
were studied in 1984 (Johnson 1985), followed by 2 years' work on St. Matthew
and Hall Islands (Murphy et al. 1987). In 1987, studies at two locations on
St. Lawrence Island were co-sponsored by MMS and the U.S. Fish and Wildlife
Service (USFWS) (Piatt et al. 1988).- The present report contains the results



of studies conducted at Cape Ihompéon in 1988 by USFWS personnel under a

continued inter-agency agreement with MMS.

Among all seabird colonies in Alaska, those at Cape Thompson are
exceptional in having a relatively long history of previous investigations.
Swartz (1966) censused seabirds at the cape and studied the breeding biology
of several species. Swartz' studies were carried out between 1959 and 1961
and were the first detailed investigation of any seabird colony in Alaska.
Beginning in 1976, the Outer Continental Shelf Environmental Assessment
Program (OCSEAP) supported efforts to recensus the seabirds of Cape Thompson
and determine whether changes had occurred since Swartz' work. Springer et
al. (1985a,b) reported that the combined populations of Common and
Thick-billed Murres (Uria aalge and U. lomvia) declined markedly between 1961
and 1976 and continued to decline through 1982 in some portions of the Cape
Thompson complex. The numbers of Black-legged Kittiwakes (Rissa tridactyla)
showved no consistent trend ovef the same period but varied markedly among
years. When we revisited Cape Thompson in 1988, 6 years had passed since the

last efforts to census seabirds at the colonies.

We made counts of murres and kittiwakes comparable to previous boat-based
censuses at Cape Thompson, and instituted a new land-based system of study
plots following guidelines in Piatt et al. (1988). We also collected
information on the breeding productivity and food habits of murres and
kittiwakes and quantified some sources of variation in attendance that can
affect year-to-year trend analyses. Finally, ﬁith the support of the USFWS
vessel M/V 'Tiglax', we conducted surveys of the distribution and abundance
of foraging seabirds and their prey in the Cape Thompson region during late

August.

This chapter describes the objectives and general methods employed,
provides a description of the study area, summarizes previous studies at Cape
Thompson and offers logistical information that may be useful to future
investigators working in this area. Chapter 2 presents population census
data for murres and kittiwakes obtained from newly established land-based
plots. Chapter 3 provides information on breeding productivity; Chapter &4

summarizes trends in populations and discusses implications of murre and



kittiwake census data spanning 28 years at Cape Thompson. Chapter 5
discusses adult foraging patterns and diets, as well as oceanographic
characteristics of the eastern Chukchi Sea. Photodocumentation of study
plots, observation points, travel routes, 1988 census data, and incidental
observations of birds and mammals are presented in Appendices A-F. All

previous census data from 1960-1982 are listed in Appendix G.

1.2 Objectives
The major objectives of this study were as follows:

1. Establish land-based study plots for monitoring murre and kittiwake

numbers and permanently mark and photodocument them.

2. Conduct Type II censuses of Thick-billed Murres, Common Murres, and

Black-legged Kittiwakes (i.e., as per Birkhead and Nettleship 1980).
3. Estimate the annual productivity of murres and kittiwakes.

4. Determine the diets of adult murres and kittiwakes foraging near Cape

Thompson during July and August 1988.

5. Identify important feeding areas of seabirds in the vicinity of Cape

Thompson.
1.3 Study Area

The Cape Thompson complex of seabird colonies (68° O08'N, 166° 21'W)
consists of an 11-km stretch of cliffs where the Kemegrak Hills of the
western Brooks Range meet the eastern Chukchi Sea, about 39 km southeast of
Point Hope (Fig. 1.2). Tundra slopes and hills with plateaus and buttes
characterize terrestrial habitat (Kachadoorian 1966). Biological and
geological aspects of the area have been described by Campbeil (1966),
Johnson et al. (1966), Pruitt (1966), and Williamson et al. (1966). Although
geographically part of the Arctic basin, oceanographic characteristics of the

Cape Thompson region are dominated by a strong northward barotropic flow of
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water from the Bering Sea (Fleming and Heggarty 1966, Coachman and Aagaard
1981).

Weather of the Cape fhompson region 1is quite variable, and can be
extreme. Fog was frequent during the 1988 field season, especially during
periods with southerly winds. Winds were light and variable in early July.
After mid-July winds were nearly continuous and predominantly southerly until
about 15 August, when they shifted to northerlies, a typical pattern reported
for the area (Allen and Weedfall 1966). High velocity surface winds from
northern quadrants have been reported for this region in other years (Allen
and Weedfall 1966, Springer and Rosemeau 1977). In 1988, these winds reached
velocities of 90-190+ km/h, and lasted up to 3 days. Winds were sufficient
to blow surface water into the air and create water-spouts up to 40 m high.
The rainiest season is usually July through September (during which time,

about 75% of the annual precipitation falls——see Allen and Weedfall 1966).

Sea ice typically. breaks up in the region by mid-late June (Springer and
Roseneau 1978), but even after the ice pack retreats north of Point Hope, a
substantial amount (a band about 4-6 km wide in 1988) often remains along the
coast between Point Hope and Kivalina until about the second or third week of
July. This ice cover is maintained by southerly and westerly winds, as well
as by discontinuities between offshore and coastal currents (Fleming and
Haggerty 1966, Springer and Roseneau 1978). Once ice-free, the Cape Thompson

region generally remains so until November (Springer and Roseneau 1978).

Swartz (1966) described five distinct cliff areas (colonies) varying from
about 0.6-2.4 km 1long that are used by breeding seabirds (Fig. 1.2).
Together these cliffs comprise some 6.8 km of the 11.4 km of coastline from
Crowbill Point (Colony 1) to a point about 2.3 km northwest of Cape Thompson
(Colony 4), where Imnapak Cliff (Colony 5) ends at the southern base of the
Point Hope Peninsula. Cliff elevations range from about 9-200 m above sea
level (Springer and Roseneau 1978, Murphy et al. 1980). Colonies 1 and &
have the smallest areas and Colonies 2 and 5 the largest; Colony 3 is

intermediate in size.

The rocks forming the cliffs of Cape Thompson are Mississippian
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sedimentary limestones and shales that have been folded and shifted to
varying degrees among the colonies (Campbell 1966). The rocks of Colony 1
(Crowbill Point to Amaktusak Creek) have been folded such that cracks run
vertically, presenting few ledges that seabirds can use for breeding sites
(Swartz 1966). The dolomitic formations of Colony 2 (between outlets of
Nasorak and Imikrak Creeks) provide abundant broad ledges for cliff-nesting
birds (Campbell 1966, Swartz 1966, Murphy et al. 1980). Colony 3, lying
between Ikijaktusak Creek and Ibrulikorak Creek, has cliffs approaching 200 m
above sea level. This colony and Colony 5 are composed of softer and more
fragmented rocks than Colonies 1 and 2 (Campbell 1966, Murphy et al. 1980),
contributing to frequent rockslides. Colony & (Cape Thompson), befween
Ibrulikorak Creek and Imnapak Cliff, has undergone noticeable habitat change
as a result of a major rockfall that occurred sometime between September 1978
and June 1979 (D.G. Roseneau and A.M Springer, unpubl.). Colony 5 (Imnapak
Cliff) is characterized by having the highest cliffs, up to about 200 m above
sea level, and the most unstable strata. Rockfalls are common in Colony 5,
and there was a nearly constant shower of small rocks and gravel along the

cliffs in 1988.

Nine seabird species breed on the cliffs at the Cape Thompson colonies.
In order of decreasing abundance (Swartz 1966) they include: Thick-billed
Murres, Common Murres, Black-legged Kittiwakes, Horned Puffins (Fratercula
coriculata), Glaucous Gulls (Larus hyperboreus), Tufted Puffins (Fratercula
cirrhata), Pelagic Cormorants (Phalacrocorax pelagicus), Black Guillemots
(Cepphus grylle), and Pigeon Guillemots (Cepphus c¢olumba). In 1960, about
93% of the birds present were murres, 6% were kittiwakes, and the remaining
species accounted for 0.5% of an estimated 421,000 birds (Swartz 1966). Five
terrestrial species have also been reported nesting on the cliffs: Common
Ravens (Corvus corax), Gyrfalcons (Falco rusticolis), Peregrine Falcons (F.
peregrinug), Snow Buntings (Plectrophenax nivalis), and Say's Phoebes
(Sayornis saya). Evidence of breeding was noted in 1988 for all of the above
species except Peregrine Falcons and Gyrfalcons. Other bird species observed

during the study are listed in Appendix B.



1.4 Previous Studies

Prior to the first studies during 1959-1961 (Swartz 1966), little was
known about the seabird colonies at Cape Thompson. Swartz (1966) cited
several sources mentioning seabirds in the Cape Thompson vicinity. Hooper
(1881, 1884) published notes from ship voyages in which he suggested that
Cape Thompson was a favorite camping area of local residents because of an
abundance of birds and eggs on the cliffs. Hudson (1957) observed large
flocks of seabirds around cliffs a few miles south of Point'Hope, most likely

at Cape Thompson.

Swartz' 1959-1961 studies of seabirds at Cape Thompson were conducted as
part of the Atomic Energy Commission's Project Chariot (Swartz 1966, 1967).
In an attempt to determine the total populations of murres and kittiwakes in
the area, Swartz established boat-based plots that provided complete coverage
of each colony. TIwelve plots along .the top of Colony 5 were counted from
land as well as from the water, and on some of the same plots observers were
able to differentiate between .Thick-billed and Common Murres. Birds on
Colony 5 plots were counted by 100's, whereas others were counted by 10°'s.
Numbers of Black-legged Kittiwakes were estimated from counts of nests at all
colonies. Swartz also collected information on the breeding phenology and
success of most species and on diurnal variation in attendance of murres.

Finally, he collected morphometric and adult food habits data.

A variable set of Swartz's census plots have been used by observers in
all subsequent studies. Springer and Roseneau (1977) censused murres and
kittiwakes in 1976 on most of Swartz' boat-based plots; They counted
kittiwake adults instead of nests because few nests were built that year.
Murres were estimated by 100's on Colony 5 and by 10's elsewhere. Only total
murres were counted because it is difficult to distinguish between the two
species on many of the large boat-based plots. Observations were made of
diurnal variation, breeding phenology, and murre foraging flight directions

(from shore), and murres and kittiwakes were collected for dietary analyses.

Springer and Roseneau (1978) returned to Cape Thompson in 1977 to repeat

censuses of adult murres and kittiwakes. All plots were counted from a



boat. They also recorded murre foraging flight directions from shore and

collected birds for dietary analyses.

In 1978, Cape Thompson was revisited briefly and adult kittiwakes and
kittiwake nests were counted at Colony 4 and on two plots in Colony 2
(Springer et al. 1979). Both murres and kittiwakes were collected for
dietary analyses, and flight directions were observed from shore and during

aerial surveys offshore.

Murres and kittiwakes (adults and nests) were completely censused at all
five colonies in 1979 (Murphy et al. 1980). Also, plots along the upper
portion of Colony 5 were counted from both land and boats for comparison.
Additional information was gathered on diurnal attendance of murres, chick
growth rates and kittiwake breeding success. Murphy et al. (1980) also
investigated the accuracy and precision of their counting methods and
assessed patterns of population change within and between seabird colonies at
Cape Thompson. Results from the 1976-1979 studies were summarized and
compared to Swartz' (1966) data by Springer et al. (1985b), and Springer et
al. (1984) reviewed murre prey composition and breeding phenology in light of

oceanic, meteorological, and sea ice cover data.

The most recent census work prior to the present study was performed in
1982 (Springer et al. 1985a). Murres and kittiwakes were censused by boat,
and several of Swartz' Colony 5 plots were also recounted from land to
determine ratios of Thick-billed and Common Murres. Measurements of breeding

phenology, egg volumes, and adult prey composition were also collected.
1.5 General Methods And Rationale

1.5.1 Colony Studies

Seabird population monitoring, including studies of numbers,
productivity, food habits, and other aspects of breeding biology has
proceeded in Alaska with a measure of continuity since the mid-1970's.
Studies have been conducted by a large number of different investigators,

with widely varying investments of time and effort at different colonies.



Inevitably, some loss of comparability among data sets has occurred because

of different field schedules and methods.

A protocol for monitoring seabirds at colonies in the Bering and Chukchi
seas was prepared during 1987, the first year of MMS/FWS collaboration on
seabird monitoring (Piatt et al. 1988). The protocol calls for two visits
annually to each of 6 or more colonies distributed throughout the region.
The first visit (approximately 2 weeks mid-season) is timed such that 5-15
daily counts of birds on plots are made during a census period which is
predetermined for each species and ‘study site. Counts provide an annual
index of population size and a standard measure of breeding effort.
Productivity, the number of young surviving per unit of adult attendance on
the plots, is determined on the second visit (1-4 days near the time of
fledging). Prdposed study species include Black-legged Kittiwakes,
Thick-billed Murres, and Common Murres, with other species observed only a

second-priority basis.

A primary objective of studies at Cape Thompson during 1988 was to meet
or exceed the standards for monitoring seabird populations and productivity
outlined in the Bering/Chukchi monitoring protocol. Because a suitable
complement of study plots was not already in place at this site, we allowed
more time for population assessment than the standard 2 weeks. We occupied
the study site continuously from 1 July-31 August; systematic counts and most
other data gathering began on 8 July, after an initial period for camp set-up

and reconnaissance.

We established 25 land-based census plots in four of the five colonies in
the Cape Thompson complex (plot distribution: 14 plots in Colony 5 [C5], 5
plots in C4, and 3 plots each in C3 and C2). Colony 1 did not prove feasible
for land-based counts due to a lack of sites visible safely from land.
During the census period 10 July through 15 August, plots in C4 and C5 were
counted 10-12 times and plots in C2 were counted 6 times. Colony 3 plots
were counted nearly daily. The combined total of all plots averaged 7769
murres and 1100 kittiwakes. With a base camp established at the south end of
C3 on the Ikijaktusak Creek (see below), all plots in C2, C3, C4, and C5
could be visited and counted in 1 day by 2-3 people without boat

10



transportation.

To compare our land-based counts with historical counts from Cape
Thompson, we counted five of Swartz' (1966) land-based plots at least three
times from land and all boat-based plots in C4 and C5 once from a boat during
the census. period. We also photographed the entire Cape Thompson complex

from boat to update the 1960 photographs used for boat-based counting.

Additional studies of murre and kittiwake attendance patterns, breeding

phenology, and productivity were conducted as described in Chapters 2 and 3.
1.5.2 Shipboard Studies

Whereas seabird populations are most efficiently monitored where they are
concentrated in breeding colonies, the most serious of potential impacts from
0il and gas development are likely to occur in pelagic habitats. Federal
responsibility for regulatory management and impact assessment during O0CS
development clearly includes the marine habitats of seabirds, but pertinent
studies to date are few in comparison with land-based work. Since bird
studies generally have been possible only on an incidental basis during
oceanographic cruises, many basic questions about seabird movements and
habitat requirements at sea remain unanswered. Therefore, to complement the
colony studies at Cape Thompson in 1988, we conducted bird transects and
hydroacoustic surveys in adjacent waters over several days in late August.
Several semi-circular surveys were conducted around the colonies at Cape
Thompson and Cape Lisburne (Fig. 1.1) to determine flight directioms of birds
from the colonies. Inshore surveys running parallel to the coast were
conducted from Cape Thompson to Point Hope, and from Point Hope to Cape
Lisburne. Offshore surveys running perpendicular to the coast were conducted
to the south and north of Cape Thompson. Hydroacoustic and bird data were
obtained on all these surveys, and water temperature and salinity profiles of

the water column were obtained on offshore surveys (Chapter 5).
1.6 Logistics and Basecamp

Cape Thompson is geographically isolated and boat or air travel is

11
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required to gain access. We ferried personnel and equipment in a chartered
Cessna 206 from Kotzebue to an old airstrip at the abandoned Chariot site
(Fig. 1.2).v An approximately 340-m gravel strip in reasonably good condition
is on the north side of a group of abandoned buildings, near the mouth of
Ogotoruk Creek. There are 1longer airstrips across Ogotoruk Creek, but in
1988 they were in unusable condition. Use of these strips would also have

created difficulties in transferring equipment to the beach.

A bagecamp was established about 60 m from the beach on the north side of
Ikijaktusak Creek (Fig. 1.2). Equipment was transported by inflatable boat
(Zodiac Mark II, with Johnson 15 or 25 hp motors) between Chariot and the
basecamp site. The basecamp location allowed relatively easy walking or boat
access to Colonies 2-5, without requiring spike-camps (although spike-camps
were set up for 24-hour plot counts, described in Part 2,1.1.2). TIkijaktusak
Creek was used as a source of freshwater, with no ill effects reported from
personnel this year, or in other years. A single sideband radio provided
communications with the Selawik National Refuge Office in Kotzebue, the
Selawik National Refuge Field Station, the Pribilof 1Islands, Adak, and
several field camps in the Aleutian Islands. For emergency use, VHF aviation
or Citizens Band (CB) radios are preferable to marine band radios in this
region, because of regularly scheduled service between Kotzebue aﬁd Point

Hope, and the use of CB radios by hunters from Point Hope and Kivalina.

As noted earlier, weather in the region can be variable and extreme.
Tents should be pitched in areas that will not receive the full force of
northerly or southerly winds, or at least be tied down to counteract high
winds from those directions. Also, tents should not be pitched in frost boil
areas, which become quagmires after rain. .Ikijaktusak Creek floods during
sustained rain storms, so camp sites in the valley should be located at least
2 m above the creek bed. After sea ice dissipates, boats must be hauled well
away from the water's edge and secured, and the beach kept clear of
equipment. Incoming swells from the S-SE typically cause topographical
changes to gravel beaches along the 11 km of the study area. Large swells
occasionally obliterate the entire beach at Ikijaktusak Creek, sending waves
and driftwood up the narrow valley. Also, rockfalls are extremely common

along all cliffs, and are especially common along the bases of Agate Rock



(Colony 3) and Immapak Cliff (Colony 5).

Although we did not encounter problems with grizzly bears, they commonly
frequent the area (Appendix A) and previous researchers have had rafts
damaged by curious bears (E. C. Murphy and A. M. Springer, pers. comm.).
Food should be sealed in containers, kept away from sleeping areas and camp
sites should be kept clean. It is also advisable to carry firearms or bear
repellant (such as Counter Assaulttm) capable of dissuading aggressive

bears.
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CHAPTER 2. ATTENDANCE PATTERNS AND POPULATION COUNTS
OF MURRES AND KITTIWAKES

2.1 Introduction

Previous census work at Cape Thompson (Swartz 1966, Springer et al.
1985a) has been largely conducted by counting seabirds on plots from boats
offshore. These ploté covered all occupied cliff areas and therefore
provided estimates of total numbers in some years. However, because of the
time involved in counting these plots and the relatively few days conducive
to boat counts, complete censuses of all colonies at Cape Thompson have not
always been accomplished. Additionally, this method has generally produéed
only one annual count of the plots during the census period, limiting the

application of statistical tests for detecting numerical changes.

Seabird - numbers on breeding cliffs vary with time of day, stage of the
breeding cycle, weather, nest or site attendance, and food availability
(Gaston and Nettleship 1982; Tschanz 1983; Batch and Hatch 1988, 1989). This
variation can be great enough to obscure year-to-year changes in seabird
numbers. By increasing the number of replicate counts ﬁitﬁin a census
period, the probability of detecting yearly changes increases. To measure
the status of seabird populations (i.e., direction and magnitude of
population change), multiple counts of smaller land-based plots spread
throughout the Cape Thompson colonies would provide greater statistical
confidence in detecting changes than is possible wusing the established
boat-based plot system (Lloyd 1975; Wanless et al. 1982; Batch and Hatch
1988, 1989). One potential failure of this approach, of course, is the
necessary assumption that sample plots are representative of the colony as a

whole.

