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ABSTRACT

I nvestigations of seabird population sizes and breeding biology were
conducted at Cape Thonpson from 1959 to 1961 during pre-devel opnent studies
associated with the Atomc Energy Commission’s “Project Chariot.” From 1976
through 1982, the Alaskan Quter Continental Shelf Environmental Assessnent
Program (0CSEAP) supported efforts to recensus seabirds at Cape Thonpson and
det ernmi ne whet her 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.

W established a field canp at the nmouth of Ikijaktusak Creek on 2 July
and occupied it continuously until 31 August 1988.  Permanent study plots
were selected for cliff nesting species in four of the five discrete colonies
conprising the Cape Thonpson conplex, and regular observations were made
t hroughout the study 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. Shor e-based work
was suppl enented with of fshore studies of seabird foraging from the USFWS
vessel Eagle-Tiglax, 24-31 August (Fig. 2).

Correlation analysis reveal ed negative trends in murre attendance at all
Cape Thonpson col oni es between 1960 and 1982 or 1988, significantly so for 3
of the 5 colonies. Based on apparent changes in species composition within
the col onies, Common Murres declined at a nore rapid rate than Thick-billed
Mirres between 1960 and 1988.  Conbining information from all colonies, it
appears that nurre popul ati ons have been relatively stable since about 1979.
In contrast to nurres, the kittiwake popul ation showed no significant trends
bet ween 1960 and 1982 or between 1960 and 1988. Al fluctuations in
kittiwake numbers documented between years were within the variability
expected within years. Breedi ng productivity of nurres 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 nostly on arctic cod and sand |ance distributed
wi dely but in low concentrations .(e.g., 0.1-10 g/m3) UP to 120 km north and



nort hwest of Cape Thonpson. In the total area surveyed (225 kmz), only two
maj or feeding aggregations were observed where fish school densities exceeded
15 g/i ns. Forage fish densities were higher in shallow A aska Coastal
Current waters than offshore in Bering Sea waters, and piscivorous seabirds
like nurres and kittiwakes fed nostly in coastal waters. Reduced nunmbers of
fish in murre and kittiwake stomachs in August and | ow breedi ng success of
kittiwakes suggested that forage fish densities observed around Cape Thonpson
in late August were sufficient to sustain nurres but were insufficient for,
or inaccessible to, kittiwakes.

The breeding failure of Black-legged Kittiwakes at Cape Thonpson in 1988
was part of a pervasive syndrome of failure in this species observed
throughout the Bering/Chukchi seas and Qulf of Alaska in recent years. The
causes of recurrent w despread breeding failure need to be identified if
kittiwakes are to have a role in area-w de population nonitoring during the
period of Al askan 0Cs devel opment by the oil and gas industry.

The system of |and-based plots established in 1988 is recomended for
future population monitoring of cliff-nesting birds at Cape Thonpson. Based
on the coefficients of variation anong counts observed in this study, it is
estimated that 10 replicate counts per year would detect an 8% change in
nunbers of Thick-billed Miurres between years and a 12% change in Common
Murres, With 75% certainty of statistical significance at the 0.05 level.
Simlarly, a 9% annual change in the population of Black-Iegged Kittiwakes
shoul d be detectable at the 0.05 significance |evel given sanples of 10
replicate counts of the |and-based plots.
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CHAPTER 1. | NTRCDUCTI ON

1.1 Ceneral Background

Seabird colonies in Al aska contain nore than 40 million birds of 30
species, and sone of the largest colonies are associated with the productive
waters of the Bering and Chukchi seas. Al though critical nesting and
foraging habitat of these birds has so far remained nostly free from
di sturbance or alteration there is a possibility of adverse effects on
either or both conponents of the birds’ environment from the exploration,
production, or transport of oil and gas in the region.

The Quter Continental Shelf (ocs) Lands Act (43 u.s.c. 1331-1356)
established federal jurisdiction over the subnerged |ands of the continental
shel f seaward of state boudaries. The Act charges the Secretary of the
Interior with the responsibility for adm nistering mneral exploration and
devel opment of the oc¢s. It also enpowers the Secretary to formulate
regul ations so that the provisions of the Act will be net. The 0CS Lands Act
Amendnents of 1978 established policies and procedures for managing oil and
natural gas resources of the OCS, including provisions for post-sale
monitoring in the Mnerals Minagement Service (MMS) program of environnental
st udi es. Seabird colonies are part of the nmonitoring program because they
are major conponents of Alaska marine ecosystens and because they may be
especially vulnerable to OCS activity. Further, many of the seabirds
occurring in the Bering Sea and Arctic Ccean mgrate along Pacific coasts and
are protected by conventions or treaties between the United States, Soviet

Union, Canada, Japan, and Mexi co.

In recent years, the MVM6 has sponsored efforts to nmonitor seabird
popul ations 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. Mtthew
and Hall Islands (Mirphy et al. 1987). [In 1987, studies at two |ocations on
St. Lawrence Island were co-sponsored by MMS and the U . S. Fish and Wldlife
Service (USFWS) (Piatt et al. 1988). The present report contains the results



of studies conducted at Cape Thonpson in 1988 by UsFwWs personnel under a
continued inter-agency agreement wth MMs.

Among all seabird colonies in Alaska, those at Cape Thonpson 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 Al aska.
Beginning in 1976the Quter Continental Shelf Environnental Assessnent
Program (0CSEAP) supported efforts to recensus the seabirds of Cape Thonpson
and determ ne whether changes had occurred since Swartz’ work.  Springer et
al. (1985a,b) reported that the conbined popul ations of Comon and
Thick-billed Mirres (Uris aalge and U. lomvia) declined markedly between 1961
and 1976 and continued to decline through 1982 in some portions of the Cape
Thonpson conplex. The nunbers of Bl ack-1egged Kittiwakes (Rissa tridactyla)
showed no consistent trend over the same period but varied markedly anong

years. \Wen we revisited Cape Thonmpson in 1988, 6 years had passed since the
| ast efforts to census seabirds at the col onies.

W made counts of murres and kittiwakes conparable to previous boat-based
censuses at Cape Thonpson, and instituted a new |and-based system of study
plots following guidelines in Piatt et al. (1988). We al so collected
information on the breeding productivity and food habits of nurres and
kittiwakes and quantified sonme sources of variation in attendance that can
affect year-to-year trend analyses. Finally, with the support of the USFWS
vessel MV 'Tiglax', we conducted surveys of the distribution and abundance
of foraging seabirds and their prey in the Cape Thonpson region during late
August .

This chapter describes the objectives and general nethods enployed,
provides a description of the study area, summarizes previous studies at Cape
Thonpson and offers logistical information that may be useful to future
investigators working in this area. Chapter 2 presents popul ation census
data for nurres and kittiwakes obtained fromnewy established | and-based
plots. Chapter 3 provides information on breeding productivity; Chapter 4
sumarizes trends in popul ations and discusses inplications of murre and



kittiwake census data spanning 28 years at Cape Thonpson. Chapter 5
di scusses 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 inci dent al
observations of birds and mammuls are presented in Appendices A-F.  All
previous census data from 1960-1982 are listed in Appendix G

1.2 (oj ectives
The major objectives of this study were as follows:

1. Establish |and-based study plots for nonitoring murre and kittiwake
nunbers and pernmanently mark and photodocument them

2. Conduct Type II censuses of Thick-billed Murres, Conmbn Murres, and
Bl ack- | egged Kittiwakes (i.e., as per Birkhead and Nettleship 1980).

3. Estimate the annual productivity of murres and kittiwakes.

4. Determne the diets of adult nurres and kittiwakes foragi ng near Cape
Thonpson during July and August 1988.

5. ldentify inportant feeding areas of seabirds in the vicinity of Cape
Thonpson.

1.3 Study Area

The Cape Thonpson conplex of seabird colonies (68° 08'N, 166° 21'W)
consists of an n-kmstretch of cliffs where the Kemegrak Hills of the
west ern Brooks Range neet the eastern Chukchi Sea, about 39 km sout heast of
Point Hope (Fig. 1.2). Tundra slopes and hills with plateaus and buttes
characterize terrestrial habitat (Kachadoorian 1966). Bi ol ogical and
geol ogi cal aspects of the area have been described by Canpbell (1966),
Johnson et al. (1966}, Pruitt (1966), and WIIliamson et al. (1966). Al though
geographically part of the Arctic basin, oceanographic characteristics of the
Cape Thonpson region are dom nated by a strong northward barotropic fl ow of
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water fromthe Bering Sea (Flem ng and Heggarty 1966, Coachman and Aagaard
1981).

Weat her of the Cape Thonpson region is quite variable, and can be
extrene. Fog was frequent during the 1988 field season, especially during
periods with southerly winds. Wnds were light and variable in early July.
After md-July winds were nearly continuous and predom nantly southerly until
about 15 August, when they shifted to northerlies, a typical pattern reported
for the area (Allen and Weedfall 1966). Hi gh velocity surface winds from
northern quadrants have been reported for this region in other years (Allen
and Weedfall 1966, Springer and Rosenmeau 1977). In 1988, these winds reached
velocities of 90-190+ km h, and lasted up to 3 days. Wnds 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 Septenber (during which tinme,
about 75% of the annual precipitation falls--see Allen and Weedfal |l 1966).

Sea ice typically breaks up in the region by md-late June (Springer and
Roseneau 1978), but even after the ice pack retreats north of Point Hope, a
substantial anount (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 w nds, as well
as by discontinuities between offshore and coastal currents (Flem ng and
Haggerty 1966, Springer and Roseneau 1978). Once ice-free, the Cape Thonpson
region generally remains so until Novenber (Springer and Roseneau 1978).

Swartz (1966) described five distinct cliff areas (colonies) varying from
about 0.6-2.4 kmlong that are used by breeding seabirds (Fig. 1.2).
Together these cliffs conprise some 6.8 kmof the 1i.4 km of coastline from

Crowbill Point (Colony 1) to a point about 2.3 km northwest of Cape Thonpson
(Colony 4), where Imnapak Cliff (Colony 5) ends at the southern base of the
Point Hope Peninsula. Ciff elevations range from about 9-200 m above sea
level (Springer and Roseneau 1978, Murphy et al. 1980). Colonies 1 and 4
have the snallest areas” and Colonies 2 and 5 the largest; Colony 3 is
intermediate in size.

The rocks formng the cliffs of Cape Thompson are Mississippian
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sedi mentary |inestones and shal es that have been fol ded and shifted to
varying degrees anong the colonies (Canpbell 1966). The rocks of Colony 1
(Crowbill Point to Amaktusak Creek) have been fol ded 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
bi rds (Canpbell 1966, Swartz 1966, Mirphy et al. 1980). Colony 3, lying
bet ween Ikijaktusak Creek and Ibrulikorak Creek, has cliffs approaching 200 m
above sea level. This colony and Colony 5 are conposed of softer and nore
fragmented rocks than Colonies 1 and 2 (Canmpbell 1966, Mirphy et al. 1980),
contributing to frequent rockslides. Colony 4 (Cape Thonpson), between
Ibrulikorak Creek and Immnapak Cliff, has undergone noticeabl e habitat change
as a result of a mmjor rockfall that occurred sonetine between Septenber 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 npbst unstabl e strata. Rockfalls are common in Col ony 5,
and there was a nearly constant shower of small rocks and gravel along the

cliffs in 1988.

Ni ne seabird species breed on the cliffs at the Cape Thonpson col oni es.
In order of decreasing abundance (swartz 1966) they include: Thick-billed
Murres, Conmon Murres, Bl ack-legged Kittiwakes, Horned Puffins (Fratercula
coriculata), 3 aucous Gulls (Larus hyperboreus), Tufted Puffins (Fratercula
cirrhata) , Pelagic Cornorants (Phalacrocorax pelagicus), Black Quillenots
(Cepphus grylle), and Pigeon Guillemots (Cepphus columba). In 1960, about
93% of the birds present were nurres, 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), Gyrfal cons (Falco rusticolis), Peregrine Falcons (r.
peregrinus ), Snow Buntings (Plectrophemax 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), 1little was
known about the seabird colonies at Cape Thonpson. Swartz (1966) cited
several sources nentioning seabirds in the Cape Thonpson vicinity. Hooper
(1881, 1884) published notes from ship voyages in which he suggested that
Cape Thonmpson was a favorite canping area of local residents because of an
abundance of birds and eggs on the cliffs. Hudson (1957) observed |arge
flocks of seabirds around cliffs a few mles south of Point Hope, nost l|ikely
at Cape Thonpson.

Swartz’ 1959-1961 studies of seabirds at Cape Thonpson were conducted as
part of the Atom c Energy Commission’'s Project Chariot (Swartz 1966, 1967).
In an attenpt to determne the total populations of nmurres and kittiwakes in
the area, Swartz established boat-based plots that provided conplete coverage
of each colony. Twelve plots along the top of Colony 5 were counted from
land as well as fromthe water, and on some of the same plots observers were
able to differentiate between Thick-billed and Common Mirres. Birds on
Colony 5 plots were counted by 100’s, whereas others were counted by 10's.
Nunbers of Black-legged Kittiwakes were estimated from counts of nests at all
col oni es. Swartz also collected information on the breedi ng phenology and
success of npst species and on diurnal variation in attendance of nurres.
Finally, he collected norphonmetric and adult food habits data.

A variable set of swartz's census plots have been used by observers in
al |l subsequent studies. Springer and Roseneau (1977) censused nurres and
kittiwakes in 1976 on nost of Swartz' boat-based plots. They count ed
kittiwake adults instead of nests because few nests were built that year.
Mirres 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 nmany of the large boat-based plots. Cbservations were nade of
diurnal variation, breeding phenology, and nmurre foraging flight directions
(fromshore), and murres and kittiwakes were collected for dietary anal yses.

Springer and Roseneau (1978) returned to Cape Thompson in 1977 to repeat
censuses of adult nurres and kittiwakes. All plots were counted froma



boat.  They also recorded murre foraging flight directions fromshore and
collected birds for dietary analyses.

In 1978, Cape Thonpson was revisited briefly and adult kittiwakes and
kittiwake nests were counted at Colony 4 and on two plots i n Colony 2
(Springer et al. 1979). Both murres and kittiwakes were col |l ected for
dietary analyses, and flight directions were observed from shore and during
aerial surveys offshore.

Murres and kittiwakes (adults and nests) were conpl etely censused at all
five colonies in 1979 (Murphy et al. 1980). Aso, plots along the upper
portion of Colony 5 were counted fromboth |and and boats for conparison.
Additional information was gathered on diurnal attendance of murres, chick
growth rates and kittiwake breedi ng success. Murphy et al. (1980) al so
investigated the accuracy and precision of their counting nethods and -
assessed patterns of popul ati on change within and between seabird col onies at
Cape Thonpson. Results fromthe 1976-1979 studies were sumarized and
compared to Swartz' (1966) data by Springer et al. (1985b), and Springer et
al. (1984) reviewed nurre prey conposition and breedi ng phenology in light of
oceani ¢, meteorological, and sea ice cover data.

The nost recent census work prior to the present study was perforned 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
determne ratios of Thick-billed and Conmon Murres. Measurements of breeding
phenology, egg vol unes, and adult prey conposition were also collected.

1.5 General Methods And Rational e

1.5.1 Colony Studies

Seabird popul ation nonitoring , i ncl udi ng studi es of nunbers ,
productivity, food habits, and other aspects of breeding biology has
proceeded in Alaska with a measure of continuity since the md-1970"s.
St udi es have been conducted by a |arge nunber of different investigators,
with widely varying investnents of tine and effort at different colonies.



Inevitably, sone |oss of conparability anong data sets has occurred because
of different field schedul es and nethods

A protocol for nonitoring seabirds at colonies in the Bering and Chukch
seas was prepared during 1987, the first year of MMS/FWS col | aboration on
seabird nonitoring (Piatt et al. 1988). The protocol calls for two visits
annually to each of 6 or nore colonies distributed throughout the region
The first visit (approximately 2 weeks mid-season) is tined such that 5-15
daily counts of birds on plots are made during a census period which is
predeterm ned for each species and study site. Counts provide an annua
i ndex of population size and a standard neasure of breeding effort.
Productivity, the number of young surviving per unit of adult attendance on
the plots, is determned on the second visit (l-4 days near the tinme of
f1edging). Proposed study species include Black-legged Kittiwakes,
Thick-billed Murres, and Conmon Murres, With other species observed only a
second-priority basis

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

W established 25 | and-based census plots in four of the five colonies in
t he Cape Thonpson conmplex (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 |and-based counts due to a lack of sites visible safely from | and.
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 conbined total of all plots averaged 7769
murres and 1100 kittiwakes. Wth a base camp established at the south end of
C3 on the Ikijaktusak Creek (see below), all plots in C, C3, C4, and G5
could be visited and counted in 1 day by 2-3 people wthout boat
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transportation.

To conpare our |and-based counts with historical counts from Cape
Thonpson, we counted five of Swartz' (1966) |and-based plots at |east three
times fromland and all boat-based plots in C4 and €5 once from a boat during
the census period. W also photographed the entire Cape Thonpson conpl ex
from boat to update the 1960 photographs used for boat-based counting.

Additional studies of nurre and kittiwake attendance patterns, breeding
phenology, and productivity were conducted as described in Chapters 2 and 3.

1.5.2 Shipboard Studies

Whereas scab.ird popul ations are nost efficiently nonitored where they are
concentrated in breeding colonies, the most serious of potential inpacts from
oil and gas devel opnent are likely to occur in pelagic habitats. Federal
responsibility for regulatory management and inpact assessment during ocCS
devel oprment clearly includes the nmarine habitats of seabirds, but pertinent
studies to date are few in conparison with |and-based work. Since bird
studi es generally have been possible only on an incidental basis during
oceanographic cruises, many basic questions about seabird novements and
habitat requirements at sea remain unanswered. Therefore, to conplenent the
colony studies at Cape Thonpson in 1988, we conducted bird transects and
hydroacoustic surveys in adjacent waters over several days in |late August.
Several sem-circular surveys were conducted around the col onies at Cape
Thonpson and Cape Lisburne (Fig. 1.1) to determine flight directions of birds
from the col oni es. Inshore surveys running parallel to the coast were
conducted from Cape Thonpson to Point Hope, and from Point Hope to Cape
Lisburne. O fshore surveys running perpendicular to the coast were conducted
to the south and north of Cape Thonpson. Hydroacoustic and bird data were
obt ai ned on all these surveys, and water tenperature and salinity profiles of
the water colum were obtained on offshore surveys (Chapter 5).

1.6 Logistics and Basecamp

Cape Thonpson is geographically isolated and boat or air travel is
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required to gain access. W ferried personnel and equipnment in a chartered
Cessna 206 from Kotzebue to an old airstrip at the abandoned Chariot site
(Fig. 1.2). 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 longer airstrips across Ogotoruk Creek, but in
1988 they were in unusable condition. Use of these strips would al so have
created difficulties in transferring equi pment to the beach.

A basecamp Was established about 60 mfromthe beach on the north side of
Tkijaktusak Creek (Fig. 1.2). Equipment was transported by inflatable boat
(Zodiac Mark I'l, with Johnson 15 or 25 hp notors) between Chariot and the
basecamp Site. The basecamp | ocation allowed relatively easy wal king or boat
access to Colonies 2-5 wthout requiring spike-canps (although spike-canps
were set up for 24-hour plot counts, described in Part 2.1.1.2). Ikijaktusak
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
comruni cations with the selawik National Refuge O fice in Kotzebue, the
Selawik National Refuge Field Station, the Pribilof |slands, Adak, and
several field camps in the Aleutian Islands. For energency use, VHF aviation
or Citizens Band (CB) radios are preferable to marine band radios in this
region, because of regularly schedul ed service between Kotzebue and 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 extrene.
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, Wwhich becone quagmires after rain. Ikijaktusak Creek floods during
sustained rain storms, so canp sites in the valley should be located at |east
2 mabove the creek bed. After sea ice dissipates, boats nust be haul ed well
away from the water’'s edge and secured, and the beach kept clear of
equi pnent . Incoming swells fromthe S-SE typically cause topographi cal
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 extrenely conmon
along all cliffs, and are especially comon along the bases of Agate Rock
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(Col ony 3) and Imnapak Cliff (Colony 5).

Although we did not encounter problens with grizzly bears, they commonly
frequent the area (Appendix A) and previous researchers have had rafts
damaged by curious bears (E. C. Mirphy and A. M. Springer, pers. comm.).
Food shoul d be sealed in containers, kept away from sl eeping areas and camp
sites should be kept clean. It is also advisable to carry firearms or bear
repellant (such as Counter Assault'™ capable of dissuading aggressive
bears.
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CHAPTER 2. ATTENDANCE PATTERNS AND POPULATI ON COUNTS
OF MURRES AND KITTIWAKES

2.1 Introduction

Previous census work at Cape Thonpson (Swartz 1966, Springer et al.
1985a) has been largely conducted by counting seabirds on plots from boats
of f shore. These plots covered all occupied cliff areas and therefore
provided estimates of total nunbers in some years. However, because of the
time involved in counting these plets and the relatively few days conduci ve
to boat counts, conplete censuses of all colonies at Cape Thonpson have not
always been acconplished. Additionally,this method has generally produced
only one annual count of the plots during the census period, liniting the
application of statistical tests for detecting nunerical changes.

Seabird nunbers on breeding cliffs vary with tinme of day, stage of the
breedi ng cycle, weather, nest or site attendance, and food availability
(Gaston and Nettleship 19823 Tschanz 1983; Hatch 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 within a census
period, the probability of detecting yearly changes increases. To measure
the status of seabird populations (i.e., direction and magnitude of
popul ati on change), multiple counts of smaller | and-based plots spread
throughout the Cape Thonpson col onies woul d provide greater statistical
confidence in detecting changes than is possible using the established
boat - based plot system (Lloyd 1975; Wanless et al. 1982; Hatch and Hatch
1988, 1989). One potential failure of this approach, of course, is the
necessary assunption that sample plots are representative of the colony as a
whol e.

Here we describe the devel opment and censusing of |and-based plots at
Cape Thonmpson. We also quantify behavioral and environnental sources of
variation in attendance within years that affect the interpretation of

popul ation trend dat a.
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2.2 Met hods
2.2.1 Plot Counts and Attendance Patterns
2.2.1.1 Land-hased Plots

Mirres and Kkittiwakes were counted by establishing |and-based census
plots followi ng Type Il guidelines (Birkhead and Nettleship 1980), an
approach that has been used successfully to nonitor seabird populations in
other areas (Gaston and Nettleship 1981; Wanless et al. 1982; Harris et al
1983; Priatt and McLagan 1987; Hatch and Hatch 1988, 1989). W established 25
| and-based plots in Colonies 2-5 (Table 2.1). Plots were not chosen
randomy, but were instead based on their distribution within each colony,
safe access for observers, natural features to facilitate counting, and the
nunber of birds present. Plots 5-5J and 5-8N were equivalent to plots C5-L
and €5-Q respectively, wused by Swartz (1966) in 1960. Al plots were
phot ographed with a Polaroid 600 SE Professional Pack Film camera system and
pl ot 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 tines 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 sane
days also, but on different dates than Colonies 4 and 5. Counts of murres
and kittiwakes present within plot boundaries were obtained by observers
usi ng binocul ars and/or spotting scopes while in position at the observation
poi nt s. After counting the total nunber of nurres present, either
Thick-billed or Cormon Miurre nunbers were determ ned. Kittiwakes were
recorded as the nunbers of single birds and pairs present, and the nunber 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
becane evident the nunber of nests with chicks was recorded. Mirres and
kittiwakes that were transitory during counts (ie., | anding or |eaving) were
not  included. I[f  birds flushed while counting, observers waited
approxi mately 2-5 minutes before restarting

18



Table 2.1, Distribution and designations of |and-based census plots

established at Cape Thonpson, Alaska ‘in 1988.

Colony Pl ot Designation
1 None
2 2a-1bac, 2-28, 2-3¢C
3 3-1A, 3-2B, 3-2C
4 4~1A, 4-1B, 4-2C, 4-3D, 4-4E
5 5-1A, 5-1B, 5-1¢, 5-1D, 5-2E, 5-2F, 5-2G, 5-3H, 5-41,

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

a2 Denot es colony number,
b (bservation point number within col ony.

C Plot identifier.

19



2.1.1.2 Diurnal Variation in Attendance

Variation in murre counts attributable to diurnal attendance patterns was
quantified by two nethods, 24-hour plot counts and time-|apse photography.
Mirres 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). A7 h
interruption occurred during the second watch because of low |ight and poor
weat her conditions. Al times reported are Al aska Daylight Time (ADT).

Two 8—mm format tine [apse caneras (Minolta) in wood housings with
plexiglass front plates were placed to view portions of plots 4-2C and 5-1D
from17 July to 28 August. Quartz driven wall clocks were positioned to be
viewable in the frame, and intervaloneters released the shutter and advanced
the filmevery 4-5 mnutes. Devel oped film was anal yzed by counting the
nunbers of murres and kittiwakes in each countable frane.

2.1.1.3 Daily Attendance

Daily counts of nurres and kittiwakes were performed on all plots in
Col ony 3, weather permitting, between 8 July and 28 August. Counts of these
plots were shared anmong the four observers throughout the census period,
providing a basis to test for any mmjor differences anmong observers in census
count s.

2.1.1.4 Individual Site QGccupancy

The percentage of time that individuals spent at their breeding sites was
calculated follow ng Hatch and Hatch (1988, 1989). The occurrence of a
single bird or pair was noted during each check of the individually nonitored
sites on phenology plots for murres and kittiwakes (see below). Maximm
possi bl e attendance was determned by multiplying the known nunber of nests
or breeding sites by 2, and the percent attendance determned as a ratio of
that total. These data provided estimates of site occupancy rates for both
species of murres (breeders and nonbreeders conbined) and for active and
failed kittiwake breeders.
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2.2.2 Breeding Phenology

Breedi ng phenology of murres and kittiwakes was nonitored in sel ected
areas of Colonies 4 and 5. Individual sites were marked on sketches or
phot ographs and nonitored throughout the study for clutch size, hatching and
fl edging dates, and chick or egg |osses. [EQQ laying was nearly conplete in
all three species by the tine we arrived, so nonitoring 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
di sappearing. 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 fromforaging trips. In addition to diet analysis and other
nmeasurements  (Chapter 4), we assessed the birds’ breeding condition by
quantifying brood patch devel opment following Swartz (1966). Swartz grouped
brood patches into seven classes 06, wth O and 6 being the conplete absence
of any patch and 3 the maxi mum devel opment possi bl e.

2.2.3 Environnental Data

Envi ronmental conditions were recorded on nost days during the study.
W nd speed was estimated from sea surface conditions , and direction was
estimated by general conmpass  hearing. Ambient  maximum and mnimum
tenperatures were measured with a recording thermoneter. The presence or
absence of fog was noted, and cloud cover was estinmated as the percent
coverage of the sky. Sea surface tenperatures were neasured nearshore from
boat, and swell height and direction were estinated.

2.2.4 Data Analysis

Results presented in the text are neans +1 SD unless otherw se
speci fied. Simple statistical tests (i.e., some t-tests, Friedman's Test,
runs tests, etc.) were done on a hand calculator follow ng Sokal and Rohlf
(1981). More conplicated tests (ANOVA, multiple conpari SONS 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 tw-tailed tests.

2.3 Results
2.3.1 Environnental Conditions

\\eat her conditions throughout the 1988 breeding season were variable, and
days with fog, rain, or high winds were comon (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% (B<0.01). Southerly w nds were often
associated with fog, rain storns, and high seas. Northerly winds tended to
bring |ower tenperatures, and were sonmetimes of extrenely high velocity (Fig.
2.2¢c). We recorded 6.4 cmof rainfall, but this was undoubtedly an
underestimate, as nost rainfall was associated with w nds strong enough to
prevent accurate collection by the rain gauge. W estimate that at |east 15
cmfell during 13-26 July. These weather patterns were simlar to those
recorded by Allen and Weedfall (1966) between 1959-1961.

Wien we arrived in the area on 1 July, there was considerable sea ice up
to 3 km of fshore between Point Hope and Kivalina. This ice was pushed
inshore on 14 July and was conpletely disintegrated by wave action by 17
July.  This was the latest recorded occurrence of ice in the region since
1976 (Fig. 2.3). The mean surface seawater tenperature was significantly
| ower 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-hilled Mirres
2.3.2.1 Breeding Phenology

W arrived at Cape Thonpson during the md-laying period of nurres.
Birds were still copulating during the first week of July, although many were
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already sitting on eggs. On 8 July, a Common Murre was collected with a
hard-shel led egg in the oviduct. The first Thick-billed Mirre hatching was
observed on 31 July, and a Conmon Murre chick was spotted on 4 August that
had probably hatched between 1-2 August. Assunming a 33 d incubation period
(Birkhead and WNettleship 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). W 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 conbined was 10-12

August (Fig. 2.5a).

Sea-going chicks were first observed on 22 August (Thick-billed Murre)
and 24 August (Conmobn Murre), with a conbined nedian fledging date of 24
August (Fig. 2.6b). This estimate may be somewhat earlier than the actual
medi an fl edgi ng date, because many chi cks we were nonitoring 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, simlar 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 tim ng of both
events is positively correlated with the timng of the last presence of ice

at Cape Thonpson, but only the relationship for sea-going is significant
(hat ching dates: r =0.47, P>0.1, n=9; fl edgi ng dates: r,=0.83, P<0.01,

n=g ).

Thick-billed Mirres with fully devel oped brood patches were present
t hroughout the sanpling period, 6 July - 27 August, but average brood patch
devel oprment 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). Thi ck-bi Il ed and Common Murre counts were significantly
correl ated (rs=0.63, P¢0.01, n=18). Variation in Common Murre attendance
(Cv=22%) was not significantly different than Thick-billed Mirre variation
(CV=19%; ts=1.38, P>0.05), although variability in attendance in our C3
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,
census counts could have been conducted between 10 July-22 August, al t hough
censusing was conpleted this year on 15 August.