Here we describe the development and censusing of land-based plots at
Cape Thompson. We also quantify behavioral and environmental sources of
variation in attendance within years that affect the interpretation of

population trend data.
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2.2 Methods
2.2.1 Plot Counts and Attendance Patterns
2.2.1.1 Land-based Plots

Murres and kittiwakes were counted by establishing land-based census
plots following Type II guidelines (Birkhead and Nettleship 1980), an
approach that has been used successfully to monitor seabird populations in
other areas (Gaston and Nettleship 1981; Wanless et al. 1982; Harris et al.
1983; Piatt and McLagan 1987; Hatch and Hatch 1988, 1989). We established 25
land-based plots in Colonies 2-5 (Table 2.1). Plots were not chosen
randomly, but were instead based on their distribution within each colony,
safe access for observers, natural. features to fécilitate counting, and the
number of birds present. Plots 5-5J and 5-8N were equivalent to plots C5-L
and C5-Q respectively, used by Swartz (1966) in 1960. All piots vwere
photographed with a Polaroid 600 SE Professional Pack Film camera system, and
plot boundaries were drawn on each instant photograph, which were then used
by observers when counting the plots. Locator maps and photographs of plots,

observation points, and approach routes are presented in Appendix C.

Between 8 July and 15 August, plots in Colonies 4 and 5 were counted
10-12 times and Colony 2 plots were counted 6 times. Plots in Colonies 4 and
5 were counted on the same days. Plots within Colony 2 were counted on same
days also, but on different dates than Colonies 4 and 5. Counts of murres
and kittiwakes present within plot boundaries were obtained by observers
using binoculars and/or spotting scopes while in position at the observation
points. After counting the total number of murres present, either
Thick-billed or Common Murre numbers were determined. Kittiwakes were
recorded as the numbers of single birds and pairs present, and the number of
birds in a sitting posture (as an index of incubating birds) was also noted.
Kittiwake nests were counted within plots on 8 or 10 July, and as chicks
became evident the number of nests with chicks was recorded. Murres and
kittiwakes that were transitory during counts (ie., landing or leaving) were
not included. If birds flushed while counting, observers waited

approximately 2-5 minutes before restarting.
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Table 2.1. Distribution and designations of land-based census plots

established at Cape Thompson, Alaska in 1988.

Colony Plot Designation
1 None
2 - 2a-1bac, 2.2, 2-3C
3 3-1A, 3-2B, 3-2C
4 4-1A, 4-1B, 4-2C, 4-3D, 4-4E
5 5-1A, 5-1B, 5-1C, 5-1D, 5-2E, 5-2F, 5-2G, 5-3H, 5-4I,

5-5J, 5-6K, 5-7L, 5-8M (kittiwakes only), 5-8N

4 pDenotes colony number.
b Observation point number within colomny.

C Plot identifier.
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2.1.1.2 Diurnal Variation in Attendance

Variation in murre counts attributable to diurnal attendance patterns was
quantified by two methods, 24-hour plot counts and time-lapse photography.
Murres on plot 4-1B were counted every 15 minutes for 24 hours on 22-23 July
(during incubation) and on 16-17 August (during chick rearing). A 7 h
interruption occurred during the second watch because of low light and poor

weather conditions. All times reported are Alaska Daylight Time (ADT).

Two 8-mm format time lapse cameras (Minolta) in wood housings with
plexiglass front plates were placed to view portions of plots 4-2C and 5-1D
from 17 July to 28 August. Quartz driven wall clocks were positioned to be
viewable in the frame, and intervalometers released the shutter and advanced
the film every 4-5 minutes. Developed film was analyzed by counting the

numbers of murres and kittiwakes in each countable frame.

2.1.1.3 Daily Attendance

Daily counts of murres and kittiwakes were performed on all plots in
Colony 3, weather permitting, between 8 July and 28 August. Counts of these
plots were shared among the four observers throughout the census period,
providing a basis to test for any major differences among observers in census

counts.
2.1.1.4 1Individual Site Occupancy

The percentage of time that individuals spent at their breeding sites w#s
calculated following Hatch and Hatch (1988, 1989). The occurrence of a
single bird or pair was noted during each check of the individually monitored
sites on phenology plots for murres and kittiwakes (see below). Maximum
possible attendance was determined by multiplying the known number of nests
or breeding sites by 2, and the percent attendance determined as a ratio of
that total. These data provided estimates of site occupancy rates for both
species of murres (breeders and nonbreeders combined) and for active and

failed kittiwake breeders.
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2.2.2 Breeding Phenology

Breeding phenology of murres and kittiwakes was monitored in selected
areas of Colonies & and 5. Individual sites were marked on sketches or
photographs and monitored throughout the study for clutch size, hatching and
fledging dates, and chick or egg losses. Egg laying was nearly complete in
all three species by the time we arrived, so monitoring began at late
incubation or early chick-rearing stages. A chick was considered to have
fledged if it survived to 15 days (murres) or 30 days (kittiwakes) before
disappearing. Precise records of hatching and fledging dates were frequently
prevented by poor weather conditions. Median hatching and fledging dates

were calculated from dates known to within 48 h.

Murres and kittiwakes were collected by shotgun on their return to the
cliffs from foraging trips. In addition to diet analysis and other
measurements (Chapter 4), we assessed the birds' breeding condition by
quantifying brood patch development following Swartz (1966). Swartz grouped
brood patches into seven classes 0-6, with O and 6 being the complete absence

of any patch and 3 the maximum development possible.
2.2.3 Environmental Data

Environmental conditions were recorded on most days during the study.
Wind speed was estimated from sea surface conditions, and direction was
estimated by general . compass bearing. Ambient maximum and minimum
temperatures were measured with.a recording thermometer. The presence or
absence of fog was noted, and cloud cover was estimated as the percent
coverage of the sky. Sea surface temperatures were measured nearshore from

boat, and swell height and direction were estimated.

2.2.4 Data Analysis

Results presented in the text are means +1 SD unless otherwise
specified. Simple statistical tests (i.e., some t-tests, Friedman's Test,
runs tests, etc.) were done on a hand calculator following Sokal and Rohlf

(1981). More complicated tests (ANOVA, multiple comparisons analysis,
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Spearman rank correlation coefficient) were performed using the SPSSx
statistical package (SPSS, Inc. 1983). Unless specified otherwise, all

correlations are Spearman rank correlation coefficients with two-tailed tests.

2.3 Results
2.3.1 Environmental Conditions

Weather conditions throughout the 1988 breeding season were variable, and
days with fog, rain, or high winds were common (Fig. 2.1). Except for the
first 2 weeks (1-13 July), which tended to be clear, the sky was frequently
obscured (Fig. 2.2a). Prevailing winds were primarily southerly or northerly
(Fig. 2.2b). Northerly winds occurred with significantly higher frequency in
August (71%) than in July (34%) (P<0.0l1). Southerly winds were often
associated with fog, rain storms, éhd high seas. Northerly winds tended to
bring lower temperatures, and were sometimes of extremely high -velocity (Fig.
2.2c). We recorded 6.4 com of rainfall, but this was undoubtedly an
underestimate, as most rainfall was associated with winds strong enough to
prevent accurate collection by the rain gauge. We estimate that at least 15
cm fell during 13-26 July. These weather patterns were similar to those

recorded by Allen and Weedfall (1966) between 1959-1961.

When we arrived in the area on 1 July, there was considerable sea ice up
to 3 km offshore between Point Hope and Kivalina. This ice was pushed
inshore on 14 July and was completely disintegrated by wave action by 17
July; This was the latest recorded occurrence of ice in thé region since
1976 (Fig. 2.3). The mean surface seawater temperature was significantly
lower when ice was present (4.9 + 0.7° C, n=13) than after (8.3 + 0.3° C,
n=12) (P<0.001) (Fig. 2.4).

2.3.2 Common and Thick-billed Murres
2.3.2.1 Breeding Phenology

We arrived at Cape Thompson during the mid-laying period of murres.

Birds were still copulating during the first week of July, although many were
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Figure 2.1. Daily occurrence of fog (reducing visibility to less
than 0.25 km), measurable rainfall, and winds (above 50 km/h) at

Cape Thompson from B July - 31 August 1988.
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Figure 2.3. Dates of latest nearshore ice at Cape Thompson between
1959 and 1988 (1959-1961, Swartz§ 1976-1977, Springer and
Roseneau 1978).
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already sitting on eggs. On 8 July, a Common Murre was collected with a
hard-shelled egg in the oviduct. The first Thick-billed Murre hatching was
observed on 31 July, and a Common Murre chick was spotted on &4 August that
had probably hatched between 1-2 August. Assuming a 33 d incubation period
(Birkhead and Nettleship 1987; Piatt et al. 1988), first laying probably
occurred about 29 June. Hatching was not highly. synchronized; the overall
hatching interval was at least 29 days (31 July - 28 August), and birds were
still incubating on the day of our departure (31 August). We obtained 14
Common Murre hatching dates known to within 48 hours, about equally scattered
throughout that hatching period. Thick-billed Murre hatching peaked between
7-9 August, and the median hatching date for both species combined was 10-12
August (Fig. 2.5a).

Sea-going chicks were first observed on 22 August (Thick-billed Murre)
and 24 August (Common Murre), with a combined median fledging date of 24
August (Fig. 2.6b). This estimate may be somewhat earlier than the actual
median fledging date, because many chicks we were monitoring were still alive
on 31 August but had not yet fledged. However, a median fledging date of 24
August indicates a chick-rearing period of 25 days, similar to the duration
observed at other colonies (21-25 days, Birkhead and Nettleship 1987; 24
days, Piatt et al. 1988) )

Dates of first hatching and first fledging were near the midpoint of
ranges described by data from 1959-1982 (Fig. 2.6). The timing of both
events is positively correlated with the timing of the last presence of ice
at Cape Thompson, but only the relationship for sea-going is significant
(hatching dates: rs=0.h7, P>0.1, n=9; fledging dates: rs=0.83, P¢0.01,
n=8). :

Thick-billed Murres with fully developed brood patches were present
throughout the sampling period, 6 July - 27 August, but average brood patch
development regressed throughout the season (Fig. 2.7).

2.3.2.2 Attendance

There were no clear trends in daily attendance patterns of Thick-billed
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and Common Murres in Colony 3 through July and August (Fig. 2.8). The
coefficient of variation (CV) in daily attendance was 18.8% until 22 August,
and was 41.6% thereafter, coinciding with the beginning of chick fledging
(Fig. 2.9). Thick-billed and Common Murre counts were significantly
correlated (rs=0.63, P<0.01, n=18). Variation in Common Murre attendance
(CV=222) was not significantly different than Thick-billed Murre variation
(CV=19%; ts=1.38, P>0.05), although variability in attendance in our €3
plots may not have been typical because of an apparently large proportion of
non-breeders on the plots. Based on daily variation observed in Colony 3,
cengsug counts could have been conducted between 10 July-22 August, although

censusing was completed this year on 15 August.

Diurnal attendance patterns from 24-hour counts exhibited peaks at about
2400 h and between 0900-1200 h on 22-23 July (mid-incubation), but only one
apparent peak between 1100-1300 h on 15-16 Aug (mid-late chick-rearing) (Fig.
2.10). The CV's of incubation and chick-rearing period attendance patterns
were similar, 6.1%Z and 6;92 respectively. Although absolute numbers
attending were greater during the first count (incubation), the 19%
difference between highest and lowest counts was slightly less than the
difference during the chick-rearing stage (25%). Fluctuations in murre
attendance during times when census plot counts were conducted (1330-2030)

were relatively minor, with a CV of 4.5% in July and 3.7% in August.

The change of diurnal attendance to a single peak from a bimodal pattern
was also evident in time-lapse film records of sections of plots 4-2C (Fig.
2.11) and 5-1D (Fig..2.12). _At both plots between 30 July and 3 August,
however, there was essentially no variation in attendance during the day.
Murre attendance was significantly correlated between the two plots between
10-15 August (Kendall's coefficient of concordance, X2=h.57, P=0.033), but
not between 17-22 July (X2=1.47, P=0.23) or 30 July -~ 3 August (X2=1.92,
P=0.17).

Active breeders spent 50.3%2 of their time attending breeding sites (Tabie
2.2). There was no significant difference between the site occupancy rates
of Thick-billed and Common Murres (ts=0.596, P>0.05), nor did rates change
throughout July or August.
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Figure 2.8. Daily murre attendance at Colony 3, Cape Thompson in
1988 (+ first hatching, * first fledging, TBMU = Thick-billed
Murre, COMU = Common Murre).
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Table 2.2. Mean site occupancy of Common (COMU) and Thick-billed

(TBMU) murres at Cape Thompson during the 1988 census period.

Species Attendanced,b nb %
coMu 198 384 51.6
TBMU 478 960 49.8
Both 676 1344 50.3

a8 Attendance of active breeders only (sites with an egg or
chick).

b Attendance and n (sample size) expressed in bird-days.
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There were no significant effects of wind direction, rain, fog, or
maximum daily temperature on daily murre attendance in Colony 3. Attendance
was significantly affected (ANOVA, F2’8=9.S7h, P<0.01) by increasing wind
speeds, which resulted in lower counts. Wind speed accounted for 44% of the

variation in daily attendance.
2.3.2.3 Plot Counts for Population Monitoring

Newly established land-based plots for murres were counted between the
late~laying/early incubation period and first chick-fledging (Fig. 2.13).
Plots ranged in size from 25-1047 mean adult murres present (Tables
2.3-2.7). The mean daily total for all plots was 6099 Thick-billed and 709
Common Murres. Coefficients of variation of plot counts ranged from 6%-25%.

Raw counts, dates, and times of each count are tabulated in Appendix D.

There was no serial dependence among census counts (runs test; Sokal and
Rohlf 1981) except for plot 5-1C, and counts among plots in Colonies 4 and 5
fluctuated synchronously (Friedman's two-way ANOVA, X2=1h8.7, P¢0.001).
Within Colony 4, 7 (70%2) of 10 pairwise correlations of plot counts were
significant (P<0.05) and correlations among plots were fairly strong
(rs=0.5882 + 0.2100, =10). However, there was no clear relationship
between the degree of correlation and distance or degree of visual contact
between plots (cf. Piatt and McLagan 1987, BHatch and Hatch 1989). For
example, counts at two adjacent plots (4-1A, 4-1B) were not correlated
(rs=0.25, P>0.10, n=11), yet the two most distant plots in Colony 4,
completely separated by cliffs and hills (4-2C, 4-4E), were significantly
correlated (rs=0.70, P<0.01, n=11). In Colony 5, daily attendance was
significantly correlated in 48 (62%) of 78 pairwise plot comparisons, again
with no apparent effects of distance or visual contact between plots.
Correlations between plots within apparent visual range (rs=0.55 + 0.37,
n=13) were not significantly different from plots without visual contact
(rs=0.58 + 0.22, n=65). Also, as in Colony 4, there were significant
correlations between distant plots (5-1A, 5-8N) separated by 0.5 km
(rs=0.55, P<0.05, n=11). Some adjacent plots were correlated (e.g., 5-2F
and 5-2G; rs=0.96, P<0.001, n=10) and others were not (e.g., 5-1A and 5-1B;

rs=0.35, P>0.10, n=11). Daily attendance was significantly correlated in
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Figure 2.13. Breeding phenology and timing of census and
productivity checks at Cape Thompson, 1988.
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Table 2.3. Murre and kittiwake numbers on land-based plots at Colony 2,

Cape Thompson, 12 July - 10 August 1988.

Thick-billed Murre Common Murre Black-legged Kittiwake
Plot Mean SD n Mean SD n Mean SD n Nests
2-1A 150 51 6 7 201 49 6 20 3 6 21
2-2B 36 15 6 265 47 6 9 1 5 8
2-3¢ 232 20 6 39 7 6 17 1 5 16
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Tabl

e 2.4,

Murre and kittiwake numbers on land-based plots at Colony 3,

Cape Thompson, 10 July - 15 August (murres) and 10 July - 8 August

(kittiwakes), 1988.

Thick-billed Murre

Common Murre

Black-léegged Kittiwake

Plot Mean SD n Mean SD n Mean SD n Nests

3-1A 130 35 27 9 4 27 6 1 21 5
) 3-2B 413 101 20 55 17 20 53 8 18 50

3-2¢C 51 13 23 0 0 23 4 2 19 4
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Table 2.5.

Cape Thompson, 8 July - 15 August (murres) and 8 July - 8 August

(kittiwakes), 1988.

Murre and kittiwake numbers on land-based plots at Colony 4,

Thick-billed Murre

Common Murre

Black-legged Kittiwake

Plot Mean sD n Mean SD n Mean SD n Nests
4-1A 199 31 12 92 24 12 46 5 10 41
h-iB 146 . 34 12 82 17 12 34 12 10 30
4-2¢C 210 76 12 171 55 12 201 20 10 175
4-3D 103 27 11 43 15 11 44 6 9 41
4-4LE 39 16 11 232 59 11 205 16 9 176
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Table 2.6.

Murre and kittiwake numbers on land-based plots at Coldny 5,

Cape Thompson, 11 July - 15 August (murres) and 11 July - 8 August

(kittiwakes), 1988.

Thick-billed Murre

Common Murre

Black-legged Kittiwake

Plot Mean SD n Mean SD n Mean SD Nests
5-1A 31 7 11 1 1 11 32 5 28
5-1B 211 28 11 219 46 11 152 11 136
5-1C 24 4 11 1 1 1 12 2 10
5-1D 183 23 11 7 2 1 0 0 0
5-2E 208 33 11 33 10 11 90 11 91
5-2F 403 54 11 1 2 11 3 1 4
5-26 276 37 10 11 2 10 0 0 0
5-3H 245 31 11 o 1 11 0 0 0
5-41 106 14 10 0 o0 10 0 0 0
5-5J 898 141 10 23 13 10 91 6 88
5-6K 561 72 10 7 4 10 6 1 7
5-7L 319 33 10 93 16 10 2 2 0
5-8M - - - - - - 102 16 82
5-8N 837 110 10 19 11 10 31 4 32
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Table 2.7. Murre numbers on productivity subplots at

Colony 5, Cape Thompson, 20 July - 15 August 1988.

Thick-billed Murre Common Murre
Plot Mean SD n Mean SD n
5-2F"' 115 8 9 0 0 9
5-3H' 149 44 8 0 0 9
5-6K' 175 23 7 3 2 7
5-7L' : 199° 18 9 16 4 9
5-8N' - 247 20 9 0 0 9
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27 (42%) of 65 pairwise comparisons of plots from Colony 4 and Colony 5. The
mean coefficient of correlation between attendance on C4 and C5 was 0.50 +

0.19 (n=60).

The effect of plot size on the CV of murre counts was weakly negative and
nonsignificant (Fig. 2.14). There were no significant differences émong
individual observer means for Colony 3 plots (ANOVA, F3,26=O.169, P>0.05),
although only large observer differences would be detected against the

observed background of daily wvariatiom.
2.3.3 Black-legged Kittiwakes
2.3.3.1 Breeding Phenology

Bad weather prevented us knowing the date of first hatching precisely,
but it occurred sometime between monitoring checks on 18 and 21 July.
Hatching in kittiwakes was ﬁore synchronous than it was in murres; 47%
hatched by 21 July, 91% by 28 July, and the last hatching was observed on 4
August, for a total hatching interval of 16 days. Asgsuming an incubation
period of 26-27 days (Coulson and White 1958, Piatt et al. 1988), first
laying occurred between 21-24 June. All kittiwakes collected on 12 July had
fully developed brood patches.

Dates of first observed hatching at Cape Thompson have ranged from 17
July through 9 August (Fig. 2.6). Although the date of first hatching in
1988 was among the earliest of the years studied, the date of first fledging
was near the middle of the range (Fig. 2.6). No fledged chicks were seen
before 28 August. Bad weather prevented further observations wuntil 31
August, when the first fledged chicks were observed. However, a fledged
chick appeared on a frame of time-lapse film on 27 August, indicating an
approximate chick-rearing period of 30-39 days, within the range (34-41 days)
'reported by Swartz (1966) for Cape Thompson between 1959-1961. First
hatching and first fledging dates tend to be later in years with late ice at
Cape Thompson, but neither correlation is significant (rs=0.38, P>0.10, n=9
years; rs=0.77, P>0.10, n=4 years, respectively).
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The dates of first observed hatching in murres and kittiwakes are
positively but nonsignificantly correlated in 9 years from 1959 through 1988
(rs=0.h2, P>0.05), as are the dates of first observed fledging in 4 years
(rs=0.80, P>0.05).

2.3.3.2 Attendance

Adult kittiwake attendance on Colony 3 plots averaged 62 + 8 birds until
5 August, when numbers declined precipitously (Fig. 2.15a). This drop
coincided with the decreasing proportion of sitters, and a decrease in nest
site attendance (see below). The CV of daily counts in Colony 3 between 10
July and 8 August was 12.6%. It increased to 38.3% between 9-27 August (Fig.
2.15b). The number of adults in an incubating posture was highest from 11-16
July. Kittiwake attendance was not correlated with Thick-billed or Common
Murre attendance (rs=—0.09, P>0.05, n=18; rs=—0.11, P>0.05, n=18,

respectively).