Diurnal attendance patterns from 24-hour counts exhibited peaks at about
2400 h and between 0900-1200 & on 22-23 July (md-incubation), but only one
apparent peak between 1100-1300 h on 15-16 Aug (md-late chick-rearing) (Fig.
2.10). The CV' S of incubation and chick-rearing period attendance patterns
were simlar, 6.1% and 6.9% respectively. Al t hough absol ute nunbers
attending were greater during the first count (incubation), the 19%
difference between highest and | owest counts was slightly less than the
difference during the chick-rearing stage (25%). Fluctuations in nurre
attendance during times when census plot counts were conducted (1330-2030)
were relatively mnor, 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 tinme-lapse filmrecords of sections of plots 4-2C (Fig.
2.11) and 5~-1p (Fig. 2.12). At both plots between 30 July and 3 August,
however, there was essentially no variation in attendance during the day.
Mirre attendance was significantly correlated between the two plots between
10-15 August (Kendall's coefficient of concordance, X2=4.57, 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% of their time attending breeding sites (Table
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
t hroughout July or August.
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Table 2.2. Mean site occupancy of Common (I1OWJ) and Thick-billed

(TBMU) nurres at Cape Thonpson during the 1988 census period.

Speci es Attendance@sD nb 2

coMu 198 384 51.6
TBMU 478 960 49.8
Both 676 1344 50.3

“Attendance of active breeders only (Ssites with an egg or
chi ck).

b Attendance and n (sanple size) expressed in bird-days.
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There were no significant effects of wind direction, rain, fog, or
maxi mum daily tenperature on daily nurre attendance in Colony 3. Attendance
was significantly affected (ANOVA Fz 8=9.57h, P<0.01) by increasing w nd
speeds, which resulted in lower counts. Wnd speed accounted for 44% of the
variation in daily attendance.

2.3.2.3 Plot Counts for Population Mnitoring

Newl y established | and-based plots for nmurres were counted between the
| ate-laying/early incubation period and first chick-fledging (Fig. 2.13).
Plots ranged in size from 25-1047 mean adult nurres present (Tables
2.3-2.7). The nean 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, x%=148.7, P<0.001).
Wthin Colony 4, 7 (709 of 10 pairwise correlations of plot counts were
significant (p<0.05) and correlations anong plots were fairly strong
(rs=0.5882 + 0.2100, n=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, Hatch and Hatch 1989). For
exanple, counts at two adjacent plots (4-1A 4-1B) were not correl ated
(rs=025, P>010 n=11), yet the two nost distant plots in Colony 4,
conpl etely 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.
Correl ations between plots within apparent visual range (rs=0.55 + 0. 37,
n=13) were not significantly different fromplots wthout visual contact
(rs=0.58 + 0.22, n=65). Aso, 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). Sone adjacent plots were correlated (e.g., 5-2F
and 5-2G; rS:O. 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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Table 2.3. Mirre and kittiwake nunmbers on |and-based plots at Colony 2,

Cape Thonpson, 12 July - 10 August 1988.

Thick-billed Mrre Conmon Miurre Bl ack-1egged Kittiwake
Pl ot Mean SD n Mean SD n Mean SD n Nest s
2- 1A 150 51 6 201 49 6 20 3 6 21
2-2B 36 15 6 265 47 6 9 1 5 8
2-3¢C 232 20 6 39 7 6 17 1 5 16

40



Table 2. 4.

Murre and kittiwake nunbers on | and-based plots at Col ony 3,

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

(kittiwakes), 1988.

Thi ck-bill ed Murre Common Murre

Bl ack-1 egged Kittiwake

Pl ot Mean SD n Mean SD n Mean SD n Nest s
3-1A 130 35 27 9 4 27 6 1 21 5
3-2B 413 101 20 55 17 20 53 8 18 50
3-2C 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 nunbers on |and-based plots at Colony 4,

Thi ck-bill ed Murre

Common Murre

Bl ack-1 egged Kittiwake

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

Cape Thonpson,

(kittiwakes), 1988.

11 July - 15 August (murres) and 11 July - 8 August

Murre and kittiwake numbers on | and-based plots at Colony 5,

Thi ck-bi |l ed Murre

Comrmon Murre

Bl ack- 1egged Kittiwake

Plot Mean SD n Mean SD n Mean SD n  Nests
5-1A 31 7 11 1 1 11 32 5 9 28
5-1B 211 28 11 219 46 11 152 11 9 136
5-1C 24 4 11 1 1 11 12 2 9 10
5~1D 183 23 11 7 2 11 0 0 9 0
5~2E 298 33 11 33 10 11 90 11 8 91
5-277 403 54 11 1 2 11 3 1 9 4
5-2G 276 37 10 11 2 10 0 0 9 0
5-3H 245 31 11 0 1 11 0 0 9 0
5-41 104 14 10 0 0 10 0 0 9 0
5-5J] 898 141 10 23 13 10 91 6 8 88
5-6K 561 72 10 7 4 10 6 1 8 7
5-7L 319 33 10 93 16 10 2 2 8 0
5-8M - - - 102 16 8 82
5-8N 837 110 10 19 11 10 31 4 9 32
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Table 2.7.

Col ony

Mirre nunbers on productivity subplots at

5, Cape Thonpson, 20 July - 15 August 1988.

Pl ot

Thick-billed Mirre Common Mirre

5-2F'
5-3H
5-6K
o-7L

5-8N

© © N o0 ©
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27 (42% of 65 pairwise conparisons of plots from Colony 4 and Colony 5.  The
mean coefficient of correlation between attendance on ¢4 and C¢5 was 0.50 +

0.19 (n=60).

The effect of plot size on the CV of murre counts was weakly negative and
nonsignificant (Fig. 2.1%4). There were no significant differences anong
i ndi vi dual observer means for Colony 3 plots (ANOVA, F3 0g=0+169, P>0.05),
al though only large observer differences would be detected against the
observed background of daily variation.

2.3.3 Black-legged Kittiwakes

2.3.3.1 Breeding Phenology

Bad weat her prevented us know ng the date of first hatching precisely,
but it occurred sometime between nonitoring checks on 18 and 21 July.
Hat ching in kittiwakes was nore synchronous than it was in murres; 47%
hat ched by 21 July, 91% by 28 July, and the last hatching was observed on 4
August, for a total hatching interval of 16 days. Assuming an incubation
peri od of 26-27 days (Coulson and Wiite 1958, Piatt et al. 1988), first
| aying occurred between 21-24 June. All kittiwakes collected on 12 July had

fully devel oped brood patches.

Dates of first observed hatching at Cape Thonpson have ranged from 17
July through 9 August (Fig. 2.6). A though the date of first hatching in
1988 was anong the earliest of the years studied, the date of first fledging
was near the middie of the range (Fig. 2.6). ©No fledged chicks were seen
bef ore 28 August. Bad weat her prevented further observations until 31
August ;when the first fledged chicks were observed. However a fledged
chick appeared on a frane of tine-lapse film on 27 August, indicating an
approxi mate chick-rearing period of 30-39 days, within the range (34-41 days)
reported by Swartz (1966) for Cape Thonpson between 1959-1961. Fi rst
hatching and first fledging dates tend to be later in years With [ate ice at
Cape Thonpson, but neither correlation is significant (r =0.38, P>0. 10 n=9
years; r~-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 19592 through 1988
(r =0.42, P>0.05), as are the dates of first observed fledging in 4 years

s

(rs=00805 P)O .05)»
2.3.3.2 Attendance

Adul t kittiwake attendance on Colony 3 plots averaged 62 + 8 birds until
5 August, when nunbers declined precipitously (Fig. 2.15a). This drop
coincided with the decreasing proportion of sitters, and a decrease in nest
site attendance (see below). The ¢v 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 nunber of adults in an incubating posture was highest from 11-16
July. Kittiwake attendance was not correlated with Thick-billed or Common
Mirre  attendance (rs=—0.09, P> 0.05, n=18; s=—0.11, P>0.05, n=I8,

respectively).

Active breeders did not spend significantly nore 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 nore, and
there was an overall 32% decrease in nest attendance, after 4 August (Table
2.8). However, only breeders spent significantly less time on nests after 4
August (ts=8.69, P<0.001). Breeders also spent significantly less tine at
nests than failed breeders. Attendance of breeders was negatively correl ated
with date after 4 August, decreasing at the rate of 1% per day (r=-0.76,
P¢0.01), but |l evel ed of f at 22% about 20 days after the first chick hatched

(Fig. 2.17).

Diurnal attendance patterns of kittiwakes were not discernible from
time-lapse film due to a small sanple size of observable nests (n=7). None
of the weather variables we nmeasured had a significant effect on daily
kittiwake attendance in Colony 3.
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Table 2.8. Nest attendance of Black-legged Kittiwakes at Cape Thonpson during

the 1988 nesting season.

Before 4 August® After 4 August Overal |
Status
of Attend- Attend- Attend-
pai r anceP n % cV  ante n % cV ante %

Active® 143 274

Failed °36 80

52.7 11.8 149 558 26.8 37.7 18 364 51.1
44.7 1.3 79 136 38.6 45.7 44 100 44.0

a 4 August was end of hatching period.

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

“Pairs with nests containing eggs or chicks.

d Attendance after loss of eggs or chicks.
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Figure 2.16. Kittiwake nest site attendance on phenology Sites at
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100% at t endance.
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at Cape Thonpson, 1988. Two birds in every site would
constitute 100% attendance.
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2.3.3.3 Plot Counts for Population Mnitoring

Adult kittiwakes were censused fromlate 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 nean total of 1160 individuals present.
cv's for kittiwake plot counts ranged from 4%Z-42Z. Raw count data are
tabul ated in Appendix E.

Counts of ¢4 and €5 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 conparisons of c4 and €5
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 Col ony
5 Wthin Colony 2, attendance was significantly correlated only between
plots 2-2B and 2-3C (rs=0.89, P<0.01, n=6).

A count of kittiwake nests nade at the outset of the study was
significantly correlated with the census nean of adults (Fig. 2.18). There
were no significant differences between observer neans of kittiwake counts on
€3 pl ots (ANOVA, If3 96=0-312, P>0.05).

2.4 Discussion
2.4.1 Common and Thick-billed Mirres
2.4.1.1 Breedi ng Phenology

Al though they may not always represent the breeding phenology of a col ony
adequately, dates of first hatching or first fledging have been observed in
several years at Cape Thonpson. Delays in breeding are evident during years
of late ice, as was noted by Springer et al. (1985b). Correlations between
|ate ice years and del ayed breeding have al so been reported fromother nurre
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 environnental factors has
resulted in an 18-day range of first hatching dates at Cape Thonpson since
1960. G ven a mean incubation period of 33 days (Harris and Birkhead 1985),
the first laying date has ranged from20 June to 8 July. However, because
there is approxinmately a 40-day range of acceptable days for plot counts,
this site can be readily incorporated into a Bering/Chukchi nonitoring
program such as proposed by Piatt et al. (1988). If nore intensive studies
were planned for Cape Thonpson (such as Type | 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 ot her Al askan col oni es (Swartz 1966, Drury 1978, Springer and
Roseneau 1978, Mirphy et al. 1980, Piatt et al. 1988, Hatch and Hatch 1989).
Di urnal attendance cycles observed by Swartz (1966) between 30 .August - 1
September 1959 were generally simlar to the pattern on 16-17 August 1988,
but with a peak in attendance occurring between 0900-1100 h (tinme 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, W th a peak occurring between 0800-1300 h and anot her between
2300-0100 h (apT). In a series of 24-hour counts throughout the census
period in 1979, Mrphy et al. (1980) found norning and evening peaks, but the
hours at which they occurred shifted through the season. They also found
that different colonies of the Cape Thonpson conplex were out of phase with
respect to their diurnal cycles. A change of attendance patterns during the
breedi ng season may account for differences between the two 24-hour watches
conducted in 1988; seasonal shifts are also evident in our time-lapse data.
Furthermore, attendance patterns were only correl ated 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
i nappropriate to correct plot counts for diurnal variation based on only one
or a few observations of the cycle. Rat her, plot counts shoul d be
acconpl i shed during periods of the day when nunbers fluctuate |east.
(bserved diurnal patterns at Cape Thonpson indicate that variation in
attendance is |east from about 1300-2000 h.



2.4.1.3 Daily Variation in Attendance

An appropriate census period based on the daily attendance patterns of
nmurres extended at least from md-egg-laying (ea. 13 July) to early fledging
(ea. 22 August) at Cape Thonpson in 1988. This censusing Wi ndow has al so
been determ ned for the Semdi Islands (Hatch and Hatch 1989) and Sai nt
Lawrence Island (Piatt et al. 1988), but is sonewhat |onger than that
originally proposed by Birkhead and Nettleship (1980). The apparent decrease
in murre attendance coinciding with fledging is typical for nurre colonies in
general (Gaston and Nettleship 1981, 1982; Piatt and MclLagan 19873 Hatch and
Hat ch 1989).

2.4.1.4 Individual Site QCccupancy

The tinme an adult nurre allocates to attendance at its breeding site
influences the results of plot counts. Thus, estimating site occupancy rates
helps tO interpret annual variation in nunbers (Hatch and Hatch 1989). Site
occupancy by actively breeding Conmon Murres (51.6% was sonmewhat |ess at
Cape Thonmpson in 1988 than in the Semidi |slands between 1979-1981
(58.4% 60.3% (Hatch and Hatch 1989). Thick-billed Murres also spent |ess
time attending breeding sites at Cape Thonpson (49.8% than at the Senidi
I slands (55.3% 56.8%. It is likely that. differences in food availability
account for the differences in colony attendance. Mre work is needed to
test this potentially useful index of foraging conditions, but whatever their
cause, differences in site occupancy rates amopng years contribute to observed
annual variation in mean plet counts.

2.4.1.5 Environmental Effects on Attendance

Mirre 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,
al though on the Semidi Islands the effect was negligible during the census
period (Hatch and Hatch 1989). Piatt and Mlagan (1987) found no effect of
wind speed at Cape st. Mary's, Newfoundl and, and Gaston and Nettleship (1981)
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observed an effect only during extreme conditions. Wnd effects at Cape
Thonpson 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 wi nds are bel ow 15-20
kts, which was true about 80% of the tinme during the census period at Cape
Thonpson in 1988.

2.4.2 Black-1egged Kittiwakes
2.4.3.1 Breeding Phenology

The wi de 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
breedi ng success, however (Chapter 3). The observed annual variation in
breeding tines should present no major problenms in integrating Cape Thonpson
into a Bering/Chukchi regional nonitoring 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). Fi rst
| ayi ng 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
| asted 46-50 days.

2.4.2.2 Daily Variation in Attendance

Once hatching was conplete, abrupt changes in daily attendance patterns
and a decrease in the average nunber of Kkittiwakes present signaled an end to
the acceptable census period this year at Cape Thonpson. During the census
period, the CV of kittiwake attendance was |less than that of both murre
speci es, perhaps because nonbreeders and off-duty mates were apparently not
loitering wWithin our census plots. Kittiwakes were not responding to the
same environnental cues as murres, because there was no correlation between
kittiwake and nurre attendance patterns.
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2.4.2.3 Individual Site QCccupancy

The decrease in time allocated to nest site attendance by kittiwakes
conpl etely explains the decrease in daily attendance counts after 4 August.
The same nunbers of individuals were still visiting the colony, but they were
spending |less tine at their nest sites. Reduced site occupancy by breeders
may be explained by their need to increase foraging time (assumng foraging
success remained constant) to neet the energy requirements of the grow ng
chick. After a kittiwake chick is about 20 days old, growth slows and its
energy requirenents naintain a relatively constant level (Coulson and Porter
1985). (On average, breeding kittiwakes reduced the anount 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 nmet, or that adults will not reduce their parental
attendance beyond this nmininmal 1level even when foraging conditions are poor.
Since the male and female rarely spent time With the chick sinultaneously,
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
t han 30 days. Roberts (1988) al so observed decreases in nest attendance
t hroughout chick-rearing at Middleton Island in the GQulf of Alaska, but this
pattern is not reported from some North Atlantic colonies, where Kkittiwakes
normal |y maintain 100% nest attendance through nost of the nestling period
(Pearson 1968, Hodges 1969, Wooller 1979). Tenporary 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

W found no effects of nmeasured weather variables on Kkittiwake
attendance, but other studies have reported effects of wind speed (Hatch and
Hatch 1988, Piatt et al. 1988) and maxi mum daily tenperatures (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
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on attendance
2.4.3 Popul ation Mnitoring of Mrres and Kittiwakes

Seabirds at Cape Thonpson have been censused nostly by boat counts over
the last 28 years (Springer et al. 1985b). These counts have reveal ed broad
scal e changes in the nurre population over the years (Chapter 4). However,
to include Cape Thonpson in a Bering/Chukchi nonitoring program as proposed
by Piatt et al. (1988), reliance on colony-wide boat counts becomes
I npractical . Boat counts are tine consumng, often requiring a day or nore
for each colony at Cape Thonpson, and good weather and sea conditions are
necessary for acceptable precision. Wile this has the indirect advantage of
limting the variation of counting conditions, the small nunber of days
conducive to boat counting at Cape Thonpson during the census period severely
limts the ability to replicate 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
canpsite at the nouth of Ikijaktusak Creek, the chances are good of obtaining
8-10 daily counts during a 2-week visit, despite the |ikelihood of bad
weat her during July and August.

The nunber of counts required to detect a given percentage change between
years can be calculated from the variances we observed in counts of nurres
and kittiwakes in 1988 (follow ng Sokal and Rohlf 1981: 262-264). Assum ng
the data fromplots in Colonies 4 and 5 are representative, we estimate that
10 counts woul d detect an 8% change in nunbers of Thick-billed Mirres between
years and a 12% change in Common Miurres, W th 75% certainty of the change
being significant at the P=0.05 level (Fig. 2.19). A 9% annual change in the
popul ation of Black-1egged Kittiwakes should be detectable at the P=0.05
significance level given sanples of 10 replicate counts of the |and-based
plots (Fig. 2.20). Thus, the observed variation among nurre and Kittiwake
pl ot counts at Cape Thonmpson allows detection of changes on the sane scale as
the in the Semdi Islands (Hatch and Hatch 1988, 1989) and on Saint Law ence
I'sland (Piatt et al. 1988).

The strong correlation between kittiwake nest sites and nean plot counts
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(Fig. 2.18) suggests that a well-timed count of nests mght be as effective
for nonitoring 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.

Al'though a statistically significant change in murre or kittiwake nunbers
may occur between years, this may or may not reflect real change in
popul ation size. There are several alternative hypotheses to explain
apparent changes (Birkhead 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 | ow breeding success
failed breeders may | eave the colony early, or (4) inmgration and emgration
may occur among colonies. Therefore, conclusions about population change
generally are premature unless the existence of a trend can be denonstrated
in a series of counts over several years. In Chapter 4 we examine the
evidence for trends in murre and kittiwake popul ation data collected at Cape

Thonpson since 1960.

2.5 Literature Cted

Barrett, R.T. and 0.J. Runde. 1980. Gowh and survival of nestling
Kittiwakes_Rissa tridactyla in Norway. Ornis Stand. 11:228-235.

Birkhead, T.R. and D.N. Nettleship. 1980. Census nethods for murres, Uria
species: a unified approach. Canadian wildl. Serv. Occ. Pap. 43. 25 pp.

Birkhead, T.R. and D.N. Nettleship. 1987. Ecological relationships between
Conmon Murres, _Uris aalge, and Thick-billed Murres, Uria lomvia, at the
Gannet |slands, Labrador. |. Morphometrics and timng of breeding. Can.
J. Zool. 65:1621-1629.

Coulson, J.C. and J.M. Porter. 1985. Reproductive success of the Kittiwake
Ri ssa tridactyla: the roles of clutch size, chick growth rates and
parental quality. [Ibis 127: 450-466.

61



Galbraith, H. 1983. The diet and feeding ecology of breeding kittiwakes
Ri ssa tridactyla. Bird Study 30:109-120.

Gaston, A.J and D.N. Nettleship. 1982. Factors determ ning seasonal changes
in attendance at colonies of the Thick-billed Mirre Uria lomvia. Auk
99:468-473.

Harris, MP., S. Wnless, and P. Rothery. 1983. Assessing changes in the
nunbers of gquillenots Uris aalge at breeding colonies. Bird Study
30:57-66.

Harris, M.P. and T.R. Birkhead. 1985. Breeding ecology of the Atlantic
Alcidae. Pages 156-204 in Nettleship, D.N. and T.R. Birkhead, eds. The
Atlantic Alcidae. Academ c Press, San Diego, Ca.

Hatch, S. A, and M.A. Hatch. 1988. Colony attendance and popul ation
moni toring of Black-legged Kittiwakes on the Semdi Islands, Al aska.
Condor 90:613-620.

Hatch, S. A, and M.A. Hatch. 1989. Attendance patterns of nurres at breeding
sites: inplications for monitoring. J. Wildl. Manag. 53:483-493.

Hodges, A.F. 1969. A tinme-lapse study of kittiwake incubation rythyns.
[ bis 111:442-443.

Lloyd, C  1975. Timing and frequency of census counts of cliff-nesting
auks. Brit. Birds 68:507-513.

Mirphy, E.C., M.I. Springer, D.G. Roseneau, and A.M Springer. 1980.
Moni toring popul ation nunmbers and productivity of colonial seabirds.
U S. Dep. Conber. , NOAA OCSEAP Ann. Rep. 1:142-272.

Nettleship, D.N, T.R. Birkhead, and a.J. Gaston. 1984. Breeding of arctic

seabirds in unusual ice years: the Thick-billed Murre (Uria lomvia) in
1978. Bedford Inst. Oceanogr. Annu. Rep. 1984:35-38.

62



Pearson, T.H. 1968. The feeding ecol ogy of seabird species breeding on the
Fame |slands, Northunberland. J. Anim. Ecol. 37:521-552.

Piatt, J.F., and R.L. McLagan. 1987. Common Mirre (Uris aalge) attendance
patterns at Cape St. Mary's, Newfoundland. Can. J. Zool. 65:1530-1534.

Piatt, J.F., S5.A. Hatch, B.D. Roberts, W.W. Lidster, J.L. Wells and J.C.
Haney.  1988.  Popul ations, productivity, and feeding habits of seabirds
on St. Lawence Island, Alaska. Unpub 1. Final Rep., 0CS Study MB
88- 0022, Anchorage, AK. 235 pp.

Roberts, B.1). 1988. The behavioral ecology of breeding Bl ack-Iegged
Kittiwakes (Rigsa tridactyla) on Middleton | sl and, Al aska. Unpubl. M.S.
thesis, Univ. of California, Santa Barbara. 131 pp.

Sokal, R.R. and F.J. Rohlf. 1981. Biometry. Second ed. W.H. Freeman and
co.” San Francisco, CA. 859 pp.

Springer, A.M., and D.G. Roseneau. 1977. A conparative sea-cliff bird
inventory of the Cape Thonpson vicinity, Al aska. U.S. Dep. Commer. , NOAA
OCSEAP Ann. Rep. 5:206-262.

Springer, A.M., and D.G. Roseneau. 1978. Ecological studies of colonial
seabirds at Cape Thonpson and Cape Lisburne, Al aska. U.S. Dep. Conber. ,
NOAA OCSEAP Ann. Rep. 2:839-960.

Springer, A.M., D.G, Roseneau, E.C. Murphy, and M.I. Springer. 1985a.
Popul ation and trophies studies of seabirds in the northern Bering and
eastern Chukchi Seas, 1982. U S. Dept. Commer., NOAA OCSEAP Final Rep.

30:59-126.

Springer, A.M., E.C. Murphy, D.G. Roseneau, and M.I. Springer. 1985b.
Popul ation status, reproductive ecology, and trophic relationships of
seabirds in northwestern Alaska. U S Dept. Comber. , NOAA ocseap Fi nal

Rep. 30:127-242.

63



SPSS, Inc. 1983. spSsx User’'s Quide. McGraw Hill, New York. 804 pp.

Swartz, L.G. 1966. Sea-cliff birds. Pages 611-678 in N.J. Wilimovsky and
J.N Wl fe, eds. Environnent of the Cape Thonmpson region, Al aska. Dv.
Tech. 1nf., U S. Atomc Energy Comm., Cak Ridge, TN.

Tschanz, B. 1983. Census nethods for Guillenots Uis aalge in a highly
structured breeding habitat. Fauna norv. Ser. ¢, Cinclus 6:87-104.

Tuck, L.M. 1961. The nurres. Can. wWildl. Serv. Monogr. Ser. No. 1. 260 pp.

Wanless, S., D.D. French, M.p. Harris and D.R. Langslow. 1982. Detection of
annua 1 changes in the nunmbers of «cliff-nesting seabirds in Orkney
1976-80. J. Anim Ecol. 51:785-795.

Wooller, R.D. 1979. Seasonal, diurnal and area differences in calling

activity within a colony of kittiwakes R ssa tridactyla (L.). Z.
Tierpsychol. 51:329-336.

64



CHAPTER 3. PRODUCTIVITY AND BREEDI NG SUCCESS

3.1 Introduction

The productivity of seabird colonies is a useful parameter to nonitor
because it is sensitive to changes in environnental conditions, particularly
food resources (Birkhead and Nettleship 1988; Hunt et al. 1981a,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 nunmber of years,
productivity neasurements nmay also aid the interpretation of population
changes. This may prove to be especially inportant for Bl ack-1legged

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 nunber of young
produced in a colony Or sample plet can be expressed as a ratio of eggs laid,
breedi ng pairs present, nunber of occupied sites, or the average nunber of
adults present during the study. Because eggs and and young chicks are
difficult to observe, especially in nurres, measures of other paranmeters such
as clutch size, hatching success, and fledging success require substanti al
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 nonitoring murre and kittiwake productivity that
entails, for each colony nonitored 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 nost instances be necessary to conpromise the estimate of kittiwake
productivity by making the chick counts well ahead of the first fledging
date. Productivity would be expressed as the nunber of chicks surviving on
study plots divided by the nean count of adults attending the plots during
the census period (nurres) or the count of nests obtained during the census
period (kittiwakes).

We made the proposed neasures of productivity for murres and kittiwakes,
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and since our studies enconpassed a good portion of the incubation and
chi ck-periods we also performed some prelimnary assessnents of factors that
affect the quality of such estimates. We made |imted observations on
i ndi vi dual breeding sites within our study plots to characterize the timng
and magnitude of egg and chick | osses at Cape Thonpson in 1988.

3.2 Methods
3.2.1 Common and Thick-billed Mirres
3.2.1.1 Productivity Check

Mirre productivity was estimated by counting chicks present in census
pl ots 4-1B, 4-2¢, 5-1A, 5-1C, and in subplots 5-2F', 5-3H', 5-6K', 5-7L' and
5-8N" . Subplots were used to sanmple portions of 1larger plots in which
attenpting to count all chicks present was inpractical. Productivity checks
were made from plot observation points (Appendix C) on 21 August, the day
prior to first observed fledging (Chapter 2). (oservers used spotting scopes
to count chicks, which were identified as Thick-billed or Common whenever
possible. Productivity was calculated as the nunber of chicks divided by the
mean nunber 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 conpleting 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 accumul ated
know edge of a given plot. W also attenpted to quantify the effect of tine
spent counting on numbers of chicks observed by recording nunbers of chicks
observed during 5-mnute intervals for up to 35 mnutes on a series of plots
that varied in size from 115-381 adults

3.2.2.2 Conponents of Productivity

Phenology sSites (Part 2.2.2) were nonitored for hatching and fledging
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success in both murre species until 31 August. Because sites observed were
sel ected post-laying, the observations do not constitute a true Type | study
(Birkhead and Nettleship 1980). W assune much of the egg nortality occurred
before nmonitoring 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

Al'l kittiwake nests in Colonies 3, 4 and 5 were used for the productivity
check (n=973 nests). The number of nests present on each |and-based plot was
deternmined at the beginning of the census period on 8 or 10 July. counts of
kittiwake chi cks present in each plot were nade from plot observation points
(Appendi x C) using binoculars or spotting scopes on 26 August, the day prior
to the first observed fledging. Productivity was calculated as the ratio of
chicks present to the nunber of nests on a plot. Chick counts were al so
conducted daily, weather permitting, between 8-31 August to quantify the
effect of timng on the results of such a productivity measurenent.
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 Conponents of Productivity

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

3.2.4 Chick Feeding Rates

G oups of nests (kittiwakes) or breeding sites (murres) On phenology
study plots were observed wi th binoculars or spotting scopes to assess chick
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feeding rates. (Cbservers monitored the behavior of chicks, the attendance of
adults, and the delivery of food itens in 2.0-4.5 h periods between 1300-1730
h on 9-11 August.

3.2.5 Statistical Analysis

Spearnan rank correlations with two-tailed tests were used for all
conparisons 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-hilled Mirres
3.3.1.1 Productivity

Esti mates of murre productivity on 21 August ranged from O OO0 O 104
chicks per adult on nine plots (Table 3.1), and these val ues apparently were
i ndependent of plot size (Fig. 3.1). No differences were evident between
Thick-billed and Common Mirre productivity using this method, but the species
of chicks observed on m xed-species plots could not be determned in all
cases. Mean productivity was 0.05 + 0.042 on six plots containing only
Thick-billed Mirres and 0.05 + 0.023 on three plots with both species.

Chi cks becanme nore observable as they grew, hence productivity estimates
increased fromthe early to md-fledging stage (Fig. 3.2). Qur ability to
observe chicks was also affected by weather. Wnd speeds were 40-70 kn'h on
both 24 and 26 August, and productivity estimates from those days were wel
bel ow 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 wi nd 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 discrimnating adults w th chicks,
al though on clear days the sun warmed the cliff faces and many birds without
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Tabl e 3.1. Productivity of Thick-billed (TBMU) and Conmon (COMU) murres

determned by chick counts on 21 August 1988 at Cape Thonpson

Mean adult attendance

on plot’
AdjustedP

Productivity Productivity
Pl ot TBWJ cow Chi cks (chi cks/adul t) (chicks/adul t)
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 0.03% 0. 045
571 199 16 13 0. 060 0.079
5-8N 247 0 9 0.036 0. 053
Mean 0. 058 0.078
SD 00035 0. 050

a Determned from census counts (see Chapter 2).

b productivity adjusted for discrepancies between observed chick nunbers

and chick nunbers estimated to be present on 26 August 1988.
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Figure 3.1. Mirre productivity estimates in relation to plot size
(as neasured by nean nunber of adults on plot) at Cape Thonpson,
1988.
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Figure 3.2. Changes of murre productivity estimates during the
first half of the fledging period. Error bars are + 1 SD.
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chicks also displayed the posture. At the tine of the productivity check on
21 August, nost chicks were still well hidden by adults and it was not al ways
evident from adult behavior whether a chick was present or not. After
observing the plots for several days, observers had better know edge of which
adults had chicks, so on 26 August estinmates of actual chick nunbers were
made to conpare with counts of observed chicks. On that date, the ratio of
observed chicks to estimted chicks (an indication of observation accuracy)
decreased significantly with plot size; it was possible to detect |arger
proportions of chicks on snaller plots (Fig. 3.3). On average, 29.1 # 14.3%
(9 plots) fewer chicks were observed than were estimated to be present. This
rati o should inprove as chicks grow and becone nore 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 tine spent counting
(Fig. 3.4). Nnety-six percent of observed chicks were spotted in the first
25 mnutes, independent of plot size over the range of plot sizes studied
On 6 plots containing 115-381 adults, the number of “new’ chicks spotted per
unit time of observation time averaged 0.75 chicks/rein over the first 25
mnutes of effort. Because nost of the plots required spotting scopes to
observe chicks, we found that after 25 mnutes it was difficult to
discrimnate between “new’ chicks (previously unobserved) and “old” chicks
(previously observed).