Active breeders did not spend significantly more time on nests than
failed breeders before the latest observed hatching date, 4 August (Table
2.8). However, attendance patterns changed through the breeding season (Fig.
2.16). Attendance by active breeders and failed breeders varied more, and
there was an overall 32% decrease in nest attendance, after & August (Table
2.8). However, only breeders spent significantly less time on nests after &
August (ts=8.69, P<0.001). Breeders also spent significantly less time at
nests than failed breeders. Attendance of breeders was negatively correlated
with date after &4 August, decreasing at the rate of 1% per day (r=-0.76,
P<0.01), but leveled off at 22% about 20 days after the first chick hatched

(Fig. 2.17).

Diurnal attendance patterns of kittiwakes were not discernible from
time-lapse films due to a small sample size of observable nests (n=7). None
of the weather variables we measured had a significant effect on daily

kittiwake attendance in Colony 3.
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Table 2.8. Nest attendance of Black-legged Kittiwakes

the 1988 nesting season.

at Cape Thompson during

Before 4 August@ After 4 August Overall
Status |
of Attend- Attend- Attend-
pair anceP n y 4 cv ance n % cv ance n %
Active® 143 274 52.7 11.8 149 558 26.8 37.7 186 364 51.1
Failedd 36 80 44.7 1.3 79 136 38.6 45.7 44 100 44.0

4 4 August was end of hatching period.

b Attendance and n (sample size) expressed in bird-days.

C Pairs with nests containing eggs or chicks.

d Attendance after loss of eggs or chicks.

49



MEAN ATTENDANCE AT NEST SITE (%)

mmm BREEDER
N FAILED BREEDER

IR T AR

§ o+ ' 1 1

20 25 30

JULY AUGUST

cn pTTTIRTATIATETAINRAYAONN
(4] HTHIT)

30
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2.3.3.3 Plot Counts for Population Monitoring

Adult kittiwakes were censused from late incubation until a few days
after last hatching (Fig. 2.13). Census plots contained between 4-205 adult
kittiwakes (Tables 2.3-2.7), with a mean total of 1160 individuals present.
CV's for kittiwake plot counts ranged from 4%-42%. Raw count data are

tabulated in Appendix E.

Counts of C4 and C5 plots varied synchronously during the census period
(Friedman two-way ANOVA, X2=80.81, P<0.001). However, attendance was
significantly correlated in only 6 (15%) of 40 comparisons of C4 and C5
plots. Thirteen (33%) of the 40 coefficients were negative. Only 2 (20%) of
10 pairwise correlations of plot counts were significantly correlated within
Colony 4, and only 3 (11%) of 28 correlations were significant within Colomny
5. Within Colony 2, attendance was significantly correlated only between

plots 2-2B and 2-3C (rs=0.89, P<0.01, n=6).7

A count of kittiwake nests made at the outset of the study was
significantly correlated with the census mean of adults (Fig. 2.18). There
were no significant differences between observer means of kittiwake counts on
C3 plots (ANOVA, F3,26=0'312’ P>0.05).

2.4 Discussion
2.4.1 Common and Thick-billed Murres

2.4.1.1 Breeding Phenology

Although they may not always represent the breeding phenology of a colony
adequately, dates of first hatching or first fledging have been observed in
several years at Cape Thompson. Delays in breeding are evident during years
of late ice, as was noted by Springer et al. (1985b). Correlations between
late ice years and delayed breeding have also been reported from other murre
colonies at high latitudes (Tuck 1961, Nettleship et al. 1984, Springer et
al. 1984, Birkhead and Nettleship 1987).
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The influence of ice conditions or other environmental factors has
resulted in an 18-day range of first hatching dates at Cape Thompson since
1960. Given a mean incubation period of 33 days (Harris and Birkhead 1985),
the first laying date has ranged from 20 June to 8 July. However, because
there is approximately a 40-day range of acceptable days for plot counts,
this site can be readily incorporated into a Bering/Chukchi monitoring
program such as proposed by Piatt et al. (1988). If more intensive studies
were planned for Cape Thompson (such as TYpe I studies; Birkhead and

Nettleship 1980), they would have to begin by about 15 June.
2.4.1.2 Diurnal Variation in Attendance

Diurnal attendance patterns for murres were fairly typical for Cape
Thompson and other Alaskan colonies (Swartz 1966, Drury 1978, Springer and
Roseneau 1978, Murphy et al. 1980, Piatt et al. 1988, Hatch and Hatch 1989).
Diurnal attendance cycles observed by Swartz (1966) between 30 August - 1
September 1959 were generally similar to the pattern on 16-17 August 1988,
but with a peak in attendance occurring between 0900-1100 h (time standard,
if different from ADT, unknown). Activity patterns observed by Springer and
Roseneau (1978) on 27 July 1976, 18 August 1976, and 26 July 1977 were
bimodal, with a peak occurring between 0800-1300 h and another between
2300-0100 h (ADT). In a series of 24-hour counts throughout the census
period in 1979, Murphy et al. (1980) found morning and evening peaks, but the
hours at which they occurred shifted through the season. They also found
that different colonies of the Cape Thompson complex were out of phase with
respect to their diurnal cycles. A change of attendance patterns during the
breeding season may account for differences between the two Zh—hoﬁr watches
conducted in 1988; seasonal shifts are also evident in our time-lapse data.
Furthermore, attendance patterns were only correlated between the Colony 4
and Colony 5 plots between 10-15 August, not between 17-22 July or between 30
July - 3 August. Thus, as Murphy et al. (1980) suggest, it would be
inappropriate to correct plot counts for diurnal variation based on only one
or a few observations of the cycle. Rather, plot counts should be
accomplished during periods of the day when numbers fluctuate least.
Observed diurnal patterns at Cape Thompson indicate that variation in

attendance is least from about 1300-2000 h.
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2.4.1.3 Daily Variation in Attendance

An appropriate census period based on the daily attendance patterns of
murres extended at least from mid-egg-laying (ca. 13 July) to early fledging
(ca. 22 August) at Cape Thompson in 1988. This censusing window has also
been determined for the Semidi Islands (Hatch and Hatch 1989) and Saint
Lawrence Island (Piatt et al. 1988), but is somewhat longer than that
originally proposed by.Birkhead and Nettleship (1980). The apparent decrease
in murre attendance coinciding with fledging is typical for murre colonies in
general (Gaston and Nettleship 1981, 1982; Piatt and McLagan 1987; Hatch and
Hatch 1989).

2.4.1.4 1Individual Site Occupancy

The time an adult murre allocates to attendance at its breeding site
influences the results of plot counts. Thus, estimating site occupancy rates
helps to interpret annual variation in numbers (Hatch and Hatch 1989). Site
occupancy by actively breeding Common Murres (51.6%) was somewhat less at
Cape Thompson in 1988 than in the Semidi Islands between 1979-1981
(58.4%-60.3%2) (Hatch and Hatch 1989). Thick-billed Murres also spent 1less
time attending breeding sites at Cape Thompson (49.8%) than at the Semidi
Islands (55.3%2-56.8%Z). It is likely that differences in food availability
account for the differences in colony attendance. More work is needed to
test this potentially useful index of foraging conditions, but whatever their
cause, differences in site occupancy rates among years contribute to observed

annual variation in mean plot counts.
2.4.1.5 Environmental Effects on Attendance

Murre attendance has been correlated with tidal cycles (Slater 1976) and
various weather conditions (Gaston and Nettleship 1981, Piatt et al. 1988,
Hatch and Hatch 1989). Both Piatt et al. (1988) and Hatch and Hatch (1989)
found significant negative correlations between wind speed and murre counts,
although on the Semidi Islands the effect was negligible during the census
period (Hatch and Hatch 1989). Piatt and McLagan (1987) found no effect of
wind speed at Cape St. Mary's, Newfoundland, and Gaston and Nettleship (1981)
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observed an effect only during extreme conditions. Wind effects at Cape
Thompson may have been exaggerated because of the relatively large proportion
of nonbreeders on Colony 3 plots where the effects were studied. At face
value, our results suggest counts should be made when winds are below 15-20
kts, which was true about 80% of the time during the census period at Cape

Thompson in 1988.
2.4.2 Black-legged Kittiwakes
2.4.3.1 Breeding Phenology

The wide spread of first hatching dates in kittiwakes (24 days) in the
years since 1960 apparently is not a reflection of early and late ice years.
Changes in breeding phenology are predictably associated with changes in
breeding success, however (Chapter 3). The observed annual variation in
breeding times should present no major problems in integrating Cape Thompson
into a Bering/Chukchi regional monitoring program. An acceptable census
period for kittiwakes begins as early as first laying and lasts about 50
days, or until the last eggs have hatched (Hatch and Hatch 1988). First
laying has occurred between 20 June and 13 July in 9 years from 1960-1988 at
Cape.Thompson. The census period (first egg to final hatching) has generally
lasted 46-50 days.

2.4.2.2 Daily Variation in Attendance

Once hatching was complete, abrupt changes in daily attendance patterns
and a decrease in the average number of kittiwakes present signaled an end to
- the acceptable census period this year at Cape Thompson. During the census
period, the CV of kittiwake attendance was less than that of both murre
species, perhaps because nonbreeders and off-duty mates were apparently not
loitering within our census plots. Kittiwakes were not responding to the
same environmental cues as murres, because there was no correlation between

kittiwake and murre attendance patterns.
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2.4.2.3 1Individual Site Occupancy

The decrease in time allocated to nest site attendance by kittiwakes
completely explains the decrease in daily attendance counts after 4 August.
The same numbers of individuals were still visiting the colony, but they were
spending less time at their nest sites. Reduced site occupancy by breeders
may be explained by their need to increase foraging time (assuming foraging
success remained constant) to meet the energy requirements of the growing
chick. After a kittiwake chick is about 20 days old, growth slows and its
energy requirements maintain a relatively constant level (Coulson and Porter
1985). On average, breeding kittiwakes reduced the amount of time allocated
to nest attendance to 22%, but no further, when the first chicks were about
20 days old (Fig. 2.17). This would imply either that chick feeding
requirements were being met, or that adults will not reduce their parental
attendance beyond this minimal level even when foraging conditions are poor.
Since the male and female rarely spent time with the chick simultaneously,
doubling the observed site occupancy rates provides an estimate of the
percentage of time a chick was attended. Up to the age of 20 days,
attendance at the nest by at least one parent was essentially 100%. Between
chick ages 21-30 days it declined to 58% and was only 44% for chicks older
than 30 days. Roberts (1988) also observed decreases in nest attendance
throughout chick-rearing at Middleton Island in the Gulf of Alaska, but -this
pattern is not reported from some North Atlantic colonies, where kittiwakes
normally maintain 100% nest attendance through most of the nestling period
(Pearson 1968, Hodges 1969, Wooller 1979). Temporary abandonment of chicks
presumably results from poor foraging conditions (Galbraith 1983, Roberts
1988) and is probably a good predictor of poor growth rates and survival of

young (Barrett and Runde 1980).
2.4.2.4 Environmental Effects on Attendance

We found no effects of measured weather variables on kittiwake
attendance, but other studies have reported effects of wind speed (Hatch and
Hatch 1988, Piatt et al. 1988) and maximum daily temperatures (Piatt et al.
1988). Considering only the portion of the breeding cycle within the census

period, however, those studies also found little or no influence of weather

57



on attendance.
2.4.3 Population Monitoring of Murres and Kittiwakes

Seabirds at Cape Thompson have been censused mostly by boat counts over
the last 28 years (Springer et al. 1985b). These counts have revealed broad
scale changes in the murre population over the years (Chapter 4). However,
to include Cape Thompson in a Bering/Chukchi monitoring program as proposed
by Piatt et al. (1988), reliance on colony-wide boat counts becomes
impractical. Boat counts are time consuming, often requiring a day or more
for each colony at Cape Thompson, and good weather and sea conditions are
necessary for acceptable precision. While this has the indirect advantage of
limiting the wvariation of counting conditions, the small number of days
conducive to boat counting at Cape Thompson during the census period severely
limits the ability to replicatg counts. In future years it should be
possible for two persons to count all the plots we established in Colonies 4
and 5 in a single day. Because the plots are accessible on foot from the
campsite at the mouth of Ikijaktusak Creek, the chances are good of obtaining
8-10 daily counts during a 2-week visit, despite the 1likelihood of bad
weather during July and August.

The number of counts required to detect a given percentage change between
years can be calculated from the variances we observed in counts of murres
and kittiwakes in 1988 (following Sokal and Rohlf 1981: 262-264). Assuming
the data from plots in Colonies 4 and 5 are representative, we estimate that
10 counts would detect an 8% change in numbers of Thick-billed Murres between
years and a 12% change in Common Murres, with 75% certainty of the change
being significant at the P=0.05 level (Fig. 2.19). A 9% annual change in the
population of Black-legged Kittiwakes should be detectable at the P=0.05
significance 1level given samples of 10 replicate counts of the land-based
plots (Fig. 2.20). Thus, the observed variation among murre and kittiwake
plot counts at Cape Thompson allows detection of changes on the same scale as
the in the Semidi Islands (Hatch and Hatch 1988, 1989) and on Saint Lawrence
Island (Piatt ef al. 1988).

The strong correlation between kittiwake nest sites and mean plot counts
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Figure 2.19. Relationship between sample size (number of daily
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in murre numbers detectable between years at Cape Thompson.
Power is the degree of confidence that the difference would be
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billed Murre, COMU = Common Murre).

59



50

—— POWER=0.75
""" POWER =0.95

30

L
T e = e e -
-

20

% CHANGE DETECTED

10|

NUMBER OF COUNTS

Figure 2.20. Relationships between sample size (number of daily
counts made during the census period) and proportionate change
in kittiwake numbers detectable between years. Power is the
degree of confidence that the difference between sample means
would be significant at the 0.05 probability level.

60



(Fig. 2.18) suggests that a well-timed count of nests might be as effective
for monitoring as counts of individuals. However, Hatch and Hatch (1988)
found that annual variation in kittiwake nest counts was greater than annual
variation in counts of individuals because nest counts are greatly affected

by variation in breeding effort between years.

Although a statisfically significant change in murre or kittiwake numbers
may occur between years, this may or may not reflect real change in
population size. There are several alternative hypotheses to explain
apparent changes (Birihead and Nettleship 1980, Piatt et al. 1988): (1)
changes in attendance or proportionate size of the nonbreeding population,
(2) time allocated to attendance at the breeding site may change between
years in response to food supply, (3) in poor years with low breeding success
failed breeders may leave the colony early, or (4) immigration and emigration
may occur among colonies. Therefore, conclusions about population changé
generally are premature unless the existence of a trend can be demonstrated
in a series of counts over several years. In Chapter 4 we examine the
evidence for trends in murre and kittiwake population data collected at Cape

Thompson since 1960.
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CHAPTER 3. PRODUCTIVITY AND BREEDING SUCCESS

3.1 Introduction

The productivity of seabird colonies is a useful parameter to monitor
because it is sensitive to changes in environmental conditions, particularly
food resources (Birkhead and Nettleship 1988; Hunt et al. 198la,b; Johnson
and Baker 1985; LeCroy and Collins 1972; Piatt et al. 1988; Safina et al.
1988). If they are carried out annually for a sufficient number of years,
productivity measurements may also aid the interpretation of population
changes. This may prove to be especially important for Black-legged
Kittiwakes, which have recently experienced total breeding failures at many

colonies in the Bering and Chukchi seas (Hatch 1987).

There are several possible measures of productivity. The number of young
produced in a colony or sample plot can be expressed as a ratio of eggs laid,
breeding pairs present, number of occupied sites, or the average number of
adults present during the study. Because eggs and and young chicks are
difficult to observe, especially in murres, measures of other parameters such
as clutch size, hatching success, and fledging success require substantial
amounts of time invested at each colony, with observations beginning before
egg-laying and continuing through chick fledging. Piatt et al. (1988)
suggested a strategy for monitoring murre and kittiwake productivity that
entails, for each colony monitored for population change, a second visit late
in the season to count chicks surviving on census plots. Visits would be
timed to be as late as possible, but before the first young have fledged.
Since murres and kittiwakes have asynchronous patterns of fledging, it would
in most instances be necessary to compromise the estimate of kittiwake
productivity by making the chick counts well ahead of the first fledging
date. Productivity would be expressed as the number of chicks surviving on
study plots divided by the mean count of adults attending the plots during
the census period (murres) or the count of nests obtained during the census

period (kittiwakes).

. We made the proposed measures of productivity for murres and kittiwakes,
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and since our studies encompassed a good portion of the incubation and
chick-periods we also performed some preliminary assessments of factors that
affect the quality of such estimates. We made limited observations on
individual breeding sites within our study plots to characterize the timing

and magnitude of egg and chick losses at Cape Thompson in 1988.
3.2 Methods
3.2.1 Common and Thick-billed Murres

3.2.1.1 Productivity Check

Murre productivity was estimated by counting chicks present in census
plots 4-1B, 4-2C, 5-1A, 5-1C, and in subplots 5-2F', 5-3H', 5-6K', 5-7L' and
5-8N'. Subplots were used to sample portions of larger plots in which
attempting to count all chicks present was impractical. Productivity checks
were made from plot observation points (Appendix C) on 21 August, the day
prior to first observed fledging (Chapter 2). Observers used spotting scopes
to count chicks, which were identified as Thick-billed or Common whenever
possible. Productivity was calculated as the number of chicks divided by the
mean ;umber of adults counted on the plot during the census period (Chapter

2).

The effect on productivity estimates of counting prior to and after the
date of first fledging was assessed by completing productivity counts between
18-26 August. On 26 August, we counted chicks in two ways. The first count
was of chicks actually observed that day, the second was of chicks estimated
‘to be present, based on adult behavior and the observer's accumulated
knowledge of a given plot. We also attempted to quantify the effect of time
spent counting on numbers of chicks observed by recording numbers of chicks
observed during 5-minute intervals for up to 35 minutes on a series of plots

that varied in size from 115-381 adults.
3.2.2.2 Components of Productivity

Phenology sites (Part 2.2.2) were monitored for hatching and fledging
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success in both murre species until 31 August. Because sites observed were
selected post-laying, the observations do not comnstitute a true Type I study
(Birkhead and Nettleship 1980). We aésume much of the egg mortality occurred
before monitoring began. Also, due to frequent bad weather, the fate of some

eggs and chicks was unknown.
3.2.3 Black-legged Kittiwakes
3.2.3.1 Productivity Check

All kittiwake nests in Colonies 3, 4 and 5 were used for the productivity
check (n=973 nests). The number of nests present on each land-based plot was
determined at the beginning of the census period on 8 or 10 July. Counts of
kittiwake chicks present in each plot were made from plot observation points
(Appendix C) using binoculars or spotting scopes on 26 August, the day prior
to fhe first observed fledging. Productivity was calculated as the ratio of
chicks present to the number of nests on a plot. Chick counts were also
conducted daily, weather permitting, between 8-31 August to quantify the
effect of timing on the results of such a productivity measurement.
Considering the 26 August productivity estimate to be the '"true’” value, we
calculated the percent error introduced by checking productivity later or

earlier.
3.2.3.2 Components of Productivity

Components of productivity such as clutch size, hatching success, and
fledging success were studied at phenology sites in Colonies 4 and 5 as
described in Part 2.2.2. These sites were first observed during 1late
incubation, when an unknown mortality of eggs had already occurred.
Therefore, they cannot be considered Type I study plots (Birkhead and
Nettleship 1980).

3.2.4 Chick Feeding Rates

Groups of nests (kittiwakes) or breeding sites (murres) on phenology

study plots were observed with binoculars or spotting scopes to assess chick
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feeding rates. Observers monitored the behavior of chicks, the attendance of

adults, and the delivery of food items in 2.0-4.5 h periods between 1300-1730
h on 9-11 August.

3.2.5 Statistical Analysis

Spearman rank correlations with two-tailed tests were used for all
comparisons using the SPSSx statistical package (SPSS, Inc. 1983). Results

expressed in the text are mean +1 SD.