3.3.1.2 Conponents of Productivity

Breedi ng performance, as neasured in the phenology Sites, was essentially
identical in the two nurre species (Table 3.2). Because the nonitoring of
phenol ogy sites began about 20 days after first egg-l|aying, unadjusted
estimates of breeding success are undoubtedly too high. The estimtes were
adj usted using egg nortality data from the Semdi Islands (Hatch and Hatch
1989), which show that 22% of Thick-billed and 21% of Conmon Mirre eggs had
been lost by 20 days after laying. As egg nortality can ‘be quite variable
within a colony and over time (Gaston and Nettleship 1981), there is no
reason to assune these values accurately represent Cape Thonpson nortality,
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Figure 3.3. Percentage of murre chicks observed on productivity
plots on 26 August, 1988.
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Figure 3.4. Effect of counting duration on nunbers of nurre chicks

observed on 6 plots at Cape Thonpson, 1988.
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Table 3.2. Components of breeding productivity in Common and Thick-

billed murres at Cape Thonpson, 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) (s3] 66 (79) [61]
No. chicks fledged (% 15 (76) 51 (77)
Breedi ng success [%] 60 [47] 61 [ 47]

a2 Adjusted for ‘egg nortality assumed to occur prior to first

observations (see text).
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but they do provide a nore reasonable estinmate of breeding success. Adjusted
overal| breeding success was therefore close to 0.47 chicks fledged per

breeding pair in both species (Table 3.2).

W observed but did not specifically quantify sources of egg and chick
nmortality. Eggs were frequently taken by G aucous Gulls (Larus hyperboreus)
and Common Ravens (Corvus corax). One observation was nmade of a kittiwake
feeding on a murre egg on 9 August at plot 5-8N. Mirre eggs were al so taken
by local residents fromvarious areas in md-July, but this seemed to be a
relatively mnor source of egg mortality. [Eggs were occasionally observed to
fall fromcliffs as a result of murre-nurre or murre-kittiwake fights, and
fromflushing due to rockfalls, predators, or other disturbances. @ aucous
@l ls and short-tailed weasel s (Mustella erm nes) were seen taking nmurre
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 Conmon and three Thick-billed Mirre
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 underestimtes of feeding rates if there was a diurnal
periodicity in feeding rhythm since observation tinmes were short (2.0-4.5
hours ). One fish observed being fed by a Cormon Murre was identified as a
sand | ance (Ammodvtes hexapterus).

3.3.2 Black-1egged Kittiwakes

3.3.2.1 Productivity

Kittiwake productivity averaged over all Colony 3-5 plots was 0.12 + 0.34
chi cks/ nest (n=17 plots), or 0.15 chicks/nest for the pool ed 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).

76



Table 3.3. Productivity of Black-legged Kittiwakes at Cape Thonpson

estimated on 26 August 1988.

Nests on Cbservabl e Productivity
Pl ot Plot2 NestsP Chicks (chi cks/ observabl e nest)
3-1A 5 5 0 0000
3-2B 50 50 5 0010
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

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

fromview and were counted at the tine of initial nest counts.
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Because of the shallow decline of chick nunbers after 19 August (Fig.
3.6), productivity estimtes woul d not have been substantially affected by
conpl eting checks between 19-31 August. There would have been at nost a 0.03
chi cks/ nest over- or underestimate relative to the value for 26 August (Fig.
3.7). Specifically, if kittiwake productivity checks were tinmed to coincide
with murre productivity checks (as envisioned by Piatt et al. (1988) for a
conprehensive nonitoring program), the estimate would have been only 0.03
chi cks/ nest higher than the value obtained at the optimumtine 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 Conponents of Productivity

Mean clutch size and hatching success observed in the sanples of
individually rmonitored sites were generally sinmlar to other years at Cape
Thompson, but fledging success was relatively poor (Table 3.&4). Since our
observations began after kittiwakes had al ready laid, estimates of hatching
success and of overall breeding success are undoubtedly overestimtes. W
made no attenpt 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<0.05, 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
w th breeding success (rs=0.82, P<0.05, n=7; Fig. 3.9e). The date of |ast

observed ice at Cape Thonmpson was significantly and negatively correlated
with fledging success (Sr =-0.81, P<¢0.05, n=6) and breeding success

(rs=—o.7o, P<0.05, n=8), but Wwas 1less strongly correlated with dates of

first hat chi ng (rs=0.38, P>0.05, n=9), hatching success (r &=0.15,
P>0.05, n=5) and nean clutch size (rs=-0.65, P»0.05, n=7) (Fig. 3.9f-h).

W observed several causes of egg and chick nortality but did not attenpt
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Figure 3.6. Changes in kittiwake chick numbers at the end of the
chick-rearing period in 1988.
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fledging periods, Cape Thonpson, 1988.
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Figure 3.8. Black-legged Kittiwake chick productivity at Cape
Thonpson (1960- 61, Swartz 1966; 1976, 1978-79, Murphy et al.
1980; 1977, Springer and Roseneau 1978; 1982, Springer et al.
1985a; 1988, this study).
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Tabl e 3.&. Conponents of breeding productivity in Bl ack-legged Kittiwakes in

8 years at Cape Thonpson

Year of study?

Par amet er 1960 1961 1976 1977 1978 1979 1982 1988
No. nest studied 60 29 200 73 236 374 - 70 (973)P
Mean clutch size 1.92 1.8 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)
Fl edging success 0.86 0.60 0.00 0.71 - 0.82 - 0.33

(chicks fledged/
egg hat ched

Productivity 1.22 0.72 0.00 0.64 0.50 1.10 1.15 0.31€(0.15)
(chicks fledged/
nest)

a 1960, 1961 data from Swartz (1966); 1976, 1978, 1979 data from Mir phy

et al. (1980); 1977 data from Springer and Roseneau (1978). Clutch sizes and

sone breeding success data from Springer et al. (1985a).

b Nunbers in parentheses were fromproductivity checks of all nests on

Colony 3, 4 and 5 |and-based census plots.

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

s 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 d aucous 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 nost
chicks that hatched second di ed within 3-7 days. We were able to determne
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 estinmate 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-bill ed Murres

3.4.1.1 Productivity Measurenent

Estimating nurre productivity froma well-tined chick count may be an
effective nonitoring technique if inplemented by experienced personnel.
However, estimtes were affected by weather, timng, observer experience and
position (distance fromplot, orientation etc.). For instance, w nds above
40 kmih resulted in decreased estimates of productivity, because the chicks
were nore closely brooded and observations were especially difficult in the
wind. Productivity estimated by this nethod was particularly sensitive to
timng. Chi cks becanme nore 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 |edges. Practice increased the
ability of observers to determne the presence or absence of chicks from
adul t behavior, and know edge of chicks on a plot accunul ated over several
visits was an inmportant factor. The use of observers already famliar wth
the nethod, or undertaking practice counts just prior to first fledging,
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shoul d reduce variation. The distance of the observer from the plots and the
nunber of birds on the plot also affected productivity estinates. Since
observers had to use spotting scopes to see chicks, their reduced field of
view caused difficulty in determning which chicks had already been observed
during a given 25-minute period of observation. The chances of seeing a
chick are inproved by scanning the plot for adults that shift or nove just
prior to exposing their chicks (Gaston and Nettleship 1981), but time spent
scrutinizing individuals through the spotting scope is still the limting
factor.  Using photographs or sketches to record chick |ocations during a
productivity check may alleviate some of these problens.

Productivity estimates from this nethod in 1988 were definitely
underestimates of actual productivity. Al though they fall within ranges
previously observed at the Pribilof |slands, Cape Peirce, and Bluff (Drury et
al. 1981, Johnson and Baker 1985), estimates as |ow as those found at Cape
Thonmpson were associated with other |ow measures of productivity or breeding
success. Qur neasurenments of breeding success determ ned from phenology
sites indicate that 1988 was a noderate year, which was not reflected in the
productivity checks.

Wth experienced personnel, this technique may provide a suitable index
for nonitoring 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 interannua 1 variation not associated with actua
popul ation changes, just as are census counts. As wth population changes, a
trend established over a nunber of years would be acceptable evidence that
productivity has changed.

3.4.1.2 Conponents of Productivity

Breeding success of both nurre species was noderate (probably 0.4-0.5
fl edged chicks per breeding pair) as conpared with the range of breeding
success reported fromother Bering Sea colonies (Hunt et al. 1981b, Johnson
and Baker 1985, Piatt et al. 1988). No conpar abl e i ndi ces of breeding
success have been gathered in other years at Cape Thonpson. Bi rkhead and
Nettleship (1981) presented evidence that late breeding was associated wth
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| ower breeding success in the Thick-billed Murres, and this pattern is also
evident for kittiwakes at Cape Thonpson. If the relationship holds for
murres at Cape Thonpson, breeding success in 1988 should have been noderate,
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
timng of ice breakup at Cape Thonpson, the lateness of ice may affect the
breedi ng success of murres as well (cf. Birkhiead and Nettleship 1981). Years
with | ow productivity may also be associated with decreases in sea surface

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

At col onies where Common and Thick-billed Murres breed sympatrically,
Conmon 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). W found no
differences in breeding success between species this year at Cape Thonpson,
which may indicate a simlarity of foraging conditions. Attendance at the
breeding site was simlar for both species (Chapter 2), which suggests that
foraging tines were approxi mately equal, and fish abundance in the diets of
both murre species decreased simlarly 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
sinple and reliable nethod for estimating kittiwake productivity. There was
no apparent effect of plot size on productivity estinmates, and counts
conpl eted several days early to coincide with nurre productivity checks
resulted in mniml error. Athough this estimte 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 shoul d be routinely included in any popul ati on nmonitoring
progr am

Productivity of Black-legged Kittiwakes was extrenely poor at Cape

Thonmpson this year, supporting the hypothesis that productivity in this
region is adversely affected by |late sea ice coverage and 1ow 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 | ance (Ammodvtes hexapterus), two inportant kittiwake food sources

(Springer et al. 1984, 1985). In years with good kittiwake productivity,
capelin and sand |ance schools were abundant at Cape Thonmpson 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 anong 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 of fshore
from Colonies 4 and 5.  Shipboard surveys from 23-28 August confirmed that
foraging kittiwakes were w dely dispersed in the region this year (Chapter
4). This contrasted with the larger size and frequency of occurrence of
feeding flocks during years when capelin and sand | ance were abundant at the
surface (D.6. Roseneau, pers. ohs.).

Sand | ance were in the Cape Thonpson region as early as 7 August, when
Common Murres were observed with sand |ance on census plots. Murres
continued to return with sand |ance throughout August, but sand |ance were
not found in kittiwakes collected on 8 July, 12 July, 11 August, or 27 August
(Chapter 4). Thus it seens that although sand lance were in the area, they
were not available at densities or depths readily exploitable by kittiwakes.

Adults were able to maintain body weight through the season (Chapter 4),
but the apparent inaccessibility of prey in August caused extensive breeding
failure during chick-rearing. Al second-hatched chicks died soon after
hat ching, and we observed nmany chicks (up to 35 days old) that died in nests
with no apparent injuries, presumably from starvation. Adult kittiwakes were
making less than their typical allocation of tinme to nest attendance
presumably to increase foraging tine (Chapter 2). However, although birds
may have spent nuch time foraging, chick feeding rates indicated m nimnal
success in returning with food. Chick feeding rates this year at Cape
Thompson were about half the feeding rates of successful pairs on Middleton
Island in 1984, and were simlar to the feeding rates of unsuccessful pairs
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(Roberts 1988).

Kittiwakes were apparently in good condition at the beginning of the
breedi ng seasen, 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 |ow kittiwake productivity in 1988
was due to inaccessible food resources during the mid- to | ate season,
resulting in starvation for many chicks.
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CHAPTER 4.  SEABI RD POPULATI ONS AT CAPE THOWPSON, 1960-1988

4,1, [ ntroduction

Popul ations of Thick-billed Mirres (Uria lomvia), Common Murres (U.
aalge), and Bl ack-1egged Kittiwakes (Rissa_tridactyla) were censused at Cape
Thompson at various i nterval s between 1959 and 1982 (swartz 1966; Springer et
al. 1985a). W nmde boat-based counts of some of the sane census plots in
1988, which extended the period of census coverage at Cape Thonpson to 28
years. This is the longest record of seabird censusing for any colony in
Alaska; the data therefore provide a unique view of long-termvariation in
murre and kittiwake populations in this region. Here we conpile and anal yze
all previous data along With our results from 1988 to ascertain whether murre
or kittiwake popul ation changes have occurred. W also consider whether
changes in the nurre popul ation reflect changes in both or only one species.
Finally, we discuss our findings in Ilight of available reproductive and
ecol ogi cal data for the Cape Thonpson region.

4.2. Methods

4.2.1.  Study Area and Counting Methods

During nost years of study, adult murres and kittiwakes have been censused
along the 6.8 kmof 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 forned
the basis for subsequent censusing, With the follow ng exceptions. Chservers
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 pl ot designations
(Appendix G. Census counts in |ater years, including 1988, followed Swartz'
1960 plot designations.
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Census data from previous years were conpiled by review ng avail able
original field notebooks and data summary sheets. Met hods of conpensating
murre counts for diurnal variation in attendance have varied anong years
(swartz 1966; Springer and Roseneau 1978; Springer et al. 1985b), and di urnal
patterns may change within a census period (see section 2.4.1.2). Therefore,
we tabul ated only raw, unconpensated counts. The conplete |list of count data
for 1960-1988 is provided in Appendix G. Count data from 1959 were
unavailable in formats suitable for conparative use.

Counting methods have been similar but not identical in different years.
All boat-based counts have been conpleted by observers using binoculars from
inflatable boats either drifting or anchored offshore near the cliffs. If
birds flushed during a count in 1960 or 1961, the nunber flushed was estimated
as the birds departed, and that nunber was added to the plot total. In
subsequent years, counts were stopped if birds flushed, and resumed several
mnutes later after birds had returned to the cliffs. In 1988, all boat-based
counts were obtained by 2-3 observers following Swartz' 960 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 sone of the largest plots have been estimated by nentally bl ocking off
groups of 100 murres (such counts are identified by footnote in Appendix G).
Counts of sone colonies were conpleted in single days, while others required
mul ti pl e days because of colony Size or poor counting conditions (i.e.,
weat her 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 nost suitable for censusing iS based on
attendance variation observed from land in 1988 (see section 2.3.2.2), and on
results fromother studies (Piatt et al. 1988; Hatch and Hatch 1989).