3.3 Results

3.3.1 Common and Thick-billed Murres
3.3.1.1 Productivity

rEstimates of murre productivity on 21 August ranged from 0.000-0.104
chicks per adult on nine plots (Table 3.1), and these values apparently were
independent of plot size (Fig. 3.1). No differences were evident between
Thick-billed and Common Murre productivity using this method, but the species
of chicks observed on mixed-species plots could not be .determined in all
cases. Mean productivity was 0.05 + 0.042 on six plots éontaining only

Thick-billed Murres and 0.05 + 0.023 on three plots with both species.

Chicks became more observable as they grew, hence productivity estimates
increased from the early to mid-fledging stage (Fig. 3.2). Our ability to
observe chicks was also affected by weather. Wind speeds were 40-70 km/h on
both 24 and 26 August, and productivity estimates from those days were well
below the trend indicated by the other data (Fig. 3.2). On windy days chick
visibility was reduced not only by adults sitting tighter over their young
(lower frequency of shifting position), but also because the wind caused

spotting scopes to vibrate, making it difficult to view the plots.

The behavioral posture of drooping one wing, as described by Gaston and
Nettleship (1981), was effective for discriminating adults with chicks,

although on clear days the sun warmed the cliff faces and many birds without
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Table 3.1. Productivity of Thick-billed (TBMU) and Common (COMU) murres

determined by chick counts on 21 August 1988 at Cape Thompson.

Mean adult attendance

on plotd
AdjustedP

Productivity Productivity
Plot TBMU CoMU Chicks (chicks/adult) (chicks/adult)
4-1B 146 82 17 0.075 0.101
4-2C 210 171 11 0.029 0.301
5-1A 31 1 3 0.094 0.125
5-1C 24 1 0 0.000 - 0.000
5-2F' 115 0 12 0.104 0.157
5-38' 149 0 13 0.087 0.107
5-6K’ 175 3 6 0.034 0.045
5-7L' 199 16 13 0.060 0.079
5-8N’ 247 0 : 9 ' 0.036 0.053
Mean 0.058 0.078
SD 0.035 0.050

a8 Determined from census counts (see Chapter 2).

b Productivity adjusted for discrepancies between observed chick numbers

and chick numbers estimated to be present on 26 August 1988.
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1988.
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chicks also displayed the posture. At the time of the productivity check on
21 August, most chicks were still well hidden by adults and it was not always
evident from adult behavior whether a chick was present or not. After
observing the plots for several days, observers had better knowledge of which
adults had chicks, so on 26 August estimates of actual chick numbers were
made to compare with counts of observed chicks. On that date, the ratio of
observed chicks to estimated chicks (an indication of observation accuracy)
decreased significantly with plot size; it was possible to detect larger
proportions of chicks on smaller plots (Fig. 3.3). On average, 29.1 + 14.3%
(9 plots) fewer chicks were observed than were estimated to be present. This
ratio should improve as chicks grow and become more observable, so there may
have been an even larger discrepancy on 21 August. However, having no way to
quantify the difference at any other stage, we used 26 August ratios to

adjust our productivity estimates for 21 August (Table 3.1).

Numbers of chicks observed were dependent upon the time spent counting
(Fig. 3.4). Ninety-six percent of observed chicks were spotted in the first
25 minutes, independent of plot size over the range of plot sizes studied.
On 6 plots containing 115-381 adults, the number of 'mew" chicks spotted per
unit time of observation time averaged 0.75 chicks/min over the first 25
minutes of effort. Because most of the plots re&ui;ed spotting scopes to
observe chicks, we found that after 25 minutes it was difficult to
discriminate between "new" chicks (previously unobserved) and "old" chicks

(previouély observed).
3.3.1.2 Components of Productivity

Breeding performance, as measured in the phenology sites, was essentially
identical in the two murre species (Table 3.2). Because the monitoring of
phenology sites began about 20 days after first egg-laying, unadjusted
estimates of breeding success are undoubtedly too high. The estimates were
adjusted using egg mortality data from the Semidi Islands (Ratch and Hatch
1989), which show that 22% of Thick-billed and 21% of Common Murre eggs had
been lost by 20 days after iaying. As egg mortality can be quite variable
within a colony and over time (Gaston and Nettleship 1981), there is no

reason to assume these values accurately represent Cape Thompson mortality,
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Figure 3.3. Percentage of murre chicks observed on productivity
plots on 26 August, 1988.
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Table 3.2. Components of breeding productivity in Common and Thick-

billed murres at Cape Thompson, 1988, based on eggs of known

fate in phenology sites.

Common Murre Thick-billed Murre

Sites with eggs 25 84
No. eggs hatched (%) [%]2 20 (80) [63] 66 (79) [61]
No. chicks fledged (%) 15 (76) 51 (77)
Breeding success [%] 60 [47] 61 [47]

4 Adjusted for egg mortality assumed to occur pridr to first

observations (see text).
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but they do provide a more reasonable estimate of breeding success. Adjusted
overall breeding success was therefore close to 0.47 chicks fledged per

breeding pair in both species (Table 3.2).

We observed but did not specifically quantify sources of egg and chick
mortality. Eggs were frequently taken by Glaucous Gulls (Larus hyperboreus)
and Common Ravens (ngzna corax). One observation was made of a kittiwake
feeding on a murre egg on 9 August at plot 5-8N. Murre eggs were also taken
by local residents from various areas in mid-July, but this seemed to be a
relatively minor source of egg mortality. Eggs were occasionally observed to
fall from cliffs as a result of murre-murre or murre-kittiwake fights, and
from flushing due to rockfalls, predators, or other disturbances. Glaucous
Gulls and short-tailed weasels (Mustella erminea) were seen taking murre
chicks, and some murre chicks were observed dead on the cliffs for no readily

apparent reason.
3.3.1.2 Chick Feeding Rates

Chick feeding rates observed at three Common and three Thick-billed Murre
breeding sites at plot 4-2B on 10 August averaged 0.23 + 0.15
feeds/chick/hour. This is equivalent to 5.5 + 1.4 feeds/chick/day. These
are possibly over- or underestimates of feeding rates if there was a diurnal
periodicity in feeding rhythm, since observation times were short (2.0-4.5

hours). One fish observed being fed bj a Common Murre was identified as a

sand lance (Ammodytes hexapterus).
3.3.2 Black-legged Kittiwakes
3.3.2.1 Productivity

Kittiwake productivity averaged over all Colony 3-5 plots was 0.12 + 0.34
chicks/nest (n=17 plots), or 0.15 chicks/nest for the pooled sample of 973
nests (Table 3.3). Productivities on separate plots ranged from 0.0-0.40

chicks/nest, but there were no significant effects of plot size on

productivity estimates (Fig 3.5).
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Table 3.3. Productivity of Black-legged Kittiwakes at Cape Thompson

estimated on 26 August 1988.

Nests on Observable Productivity

Plot Plota Nestsb Chicks (chicks/observable nest)
3-1A -5 5 0 0.00

3-2B 50 .50 5 0.10 .
3-3C 4 4 0 0.00

4-1A 41 38 5 0.13

4-1B 30 16 2 0.13

4-2C 175 175 34 0.19

4-3D 41 41 1 0.02

4-4E 176 176 21 0.12

5-1A 28 28 7 0.25

5-1B 136 136 31 0.23

5-1C 10 10 4 0.40

5-2E 91 87 3 0.03

5-2F 4 4 0 0.00

5-5J 88 87 11 0.13

5-6K 7 7 0 0.00

5-8M 81 77 17 , 0.22

5-8N 32 32 1 0.03

All 999 973 142 0.15

plots

& Numbers of nests counted on plots on 8 or 10 July.
b Observable nests were those that were not partially blocked

from view and were counted at the fime of initial nest counts.
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Because of the shallow decline of chick numbers after 19 August (Fig.
3.6), productivity estimates would not have been substantially affected by
completing checks between 19-31 August. There would have been at most a 0.03
chicks/nest over- or underestimate relative to the value for 26 August (Fig.
3.7). Specifically, if kittiwake productivity checks were timed to coincide
with murre productivity checks (as envisioned by Piatt et al. (1988) for a
comprehensive monitoring program), the estimate would have been only 0.03

chicks/nest higher than the value obtained at the optimum time for kittiwakes.

Kittiwake chick productivity in 1988 was the lowest measured in 28 years
at Cape Thompson except for their total breeding failure in 1976 (Fig. 3.8,
Table 3.4).

3.3.2.2 Components of Productivity

Mean clutch size and hatching success observed in the samples of
individually monitored sites were generally similar to other years at Cape
Thompson, but fledging success was relatively poor (Table 3.4). Since our
observations began after kittiwakes had already laid, estimates of hatching
success and of overall breeding success are undoubtedly overestimates. We
made no attempt to adjust for early egg losses, which can be quite variable

in kittiwakes.

Between 1959 and 1988, first hatching dates were strongly and negatively
correlated with mean clutch sizes (rs=—0.75, P¢0.05, n=7), with fledging
success (rs=—0.77, P<0.05, n=6) and with breeding success (rs=—0.69,
P<0105, n=8), but they were not correlated with hatching success (rs=0.00,
P>0.05, n=5) (Fig. 3.9a-d). Mean clutch sizes were positively correlated
with breeding success (rs=0.82, P¢0.05, n=7; Fig. 3.9%e). The date of last
observed ice at Cape Thompson was significantly and negatively correlated
with fledging success (rs=-0.81, P<0.05, n=6) and breeding success
(rs=—0.70, P¢0.05, n=8), but was 1less strongly correlated with dates of
first hatching (rs=0.38, P>0.05, =9), hatching success (rs=—0.15,
P>0.05, n=5) and mean clutch size (rs=—0.65, P>0.05, n=7) (Fig. 3.9f-h).

We observed several causes of egg and chick mortality but did not attempt
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Figure 3.8. Black-legged Kittiwake chick productivity at Cape
Thompson (1960-61, Swartz 1966; 1976, 1978-79, Murphy et al.
1980; 1977, Springer and Roseneau 1978; 1982, Sprlnger et al.
1985a; 1988, this study).
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Table 3.4. Components of breeding productivity in Black-legged Kittiwakes in

8 years at Cape Thompson.

Year of study2

Parameter 1960 1961 1976 1977 1978 1979 1982 1988
No. nest studied 60 29 200 73 236 374 - 70 (973)b
Mean clutch size 1.92 1.88 1.12 1.18 - 1.58 1.48 1.39
Hatching success 0.65 0.4l - 0.90 - 0.94 - 0.72
(eggs hatched/
egg laid)
Fledging success 0.86 0.60 0.00 0.71 - 0.82 - 0.33
(chicks fledged/
egg hatched
Productivity 1.22 0.72 0.00 0.64 0.50 1.10 1.15 0.31¢(0.15)
(chicks fledged/
nest)

4 1960, 1961 data from Swartz (1966); 1976, 1978, 1979 data from Murphy
et al. (1980); 1977 data from Springer and Roseneau (1978). Clutch sizes and
some breeding success data from Springer et al. (1985a).

b Numbers in parantheses were from productivity checks of all nests on
Colony 3, 4 and 5 land-based census plots.

C Does not include nests that failed prior to hatching, therefore figure

is an overestimate of breeding success.
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to quantify them. Many chicks apparently died from exposure or starvation,
as we noticed several chicks that were left unattended eventually died in the
nest. Common Ravens (Corvus corax) and Glaucous Gulls (Larus hyperboreus)
were observed taking eggs and chicks. Although several nests contained 2-egg
clutches, no kittiwakes succeeded in raising two chicks to fledging, and most
chicks that hatched second died within 3-7 days. We were able to determine

the age at death for 27 longer-lived chicks, most of which died between 11-30

days of age.
3.3.2.3 Chick Feeding Rates

The feeding rate of kittiwake chicks (aged 19-23 days) was 0.53 + 0.22
feeds/h (n=7 chicks). This estimate may be biased if kittiwakes had diurnal
periodicity in their chick feeding rates, because our watches were of short

duration (2-4.5 hours).
3.4 Discussion
3.4.1 Common and Thick-billed Murres

3.4.1.1 Productivity Measurement

Estimating murre productivity from a well-timed chick count may be an
effective monitoring technique if implemented by experienced personnel.
However, estimates were affected by weather, timing, observer experience and
position (distance from plot, orientatiom, etc.). For instance, winds above
40 km/h resulted in decreased estimates of productivity, because the chicks
were more closely brooded and observations were especially difficult in the
wind. Productivity estimated by this method was particularly sensitive to
timing. Chicks became more observable as they grew, and productivity
estimates increased after the date of first fledging, despite the fact that
some young had already left the breeding ledges. Practice increased the
ability of observers to ‘determine the presence or absence of chicks from
adult behavior, and knowledge of chicks on a plot accumlated over several
visits was an important factor. The use of observers already familiar with

the method, or undertaking practice counts just prior to first fledging,
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should reduce variation. The distance of the observer from the plots and the
number of birds on the plot also affected productivity estimates. Since
observers had to use spotting scopes to see chicks, their reduced field of
view caused difficulty in determining which chicks had already been observed
during a given 25-minute period of observation. The chances of seeing a
chick are improved by scanning the plot for adults that shift or move just
prior to exposing their chicks (Gaston and Nettleship 1981), but time spent
scrutinizing individuals through the spotting scope is still the 1limiting
factor. Using photographs or sketches to record chick locations during a

productivity check may alleviate some of these problems.

Prodﬁctivity estimates from this method in 1988 were definitely
underestimates of actual productivity. Although they fall within ranges
previously observed at the Pribilof Islands, Cape Peirce, and Bluff (Drury et
al. 1981, Johnson and Baker 1985), estimates as low as those found at Cape
Thompson were associated with other low measures of productivity or breeding
success. Our -measurements of breeding success determined from phenology
sites indicate that 1988 was a moderate year, which was not reflected in the

productivity checks.

With experienced personnel, this technique may provide a sdit;ble index
for monitoring productivity, but its relation to actual productivity requires
further study. Since it is based on the census mean of adults present, it is
subject to sources .of interannual variation not associated with actual
population changes, just as are census counts. As with population changes, a
trend established over a number of years would be acceptable evidence that

productivity has changed.
3.4.1.2 Components of Productivity

Breeding success of both murre species was moderate (probably 0.4-0.5
fledged chicks per breeding pair) as compared with the range of breeding
success reported from other Bering Sea colonies (Hunt et al. 1981b, Johnson
and Baker 1985, Piatt et al. 1988). No comparable indices of breeding
success have been gathered in other years at Cape Thompson. -Birkhead and

Nettleship (1981) presented evidence that late breeding was associated with
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lower breeding success in the Thick-billed Murres, and this pattern is also
evident for kittiwakes at Cape Thompson. If the relﬁtionship holds for
murres at Cape Thompson, breeding success in 1988 should have been moderate,
as the date of first hatching was in the center of the range observed from
1960-1988 (Fig. 2.7a). As the date of first hatching was correlated with the
timing of ice breakup at Cape Thompson, the lateness of ice may affect the
breeding success of murres as well (cf. Birkhead and Nettleship 1981). Years
with low productivity may also be associated with decreases in sea surface

temperatures in the eastern Chukchi Sea (Springer et al. 1984).

At colonies where Common and Thick-billed Murres breed sympatrically,
Common Murres often have higher breeding success, which has been related to
breeding site characteristics (Birkhead and Nettleship 1987) and possibly
food supplies and foraging behaviors (Piatt et al. 1988). We found no
differences in breeding success between species this year at Cape Thompson,
which may indicate a similarity of foraging conditions. Attendance at the
breeding site was similar for both species (Chapter 2), which suggests that
foraging times were approximately equal, and fish abundance in the diets of

both murre species decreased similarly between July and August (Chapter 4).
3.4.2 Kittiwake Productivity and Breeding Success

Counting kittiwake chicks on plots just prior to first fledging is a
simple and reliable method for estimating kittiwake productivity. There was
no apparent effect of plot size on productivity estimates, and counts
completed several days early to coincide with murre productivity checks
resulted in minimal error. Although this estimate does not provide specific
information on the sources of annual variation (i.e., clutch sizes, hatching
success, fledging success) it provides easily obtainable data on overall
productivity and should -be routinely included in any population monitoring

program.

Productivity of Black-legged Kittiwakes was extremely poor at Cape
Thompson this year, supporting the hypothesis that productivity in this
region is adversely affected by late sea ice coverage and low surface

temperatures (Springer et al. 1984, 1985). Late ice and cooler water have
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been correlated with decreases in size classes and abundance of forage fishes
in the eastern Chukchi Sea, especially stocks of capelin (Mallotus villosus)

and sand lance (Ammodytes hexapterus), two important kittiwake food sources
(Springer et al. 1984, 1985). In years with good kittiwake productivity,

capelin and sand lance schools were abundant at Cape Thompson by 10-12
August, and large nearshore feeding flocks of kittiwakes were observed
capitalizing on these resources (Springer and Roseneau 1978, Springer et al.
1985). We observed kittiwake flocks (300-1,000 individuals) feeding on
Arctic cod (Boreogadus saida) and Pacific herring (Clupea harengus pacifica)
schools among the ice floes within 3 km of shore between 5-10 July. After
the ice breakup on 16 July, however, only two kittiwake feeding flocks (about
500 birds each) were observed, on 17 and 25 August, both about 500 m offshore
from Colonies. 4 and 5. Shipboard surveys from 23-28 August confirmed that
foraging kittiwakes were widely dispersed in the region this year (Chapter
4). This contrasted with the larger size and frequency of occurrance of
feeding flocks during years when capelin and sand lance were abundant at the

surface (D.G. Roseneau, pers. obs.).

Sand lance were in the Cape Thompson region as early as 7 August, when
Common Murres were observed with sand 1lance on census plots. Murres
continued to return with sand lance throughout August, but sand lance were
not found in kittiwakes collected on 8 July, 12 July, 11 August, or 27 August
(Chapter 4). Thus it seems that although sand lance were in the area, they

were not available at densities or debths readily exploitable by kittiwakes.

Adults wefe able to maintain body weight through the season (Chapter 4),
but the apparent inaccessibility of»prej in August caused extensive breeding
failure during chick-rearing. All second-hatched chicks died soon after
hatching, and we observed many chicks (up to 35 days old) that died in nests
with no apparent injuries, presumably from starvation. Adult kittiwakes were
making 1less than their typical allocation of time to nest attendance,
presumably to increase foraging time (Chapter 2). However, although birds
may have spent much time foraging, chick feeding rates indicated minimal
success in returning with food. Chick feeding rates this year at Caée
Thompson were about half the feeding rates of successful pairs on Middleton

Island in 1984, and were similar to the feeding rates of unsuccessful pairs
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(Roberts 1988).

Kittiwakes were apparently in good condition at the beginning of the
breeding season, as clutch sizes and hatching success were no different than
in prior years. Also, the date of first hatching was among the earliest
since 1960. The evidence suggests that low kittiwake productivity in 1988
was due to inaccessible food resources during the mid- to late season,

resulting in starvation for many chicks.
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CHAPTER 4. SEABIRD POPULATIONS AT CAPE THOMPSON, 1960-1988
4.1, Introdﬁction

Populations of Thick-billed Murres (Uria lomvia), Common Murres (U.
aalge), and Black-legged Kittiwakes (Rissa tridactyla) were censused at Cape
Thompson at various intervals between 1959 and 1982 (Swartz 1966; Springer et
al. 1985a). We made boat-based counts of some of the same census plots in
1988, which extended the period of census coverage at Cape Thompson to 28
years. This is the 1longest record of seabird censusing for any colony in
Alaska; the data therefore provide a umique view of long-term variation in
murre and kittiwake populations in this region. Here we compile and analyze
all previous data along with our results from 1988 to ascertain whether murre
or kittiwake population changes have occurred. We also consider whether
changes in the murre population reflect changes in both or only one species.
Finélly, we discuss our findings in 1light of available reproductive and

ecological data for the Cape Thompson region.
4.2, Methods
4.2.1. .Study Area and Counting Methods

During most years of study, adult murres and kittiwakes have been censused
along the 6.8 km of cliffs between Ogotoruk Creek and Imnapak Cliff (Fig.
1.2). In 1959, Swartz (1966) created census plots that covered all cliff
surfaces. The 1959 plots were subdivided in 1960, and plot boundaries were
recorded on photographs (reproduced in Appendix F). Swartz' plots have formed
the basis for subsequent censusing, with the following exceptions. Observers
were unable to locate all of Swartz' plots in 1976, and were required to
estimate some of the plot positions. In 1977, field crews possessed all of
Swartz' plot photographs, and found that some of the 1976 plots in colonies 3
and 5 were not equivalent to the 1960 plots. Springer and Roseneau (1978)
created ''special area" census plots to convert 1976 to 1960 plot designations
(Appendix G). Census counts in later years, including 1988, followed Swartz'

1960 plot designations.
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Census data from previous years were compiled by reviewing available
original field notebooks and data summary sheets. Methods of compensating
murre counts for diurnal variation in attendance have varied among years
(Swartz 1966; Springer and Roseneau 1978; Springer et al. 1985b), and diurnal
patterns may change within a census period (see section 2.4.1.2). Therefore,
we tabulated only raw, uncompensated counts. The complete list of count data
for 1960-1988 is provided in Appendix G. Count data from 1959 were

unavailable in formats suitable for comparative use.

Counting methods have been similar but not identical in different years.
All boat-based counts have been completed by observers using binoculars from
inflatable boats either drifting or anchored offshore neaf the cliffs. 1If
birds flushed during a count in 1960 or 1961, the number flushed was estimated
as the birds departed, and that number was added to the plot total. In
subsequent years, counts were stopped if birds flushed, and resumed several
minutes later after birds had returned to the cliffs. In 1988, all boat-based
counts were obtained by 2-3 observers following Swartz' 1960 plot

designations, and if observer counts differed by >10%, the plot was recounted.

Murres have generally been counted by 1's or 10's, depending on plot size,
but some of the largest plots have been estimated by mentally blocking off
groups of 100 murres (such counts are identified by footnote in Appendix G).
Counts of some colonies were completed in single days, while others required
multiple days because of colony size or poor. counting conditions (i.e.,
weather and sea-state). All murre counts (except colony 1 in 1979) have been
completed within the preferred census period for these species (Table 4.1).
The range of dates considered most suitable for censusing is based on
attendance variation observed from land in 1988 (see section 2.3.2.2), and on

results from other studies (Piatt et al. 1988; Hatch and Hatch 1989).

Swartz (1966) estimated kittiwake numbers in 1960 and 1961 by counting
nests, but the details of how that was accomplished are unclear. Comments
recorded in the original field notebooks suggest that kittiwake pairs may have
been counted and used to estimate nest number (Appendix Table G.49, footnote
e). It is unknown whether empty nests or nests with single birds were

included in the counts. In all other boat-based kittiwake censuses,. birds
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Table 4.1. Murre breeding phenology and census dates at Cape Thompson.2

Event 1960 1961P 1976 1977 1979¢ 1982b 19884
First Laying 27 Jun 24 Jun 7 Jul 29 Jun 19 Jun 3 Jul 29 Jun
First Hatching 30 Jul 27 Jul 9 Aug 1 Aug 22 Jul 5 Aug 31 Jul

First Fledging 18 Aug 19 Aug >25 Augf 23 Aug 11 Aug8 >10 Aug 22 Aug

Colony Census dates

cl 25 Jul 25 Jul 20 Jul 11 Aug 7 Jul 29 Jul
26 Jul 6 Aug 20 Jul 5 Aug
3 Aug 7 Aug 7 Aug

15 Aug

18 Aug

c2 27 Jul 25 Jul 18 Aug 9 Aug 10 Jul 29 Jul 12 Jul
29 Jul 18 Jul 5 Aug 13 Jul
31 Jul 19 Jul 18 Jul

8,9 Aug
15 Aug
16 Aug
17 Aug

c3 ’ 21 Jul 25 Jul 23 Jul 10 Aug 10 Jul 3 Aug
22 Jul ' 12 Aug 18 Jul 5 Aug

: 1,7 Aug

11 Aug

15 Aug

16 Aug

Ccha 15 Jul 22 Jul 9 Aug 12 Aug 7 Aug 28 Jul 10 Aug
17 Jul "~ 11 Aug . 3 Aug
14 Aug

c5 1,2 Aug 19 Aug 13 Aug 10 Jul 28 Jul 17 Jul
4 Aug 14 Aug 18 Jul 30 Jul 20 Jul
12 Aug 17 Aug 1,7 Aug 3,7 Aug 25 Jul

11 Aug 1,4 Aug
15_Aug 5,8 Aug

16 Aug 10 Aug
11 Aug
15 Aug

a4 Adapted from Springer et al. (1985a, Table 1).

b pata from Springer et al. (1985b).
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Table 4.1. Continued.

€ Counts on 15, 16, 17, and 18 Aug were outside of census period.
d pata from present study.

€ Estimated from hatching dates assuming 33 d incubation period (Harris

and Birkhead 1985).

f No murre chicks had left the cliffs when field crews left the site on

25 August.

8 One murre chick was seen on the water on 7 Augj none were observed

again until 11 Aug, when many were on the water.
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were counted by 1l's. Nests, including those which were apparently abandoned
or only partially constructed, were also recorded by 1l's; however, no nest
count was obtained in some years. Many counts of kittiwakes occurred outside
of the preferred census period (Table 4.2), which is based on daily variation
observed from land at Cape Thompson in 1988 (section 2.3.3.2), and on

observations from the Semidi Islands (Hatch and Hatch 1988).

Several -of Swartz' 1960 plots were counted ffom land in some years. In
1960, land-based counts of murres and kittiwakes were made on two plots in
colony 3 and on colony 5 plots 5A-5Z. In 1961, kittiwakes in colony 4 were
counted from land only; in 1979, some plots were counted from both land and
" water. In 1988, five of the colony 5 plots created by Swartz in 1960 were
counted by observers with binoculars during the appropriate census periods for
murres and kittiwakes. Observers recorded the numbers of adult murres and
kittiwakes present, and on 27 July, the number of kittiwake nests. Plots‘SE,
5R and 5S were counted 3 times, and plots 5L and 5Q, incorporated into the new
land-based plot system as plots 5-5J and 5-8N respectively, were counted 10

times each.
4.2.2. Analysis of Population Trend Data
4.2.2.1. Thick-billed and Common Murres

Raw count data were reduced for year-to-year comparisons using several
criteria. Counts identified as being poor due to weather or sea-state
_conditions were not included in any part of the analysis. If plot counts were
replicated on two or more different days within the census period, replicate
counts were averaged to give a single plot total for that year. If in some
years, a plot was counted in combination with others, such plot combinations
were also calculated for other years to provide the greatest time span for
comparisons. Comparisons were not made if they required mixing land-based and
boat-based counts either within or between years, except for Colony 4 in
1960-1961. Before the collapse of certain cliff formations in recent years,
plots in Colony 4 were about equally visible from land or boat positions,
owing to the low elevations of the cliffs and the availability of good viewing

areas from land. Thus, while comparing land and boat counts undoubtedly
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Table 4.2. Kittiwake breeding phenology and census dates at Cape Thompson.
Event 19602  1961P 1976 1977 1978¢ 1979 1982 19884
First
Laying® 20 Jun 25 Jun 13 Jul 2 Jul 28 Jun 21 Jun 24 Jun 22 Jun
First
Hatchingf 17 Jul 22 Jul 9 Aug 29 Jul 25 Jul 18 Jul 21 Jul 19 Jul
Last
Hatching8 (2 Aug) (7 Aug) (25 Aug) (14 Aug) (10 Aug) (3 Aug) (6 Aug) (4 Aug)
First
Fledging 20 Aug 27 Aug 27 Aug
Colony Census dates
c2 27,28 Jul 10 Aug 18 Aug 17 Jul 20 Aug 11 Jul 5 Aug 18 Jul
29,31 Jul 11 Aug 18 Jul
3 Aug 19 Jul
c3 21,22 Jul 31 Jul 23 Jul 24 Jul 31 Jul
1,11 Aug 3 Aug 1 Aug
(o] 15 Jul 29 Jul 9 Aug 18 Jul 14 Aug 10 Jul 5 Aug 10 Aug
3 Aug 19 Jul 19 Jul
Cc5 1,2 Aug 12 Aug 19 Aug 19 Jul 5 Aug 11,17 Jul
4,12 Aug 13 Aug 20,25 Jul
27 Jul
1,4 Aug
5,8 Aug
10,11 Aug
15,18 Aug

@ 12 Aug counts were outside of census period:

b 10, 11, 12, and 13 Aug counts were outside of census period.

€ All counts were outside of census period.

[= )

o

o))

estimated from chick growth rate.

8 Based on 16 d hatching period observed in 1988.
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introduces some variation, we feel this error is probably minimal for colony &

plots.

Having identified a single '"best" measure of colony size for each colony
and year censused, we used two statistical procedures to assess the patterns
and significance of annual variation. In one approach, we tested for trends
across years using Pearson product-moment correlations and Spearman rank
correlations between murre or kittiwake numbers and year of census.
Significance tests were two-tailed. The rationale here is that the sampling
error, largely unknown, associated with each measure of population size
becomes leés important if there is convincing evidence of a long-term trend in

a series of data.

Qur second approach entailed estimating the component of daily variation
aﬁong boat-based counts using all available information and asking whether the
observed annual deviations from the 1960-1988 grand mean could have arisen
from that source (daily variation) alone. First, we estimated the expected
variation of murre attendance within years independently for every available
set of replicated boat-based counts (n22 for a given plot) from 1961, 1976,
1979, and 1988). Standard deviations were converted to coefficients of
variation (SD/mean) to adjust for differences in plot size. We pooled all

such measures of daily variation using a weighted average:

a
Pooled estimate CV EE (nj - 1) CVy
for boat-based counts = i=1
(within-years variability) a
S nj-a
i=1
where CV; = daily CV calculated for a given plot and year
ni = number of replicate counts on which the calculation of
CVi is based
a = number of different measures of daily CV available to

incorporate in the weighted mean.

This formula for a pooled—estimate CV is similar to the pooled variance
commonly used in the demoninator of a t-test (Sokal and Rohlf 1981: 226). We
also calculated a weighted sample size, no» associated with this overall

estimate of daily variation (Sokal and Rohlf 1981: 214):
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g = 1/(a-1) [S ny - (%ni/%ni)]
i=1 i=1 i=1
A conservative test for annual variation was then constructed by using this
estimated within-years CV to put 95% confidence limits on the grand mean
census total (usually a 6- or 7-year average) for each of the Cape Thompson
colonies, Cl1-C5. We had to assume that our pooled-estimate CV accurately
describes within season variability in different colonies and years, though it
is in fact based on a rel#tively small subset of the data in 4 years.
Confidence intervals for grand mean colony size (colonies C1-C5, respectively)

were computed as follows:
95% C.I. = grand mean + t0-05[qo—1] (s[f;;)

where s is the product of the grand mean for a colony and our poqled estimate
CV. Note that we used the sample size ng for estimating the standard error
of the grand mean. That is, we used the sample size associated with the
estimate of daily variation, rather than the number of years entering into the
computation of the grand mean. Any of the several annual measures of colony
size lying outside the 95% C.I. for the grand mean would exceed the deviation

expected due to variability of boat-based counts within years.

Due to the hybrid character of this statistical procedure (i.e., using
estimates of variance from one source to test the significance of differences
obtained from other sources) the results must be interpreted cautiously. The
method provides at least an approximate significance test, however, and a
reasonable basis for assessing annual variation in population sizes at Cape
Thompson in light of what is known about variation within years. We believe
the tests are conservative because: (1) there was some averaging of n 2
counts per plot in arriving at the single measures of colony size for each
year studied, whereas the test assumes no replication, and (2) counts within a
given colony sometimes required more than 1 day to complete, which would also

reduce the effect of daily variation by an undetermined amount.
In 1960, Swartz' field crews separated the two murre species in their plot

counts (Appendix G). Subsequent attempts to count both species from boats

have not been successful. However, in 1988 we assessed Common and
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Thick-billed Murre numbers separately at all land-based plots in Colonies
2-5. Assuming our plots provided a representative sample of habitat in each
colony, we use these data to indicate the present species composition at Cape
Thompson. We tested for significant changes in species composition by‘
averaging the 1988 Thick-billed Murre ratios from each colony's replicate
counts and comparing our mean to the single-estimate ratio from 1960 using the
appropriate t-test (Sokal and Rohlf 1981). All ratio data were arcsine

transformed initially.

Mean per annum percentage changes (r) in the murre population were

calculated using an exponential model:

where No is the initial population size and Nt is population size at time

t.
4.2.2.2. Black-legged Kittiwakes

Plot counts for between-year comparisons of kittiwakes were treated using
the criteria already described for murre counts. In addition, we attempted to
standardize all kittiwake counts as counts of individual birds, not pairs or
nests. Previous studies (Springer et al. 1985b) have converted nest counts
from 1960 and 1961 to estimates of bird numbers by doubling the nest count.
We converted nest counts to an estimate of individual bird numbers by
ﬁultiplying the nest count by 1.4, the mean ratio of individual birds to nest
numbers during boat-based counts at colonies 2, 3, 4 and 5 in 1979, 1982, and
1988. As noted above, several kittiwake census counts have occurred outside
of the census period. For the 1988 boat-based counts obtained after the
census period, we multiplied the raw counts by 1.31, a correction factor
determined by comparing the daily attendance counts of land-based plots at
Colony 3 (Fig. 2.13a) on 10 August (the day of the boat-based census) to the

census mean for those plots.

Yearly colony totals were evaluated for population trends using Spearman

and Pearson correlations with two-tailed significance tests. Variation
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attributable to daily (within-season) patterns was estimated as described
above for murres using replicate counts available from colonies 2 and 4 in

1979.
4.3. Results
4.3.1. Common and Thick-billed Murres

From count data presented in Appendix G, we obtained an estimated total of
murres present in each colony during each year of study since 1960 (Tables
4.3-4.9). The specific plots and numbers of counts on which these totals are
based are indicated. Column totals in Tables 4.3-4.9 are the basis of our

analysis of population trends.

Correlation analysis revealed negative trends in murre attendance at all
colonies between 1960 and 1982 or 1988, significantly so for colonies 1, 2 and
5 (Table 4.10). Declines were not uniform among colonies throughout this
period, however: colonies 1 and 2 showed significant declines between 1960 and
1977 (Table 4.11), while colonies 4 and 5 were significant between
1976-1982/88 (Table 4.12). Colony 3 showed no significant trends over any
time period. Colonies 1, 2, 3 and 5 exhibited the greatest apparent decrease
in murre numbers between 1960-1976/77, but colony 4 did not begin to decline
until after 1979 (Figs. 4.1-4.5). Comnsidering all colonies except colony 1
(i.e., summing all plot totals from colonies 2, 3, 4 and 5) murre numbers
declihed significantly between 1960 and 1988 (rs=—0.900, P=0.04; r=-0.9570,
P=0.01) (Fig. 4.6). The trend was significant between 1960 and 1979
(rs=—1.00, P<0.001; r=0.99, P=0.11), but nonsignificant from 1979 to 1988
(rs=—0.500, P=0.67; r=-0.484, P=0.68). '

The daily coefficient of variation of murre attendance based on replicate
count data was 25.8% (n°=3) for all data, and 27.1% (no=6) using only data
that had >4 replicate counts (Table 4.13). We used the latter CV to compute a
standard deviation and 95% C.I. for each colony grand mean. Most census
counts fell within the 95% confidence intervals thus calculated (Figs.
4.1-4.6). However, the 1960 census count was outside the 95% C.I. for all

colonies, as were the 1979 counts in colonies 1 and 5 and the 1988 count in
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Table 4.3. Summary of boat-based census results from Cape

Thompson - Colony 1 murres.?

1960 1961 1976 1977 1979 1982
Plot X n X n ¥ n X n X n X n
1A 35 1 15 3 9 2 01 0 3° 0 3
(0 s5)d
1B,1cb 533 1 763 3 332 2 342 1 288 3 362 3
(301 5)
1D 721 1 678 7 282 2 390 1 392 3 338 3
. (368 5)
1E 2089 1 2294 3 954 1 1152 1 914 3 1117 3
(1046 5)
1F,16S 773 1 902 3 508 2 570 1 501 2 568 3
) (499 &)
1H 36 1 30 3 34 2 16 1 0 3 19 3
(0 5)
11 01 o 3 0 2 01 0 3 0o 3
o 0 5)
Total® 4186 4,682 2119 2470 1995 2404
(2214)

2 No census counts were completed in 1978 or 1988.

b Plots 1B and 1C were counted separately, but observers
had difficulty distinguishing plot boundaries between them, hence
they were combined.

C These two plots were counted together in 1979, so are
combined here in all years.

d The census period probably extended to 11 Aug. Numbers in
parentheses include counts after that date.

€Total calculated using all plots.

102



Table 4.4. Summary of boat-based census results from Cape Thompson -

Colony 2 murres.2

1960 1961 1976 1977 1979 1982 1988
Plot X n X n X n X n X n X n X n
2A1 36 1 -c 5 1 9 1 8 1 14 2 28 1
2A2 50 1 -C. 29 1 23 1 30 1 16 2
2B 159 1 -c 145 1 125 1 154 1 129 2
2C 1182 1 667 1 512 1 723 S 762 2
(760 7)d
2D 83 1 75 1 152 1 156 1 225 1
2E 2472 1 900 1 1677 1 1405 1 1635 1
2F 780 1 430 1 837 1 580 1 505 1
2G 3437 1 1295 1 2867 1 1740 1 1677 1
28 4113 1 2020 1 2500 1 2105 1 1935 1
21 2650 ‘1 1025 1 1747 1 1125 1 1402 2
2] 2870 1 1325 1 2415 1 1475 1 1720 1
2K,2Lb 3593 1 2037 1 3160 1 1910 1 2230 1
2M 2802 1 2335 1 2000 1 1355 1 1700 1
2N 2265 1 525 1 1642 1 1345 1 1615 1
20 2762 1 1025 1 1962 1 1238 6 1680 1
(1384 8)
2P 1610 1 1255 1 1270 1 920 1 870 1
2Q 4077 1 1525 1 3025 1 1925 1 1975 1
2R 782 1 485 1 690 1 430 1 465 1
25,2TP 6836 1 6025 1 5630 1 3344 1 4090 1
(5724 2)e
2U 3315 1 3,20 1 2825 1 3225 1 2007 2 2165 2
2v 4575 1 3890 1 3347 1 3930 1 2405 1 2755 2
(3205 2)
2w 3355 1 2210 1 2215 1 1950 1 1860 1
2X 2525 1 1880 1 1177 1 2030 1 1590 1
2Y 3950 1 3465 1 3092 1 4195 1 2395 1
22 2300 1 1530 1 1647 1 1145 2 1720 1
2AA 1355 1 . 790 1 702 1 920 1 710 2
2BB 2005 1 2035 1 990 1 1247 6 1200 2
(1233 9)
2cc 1500 1 500 1 1162 1 1565 1 1220 1 990 1
2DD 5275 1 1647 1 1517 1 1800 1 1475 2
2EE 1450 1 750 1 650 1 797 1 540 2
(698 2)
2FF 817 1 445 1 440 1 615 1 465 2
2GG 450 1 -c 55 1 360 1 395 1
2HH,21Tb 480 1 -c 485 1 434 1 518 1 702 2
(514 2)
Totalf 75461 46175 52451 45905 42934
(47606)
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Table 4.4. Continued.

8 No census counts were completed in 1978.

b These plots were occasionally counted together, so have been combined
for all years here.

€ These plots were counted from land in 1961.

d Counts in parentheses include those made after 11 Aug, the end of the
census period.

€ Replicate count for plot 2T only.

f Total calculated using all plots except 2GG.
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Table 4.5. Summary of boat-based census results from Cape

Thompson - Colony 3 murres.2

1977 1979

1960 1961 1976 1982
Plot X n X n X n X n X n x n
3A 8 1 (234 1) 176 1 152 1 120 1 121 2
3B 900 1 (1072 1) 487 1 517 1 426 2 470 2
3C 100 1 550 1 480 1 305 1 195 1
3D 940 1 (1500 1) 635 1 552 1 477 1 555 2
3E 620 1 (1200 1) 530 1 564 1 395 1 502 2
3F 500 1 430 1 602 1 318 1 315 2
3G -c1 2300 1 1010 1 440 1 465 13
3H -c 1 700 1 565 1 478 1 485 1]
31 400 1 1450 1 772 1 250 1 425 1]
3J 29004 1 1275 1 2617 1 2920 1 1410 1]
3K 2600 1 1175 1 1585 1 317 1 790 1]
(3G+H+
I1+J+ . . :
K)J (6900 1)J (4964 1)3 (4395 1)J (3575 1)i
3L+M+
N+0P 3710 1 2242 1 2459f 4 2222 1i
(25698 6)
3P 1400 1 1300 1 1332 1 1290 1 1297 2
3Q+R+
sb 4660 1 2391 1 3649 1 2674 1 3260 1
3T+Ud 4700 1 1877 1 3232 1 2917 2 3185 2
3V 900 1 862 1 835 1 755 1 872 2
3w 450 1 (833 1) 558 1 660 1 477 & 457 2
(502 6)h
10154 11229

Totalk 15254 9796 12575

2 No counts were made in 1978 or 1988.

b These plots were combined in some counts for

so are combined for all years here.