Swartz (1966) estimated kittiwake nunbers in 1960 and 1961 by counting
nests, but the details of how that was acconplished are unclear. Comrents
recorded in the original field notebooks suggest that kittiwake pairs may have
been counted and used to estimte nest number (Appendix Table ¢.49, footnote
e). [t is unknown whether enpty 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. Mirre breeding phenology and census dates at Cape Thonpson.*
Fven t 1960 1961b 1976 1977 1979¢ 1982b 1988d
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 Aug' 23 Aug 11 Augg >10 Aug 22 Aug
Col ony 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
3 Aug 1,5 Aug
8,9 Aug
15 Aug
16 Aug
17 Aug
a3 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
Ch 15 Jul 22 Jul 9 Aug 12 Aug 7 Aug 28 Jul 10 Aug
17 Jul 11 Aug 3 Aug
14 Aug
63} 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
5 Aug 27 Jul
11 Aug 1,4 Aug
15 Aug 58 Aug
16 Aug 10 Aug
11 Aug
15 Aug

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

"Data 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 Data from present study.

eEstimated 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.

g One murre chick was seen on the water on 7 Aug; none were observed

again until 11 Aug, when many were on the water.
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were counted by 1's. Nests, including those which were apparent|y abandoned
or only partially constructed, were also recorded by |’s; however, Nno 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 Thonpson in 1988 (section 2.3.3.2), and on
observations fromthe Semidi Islands (Hatch and Hatch 1988).

Several of Swartz' 1960 plots were counted fromland in sone years. In
1960, |and-based counts of nurres and kittiwakes were made on two plots in

colony 3 and on colony 5 plots 5A-52. In 1961, kittiwakes in colony 4 were
counted fromland only; in 1979, sone plots were counted from both |and 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
nmurres and kittiwakes. (bservers recorded the nunbers of adult nurres and
kittiwakes present, and on 27 July, the number of kittiwake nests. Plots SE,
5R and 5S were counted 3 tinmes, and plots 5L and 5Q incorporated into the new
| and- 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 Conmon Mirres

Raw count data were reduced for year-to-year conparisons 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 nmore 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 conbinations
were al so calculated for other years to provide the greatest time span for
conparisons.  Conparisons were not made if they required mxing |and-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 fromland or boat positions,
owing to the low elevations of the cliffs and the availability of good view ng
areas from | and. Thus, while conparing |land and boat counts undoubtedly
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Table 4.2. Kittiwake breedi ng phenology and census dates at Cape Thonpson.
Event 1960a  1961b 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
Hatching' 17 Jul 22 Jul 9 Aug 29 Jul 25 Jul 18 Jul 21 Jul 19 Jul
Las t
Hatching® (2 Aug) (7 Aug) (25 Aug) (14 Aug) (10 Aug) (3 Aug) (6 Aug) (4 Aug)
First
Fledging 20 Aug 27 Aug 27 Aug
Col ony 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
Ch 15 Jul 29 Jul 9 Aug 18 Jul 14 Aug 10 Jul 5 Aug 10 Aug
3 Aug 19 Jul 19 Jul
C5 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

a 12 Aug counts were outside of census period.

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

c All counts were outside of census period.

d Counts after 8 Aug were outside of census period.

e Based on 27 d incubation period (Coulson and White 1958).

f 1960-1982 data from Springer et al.

estimated from chick growth rate

(1985b). Dates for

1977-1982 were

Data for 1988 from present study.

g Based on 16 d hatching period observed in 1988.
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introduces sone variation, we feel this error is probably mnimal for colony 4
plots .

Having identified a single “best” neasure 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-monment correlations and Spearman rank
correl ations between nurre or kittiwake numbers and year of census.
Significance tests were two-tailed. The rationale here is that the sanpling
error, largely unknown, associated with each measure of population size
becomes less inportant if there is convincing evidence of a long-termtrend in
a series of data

Qur second approach entailed estimating the conponent of daily variation
among boat-based counts using all available information and asking whether the
observed annual deviations fromthe 1960-1988 grand mean could have arisen
from that source (daily variation) alone. First, we estimited 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. W pooled al
such neasures of daily variation using a weighted average:

a
Pool ed estimte CV S (ni 1)V
for boat-based counts = i=1

(within-years variability) a
2 nj-a
i=1
where CVi = daily cv calculated for a given plot and year
ni = nunber of replicate counts on which the calculation of
CVi is based
a = nunber of different measures of daily cv available to

incorporate in the weighted nean.

This fornmula for a pooled-estinate ¢V is sinmilar to the pooled variance
commonly used in the demoninator of a t-test (Sokal and Rohlf 1981: 226). W
al so calculated a weighted sanple size, no, associated with this overal
estimate of daily variation (Sokal and Rohlf 1981: 214):
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ng = I/(a-1) [%ni - (,%nzi/.é“i)]
i=1 =1 =1
A conservative test for annual variation was then constructed by using this
estimated within-years CV to put 95% confidence 1limits on the grand nean
census total (usually a 6- or 7-year average) for each of the Cape Thonpson
colonies, C1-C5 . We had to assume that our pool ed-estimate CV accurately
describes within season variability in different colonies and years, though it
is in fact based on a relatively small subset of the data in 4 years.
Confidence intervals for grand nean colony size (colonies Cl-C5, respectively)

were conputed as foll ows:

95%C.I. -grand . ., * t0.0S[no—ll (s/ﬁl—o)

where s is the product of the grand nean for a colony and our pooled estimate
¢v. Note that we used the sanple size no for estimating the standard error
of the grand mean. That is, we used the sanple size associated with the
estimate Of daily variations rather than the nunber of years entering into the
conputation of the grand nean. Any of the several annual neasures of colony
size lying outside the 95% c.I. for the grand nean would exceed the deviation
expected due to variability of boat-based counts Wi thin years.

Due to the hybrid character of this statistical procedure (i.e., using
estimates of variance fromone source to test the significance of differences
obtai ned from other sources) the results must be interpreted cautiously. The
met hod provides at |east an approxi mate significance test, however, and a
reasonabl e basis for assessing annual variation in population sizes at Cape
Thonpson in light of what is known about variation within years. We believe
the tests are conservative because: (1) there was sone averaging of nx>2
counts per plot in arriving at the single neasures of colony size. for each
year studied, whereas the test assumes no replication, and (2) counts within a
given colony sonetines required nore than 1 day to conplete, which would also
reduce the effect of daily variation by an undeterm ned anount.

In 1960, Swartz' field crews separated the two nmurre species in their plot

counts (Appendix G. Subsequent attenpts to count both species from boats
have not been successful. However, in 1988 we assessed Common and
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Thick-billed Mirre nunbers separately at all |and-based plots in Col onies
2-5.  Assunming our plots provided a representative sanple of habitat in each
col ony, we use these data to indicate the present species conposition at Cape
Thonpson. W tested for significant changes in species conposition by
averaging the 1988 Thick-billed Mirre ratios from each colony’ s replicate
counts and conparing our nean 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 popul ation were
calculated using an exponential mnodel

wher e NO is the initial population size and N, is population size at time
t.

4.2.2.2. Black-legged Kittiwakes

Plot counts for between-year conparisons of Kkittiwakes were treated using
the criteria already described for murre counts. In addition, we attenpted 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 nunbers by doubling the nest count.
W converted nest counts to an estimate of individual bird nunbers by
mul tiplying the nest count by 1.4, the nean ratio of individual birds to nest
nunmbers 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 nultiplied the raw counts by 1.31, a correction factor
determ ned by conparing the daily attendance counts of |and-based plots at
Col ony 3 (Fig. 2.13a) on 10 August (the day of the boat-based census) to the
census nean for those plots.

Yearly colony totals were evaluated for population trends using Spearman
and Pearson correlations wth two-tailed significance tests. Vari ation
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attributable to daily (wthin-season) patterns was estinmated as described
above for murres using replicate counts available fromcolonies 2 and 4 in

1979.
£.3. Results
4.3.1. Comon and Thick-billed Mirres

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

Correlation analysis reveal ed negative trends in murre attendance at all
col oni es between 1960 and 1982 or 1988, significantly so for colonies 1, 2 and
5 (Table 4.10). Declines were not uniform anong col onies 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 nurre nunbers between 1960-1976/77, but colony 4 did not begin to decline
until after 1979 (Figs. 4.1-4.5). Considering all colonies except colony 1
(i.e., summ ng all plot totals fromcolonies 2, 3, 4 and 5) nurre nunbers
declined 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% (n0=3) for all data, and 27.1% (no=6) usi ng only data
that had >4 replicate counts (Table 4.13). W used the latter CV to conpute a
standard deviation and 95% c¢.1. for’ each colony grand nean. 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% ¢.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

Thonpson - Col ony 1 murres.2

1960 1961 1976 1977 1979 1982
Pl ot ¥ n X n X n X n X n X n
1A 34 1 15 3 9 2 0 1 0 3 0 3
(0 5)d
1B,1¢cP 533 | 763 3 332 2 342 1 288 3 362 3
(301 5)
1D 7210 1 678 7 282 2 390 1 392 3 338 3
(368 5)
1E 2089 1 2294 3 954 1 1152 | 914 3 1117 3
( 1046 5)
1F,16¢ 773 1 902 3 508 2 570 1 401 2 568 3
(499 4)
1H 36 1 30 3 34 2 16 1 0 3 19 3
(0 5)
11 0 1 0 3 0 2 0 1 0 3 0 3
{0 5)
Total © 4186 4682 2119 2470 1995 2404
(2214)

a No census counts were conpleted in 1978 or 1988.

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

c These two plots were counted together in 1979, so are
conbined here in all years.

d The census period probably extended to 11 Aug. Nunbers in
parent heses include counts after that date.

€Total cal cul ated using all plots.
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Table 4.4.  Summary of boat-based census results from Cape Thonpson -

Colony 2 murres.2

1960 1961 1976 1977 1979 1982 1988
Plot X 0 X n X n X n X n X n ¥ n
241 36 1 -C 5 1 9 1 8 1 14 2 28 1
242 50 1 -c 29 1 23 1 30 1 16 2
2% 159 1 -C 145 1 125 1 154 1 129 2
2 1182 1 667 1 512 1 7235 762 2
(740 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 1 847 1 580 1 505 1
2G 3437 1 1295 1 2867 1 1740 1 1677 1
24 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 1t 1720 1
2K,21P 3593 1 2037 1 3160 1 1910 1 2230 1
oM 2802 1 2335 1 2000 1 1355 1 1700 1
oN 2265 1 526 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
20 4077 1 1525 1 3025 1 1925 1 1975 1
2R 782 1 485 1 690 1 430 1 465 1
2S,27°6836 1 6025 1 5630 1 3344 1 4090 1
(5724 2)e
2U 3315 1 3420 1 2825 1 3225 1 2007 2 2165 2
2V 4575 1 3890 1 3347 1 3930 1 2405 1 2755 2
(3205 2)
A 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
27 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
206G 440 1 -C 545 1 360 1 395 1
2HH,2IIb 480 1 -C 485 1 434 1 518 1 702 2
(514 2)
Total ' 75461 46175 52451 45905 42934
(47606)

103



Table 4.4. Continued.

“No census counts were conpleted in 1978.

"These plots were occasional |y counted together, so have been combined
for all years here.

“These plots were counted fromland in 1961.

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

“Replicate count for plot 2T only.

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

Thonpson - Col ony 3 murres.2

1960 1961 1976 1977 1979 1982

Plot ¥ n X n X n X n X n X n
3A 84 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 1 540 1 465 1]
3H <1 700 1 565 1 478 1 485 13
31 400 1 1450 1 772 1 240 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+

I+J+ . . .

K)J (6900 1)3 (4964 1)J (4395 1)3 (3575 1)J
3L4+M+ .
N+OP 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+UP 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 4 457 2

(502 6)h
Tot al “15254 9796 12575 10154 11229
a noCcOoUNtS Were madei N 1978 or 1988.

b These plots were conbined in sone counts for sone years,

soar e conbined for all years here.

C These plots were counted from |and.
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Table 4.5. Continued.

d Cbserver estimted 2900 murres on plot, but noted he
bel i eved another 1000 to be present but hidden by [|edges.

e 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.

1 Plot 3P was counted twice.

3 In 1982 Springer et. al. (1985a) had difficulty distinguishing
boundaries between these plots and recommend conbining them for
interyear conpari son.

“Totals calculated using plots 3a-3F, and 3P-3W
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Table 4.6. Sunmary of Dboat-based census results from Cape Thonpson -

Colony 4 murres.2

1960 1961 1976 1977 1979 1982 1988

b

Plot X n X n X n X n X n X n

LA 133 1 73 1 137 1 157 1 152 2 110 2 64 1
4B 638 1 527 1 265 1 547 | 578 2 212 2 310 1
&C 834 1 369 1 210 1 975 1 251 2 432 2 195 1
4D 371 1 247 1 165 1 135 1 178 2 115 2 90 1
LE 1190 1 1030 1 880 1 985 1 875 3 670 2 595 1
LF 600 1 540 1 335 1 310 ! 168 2 2602 195 1
4G 1555 1 1115 1 912 1 1012 1 847 3 732 2 615 1
4 348 1 351 1 375 1 346 1 343 2 277 2 247 1
41 57 1 44 1 40 1 95 1 161 2 75 2 60 1
4J 424 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
&M 835P 2 485 1 569 1 487 1 394 3 362 2 307 1
4N 281 2 184 1 327 1 324 1 348 2 295 2 230 1
40 11 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 1 154 1 260 1 165 1 144 2 257 2 245 1
4R 124 1 92 1 56 1 220 1 240 2 237 2 165 1
TotalC 7232 5423 5861 6681 5439 4791 3866

a No census was conpleted in 1978.
b I'ncludes counts which were listed as being “estimated.”

C Total cal cul ated wi thout plots &k, &M, and &N.
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Table 4.7. Summary of census results from Cape Thonpson -

Col ony 5 nurres,

| and- based counts.

1960 1979 1982 1988
Pl ot X n X n X n X n
5A 947 1
5B 2654 1 912 1
5C 870 1
5D 1700 1
5E 3570 1 2015 3 1150 3
5F 990 1 446 3
(5E+5F)2 (4560 1)a (1277 1)2 (2461 3 )2
5G 4267 1 1835 1 1991 3
5H 4275 1 1693 3
51 1350 1 640 1
53 2100 1
5K 3687 1 1506 3
5L 1850 1 490 1 748 3 930 10
5M 1700 1 702 1 83 1
SN 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
5R 4350 1 1430 1 2023 2 1620 3
5s 1925 1 738 2 817 2
5T 1122 1 1073 2
5U 875 1 440 1
SV 110 1 417 2
5w 70 1 568 2
5X 1085 1
5Y 2225 1
57 475 1

*5E and 5F were conbined for the 1979 count.
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Table 4. 8.

Col ony 5 murres.@

Summary of boat-based census results from Cape Thonpson -

1960 1976b 1977 1978 1979 1982 1988
Piot X n X n ¥ n ¥ n ¥ n X n X n
S5A+B+
Cc+Xc 1400 1 952 1 1909 1@ 965 1
5D+Y+
yAY 3000 1 2472 1 1698 1 1215 1
5E+FC 1477 1 825 1 160 1
5G 1245 1 580 1 365 1
5H+I¢C 1745 1 865 1 690 1
5J 395 1 197 1 225 1
SK 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
ST 1025 1 650 1 455 1
5U i70 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 17351
(1286 8)f
5BB 1150 1 475 1 400 1
5CC 1700 1 1010 1 770 1 230 1
5DD 2950 1 1432 1 1115 2 1010 1
5EE 3100 1 2062 1 1720 1 1175 1
5FF 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 2145 1 3230 1
5JJ 7400 1 1612 1 1082 2 1480 1
5KK 6175 1 2787 1 19201 2325 1
5LL 1175 1 1010 1 687 2 935 2 960 1
5MM 6750 1 3512 1 22201 2450 1
5NN 7350 1 4582 1 31351 2940 1
500 6000 1 2352 1 12551 2257 2 1710 1
5PP 4050 1 2327 1 12651 2280 1
5QQ 1425 1 1097 1 865 1 1140 1
5RR 1725 1 1250 1 1375 1
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Table 4.8. Continued.