€ These plots were counted from land.
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Table 4.5. Continued.

d Observer estimated 2900 murres on plot, but noted he
believed another 1000 to be present but hidden by ledges.

€ Rough estimate counted by 100's; not an accurate count.

f Replicate counts for plot 3M only.

g Includes replicate counts for plot 3M from after census
period (>11 Aug).

h Includes counts after 11 Aug.

i pPlot 3P was counted twice.

J In 1982 Springer et. al. (1985a) had difficulty distinguishing
boundaries between these plots and recommend combining them for
interyear comparison.

k Totals calculated using plots 3A-3F, and 3P-3W.
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Table 4.6. Summary of boat-based census results from Cape Thompson -

Colony 4 murres.@

1960 1961 1976 1977 1979 1982 1988

Plot X n» X n X @n X @ X m X n X n
hA 133 1 73 1 137 1 157 1 152 2 110 2 64 1
4B 638 1 527 1 265 1 547 1 578 2 212 2 310 1
4C 83 1 369 1 910 1 975 1 251 2 432 2 195 1
4D 370 1 287 1 165 1 135 1 178 2 115 2 90 1
IN 1190 1 1030 1 880 1 985 1 875 3 670 2 595 1
4F 600 1 540 1 335 1 310 1 168 2 260 2 195 1
4G 1555 1 1115 1 912 1 1012 1 847 3 732 2 615 1
4H 338 1 351 1 375 1 346 1 33 2 277 2 247 1
41 57 1 IV | 40 1 95 1 161 2 75 2 60 1
43 42 2 199 1 804 1 560 1 531 2 490 2 545 1
4K 205 2 135 1 125 1 131 2 102 2 60 1
4L 171 1 164 1 125 1 420 1 288 2 325 2 215 1
4M 835D 2 485 1 569 1 487 1 394 3 362 2 307 1
4N 281b 2 184 1 327 1 324 1 38 2 295 2 230 1
40 1 1 20 1 107 1 97 1 102 2 82 2 70 1
4p 614 1 498 1 490 1 657 1 581 3 517 2 255 1
4Q 172 1 156 1 260 1 165 1 188 2 257 2 245 1
4R 124 1 92 1 56 1 220 1 260 2 237 2 165 1
TotalC 7232 5423 5861 6681 5439 4791 3866

4 No census was completed in 1978.
b Includes counts which were listed as being "estimated."

C Total calculated without plots 4K, 4M, and 4N.
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Table 4.7. Summary of census results from Cape Thompson -

Colony 5 murres, land-based counts.

1960 1979 1982 1988
Plot x n x n X n X n
5A 947 1
5B 2654 1 912 1
5C . 870 1
5D 1700 1
S5E 3570 1 2015 3 1150 3
SF 990 1 446 3
(5E+5F)2 (4560 1)2 (1277 1)2 (2461 3)a
5G 4267 1 1835 1 1991 3
S5H 4275 1 1693 3
51 1350 1 640 1
5J i © 2100 1 o
5K 3687 1 1506 3
5L 1850 1 490 1 748 3 930 10
M 1700 1 702 1 835 1
5N 3650 1 1400 1 2285 1
50 3050 1 835 1 826 2
5P 3600 1 940 1 1191 2.
5Q 1762 1 900 1 744 2 833 11
SR 4350 1 1430 1 2023 2 1620 3
58 1925 1 738 2 817 2
5T 1122 1 1073 2
5U 875 1 440 1
SV 110 1 417 2
SW 70 1 568 2
5X - 1085 1
5Y 2225 1
52 475 1

8 S5E and SF were combined for the 1979 count.
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Table 4.8. Summary of boat-based census results from Cape Thompson -

Colony 5 murres.®

1960 1976b 1977 1978 1979 1982 1988
Plot X n X =n ¥ n X n X n X n X n
5A+B+
c+X¢ 1400 1 952 1 1909 1€ 965 1
5D+Y+
2¢ 3000 1 2472 1 1698 1 1215 1
5E+FC 1477 1 825 1 160 1
5G 1245 1 580 1 365 1
5H+IC 1745 1 865 1 690 1
5J 395 1 197 1 225 1
5K 860 1 750 1
5L 217 1 230 1 250 1
5M 445 1 452 1 265 1
5N 840 1 1040 1 890 1
50 375 1 380 1 180 1
5P 700 1 520 1 530 1
5Q 270 1 350 1 265 1
5R 420 1 470 1
5S 947 1 910 1 510 1
5T 1025 1 650 1 455 1
5U 170 1 230 1
5V 172 1 57 1 120 1
5W 145 1 140 1 110 1
5AA 4866 1 2390 1 1316 6 12201 1735 1
(1286 8)f
5BB 1150 1 475 1 400 1
5¢CC 1700 1 1010 1 770 1 230 1 ,
5DD 2950 1 1432 1 1115 2 1010 1
SEE 3100 1 2062 1 1720 1 1175 1
S5FF 4750 1 2710 1 2722 1
5GG 7650 1 3697 1 984 5 2550 1 2560 1
SHH 12100 1 5235 1 2865 1 4947 1 4015 1
511 7000 1 4885 1 21451 3230 1
5JJ 7400 1 1612 1 1082 2 1480 1
5KK 6175 1 2787 1 1920 1 2325 1
5LL 1175 1 1010 1 687 2 935 2 960 1
5MM 6750 1 3512 1 2220 1 2450 1
5NN 7350 1 4582 1 3135 1 2940 1
500 6000 1 2352 1 1255 1 2257 2 1710 1
5PP 4050 1 2327 1 1265 1 2280 1
5QQ 1425 1 1097 1 8651 1140 1
SRR 1725 1 1250 1 1375 1
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Table 4.8. Continued.

1960 1976b 1977 1978 1979 1982 1988
Plot X n X n X n X n X n X n X n
5BB+DDd 4100 1 1907 1 " 11201 1515
su+RR4 1420 1 1605 1 1240 1
SK+FFd 3750 1 33721 2410 1

Total® 31791 14684 7107 11909 10980

2 No counts were completed in 1961 or 1978.

b 1976 plots were counted 1976 plot designations, with no "special
area" conversion plots to convert them to Swartz' 1960 designations
(see Table‘h.9).

C These plots were counted together in some years, so all years were
converted tormatch.

d These plots were counted together in 1982, and the combinations
are listed here for other years.

€ Plot 5X was counted twice.

f Includes counts after end of census period.

€ Total calculated using-plots 5AA, 5GG, SHH, 5LL and 500.
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Table 4.9. Summary of boat-based census results from

Cape Thompson - Colony 5 murres using 1976 plot

designations.
1976 1977 1979 1982

Plot X n X n X n X n
SAA(1976) 1400 1 952 1909 1 965 1
SBB(1976) 3000 1 2472 1698 1 1215 1
5CcC(1976) 14467 1 5395 2761 1a 2275 1
5DD(1976) 2933 1 6675 4665 1 3485 1
SFF(1976) 11117 1 5940 4525 1
S5HH(1976) 10400 1 7730 3386 1P 6000 1
5KK(1976) 11533 1 9135 (4583¢) 1 7325 1
SLL(1976) 11267 1 8923 (5808¢) 1 6530 1
5NN(1976) 9300 1 7305 (4592¢) 1 5830 1
5QQ(1976) 2617 1 3055 (1928¢) 1 3420 1
SRR(1976) 1950 1 1737 1782 1 1470 1
Totald 79984 59319 43040

a4 Part of plot was counted 6 times.

b part of plot counted 5 times.

C Required use of estimates of special area attendance
for conversion to these designations.

d Total calculated using all plots.
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Figure 4.1. Murre population trends in Colony 1, Cape Thompson. Census
totals for all plots. Open circle represents data obtained after

standard census period.

112



70,000

60,000 (a)

MURRE NUMBERS

50,000

40,000

9,000

8,000

(b)
7,000

MURRE NUMBERS

6,000

1960 1970 1980
YEAR

Figure 4.2. Murre population trends in Colony 2, Cape Thompson. (a)
Census totals include all plots except 2GG. Open circle represents
data obtained after standard census period. (b) Census totals for
plots 2A1, 2U, 2V, and 2CC only.
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Figure 4.3. Murre population trends in Colony 3, Cape Thompson.
Census totals for plots 3A-3F and 3P-3W.
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Figure 4.4, Murre population trends in Colony 4, Cape Thompson.

Census totals include all plots except 4K, 4M, and 4N.
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Figure 4.5. Murre population trends in Colony 5, Cape Thompson.

Census totals for boat-based plots 5AA, 5GG, 5HH, 5LL, and 500.
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Figure 4.6. Combined murre population trends in:
1960-1982, and (b) Colonies 2, 4, and 5, 1960-1988.
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Table 4.10. Correlations between year and murre attendance at Cape Thompson,

1960 through 1982 or 1988.

Colony
Statistic 1a 2b 3¢ 4d s5e sf
Spearman rg -0.657 -0.771 -0.300 -0.750 -1.000 -0.700
P 0.156 0.072 0.624 0.052 0.0001 0.188
Pearson r -0.944 -0.810 -0.827 -0.683 -0.995 -0.897
P 0.005 0.050 0.084 0.091 0.065 0.039

a4 All plots in 1960, 1961, 1976, 1977, 1979, and 1982.

b plots 2Al1, 2uU, 2V, 2CC in 1960, 1976, 1977, 1979, 1982, and 1988.

C Plots 3A-3F, 3P-3W in 1960, 1976, 1977, 1979, and 1982.

4 pPlots 4A-4J, 4L, 4O-4R in 1960, 1961, 1976, 1977, 1979, 1982,
and 1988.

€ Land counts of plots 5E, 5L, 5Q, 5R, 5S in71960, 1982, and

1988.

f Boat counts of 5AA, 5GG, 5HH, 5LL, 500 in 1960, 1977, 1979,

1982, and 1988.
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Table 4.11. Correlations between year and murre

attendance at Cape Thompson, 1960-1977.

Colony
Statistic - 1a 2b 3¢ 4d
Spearman rg -0.600 -1.000 -0.500 -0.200
P 0.400 0.0001 0.667 0.800

Pearson r -0.966 -0.980 -0.833 -0.062
P 0.034 0.129 0.373 0.938

a All plots in 1960, 1961, 1976, 1977, 1979

and 1982.

b plots 2A1, 2u, 2V, 2CC in 1960, 1976, 1977,

1979, 1982, and 1988.

C Plots 3A-3F, 3P-3W in 1960, 1976, 1977, 1979,
and 1982.

d Plots 4A-4J, 4L, 40-4R in 1960, 1961, 1976,

1977, 1979, 1982 and 1988.
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Table 4.12. Correlations between year and murre attendance

at Cape Thompson, 1976-1982/88.

Colony
Statistic 12 2b 3¢ 4d 5¢e
Spearman rg 0.000 -0.600 0.400 ~0.900 -1.000
P 1.000 0.285 0.600 0.037 0.0001
Pearson r 0.227 -0.686 0.104 -0.926 -0.907
P 0.773 0.201 0.897 0.024 0.277

a All plots in 1960, 1961, 1976, 1977, 1979 and 1982.

b piots 2a1, 2u, 2v, 2¢cC in 1960, 1976, 1977, 1979, 1982

and 1988.

C Plots 3A-3F, 3P-3W in 1960, 1976, 1977, 1979 and 1982.

d plots 4A-4J, 4L, 4O-4R in 1960, 1961, 1976, 1977, 1979,

1982 and 1988.

€ Boat counts of 1976 plot designations; all plots in 1976,

1977 and 1982.
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Table 4.13. Replicate counts of boat-based murre plots

variation at Cape Thompson.3

used

to estimate daily attendance

1961 1976 1979 1982 1988
Plot X SD CVin X SD CVZan X SD CVZ n X SD CVin X SD CVin
1A 14 8 55.6 2 9 447.1 2
1B 248 112 45.2 2 138 10 7.5 3
1C 451 158 35.0 2 33311 3.2 2 301 94 31.3 50 223 59 26.2 3
1D 497 358 72.0 2 283 60 21.3 2 368 111 30.3 5 338 32 9.4 3
1E 1997 1262 63.2 2 1046 316 30.2 5 1118 197 17.6 3
1F 4 5 141.0 2 11 10 88.4 3
16 829 289 34.9 2 508 59 11.7 2 499 133 26.6 4 557 SO 9.0 3
1H 23 32 141.0 2 34 30 87.3 2 19 11 57.3 3
241 15 8 53.6 2
242 16 6 35.3 2
2B 129 9 6.6 2
2C 760 96 13.0 7 763 4 0.5 2
21 1402 60 4.3 2
20 1385 338 24.4 8 1680 354 21.0 2
2T 3723 1361 36.6 2
21 2008 506 25.2 2 2165 399 18.4 2
2y 3205 1025 32.0 2 2755 436 15.8 2
2z 1145 665 58.1 2 :
2AA 710 21 3.0 2
2BB 1233 150 12.2 9 1200 212 17.7 2
2EE 699 139 19.9 2
2°H 313 10 3.2 2 510 219 43.0 2
211 201 16 7.7 2 193 4 1.8 2
3A 122 97 79.7 2
3B 426 58 13.6 2 470 155 33.1 2
3D 555 14 2.6 2
3E : 395 28 7.22 503 11 2.1 2
3F 319 23 7.32 315 50 15.7 2
3H 478 95 19.8 2
M 975 285 29.3 6
3N 973 81 8.4 2
3p 1298 138 10.6 2
3T 1525 495 32.5 2 1695 35 2.1 2
3u 1393 555 39.9 2 1490 184 12.3 2
3v 873 67 7.7 2
W 502 154 30.7 6 458 25 5.4 2
4a 152 42 27.9 2 110 0 0.0 2
4B $79 10 1.6 2 213 46 21.6 2
4c 252 38 14.9 2 433 81 18.8 2
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Table 4.13. Continued.

1961 1976 1979 1982 1988
Plot X SD CVZan X SD CVZn x SD CVZ n X SD CVZn X SD CVZn
4D 179 16 9.1 2 115 21 18.4 2
LE 875 131 15.0 3 670 7 1.1 2
4F 168 81 48.0 2 260 14 5.4 2
4G 847 206 24.3 3 733 251 34.3 2
4H 344 38 10.9 2 278 152 54.8 2
41 61 20 32.5 2 75 14 18.9 2
4J S31 136 25.6 2 490 O 0.0 2
4K 131 41 31.3 2 103 11 10.3 2
4L 289 9 3.22 325 113 34.8 2
4M 394 96 24.2 3 363 39 10.7 2
LN 39 19 5.5 2 295 141 47.9 2
40 103 4 3.5 2 83 11 12.9 2
4p 581 104 18.0 3 518 202 38.9 2
4Q 144 105 72.7 2 258 25 9.6 2
4R 240 71 29.5 2 238 & 1.5 2
5X 1125 21 1.8 2
5AA 1286 695 54.0 8
5DD 1115 219 19.7 2
5GG 938 434 46.3 7 _
SHH 4948 507 8.2 2
5JJ 1083 513 47.4 2
SLL 688 336 48.9 2 935 35 4.4 2
500 2258 895 39.6 2

a4 Raw data presented in Appendix G.
b Plots 1B and 1C combined.

€ Plots 1F and 1G combined.
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colony 4.

Murre numbers declined by an estimated 47% between 1960-1982 (data from
colonies 1-5 combined), but the rate may have varied among colonies (Cl1=43%,
C2=59%, C3=26%, C4=47%, and C5=63%). The per annum rate of decline in murres
was 2.42% between 1960 and 1982, ranging from 1.85% in coiony 4 to 3.89% in
colony 5 (Table 4.14). There was no clear shift in per annum rates of decline
between 1960-1977 and 1977-1988, but the smallest decrease (1.65% PA) occurred
between 1982 and 1988 (Table 4.14).

Murre species composition differed significantly between 1960 and 1988
only in colony 5 (Table 4.15). Estimating species specific per annum
population changes by applying the species ratios to the 1960 and 1988
boat-based counts suggests that Common Murres declined at a slightly higher
rate (3.50%2 PA) than Thick-billed Murres (2.13% PA) (Table 4.16).

Annual changes in murre attendance were not significantly concordant among
colony totals (Friedman Test; X2=10.00, P=0.75, df=5), but tended to be
concordant among plots _within colonies (colony 1, X2=34.28, P<0.001, df=6;
colony 4, X2=87.47, P<0.001, df=17). Patterns of change on individual plots
are illustrated for colony & (Fig. 4.7).

4.3.2. Black-legged Kittiwakes

Our working totals for the number of kittiwakes present in each of the
colonies C2-C5 during all years of study since 1960 are indicated in Tables
4.17-4.21 (see Appendix G for a complete list of plot counts by colony and

year). No kittiwakes have nested in colony 1 during any year since 1960.

Kittiwake population changes showed no trends between 1960 and 1982 or
1960 and 1988, except in Colony 5, for which only 3 years' data are available
(Table 4.22). The pooled-estimate CV for replicate boat-based counts in 1979
was 14.4% (n°=2) (Table 4.23). Based on thig measure of variation, all
census totals were within the 95% C.I. of the grand mean for each colony
(Figs. 4.8-4.11). Annual changes in kittiwake attendance were significantly
_concordant among plots within colony &4 (X2=3h.1, P<0.001, df=7) (Fig. 4.12).
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Table 4.14. Murre population changes (% per annum)? at Cape Thompson.

Colony
Date Interval 1b 2 3c 4d se sf 58 xh  sp
1960-1982 -2.43 -2.531 -1,38 -1.85 -3.41 -4.36 -2.42 0.95
1960-1988 ~1.64]3 -2.21 -3.24 -3.73 -2.71 0.95
1960-1976 -4.17 -3.021 —2.73 -1.31 -2.81 1.18
1960-1977 -3.06 -2.12i -1,13 -0.47 -4 .44 -2.24 1.57
1976-1982 +2.13 -1.211 42,30 -3.30 -9.81 -1.98 4.97
1976~-1988 -2.263 -3.41 -2.84 0.81
1977-1982 -0.54 -3.931 -2.24 -5.39 -4.,10 -6.21 -3.45 2.05
1977-1988 -1.913 -4.85 -2.61 -3.12 1.54
1982-1988 +0.84] -3.51 -2.60 -1.34 -1.65 1.88

a2 Calculated using Ny = Noert; assumes uniform rates of
decrease over years.

b a11 plots.

C Plots 3A-3F, 3P-3W.

d plots 4A-4J, 4L, 40-4R.

€ Land-based plots 5E, 5L, 5Q, S5R, 5S.

f Boat-based plots 5AA, 5GG, 5HH, 5LL, 500.

8 1976 plot designations, all plots.

h Colony 5 estimates were pooled before calculating mean.

ian plots except 2GG.

j plots 2a1, 2u, 2v, 2cc.
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Table 4.15. Changes in murre species composition at Cape Thompson,

1960-1988.
19602 1988b
Colony ZTBMU %ZCOMU  nC ZTBMU %ZCOMU  n© td

1 81 19 4186 -
2 49 51 76828¢ INA 56 923 0.45n8
3 9 10 984 88 12 658 0.38n8
4 42 58 8987 53 47 1317 0.59ns
5 80 20 139637 91 9 4805 2.30*

2@ Data from tables presented in Appendix H except for Colony 2.

b pata from 1988 land-based plots (Appendix D).

C Total number of birds on which ratios were based.

d T_tests comparing mean species ratios; degrees of freedom

based on number of plots observed in each colony.

€ Data from Swartz (1966). This n was reported as the total

murre

attendance on the Colony, and may or may not have been the actual n

on which species ratios were based.
* P<0.05

08 pon-gignificant (P>0.05).
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Table 4.16. Species specific population decrease
of murres (% per annum) between 1960-1988 at

Cape Thompson.

Colony TBMU coMu
2a 1.94 1.37
4b 1.40 2.94
5¢ 3.04 6.20
Mean 2.13 3.50-

2 Calculated using species ratio data in Table
4.15 and murre attendance on plots 2Al, 2U, 2V,
and 2CC.

b Ccalculated using species ratio data in Table 4.15
and murre attendance on plots 4A-4J, 4L, and 40-4R.

C Calculated by using species ratio data in Table
4,15 for land and boat-based counts, and the
attendance on land-based plots 5E, 5L, 5Q, 5R, and 5S;

and boat-based plots 5AA, 5GG, 5HH, 5LL, and 500.
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Figure 4.7. Comparison of murre population trends on Colony 4 plots,
1960-1988.
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Table 4.17. Summary of boat-based census results from Cape Thompson -

Colony 2 kittiwakes (birds).

19602 19612 1976 1977d 1978e 1979 1982 19888
Plot X n X n X n X n X 0 X n X n X n
2A1 01 01 01 0 1 01 01
2A2 01 01 01 01 01
28 01 01 01 01 0 1
2C 01 01 01 01
2D 01 ob 1 01 6 1
2E 487 1 339b1 261 1 325 1
2F 381 1 3511 241 1 311 1
2G 176 1 134 1 212 1
2H 83 1 71b 1 36 1 78 1
21 188 1 110 1 206 1 216 1
2] 231 1 218P 1 138 1 234 1
2K 38 1 33 1
21, 587 1 249 1 505¢e 1
2M 676 1 513 1 544 1
2N 587 1 554b 1 31 1 362 1
20 111 1 45 1 107 2 131 1
2P 83 1 87b 1 43 1 56 2
2Q 438 1 203 1 254 2
2R 4 1 ob 1 8 1 12 1
28 126 1 85 1 114 1
2T 417 1 &sua0b 1 241 1 383 1
2U 1036 1 355 1 501 1 10291 475 1 703 1
2v 449 1 43P 1 185 1 “a14b 1 372 1
2w 301 1 148 1 211 1
2X 105 1 132b 1 40 1 108 1
2Y 196 1 ' 84 1 187 1
22 113 1 105b 1 28 1 78 1
2AA 63 1 22 1 70 1 87 1
2BB 8 1 7b 1 2 1 5 1
2CC 20 1° 1 1 18 1
2DD 119 1 119d1 79 1 153 1
2EE 140 1 39 1 78 1
2FF 13 1 11b 1 25 1
2GG 4 1 4 1
2HH+2I1C 17 1 21b 1 18 1 56 1 75 1
Using 1977 plot combinations:
2C+2D+
2E+2F 868 1 690 1 502 1 269 1 642 1
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Table 4.17. Continued.

19602 1961b 1976 19774 1978 1979 1982 19888
Plot X n X n X n X n X n X n X n X n
2G+2H+
21+2J 678 1 418 1 475 1 732 1
2K+2L+
2M+2N 1888 1 826- 1 709 1 -
20+2P+
2Q+2R 636 1 299 1 347 1 429 1
2S+2T 543 1 326 1 290 1 497 1
2V 1036 1 385 1 501 1 10291 475 1 703 1
2V+2W 750 1 333 1 373 1 583 1
2X+2Y 301 1 124 1 53 1 295 1
2Z+2AA 176 1 50 1 123 1 148 1
2BB+2CC 28 1 13 1 84 1 23 1
2DD+2EE+
2FF 272 1 194 1 256 1
2GG+2HH+ :
211 21 1 26 1 60 1
Totalf 1415 540 844 1212
Total8 6904 3236 3224 5235

a4 Swartz counted nests in 1960/1961. These have been converted to birds
by multiplyingrnests by 1.4 (ratio of birds to nests determined from 1979, 1982,
and 1988 data).

b Counts completed after the census period.

C These plots were combined in several years.

d 1977 plots were counted in combinations listed in bottom of table.

€ Plots 2K and 2L were combined. This count was considered poor -

because the boat was rocking heavily.
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Table 4.17. Continued.

f Total calculated using plots 2A1, 2A2, 2B-2C, 21, 20, 2U, 2AA, 2HH,
211.

8 Total calculated using plots 2E, 2F, 2H, 2J, 2N, 2P, 2R, 2T, 2V, 2X,
22, 2BB, 2DD, 2HH, 2II.
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Table 4.18. Summary of boat-based census results from Cape

Thompson, Colony 3 kittiwakes (birds).2

1960b 1961b 1976 1977 1979
PlotC X n X n X n X n X n
3A 01 od 1 01 0 1 2 1
3B 01 od 1 01 4 1 74 1
3C 18 1 24d 1 20 1 35 1 52 1
3D+3E+3F 73 1 69d 1 109 1 73 1 113 1
3H 526d 1 275 1 328 1 510 1
3G+31+
3J+3K+3P 1875 1 1624 1 3004 1
3L+3M+3N+30 322 1 250 1 219 1
3Q+3R+3S 322 1 296 1 256 1 515 1
3T+3U 203 1 146 1 79 1 244 1
3V+3W 50 1 55d 1 97 1 36 1 58 1
Totalf 666 660 483 1058

4 No plots were counted in 1978, 1982, or 1988.

b Swartz counted kittiwake nests. These were converted
into "individuals" by multiplying nest counts by 1.4 (determined
from 1979, 1982, and 1988 bird to nest ratios during census
counts on Colonies 2, 3, 4, and 5).

C Plots were combined for counting like this in 1977, so
all years here are converted for comparison.

d pPlots counted after census period..

€ Many birds were "loafers'" sitting on the edge of the plot.

f Total calculated using plots 3A-3F, 3Q-3W.
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Table 4.19.

kittiwakes (birds).

Summary of boat-based census results from Cape Thompson - Colony &

19602 1961 1976 19774 1978¢ 1979 1982 19888
Plot X n X n ¥ n X n X n X n X n X n
LA 330 1 (245)¢c1 121 1 249 1 156 1 284 1 289 1
4B 430 1 (379)¢ 1 80 1 2846 1 464 2 325 1 542 1
4C 525 1 (505)¢1 266 1 288 1 383 1 277f 2 405 1 164 1
4D 53 1 (52)c 1 15 1 22 1 55 1 18 1
4E 790 1 (560)¢1 265 1 479 1 481 2 511 1 732 1
4F (312)c 1 79 1 175 1 169 1 245 1 255 1
4G (658)¢' 1 155 1 380 1 375 1 406 1 576 1
4H 156 1 (148)¢1 107 1 283 1 177 1 144 1 135 1 170 1
41 354 1 (419)¢1 146 1 102 1 324 1 345 1 394 1 373 1
4J 230 1 (183)c 1 9% 1 101 1 116 1 134 1 100 1
4K 206 1 (197)c¢ 1 87 1 105 1 18 1 166 1 160 1
4L 287 1 (223)c 1 69 1 198 1 185 1 232 1 191 1
4M 119 1 (113)c 1 50 1 125 1 116 1 123 1 85 1
4N 209 1 (217)c 1 75 1 174 1 176 1 219 1 183 1
40 11 1 (1) 1 11 1 28 1 50 1 47 1 32 1
4p 60 1 (56)c 1 27 1 80 1 89 1 109 1 109 1
4Q 01 (0)c 1 01 4 1 9 1 9 1 22 1
4R 01 (0)c 1 01 2 1 2 1 01 8 1
Using 1977 plot combinations:
4A+4B 760 (624)¢ 201 1 429 1 533 1 620 1 609 1 831 1
4C 525 (505)¢ 266 1 288 1 383 1 27782 405 1 542 1
4D+LE 843 (612)¢ 280 1 4046 1 501 1 566 1 182 1
4F+4G >626h (970)¢ 234 1 420 1 555 1 S44 1 651 1 831 1
4H 156 (567)¢ 107 1 283 1 177 1 1644 1 134 1 170 1
41 354 (419)c 146 1 102 1 324 1 345 1 39 1 373 1
4J+4K+
4L+40 732 (617)c 263 1 283 1 432 1 53 1 'S79 1 483 1
4M+4N+
4P+4Q+ _
4R 388 (386)¢ 152 1 237 1 385 1 392 1 460 1 407 1
Totall 3541 4088 1369 2042 2789 2858 3232 3637

4 Counts were by pairs, which may have been an attempt to estimate nests.

Values here are 1.4 times the original counts (the ratio of birds to nests
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Table 4.19. Continued.

determined from census counts in 1979, 1982 and 1988 on Colonies 2, 3, 4,
and 5).

b Swartz counted nests. These counts were converted to birds by
multiplying by 1.4,

.° Land-based counts.

d plots were counted in combinations as listed in the second table.

€ In 1978, plots were counted after the census period.

f The cliffs containing 4C and 4D collapsed sometime between 1978-1979.

€ In 1988, plots were counted after the census period. The new counts
have been multiplied by 1.31, based on daily attendance counts of land-based
plots of Colony 3 (see Figure 2.13a).

h Ligted in field notebook as not being all birds on plot. See
Appendix Table G.54 (1960 Colony 4 kittiwake census).

i Total calculated using all plots except 4D and 4E.
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Table 4.20. Summary of boat-based census results from
Cape Thompson - Colony 5 kittiwakes (birds) using

1976 plot designations.2

1976 1977 1979
Plot X n X n X n
5AA(1976) 33 1 48 1 69 1
5BB(1976) 103 1 118 1 127 1
5CC(1976) 859 1 567 1 229 1
5DD(1976) 48 1 47 1 -b
5FF(1976) 452 1 352 1 -b
5HH(1976) 490 1 335 1 606 1
5KK(1976) 317 1 182 1 411 1
5LL(1976) 78 1 21 1 80 1
5NN(1976) 12 1 0 1 01
5QQ(1976) 4 1 01 01
5RR(1976) 6 1 2 1 01
TotalC 1932 1273 1522

a 1960, 1961, and 1988 data do not
exist in this format.

b Require mixing land and boat-based'
counts.

C Totals calculated using all plots

except 5DD(1976) and SEE(1976).
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Table 4.21.

results from Cape Thompson - Colony 5

kittiwakes (birds).

Summary of boat-based census

19602 19612 1979 1988
Plot X n X n x n X n
5A 1b 1 0 1
5B 100P 1 0 1
5C ob 1 1% 1
5D 172b 1 12 1
5E 283b 1 197b 1 221b 2
5F 11b 1 197b 1
5G 23b 1 45bd 1
5H ob 1 1 1
51 42b 1 1 1
5J 31b 1 1 1
5K 19b 1 57 1
5L g2b 1 68b 1 91b 8
5M 7P 1 9b 1
5N a4b 1 gsb 1
50 11b 1 7
5P 140b 1 128be 1
5Q 18b 1 32b 1 31b 8
5R 239b 1 81b 1 124b 2
58 58b 1 28b 1
5T 1b 1
5U 5b 1 0 1
5V ob 1 0 1
S5W ob 1 0o 1
5X 48b 1 678 1 55 1
5Y 164b 1 115 1
52 1b 1 115 1
5AA 147 1 12381 182 1 150f 1
5BB 175¢ 1 164 1
5¢cC 462¢ 1 31781 282 1
5DD 2418 1 152 1 170f 1
SEE 2388 1 23181 268 1
5FF 3438 207 1
5GG 3578 1 3508 1 379 1 347f 1
SHH 2348 1 212 1 236f 1
511 1758 1 2248 1 238 1
5JJ 278 1 24 1
5KK 2808 1 131 1
5LL 18 1 08 1 0 1 of 1
5MM 148 1
5NN 08 1 0 1
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Table 4.21. Continued.

19602 19612 1979 1988
Plot X n X n X n X n
500 08 1 08 1 0 1 of 1
5PP 08 1 0 1
5QQ 08 1 0 1
5RR 08 1 0 1
Totall 680 495
Totall 979 925 836

4 Swartz counted nests in 1960 and 1961. Those counts were multiplied
by 1.2 (land-based counts) or 1.4 (boat-based) to estimate birds present.
(Ratios determined from cénsus counts in 1979, 1982, and 1988 at Colonies 3,
4, and 5).

b Counted from land.

C Observers reported having difficulty distinguishing the boundary
between 5BB and 5CC. |

d 5G boat count = 40.

€ 5P boat count = 63.

f.Counted after census period. Raw counts were multiplied by 1.31 to
adjust the underestimate (based on daily attendance counts of land-based plots
on Colony 3. See Figure 2.13.a.).

g Counted after census period.

h Total calculated using land-based counts of plots 5E, 5L, 5Q-5S.

i Total calculated using boat-based counts of plots 5AA, 5DD, 5GG, 5HH,

5LL, 500.
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Figure 4.8, Kittiwake population trends in Colony 2, Cape Thompson.
Census totals for plots 2I, 20, 2U, 2AA, 2HH, and 2II. The 95%
confidence interval is between -295 and 2301 birds.
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Figure 4.9. Kittiwake population trends in Colony 3, Cape Thompson.
Census totals include plots 3A-3F and 3Q-3W. The 95% confidence
interval is between -211 and 1645 birds.
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Census totals include all plots except 4D and 4E. The 95%
confidence interval is between -865 and 6755 birds. Open circle
represents data obtained after standard census period.
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Figure 4.11. Kittiwake population trends in Colony 5, Cape Thompson.
(a) Census totals for boat-based plots 5AA, 5DD, 5GG, 5HH, 5LL, and
500. The 95% confidence interval is between -274 and 2138 birds. '
(b) Census totals for boat-based plots (1976 designations) except
SDD (1976) and 5EE (1976). The 95% confidence interval is between
-463 and 3615 birds.

140



Table 4.22. Correlations between year of census and kittiwakes

(birds) at Cape Thompson.

Colony
Statistic 2a 3b 5e s5d se
Spearman rg  -0.200  0.200  0.024  -1.000  -0.500
P 0.800 0.800 0.955 0.0001  0.667
Pearson r 0.083 0.251 -0.298 -0.998 -0.455
P 0.917 0.749 0.473 0.036 0.699

2 Includes counts of plots 2I, 20, 2U, 2AA, 2HH, and
211 in 1960, 1961, 1979 and 1982.

b Includes counts of plots 3A, 3B, 3C, 3D, 3E, 3F, 3Q,
3R, 3s, 3T, 3vU, 3V, and 3W in 1960, 1976, 1977, 1979 and 1988.

€ Includes counts of plots 4A, 4B, 4C, 4F, 4G, 4H, 41,
43, 4K, 4L, 40, 4M, 4N, 4P, 4Q and 4R in 1960, 1961, 1976, 1977,
1978, 1979, 1982 and 1988.

d Includes plots 5AA, 5DD, 5GG and SHH in 1960, 1979 and
1988.

€ Includes plots 5AA(1976), 5BB(1976), 5CC(1976), 5HH(1976),
S5KK(1976), 5LL(1976), SNN(1976), 5QQ(1976) and 5RR(1976) in |

1976, 1977 and 1979.
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Table 4.23. Replicate counts of boat-based
kittiwake plots used to estimate daily

attendance variation at Cape Thompson.2

. 1979

Plot X SD CV% n
20 109 9 8.6 2
2P 57 1 1.3 2
2Q 255 5 1.9 2
2T 384 25 6.5 2
2Y 188 16 8.7 2
4B 464 136 29.3 2
4 278 69 24.7 2
4E 482 163 33.9

2 Raw data presented in Appendix G.
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4.4, Discussion
4.4,.1. Common and Thick-billed Murres

Based on the evidence for trends in census totals and our aﬁalysis of
within- and among-year variation, murre populations at Cape Thompson declined
between 1960 and the mid-1970's. Our estimate of within-year variation in
murre attendance for boat-based plots (CV=27.1%Z) was above the range observed
on land-based plots (CV=6-25%, section 2.3.2.3), which presumably reflects the
greater variability expected for boat-based counts. Against that background
variation, the yearly changes in murre attendance in colonies 1, 2, and 5
between 1960 and the mid-1970's were greater than could be accounted for by
within year variation alone, but the decline was not uniform among colonies.
Colonies 1, 2, 3 and 5 all showed declines between 1960 and 1976, but colony 4
exhibited no clear trend until after 1979. Since 1976, changes in murre
numbers at colony 3 have been well within the limits of within-year variation,
and the overall decline in colony 3 was much lower-than in the other- four
colonies. The decline appears to have been greater in colony 5 than in any

other colony.

Combining information from all colonies, it seems that murre populations
at Cape Thompson have been relatively stable since 1979. Based on apparent
changes in species composition within the colonies, Common Murres declined at
a more rapid rate than Thick-billed Murres between 1960 and 1988. In future,
differential changes in the two murre species can and should be examined in

greater detail using land-based plots.

Declines of murres at Cape Thompson parallel changes observed at Bluff,
where murre numbers declined in the early 1970's, but have since been stable
(Murphy et al. 1986). Populations at Cape Lisburne remained essentially
unchanged between 1976 and 1981/83 (Springer et al. 1985c), whereas murres at
Cape Thompson appeared to decline between 1976 and 1982. Studies of murre
populations in the North Atlantic have found changes of between -28% and +12%
per annum (Hudson 1985), with declines of 3-7 % per annum occurring in Common
Murres over similar time periods to the Cape Thompson study [e.g., -3 % per

annum between 1962-1970 at Handa Island, Scotland (Cramp et al. 1974); -7 %
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per annum between 1950-1974 at Stora Karlso, Sweden (Hedgren 1975); both cited
in Hudson (1985)]}. Thus, population changes observed at Cape Thompson, Cape

Lisburne, and Bluff are probably within the range of natural variation in

murres.

If murres from Cape Thompson and Cape Lisburne winter in the same area of
the southeastern Bering Sea (Shuntov 1972; Divoky 1978), mortality during the
non-breeding season should be similar for these two populations. Thus, any
difference in population trends between Cape Lisburne and Cape Thompson would
arise from factors affecting mortality or reproductive success during the
breeding season. Springer et al. (1985a) surmised that murres generally have
higher breeding success at Cape Lisburne, but few quantitative data are

available.

Mufres from Cape Thompson and Cape Lisburne apparently track local prey
sources throughout the breeding -season. Cape Thompson murres feed S-SW of
Cape Thompson throughout June-July, shifting to the NW in August, when they
fly at least 60 km from the colonies to forage (Chapter 5; Springer et al.
1985a). Murres from Cape Lisburne feed NE of the colony in June-July, and
tend to forage N-NW of Cape Lisburne in August (Springer et al. 1985a). 1If
one or more of the following hypotheses is true, murres at Cape Lisburne would
be expected to have greater productivity than murres from Cape Thompson: (1)
the region NE of Cape Lisburne is more productive than Cape Thompson feeding
grounds, (2) the region NE of Cape Lisburne provides shallower, more suitable
habitat for sand lance than areas near Cape Thompson (Springer et al. 1985a),
(3) the region NE of Cape Lisburne acts as a "prey trap"” because of
countercurrent eddies (Chapter 5), or (4) murres from Cape Lisburne are closer
to their foraging grounds and therefore use less energy and spend less time
away from their breeding sites while foraging. There are observations
consistent with some of these ideas. Springer et al. (1985a) saw numerous
foraging flocks of kittiwakes in the embayment NE of Cape Lisburne, suggesting
an abundance of sand lance there. That area has a larger expanse of the
coastal temperature regime associated with the primary prey species of murres

than occurs near Cape Thompson (Chapter 5).
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4.4,2. Black-legged Kittiwakes

The Black-legged Kittiwake population at Cape Thompson, in contrast to
murres, remained relatively stable from 1960 through 1988, especially if
counts from 1976 are excluded. In 1976, kittiwakes did not build nests, and
their daily attendance was extremely variable (Springer and Roseneau 1977;
Springer et al. 1985a). Thus, the low attendance in 1976 (and possibly 1977)
was attributable to facters other than population change. All between-year
fluctuations of kittiwake numbers were within the range expected within years,
and our pooled-estimate CV. for boat-based counts (1l4.4%) was within the range
of CV's calculated for land-based plots in 1988 (4-42%). A significant trend
in kittiwake numbers was found in colony 5, but the decline was small and

possibly an artifact of small sample size (n=3 years).
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CHAPTER 5. THE DISTRIBUTION OF SEABIRDS AND THEIR PREY IN RELATION TO
OCEAN CURRENTS IN THE SOUTHEAST CHUKCHI SEA

5.1 Introduction

The southeast Chukchi Sea (Fig. 5.1) harbors a large and diverse seabird
fauna during summer months. In the Bering Strait, about one million
planktivorous Least, Parakeet, and Crested Auklets (Aethia pusilla, A.
m, and A. cristatella) and five other members of the Alcidae breed
on Little Diomede Island, foraging in locally productive waters and also
north into the Chukchi Sea (Drury et al. 1981). At Cape Thompson and Cape
Lisburne on the northwest Aliaska mainland, about half a million piscivorous
seabirds, mainly Thick-billed and Common Murres (Uria lomvia and U. aalge)
‘and Black-legged Kittiwakes (Rissa tridactyla), breed and forage on pelagic
schooling fishes around their colonies (Springer et al. 1984). Non-breeding
migrants like Short-tailed Shearwaters (Puffinus tenuirostris) move through
the Bering Strait into the Chukchi to take advantage of high production in
summer, while some terrestrially breeding species like phalaropes and jaegers
pass through the Chukchi Sea and forage en route to northern breeding grounds
or southern wintering areas. In total, some 25 species of marine birds,
including also Horned and Tufted Puffins (Fratercula corniculata and F.
cirrhata), and Glaucous Gulls (Larus hyperhoreus), regularly reside or
forage in the southeast Chukchi Sea during summer (Swartz 1967, Drury et al.
1981, Appendix Table 5.1).