1960 1976b 1977 1978 1979 1982 1988

Pl ot X n X n X n X n X 0 X n X n
5BB+DDY 4100 1 1907 1 1120 1 1515

5yU+RRd 1420 1 1605 1 1240 1

5K+FFd 3750 1 3472 1 2410 1

Total8 31791 14684 7107 11909 10980

a No couns were conpleted in 1961 or 1978.

b 1976 plots were counted 1976 plot designations, with no “speci al
area” conversion plots to convert themto Swartz’ 1960 designations
(see Table 4.9).

c These plots were counted together in sone years, so all years were
converted to match.

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

e Plot 5X was counted tw ce.

f Includes counts after end of census period.

g Total calculated using plots 5AA 5GG 5HH, 5LL and 500.
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Table 4.9. Summary of boat-based census results from
Cape Thonpson - Colony 5 murres using 1976 plot

desi gnati ons.

1976 1977 1979 1982

Plot X n X n X n X n
5AA(1976) 1400 I 952 1909 1 965 1
5BB(1976) 3000 1 2472 1698 1 1215 1
5cc(1976) 14467 1 5395 2761 12 2275 1
50D(1976) 2933 1 6675 4665 1 3485 1
5FF(1976) 11117 | 5940 4525 1
5HH(1976) 10400 1 7730 3a8.  1b 6000 1
5KK(1976) 11533 1 9135 (4583¢) 1 7325 1
5LL(1976) 11267 | 8923 (5808¢) 1 6530 1
5NN(1976) 9300 1 7305 (4592¢) 1 5830 1
5QQ(1976) 2617 1 3055 (1928¢) 1 3420 1
5RR(1976) 1950 1 1737 1782 1 1470 1
Totald 79984 59319 43040

a Part of plot was counted 6 tines.
b part of plot counted 5 times.
“Required use of estimates of special area attendance

for conversion to these designations.

d Total cal cul ated using all plots.
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Figure 4.1. Mirre population trends in Colony 1, Cape Thonpson. Census
totals for all plots. Open circle represents data obtained after
standard census peri od.
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Murre population trends in Colony 2, Cape Thonpsson. (a)

Census totals include ail plots except 266  (pen circle represents

data obtained after standard census period.

plots 2a1, 2U, 2V, and 2CC only.
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Figure 4.3.  Mirre population trends in Colony 3, Cape Thonpson.
Census totals for plots 3A-3F and 3p-3w.
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Census totals include all plots except 4K, 4M, and &N.
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Figure 4.5, Mirre population trends in Colony 5 Cape Thonpson.
Census totals for boat-based plots 5AA 5G5 5HH, 5LL, and 500.
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Figure 4.6. Conbined nurre population trends in: a) Colonies 1-5
1960- 1982, and (b) Colonies 2, 4, and 5, 1960-198
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Table 4.10. Correlations between year and nurre attendance at Cape Thonpson

1960 through 1982 or 1988.

Col ony

Statistic 18 2b 3C 4d be 5f

Spearman rg -0. 657 -0.771 -0.300 -0.750 -1.000 -00700
P 0. 156 0.072 0. 624 0. 052 0.0001 0.188

Pear son 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

a All plots in 1960, 1961, 1976, 1977, 1979, and 1982.
b Plots 2A1, 2U, 2v, 2¢cCc in 1960, 1976, 1977, 1979, 1982, and 1988.
“Plots 3A-3F, 3p-3w in 1960, 1976, 1977, 1979, and 1982.
d Plots sa-aJ, 4L, 40-4R in 1960, 1961, 1976, 1977, 1979, 1982
and 1988,
e Land counts of plots 5E 5L, 5Q, 5R, 5S in 1960, 1982, and
1988.
"Boat counts of 5aA, 5GG 5HH, 5LL, 500 in 1960, 1977, 1979,
1982, and 1988.
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Tabl e 4.11. Correlations between year and murre

attendance at Cape Thonpson, 1960-1977.

Colony

Statistic 1a 2b 3¢ 4d

Spearman rg -0.600 -1. 000 -0. 500 -0. 200
P 0. 400 000001 0. 667 0. 800

Pearson r -0. 966 -0.980 -0. 833 -0. 062
P 0.034 0.129 0.373 0.938

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

and 1982,

b piots 241, 2U, 2V, 20C in 1960, 1976, 1977,

1979, 1982, and 1988.
C Plots 3A-3F, 3P-3W in 1960, 1976, 1977, 1979,

and 1982.
d Plots 4A-4), &L, 40-4R in 1960, 1961, 1976,

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

at Cape Thonpson, 1976-1982/88.

Col ony

Statistic 1a 2b 3C 4d 5e

Spearman rs 0. 000 -0. 600 0.400 -0.900 - 10000
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

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

b piots 241, 2vu, 2v, 2€C i N 1960, 1976, 1977, 1979, 1982
and 1988.

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

d piots .l;A;hJ, 4L, no-4R 1N 1960, 1961, 1976, 1977, 1979,
1982 and 1988.

e Boat counts of 1976 plot designations; all plots in 1976,
1977 and 1982.
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Tabl e &.13.

Replicate counts of boat-based murre plots used to estimte daily attendance

variation at Cape Thomoson.2

1961 1976 1979 1982 1988
Plot = SD ¢vE n x SD cEa X SD CV%E N x SD avz n X SD CV%Z n
1A 14 8 55.6 2 9 4 47.1 2
1B 248 112 45.2 2 138 10 7.5 3
1C 451 158 35.0 2 333 11 3.2 2 301 94 31.3 5 22359 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 1s1.0 2 11 10 88.4 3
16 829 289 3.9 2 508 59 11.7 2 499 133 26.6 4, 557 50 9.0 3
18 23 32 11,0 2 34 30 87.3 2 19 11 57.3 3
2al 15 8 53.62
242 16 63532
2B 129 9 6.6 2
2c 750 96 13.0 7 763 4 0.5 2
21 1402 60 4.3 2
20 1384 338 24.4 8 1680 354 21.0 2
2T 3723 1361 36.6 2
2U 2008 506 25.2 2 2165 399 18.4 2
2V 3205 1025 32.0 2 2755 436 15.82
2 1145 665 58.1 2
2AA 710 21 3.0 2
28B 1233 150 12.2 9 1200 212 17.7 2
2EE 699 139 19.9 2
2HH 313 10 3.2 2 516 219 4300 2
211 200 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 5S5 14 2.6 2
3E 395 28 7.2 2 503 11 2.1 2
3F 319 23 7.3 2 315 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 14 12.3 2
3V 873 67 7.7 2
k1] 502 154 30.7 6 458 25 5.4 2
4A 152 42 2792 110 o 00 2
4B 579 10L.6 2 213 46 216 2
4C 252 38 14.9 2 433 8118.8 2
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Table 4.13. Continued.

1961 1976 19"79 1982 1988

Plot % S Cv% N x SDcvz n X SD cvz n X SD ovin X SD CV%n
4D 179 16 9.1 2 115 21 1842
4E 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
48 344 38 10.9 2 278 152 54.8 2
41 61 20 32.5 2 75 14 189 2
&J 531 136 25.6 2 490 00.02
4K 131 41 31.3 2 103 11 10.3 2
4L 289 93.22 325 113 34.8 2
4M 394 96 24.2 3 363 39 10.7 2
4N 349 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 4 1.5 2
5x 1125 21 1.8 2
5A4 1286 695 s54.0 8

1115 219 19.7 2
5GG 038 434 46.3 7
5HH 4948 407 8.2 2
53J 1083 513 47.4 2
5LL 688 336 48.9 2 935 35 4.4 2
500 2258 895 39.6 2

a Raw data presented in Appendix G

v Plots 18 and 1c conbi ned.

“Plots ir and 1¢ combi ned.
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col ony 4.

Murre nunbers declined by an estinmated 47% between 1960-1982 (data from
col oni es 1-5 conbined), but the rate may have varied anong col onies (Cl=43%,
C2=59%, C3=26%, C4=47%, and C5=63%). The per annumrate of decline in nurres
was 2.42% between 1960 and 1982, ranging from 1.85% in colony 4 to 3.89% in
colony 5 (Table &4.14). There was no clear shift in per annumrates of decline
bet ween 1960- 1977 and 1977-1988, but the snallest decrease (1.65% PA) occurred
bet ween 1982 and 1988 (Table &.14).

Mirre species conposition differed significantly between 1960 and 1988
only in colony 5 (Table &.15). Estimating species specific per annum
popul ati on changes by applying the species ratios to the 1960 and 1988
boat - based counts suggests that Conmon Murres declined at a slightly higher
rate (3.50%2 PA) than Thick-billed Murres (2.13%2 PA) (Table 4.16). °

Annual changes in murre attendance were not significantly concordant anong
col ony totals (Friedman Test; X2=10°00, P=0.75, df=5), but tended to be
concordant anong plets Wi thin colonies (coleny 1, X2=34.28, P<0.001, df=6;
col ony 4, X°=87.47, P<0.001, df=17). Patterns of change on individual plots

are illustrated for colony 4 (Fig. 4.7).
4.3.2, Black-legged Kittiwakes

Qur working totals for the number of kittiwakes present in each of the
col onies €2-¢5 during all years of study since 1960 are indicated in Tables
4,17-4.21 (see Appendix G for a conplete 1ist of plot counts by colony and
year). No kittiwakes have nested in colony 1 during any year since 1960.

Kittiwake popul ation 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 pool ed-estimate ¢cv for replicate boat-based counts in 1979
was 14.4% (n°=2) (Table 4.23). Based on this neasure of variation, all
census totals were within the 95% ¢.I. of the grand nean for each colony
(Figs. 4.8-4.11). Annual changes in kittiwake attendance were significantly
concordant anong plots within colony 4 (x2=34.1, P¢0.001, df=7) (Fig. 4.12).
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Table 4.14. Murre popul ati on changes (% per annum)2 at Cape Thonpson.

col ony
Date Interval 1b 2 3c 4d Se st 58 xt  SD
1960- 1982 -2.43 -2,531 -1.38 -1.85 -3.41 -4.36 -2.42 0.95
1960- 1988 -1, 6ud -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 -2.121 -1.13 -0.47 -4. 44 -2.24 1.57
1976- 1982 +2.13 -1.21%1 +2.30 -3.30 -9.81 -1.98 4.97
1976- 1988 ~2.26] -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 -1.91] -4.85 -2.61 -3.12 1.54
1982- 1988 +0.84] -3.51 -2.60 -1.34 -1.65 1.88

“Cal cul ated using Ny = Ngeft; assunes uniformrates of

decrease over years.

"All plots.

‘Pl ots 3A-3F, 3P-3W.

d Plots 4A-4J, 4L, &40-4R.

“Land-based plots 5E 5L, 5Q, 5R, 5S.
"Boat - based plots 5AA, 5GG 5HH, 5LL, 500.

g 1976 plot designations, all plots.

"Colony 5 estimates were pool ed before cal cul ating mean.

"All plots except 2GG
j Plots 2A1, 2U, 2V, 2CC
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Tabl e 4.15. Changes in murre Species conposition at Cape Thonpson,

1960- 1988.
19602 1988P
col ony ZTBMU  %COMU n€ ZIBMU %COMU n€ td
1 81 19 4186
2 49 51  76828¢ 44 56 923 0.4508
3 90 10 984 88 12 658 0. 38ns
4 42 58 8987 53 47 1317 0.59ns
5 80 20 139637 91 9 4805 2. 30

a Data from tables presented in Appendix H except for Col ony 2.

b Data from 1988 | and-based plots (Appendix D).

“Total nunber of birds on which ratios were based.

‘T-tests conparing nmean species ratios; degrees of freedom
based on number of plots observed in each col ony.

e 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

“$ non-significant (P»0.05).
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Table 4.16. Species specific population decrease
of nurres (% per annunm) between 1960-1988 at

Cape Thonpson

col ony TBWJ CcoMU
2a 1.94 1.37
4b 1,40 2.94
5¢ 3.04 6.20
Mean 2.13 3.50

a Cal cul ated using species ratio data in Table
4.15 and murre attendance on plots 2a1, 2u, 2V,
and 2cc.
b Calculated using Species ratio data in Table &.15
and murre attendance on plots 4A-4J, 4L, and &40-4R.
“Cal cul ated by using species ratio data in Table
4.15 for land and boat-based counts, and the
attendance on |and-based plots 5E, 5L, 5Q, 5R, and 5S;

and boat-based plots 5AA 5GG 5HH, 5LL, and 500.
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Table 4.17.

Sunmary of boat-based census results from Cape Thonpson -

Colony 2 kittiwakes (birds).

1960a 1961a 1976 19774 1978¢ 1979 1982 19888
Pl ot X n X n X n X X n X n X n X n
241 01 01 0 01 01 01
2M2 01 01 0 01 01
2B 01 01 0 01 01
2C 01 01 01 01
2D 01 ob 1 01 6 1
2E 487 1 33901 261 1 325 1
2F 3811 351b1 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
2J 231 1 218"1 138 1 234 1
2K 38 1 33 1
2L 587 1 249 1 5058 1
oM 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
25 126 1 85 1 114 1
2T 417 1  4h0P 1 241 1 383 1
2U 1036 1 345 1 501 11029b 1 4751 703 1
2v 449 1 434b 1 185 1 415 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
2Z 113 1 105b 1 28 1 78 1
2AA 63 1 22 1 70 1 87 1
2BB 8 1 7b 21 51
2¢C 20 1 11 1 18 1
20D 119 1 119b 1 79 1 153 1
2EE 140 1 39 1 78 1
2FF 13 1 11b 1 25 1
266 4 1 4 1
2HH+2IIC 17 1 21b 1 18 1 56 1 75 1
Using 1977 plot conbinations:
2C+2D+
2E+2F 868 1 690 1 5021 269 1 642 1
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Table 4.17. Conti nued.

1960° 1961b 1976 19774 1978 1979 1982 1988g
Plot X n X n X 0 X 0 X 0 X n X 0 ¥ n
2G+2H+
2I+2J 678 | 418 1 475 1 732 1
2K+2L+
2M+2N 1888 1 826 1 709 1
20+2P+
20+2R 636 1 299 1 347 1 429 1
28+2T 543 1 326 1 290 1 497 1
2U 1036 1 345 1 501 11029 1 475 1 703 1
2v+2W 750 1 3331 373 1 583 1
2X+2Y. 301 1 124 1 53 1 295 1
27Z+28A 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 24 1 60 1
Tot al ' 1415 540 84l 1212
Total® 6904 3236 3224 5235

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

b counts conpleted after the census period.

C These plots were conbined in several years.

d 1977 plots were counted in conbinations listed in bottom of tabie.

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

because the boat was rocking heavily.
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Table 4.17. Conti nued.