Productivity in the southeast Chukchi Sea is elevated during summer
through several physical and biological mechanisms (Fleming and Heggarty
1966, Coachman et al. 1975, Springer et al. 1984). The dominant
oceanographic feature of the region is the movement of three major currents
north through the Bering Strait into.the Chukchi Sea (Fig. 5.1). The Alaska
Coastal Current, characterized by warm, low salinity waters, blankets the
‘nearshore zone as it constricts and surges north past Cape Prince of Wales,
winds back to the southeast and broadens into Kotzebue Sound, and constricts
again along the Alaska coastline from south of Cape Thompson to Cape

Lisburne. Bering Shelf and Anadyr Current waters converge at the Bering
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Strait to form a well-mixed core of cold, nutrient-rich, high salinity Bering
Sea water that dominates the south-central Chukchi, pushes eastward against
the Alaska Coastal Current north of Kotzebue Sound to Pt. Hope, and traverses
northwest towards the Arctic Ocean. Because of their differingiorigins and
water types, each current carries a unique mixture of nutrients, plankton,
and fish northward that add to, and stimulate, all levels of production in
the Chukchi Sea. Production is also enhanced through local mechanisms.
Retréating Arctic ice in June and July provides a broad band of ice-edge
habitat for plankton growth and associated predators, particularly Arctic cod
(Boreogadus saida), the most abundant fish in the southeastern Chukchi Sea
(Alverson and Wilimovsky 1966). Sandy substrates deposited nearshore by the
Alaska Coastal Current provide habitat for Pacific sand lance (Ammodytes
hexapterus) and the warm nearshore waters stimulate growth and production of
sandlance and other coastal fishes including saffron cod (Eleginus gracilis),
herring (Clupea harengus), and sculpins (Cottidae). Where the Alaska Coastal
and Bering Shelf Currents border, fronts may stimulate local production by
bringing nutrients and plankton to the surface (Springer et al. 1984).

There have been several previous studies on the feeding ecology of
seabirds and their foraging distributions in the southeast Chukchi Sea.
Swartz (1966) examined the diets of seabirds breeding at Cape Thompson and
summarized seabird censuses made from the MV 'Brown Bear' during the course
of oceanographic studies of the southeast Chukchi Sea in 1960 (Swar;z
1967). Three major aerial and ship-board surveys of the northern Bering and
southeast Chukchi seas were conducted in the 1970's (Divoky 1978, Springer et
al. 1979, Drury et al. 1981). More recent diet studies of seabirds at Cape
Thompson and Cape Lisburne have been integrated witﬁ previous biological and
oceanographic studies of the region to provide an overview of the dynamics of
seabird interactions with their prey in the southeast Chukchi Sea (Springer

et al. 1984).

As part of a study sponsored by the Minerals Management Service on the
breeding biology of seabirds at Cape Thompson, we further investigated some
aspects of seabird foraging ecology in the region. We collected murres and
kittiwakes at Cape Thompson to examine their diets, and conducted surveys at

sea to determine where birds were foraging in 1late August of 1988.
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Hydroacoustic surveys were conducted simultaneously to assess the density and
distribution of potential prey around the colonies, and seawater temperatures
and salinities were monitored to characterize water masses and foraging
habitats. Some data were also collected on seabird distributions around Cape
Lisburne and the Diomede Islands. These data are included here to help
assess the biological and oceanographic factors that are important in
determining the foraging distribution of seabirds in the southeast Chukchi

Sea.
5.2 Methods

Surveys for seabirds were conducted in the southeast Chukchi Sea from
23-28 August, 1988 from the U.S. Fish and Wildlife Service vessel MV
'Tiglax'. Initially, we planned to work in the area from 19 August to 3
September, but storms prevented us from paésing through the Bering Strait
until 23 August, and extreme winds (100+ km/h) prevented work from 29 August
to 1 September, and prompted an early departure on 2 Septembgr.A Moderate to
strong winds prevailed throughout most of the study period and limited the

collection and interpretation of some data (see below).

Except where noted otherwise, seabird censuses were conducted over 10-min
intervals from the flying bridge of the MV ‘'Tiglax' using standard methods
for recording species abundance and behavior (Gould and Forsell 1986). Exact
protocols varied depending on the type of survey being conducted (Table
5.1). When hydroacoustic surveys for fish were conducted simultaneously with
bird observations, all birds were counted in a 300 m wide strip directly in
front of the vessel and the exact time within the census period that birds on
the water were observed was noted (except for surveys 1 and 2 where the strip
width was reduced to 150 m, birds were counted over 2-min intervals, and only
birds on the water were recorded). Otherwise, all birds were counted in a
300 m wide strip to the left or right of ship's center depending on which
side offered the best viewing conditions (Gould and Forsell 1986). Four of
11 surveys were conducted as arcs around the breeding colonies at Cape
Thompson and Cape Lisburne (Table 1 and Fig. 5.2) to determine the directions
taken by birds flying to foraging areas. Only flying murres were counted on

the first of these arcs (survey 4) because of poor lighting conditions, and
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Table 5.1.

Details of surveys, and numbers and densities of

in August, 1988.

seabirds observed on surveys in the southeastern Chukchi Sea

All birds On water
Survey Survey Area Survey
no. Date period (km2) no. no./km? no. no./kmZ type2
1 23 Aug. 1425-1845 8.0 - - 58 7.3 I,H
2 23 Aug. 2140-2340 7.4 - - 17 2.3 0,H
3 24 Aug. 0725-1555 42.6 452 10.6 27 0.63 O
4 24 Aug. 1025-1135 6.5 570 87.7 - - I,A
5 25 Aug. 0815-1020 11.6 2033 175.3 16 1.4 I,A
6 25 Aug. 1045-1315 . 13.9 675 48.6 S5 4.0 I
7 25 Aug. 1915-2130 12.5 584 46.7 20 1.6 I
8 26 Aug. 1310-1425 6.9 695 100.7 11 1.6 I,A
9 26 Aug. 1505-1650 9.7 1394 143.7 24 2.5 I,A
10 27 Aug. 0830-1900 49.9 1450 29.1 77 1.5 0,H
11 28 Aug. 0840-1840 55.5 3874 69.8 650 11.7 I,H
Total or Mean 224.5 11802 53.7b 955 9.0

survey conducted simultaneously.

b Arcs around colonies excluded from calculation.
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censuses were conducted over 5-min intervals on the remaining arcs.
Observations of murre flight directions were also made from the cliffs at
Cape Thompson between 28 July and 21 August. The numbers of murres flying
within 45 degree arcs of 360 degree compass bearings were recorded on

one-hour watches in late afternoon.

On all surveys, sea surface (3 m) temperatures and salinities were
monitored using a continuously recording thermosalinograph (Tsurumi Seiki
Model 305861, Yokogawa Hokushin Electric Co.). On surveys 1, 3, and 10,
water temperature profiles were obtained at the indicated stations (Fig. 5.2)
using a conductivity - temperature - depth (CID) recorder (Tsurumi Seiki
Model 01930 In-situ Water Quality Monitor, Tsurumi Seiki Company Ltd.,
Yokohama, Japan). Additional information on wind speed and direction, sea
state, observation conditions, and position were noted at the beginning of

each census period (Gould and Forsell 1986).

Hydroacoustic surveys were conducted using a BIOSONICS Model 102
Echosounder and hull-mounted (at 5 m below the surface) 120 kHz dual-beam
transducer. Transmit power was set at 217 dB, gain at -125;h dB, bandwidth
at 5 kHz, trigger interval at 0.5 sec, and pulse width at 0.5 msec for all
surveys. Fish echo signals were integraﬁed in real time over 2-min and 10-m
depth intervals using a BIOSONICS Model 121 Digital Echo Integrator with 20
LogR amplification. Signals were integrated in relative voltage units,
downloaded onto a microcomputer, and later analyzed to obtain absolute fish
density and abundance estimates. Surveys were recorded on a BIOSONICS Model
111 Thermal Chart Recorder with a threshold setting of 200 mv. Acoustic
signals were recorded using a BIOSONICS Model 171 Tape Recorder Interface and
Sony Beta Digital Video Recorder on three channels at both 20 LogR and 40
LogR amplifications. Integrations of echo signals in the upper 10 m of the
water column were not used to calculate fish densities because rough seas

produced excessive surface noise.

Presuming that most of the fish targets observed were Arctic cod (see
Results and Discussion), a target strength (TS) of -64 dB/g was calculated
from regression equations for fish with swimbladders (Thorne 1983, Foote

1987). In situ measurements of Arctic cod TS's in Lancaster Sound, Canada,
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indicate this is a reasonable estimate (Rick Crawford, pers. comm., Dept. of
Fisheries and Oceans, Winnipeg), and is very close to TS's determined in gituy
for capelin (Mallotus yvillosus) and Atlantic cod (Gadus morhua) in eastern
Canada (Rose and Leggett 1988, Dan Miller, perg. comm., Dept. of Fisheries
and Oceans, St. John's). The only other common forage fish likely to have
been encountered in August was sand lance .(Springer et al. 1984). There are
no published estimates of sand lance TS's, but because they do not have
swimbladders, it is likely that TS's are about 10 dB lower than those of
Arctic cod (Rose and Leggett 1988). This would lead to an underestimate of
sand lance densities on our surveys because we used Arctic cod target
strengths for estimating fish densities, but this source of erfor probably
occurred only inshore where sand lance reside around Cape Thompson (Springer

et al. 1984).

Murres and kittiwakes were collected for diet studies by shooting birds
as they flew in to the colony from offshore. Birds were weighed and the
amount of subcutaneous and mesenteric fat was estimated visually (scale
0-3). Stomachs and gizzards were removed and stored in 50% ethanol solution
for later examination. Stomach contents were sorted and identified in the
laboratory using appropriate taxonomic keys and reference material (by Alan
Springer, Institute of Marine Science, Univ. of Alaska, Fairbanks). The
sizes of most fish prey recovered were reconstructed from regressions of fish
length on otolith length and from fish weight on fish length (see Springer et
al., 1984, for details).

The apparent size of fish and seabird aggregations can depend on the
spatial scale at which they are measured, and correlations between birds and
prey can also be scale-dependent (Schneider and Piatt 1986, Piatt 1989).
Therefore in the following analyses, correlations were examined over a range
of scales from the minimum scale of measurement (e.g., 2, 5, or 10 min,
depending on the survey, where time is equivalent to distance traveled; e.g.,
1 min = 0.3 km at a ship speed of 10 kts.) .to larger scales (e.g., 10, 20,
40, or 80 min, depending on the total length of the survey and leaving at
‘least four data points for measuring correlations). Similarly, correlations
between fish or birds and gradients in sea surface temperature or salinity

were examined at differing spatial scales. Gradients were calculated by
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lagging temperature or salinity measurements by one measurement interval
(e.g., 10 min) and taking the absolute value of the difference between
‘successive observations as the gradiemt. All correlations between birds,
fish, and gradients were measured wusing Spearman rank correlation

coefficients.
5.3 Results

5.3.1 Bering Strait

Two surveys were conducted in the Bering Strait area while en route to
Cape Thompson (Table 5.1). The first survey (No. 1) crossed the strait from
Cape Prince of Wales on the tip of the Seward Peninsula to Little Diomede
Island (Fig. 5.2). Continuous records of sea surface temperature and
salinity and periodic CID profiles revealed a marked temperature-salinity
gradient froin east to west and a thermocline at a depth of about 30 m (Fig.
5.3). Zooplankton were concentrated just above the thermocline, and fish
densities of up to about 2 glm3 were recorded in the 10-30 m layer (Figs.
5.3 and 5.4). The total abundance of fish in this layer was estimated at

21.8 mt/km?.

The density of seabirds on the water was higher than observed on all
subsequent surveys except for the coastal survey (No. 11) at Cape Thompson
(Table 5.1). In decreasing order of abundance, Parakeet Auklets, Common
Murres, Tufted Puffins, and Glaucous Gulls accounted for 74% of birds
observed on the water. At the minimum measurement scale of 0.36 km, and over
larger scales (up to 9 km) there were no strong correlations between total
birds and fish densities in any depth strata. The surface layer (5-10 m) was
excluded from this analysis because surface signals were due to turbulence
rather than fish echos. The ‘'density' of signals in the uppermost stratum
was significantly correlated with wind speed (r=0.85, P<0.0001) and sea state
(r=0.77, P<0.0001). Correlations between Common Murres and fish increased
with measurement scales up to 9 km, where murres were positively correlated
with fish density in the 10-20 m stratum (r=0.90, p=0.09), and the 20-30 m
stratum (r=0.80, P=0.08). At the same scale, Parakeet Auklets were

negatively correlated with fish densities in the 10-20 m stratum (r=-0.46,
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P>0.10) and the 20-30 m stratum (r=-0.61, P>0.10). No strong correlations

were observed for any other species.

On the survey north from Little Diomede (No. 2, Fig. 5.2), there was
little variation in sea surface temperature (6-8° C) or salinity (30.6-31.3
ppt) from beginning to end. Average fish densities were between 0.04-0.15
g/m3 in the 10-40 m depth stratum and total fish abundance was about 2.30
mt/kmz. Few birds were observed, of which 75% were Least, Parakeet, and
Crested Auklets. Most auklets were observed within 10 km of Little Diomede
Island.

5.3.2 Crossing the Southeast Chukchi

On August 24, we crossed 'the southeast Chukchi from about 150 km
west-southwest to about 10 km south of Cape Thompson (Fig. 5.2). Sea surface
temﬁerature-salinity records and CTD profiles revealed that the survey
started in the tongue of Alaska Coastal water that extends about 200 km north
of Bering Strait (Fig. 5.1), crossed the broad band (ca. 80 km) of Bering Sea
water that intrudes toward Kotzebue Sound, and ended in the Alaska Coastal
Current (ca. 50 km wide). Hydroacoustic surveys ﬁere not conducted because
of excessive turbulence. Only 6% of birds observed were on the water, and
the density of flying birds was lower than on any other survey (Table 5.1).
Nonetheless, some patterns were evident. Parakeet Auklets and phalaropes (of
which 78%Z were identified as Red Phalaropes, Phalaropus fulicaria) were
associated with a front between Alaska Coastal and Bering Sea Currents (Fig.
5.5). Least Auklets and Short-tailed Shearwaters occurred in low densities
over Bering Sea waters and transitional waters between the Alaska Coastal and
Bering Sea Currents. Murres, kittiwakes, and Horned Puffins were largely
restricted to Alaska Coastal and transitional waters less than about 110 km
from Cape Thompson, the nearest breeding colony. No significant correlations

between birds and temperature-salinity gradients were found.
5.3.3 Radial Arcs around Cape Thompson and Cape Lisburne

Before attempting to 1locate seabird foraging aggregations near Cape

Thompson, we conducted radial arc surveys around the colonies at Cape
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Thompson and Cape Lisburne to see where most birds were fiying. Land-based
sﬁrveys at Cape Thompson indicated that whereas murres had been foraging to
the southeast and south of Cape Thompson in July and early August, a
pronounced shift in foraging flight direction to the west had occurred by
late August (Fig. 5.6). Radial surveys around Cape Thompson revealed that
most murres and kittiwakes were flying to the northwest on 26 August,
although a small proportion were flying southeast along the coast (Fig.
5.7). Horned Puffins flew mostly to the west and south of Cape Thompson.
Surveys around Cape Lisburne revealed that most murres and kittiwakes flew to
the northwest, north, and especially northeast. Again, Horned Puffins flew

to different foraging areas than murres and kittiwakes.
5.3.4 Offshore from Pt. Hope to Cape Lisburne

With evideﬁce from the radial arc surveys and-two coastal surveys (Nos. 6
and 7) that most bifds from Cape Thompson were flying to the west and north
of Pt. Hope, we conducted a survey to encompass potential foraging areas up
to about 90 km west and 110 km northwest of Cape Thompson (Fig. 5.2). Sea
surface temperature-salinity records and CID profiles revealed that the
Alaska Coastal Current was constricted to a narrow band about 30 km wide off
Pt. Hope (Fig. 5.8, CTD stations a-d), and was broader (ca. 40 km) off Cape
Lisburne (Fig. 5.8, CTD stations e-i). Temperature-salinity gradients were

stronger off Pt. Hope than off Cape Lisburne.

Fish densities and distributions varied markedly with hydrographic
conditions (Fig. 5.8). 1In shallow Alaska Coastal waters at Pt. Hope, fish
densities were relatively high (up to 23 g/m3) and most fish were
distributed near the bottom or in mid-water (Fig. 5.9). The average fish
density was 1.6 g/m3 and total fish abundance in the area averaged 35.5
mt/kmz. Moving offshore into the transitional zone between Alaska Coastal
and Bering Sea waters (between ca. 25-50 km off Pt. Hope), fish were
conspicuously absent at lower depths. Scattered zooplankton and very 1low
densities of fish were present in the upper water layers (Fig. 5.10),
presumably brought to the surface by strong upwelling. Further offshore in
Bering Sea water, moderate fish densities (1-2 g/m3) were again encountered

between 20-40 m. Both fish and zooplankton were concentrated just above the
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2° ¢ isotherm (Figs. 5.8 and 5.11). In transitional and Bering Sea waters,
fish densities averaged 0.073 g/m3 and fish abundance averaged 2.19
mt/km2 in the 10-40 m stratum. Upon returning inshore to Cape Lisburne,
fish densities declined again dramatically in the transition zone (ca. 40 km
wide) before rising again to much higher levels (up to 249 g/m3) near the
bottom inshore (Fig. 5.8). Fish densities in this area averaged 1.26_g/m3,

and total abundance averaged 11.5 mt/km2 in the 10-40 m strata.

At all spatial scales examined, fish dePSity was negatively correlated
with the strength of sea-surface temperature and salinity gradients, i.e.,
fish were scarce where Alaska Coastal and Bering Sea Currents diverged. At a
6 km spatial scale, negative corrélations between fish density and
temperature gradients were significant for two of four depth strata examined
(10-20 m, r=-0.33, P=0.08; 20-30 m, r=-0.45, P<0.05; 30-40 m, r=-0.45,
P<0.05; 40-50 m, r=-0.25, P>0.10). Negative correlations between fish

density and salinity gradients were generally weaker and insignificant;

The distribution of some seabirds reflected patterns of fish and
zooplankton distribution. The surface layer (<10 m) was excluded from this
analysis because surface signals were due to turbulence rather than fish
echos. The 'density' of signals in the uppermost stratum was significantly
correlated with wind speed (r=0.53, P<0.000l) and sea state (r=0.69,
P<0.0001). There were no significant correlations between numbers of murres
observed and fish density in any depth strata at any scale examined. As in
previous surveys, however, few (<3%) murres were observed on the water, and
the abundance of murres near Pt. Hope (Fig. 5.8), for example, may only
represent birds flying past Pt. Hope en route to other foraging areas rather
than an association (or lack of association) between murres and fish at that
location. However, murres on the water were strongly correlated at a spatial
scale of 6 km with fish density in the 10-20 m stratum (r=0.82, P<0.001),
20-30 m stratum (r=0.51, P=0.10), and combination of these strata (10-30 m,
r=0.60, P<0.05). Murres were poorly correlated with fish density at 30-40 m
(r=0.37, P>0.10) and 40-50 m depths offshore (r=0.44, P>0.10). Reflecting
the negative relationship between fish density and temperature salinity
gradients, the number of murres on the water was also negatively correlated

with the strength of sea-surface temperature (r=-0.79, P<0.05) and salinity
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Figure 5.11. Hydroacoustlc echogram recorded between stations 'd' and 'e' on