"Total calculated using plots 2al, 2A2, 2B-2C, 21, 20, 2U, 2aA, 2HH,
211.

g Total calculated using plots 2E 2F, 2d, 2J, 2N, 2P, 2R, 2T, 2V, 2X
22, 2BB, 2DD, 2HH, 211.
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Table 4.18. Summary of boat-based census results from Cape

Thonpson, Col ony 3 kittiwakes (birds)."

1960P 1961b 1976 1977 1979
PlotC X n X n X n X n X n
3A 0 1 od 1 0 1 0 1 2 1
3B 0 1 od 1 01 b 1 74 1
3C 18 1 24d 1 20 1 35 1 52 1
3D+3E+3F 73 1 69d 1 109 1 731 113 1
34 5266 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

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

b swartz counted kittiwake nests. These were converted
into “individual s” by nultiplying nest counts by 1.4 (deternined
from 1979, 1982, and 1988 bird to nest ratios during census
counts on Colonies 2,3, 4, and 5).

“Plots were conbined for counting iike this in 1977, so
all years here are converted for conparison.

d piots counted after census period.

€ Many birds were “loafers” sitting on the edge of the plot.

f Total calculated using plots 3a-3F, 3Q-3v.
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Table 4.19. Summary of boat-based census results from Cape Thonpson - Col ony 4
kittiwakes (birds).

19602 1961b 1976 1977d 1978¢ 1979 1982 19888
Pl ot ¥ n b3 n ¥ =n E n E n X n ¥ n X n
4A 330t (zs5)¢1 121 1 249 1 156 1 284 1 289 1
4B 430 1 (379)¢ 1 80 1 284 1 464 2 3251 542 1
4C 525 1 (505)¢1 266 1 288 1 383 1 277f 2 405 1 164 1
4D 53 1 (52)¢ 1 15 1 22 1 55 1 18 1
4E 790 1 (560)c 1 265 1 479 1 481 2 511 1 732 1
4F (312)¢ 1 79 1 1751 1691 2451 2551
4G (658)¢ 1 155 1 380 1 3751 406 1 576 1
4H 156 1 (148)¢1 107 1 2831 177 1 1441 1341 1701
43 354 1 (a19)¢ 1 146 1 102 1 324 1 345 1 394 1 373 1
4] 230 1 (183)c 1 96 1 101 1 116 1 134 1 100 1
4K 206 1 (197)c 1 87 1 1051 185 1 166 1 160 |
4L 287 1 (223)c 1 69 1 198 1 1851 2321 1911
LM 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 (18)c 1 11 1 28 1 50 1 47 1 32 1
4P 60 1 (56)¢ 1 27 1 80 1 891 1091 1091
4Q 01 (0)e 1 01 4 1 91 91 22 1
4R 01 (o)1 01 21 21 01 8 1
Using 1977 plot conbinations:
4A+4B 760 (624)¢ 200 1 4291 5331 6201 6091 8311
4C 525 (505)¢ 266 1 288 1 3831 277f 2 405 1 542 1
LD+4E 843 (612)¢ 280 1 404 1 5011 566 1 182 1
4F+4G >626' (970)¢ 234 1 420 1 5551 5441 6511 831 1
4H 156 (567)¢ 107 1 283 1 177 1 144 1 134 1 170 1
41 354 (419)¢ 146 1 102 1 324 1 345 1 394 1 3731
4J+4K+
4L+40 732 (617)¢ 263 1 2831 4321 5361 5791 4831
L4M+ON+
4P+4Q+
4R 388 (386)¢ 152 1 2371 3851 3921 460 1 407 1
Total ' 3541 4088 1369 2042 2789 2858 3232 3637

“Counts were by pairs, which may have been an attenpt

Val ues here are 1.4 times the original counts (the ratio of

to estimate nests.

birds to nests



Table 4.19. Continued.

determ ned from census counts in 1979, 1982 and 1988 on Colonies 2, 3, 4,

and 5).

b swartz counted nests. These counts were converted te birds by
nul tiplying by 1.4,

¢ Land-based counts.

d piotg were counted in conbinations as listed in the second table.

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

f The cliffs containing 4c and 4D col | apsed sonetime between 1978-1979.

g I'n 1988, plots were counted after the census period. The new counts
have been nultiplied by 1.31, based on daily attendance counts of |and-based

plots of Colony 3 (see Figure 2.13a).

h Listed in field notebook as not. being all birds on plot. See

Appendi X 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 Thonpson - Colony 5 kittiwakes (birds] using

1976 pl ot designations.*

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 1 342 1 -b
5HH(1976) 490 1 335 1 606 1
5KK(1976) 347 1 182 1 411 1
5LL(1976) 78 1 21 1 80 1
5NN(1976) 12 1 01 01
5QQ(1976) 4 1 01 01
5RR(1976) 6 1 21 01
Total 1932 1273 1522

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

"Require mixing |and and boat-based
counts .

“Totals calculated using all plots

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

Sunmary of boat-based census

results from Cape Thonmpson - Colony 5

kittiwakes (Dbirds).

19602 19612 1979 1988
Plot X n X 0 X n X n
54 ib 1 0 1
5B 100b 1 0 1
5¢ 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 it 1
5K 19b 1 57 1
5L gzb 1 68b 1 91b 8
5M 7b 1 b 1
5N 44d 1 gab 1
50 11b 1 7
5P 1400 1 128be 1
5Q 18b 1 32b 1 31b 8
5R 239D 1 8ib 1 124b 2
5s 58P 1 28b 1
5T ib 1
5U 5b 1 0 1
5V ob 1 0 1
5W ob 1 0 1
5x 48b 1 678 1 55 1
5Y 164b 1 115 1
52 ib 1 115 1
5AA 147 1 12381 182 1 160f 1
5BB 175¢ 1 164 1
5CC 462¢ 1 31781 282 1
50D 2418 1 152 1 170f 1
5EE 2388 1 23181 268 1
5FF 3438 207 1
5GG 3578 1 3508 1 379 1 347f 1
SHH 2348 1 212 1 236' 1
511 1758 1 2248 1 238 1
5JJ 278 1 26 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.

1960° 1961° 1979 1988

Pl ot X n ¥ 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

a Swartz counted nests in 1960 and 1961. Those counts were nultiplied
by 1.2 (land-based counts) or t.4 (boat-based) to estimate birds Present*
(Ratios determned from census counts in 1979, 1982, and 1988 at Col onies 3,
4, and 5).

b Counted from | and

c Qbservers reported having difficulty distinguishing the boundary

bet ween 5BB and 5CC
40.

d 5¢ boat count

°5P boat count 63.

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

g Counted after census period.

"Total calculated using |and-based counts of plots 5E, 5L, 50-5S.

I Total calculated using boat-based counts of plots SAA, 5DD, 5GG 5HH

5LL, 500.
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Figure 4.8. Kittiwake popul ation trends in Colony 2, Cape Thonpson.
Census totals for plots 21, 20, 2U, 244, 2HH, and 211. The 95%

confidence interva

is between -295 and 2301 birds.
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Figure 4.9. Kittiwake popul ation trends in Colony 3, Cape Thonpson.
Census totals include plots 3A-3F and 30-3w. The 95% confi dence
interval is between -211 and 1645 birds.
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Figure 4.11. Kittiwake popul ation trends in Colony 5, Cape Thonpson.

(a) Census totals for boat-based plots 524, 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
50D (1976) and 5EE (1976). The 95% confidence interval is between
-463 and 3615 birds.
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Table 4.22. Correlations between year of census and kittiwakes

(birds) at Cape Thompson.

Col ony
Statistic 2a 3b 4c 5d 5e
Spearman 'S - 00200 0.200 0.024 -1.000 - 00500
P 00800 00800 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

“I'ncl udes 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, 3U, 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, &M, &N, 4P, 4Q and 4R in 1960, 1961, 1976, 1977,
1978, 1979, 1982 and 1988.
d Includes plots 5AA, 5Db, 5GG and 5HH in 1960, 1979 and
1988.
e Includes plots 5AA(1976), 5BB(1976), 5CC(1976), SHH(1976),
5KK(1976), 5LL(1976), 5NN(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 estinmate daily

attendance variation at Cape Thompson.2

1979
Pl ot x SD CVZ 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 Mirres

Based on the evidence for trends in census totals and our analysis of
within~ and anong-year variation, nurre popul ations at Cape Thonpson declined
between 1960 and the md-1970's. Qur esimaeOf W thin-year variation in
murre attendance for boat-based plots (cv=27.1%) was above the range observed
on | and-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 mi d-1970's were greater than coul d be accounted for by
within year variation alone, but the decline was not uniform anong col onies.
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 nurre
nunbers at colony 3 have been well within the limts of within-year variation,
and the overall decline in colony 3 was nuch lower than in the other four
colonies.  The decline appears to have been greater in colony 5 than in any
ot her col ony.

Conbining information fromall colonies, it seems that murre popul ations
at Cape Thonpson have been relatively stable since 1979. Based on apparent
changes in species conposition within the colonies, Conmon Mirres declined at
a nore rapid rate than Thick-billed Mirres between 1960 and 1988. In future,
differential changes in the two nmurre species can and should be exanined in
greater detail using |and-based plots.

Declines of nurres at Cape Thonpson parallel changes observed at Bl uff,
where murre nunmbers declined in the early 1970's, but have since been stable
(Murphy et al. 1986). Popul ati ons at Cape Lisburne renmined essentially
unchanged between 1976 and 1981/83 (Springer et al.1985c), whereas murres at
Cape Thonpson appeared to decline between 1976 and 1982.  Studies of murre
popul ations 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 Conmon
Murres over simlar tine periods to the Cape Thonpson study [e.g., -3 % per
annum bet ween 1962-1970 at Handa Island, Scotland (Cranp 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, popul ation changes observed at Cape Thonpson, Cape
Lisburne, and Bluff are probably within the range of natural variation in
nurres.

| f murres from Cape Thonpson and Cape Lisburne winter in the sane area of
the southeastern Bering Sea (Shuntov 19723 Divoky 1978), nortality during the
non- breedi ng season should be simlar for these two popul ations. Thus, any
difference in population trends between Cape Lisburne and Cape Thonpson would
arise from factors affecting nortality or reproductive success during the
breeding season. Springer et al. (1985a) surmi sed that murres generally have
hi gher breedi ng success at Cape Lisburne, but few quantitative data are

avai | abl e.

Murres from Cape Thonpson and Cape Lisbune apparently track local prey
sources throughout the breeding season. Cape Thonpson murres feed S-SW of
Cape Thonpson throughout June-July, shifting to the NWin August, when they
fly at least 60 km from the colonies to forage (Chapter 55 Springer et al.
1985a). Miurres 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). If
one or nore of the follow ng hypotheses is true, murres at Cape Lisburne would
be expected to have greater productivity than nurres from Cape Thompson: (1)
the region NE of Cape Lisburne is nore productive than Cape Thonpson feeding
grounds, (2) the region NE of Cape Lisburne provi des shall ower, nore suitable
habitat for sand |ance than areas near Cape Thonpson (Springer et al. 1985a),
(3) the region NE of Cape Lisbune acts as a “prey trap” because of
countercurrent eddies (Chapter 5), or (4) nmurres from Cape Lisburne are closer
to their foraging grounds and therefore use less energy and spend less tine
away from their breeding sites while foraging. There are observations
consistent with sone of these ideas. Springer et al. (1985a) saw nunerous
foraging flocks of kittiwakes in the embaynment NE of Cape Lisburne, suggesting
an abundance of sand lance there. That area has a | arger expanse of the
coastal tenperature regime associated with the primary prey species of nurres
than occurs near Cape Thonpson (Chapter 5).
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4.4.2. Black-legged Kittiwakes

The Bl ack-1egged Kittiwake popul ation at Cape Thonpson, in contrast to
nurres, remained relatively stable from 1960 through 1988, especially if
counts from 1976 are excluded. In 1976, Kkittiwakes did not build nests, and
their daily attendance was extrenmely variable (Springer and Roseneau 1977,
Springer et al. 1985a). Thus, the low attendance in 1976 (and possibly 1977)
was attributable to factors other than population change. Al between-year
fluctuations of kittiwake nunmbers were within the range expected within years,
and our pool ed-estimate CV for boat-based counts (14.4% was within the range
of Cv S calculated for |and-based plots in 1988 (4-42%. A significant trend
in kittiwake nunbers was found in colony 5, but the decline was small and
possibly an artifact of small sanple size (n=3 years).
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CHAPTER 5. THE DI STRIBUTI ON OF SEABIRDS AND THEIR PREY IN RELATION TO
OCEAN CURRENTS N THE SOUTHEAST CHURCHI SEA

5.1 Introduction

The sout heast Chukchi Sea (Fig. 5.1) harbors alarge and diverse seabird
fauna during summer nonths. In the Bering Strait, about one nmillion
planktivorous Least, Parakeet, and Crested Auklets (Aethia pusilla, A.

sittacula, and A. cristatella) and five other nenbers of the Alcidae breed

on Little Diomede Island, foraging in locally productive waters and al so
north into the Chukchi Sea (Drury et al. 1981). At Cape Thonpson and Cape
Lisburne on the northwest Al aska mainl and, about half a mllion piscivorous
seabirds, mainly Thick-billed and Conmon Murres (Uria lomvia and U. aalge)
and Bl ack- legged Kittiwakes (Rissa tridactyla), breed and forage on pel agic
school ing fishes around their colonies (Springer et al.1984). Non-breeding
mgrants like Short-tailed Shearwaters (Puffinus tenuirostris) nmove through
the Bering Strait into the Chukchi to take advantage of high production in
summer, while sone 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, sonme 25 species of marine birds,
i ncludi ng also Horned and Tufted Puffins _(Fratercula corniculata and F.
cirrhata), and d aucous Gulls (Larus hyperboreus), fregularly reside or
forage in the southeast Chukchi Sea during summer (Swartz 1967, Drury et al.
1981, Appendi x Table 5.1).

Productivity in the southeast Chukchi Sea is elevated during summer
t hrough several physical and biol ogi cal nechanisms (Flenming and Heggarty
1966, Coachman et al. 1975,  Springer et al. 1984). The domi nant
oceanographic feature of the region is the novenent of three major currents
north through the Bering Strait into the Chukchi Sea (Fig. 5.1). The Al aska
Coastal Current, characterized by warm low salinity waters, blankets the
nearshore zone as it constricts and surges north past Cape Prince of Wales,
wi nds back to the southeast and broadens into Kotzebue Sound, and constricts
again along the Alaska coastline from south of Cape Thonpson to Cape
Lisburne. Bering Shelf and Anadyr Current waters converge at the Bering
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data collected in this study).
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Strait to forma well-nmixed core of cold, nutrient-rich, high salinity Bering
Sea water that dom nates the south-central Cchukchi, pushes eastward agai nst
the Al aska Coastal Current north of Kotzebue Sound to Pt. Hope, and traverses
northwest towards the Arctic Ccean. Because of their differing origins and
wat er types, each current carries a unique mxture of nutrients, plankton

and fish northward that add to, and stinulate, all levels of production in
t he Chukchi Sea. Production is also enhanced through |ocal mechanisns.

Retreating 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 nmost 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 | ance (Ammodvtes
hexapterus) and the warm nearshore waters stinmulate growth and production of
sandlance and ot her coastal fishes including saffron cod (Eleginus gracilis),
herring (Clupea harengus), and sculpins (Cottidae). Where the Al aska Coastal

and Bering Shelf Currents border, fronts may stinmulate |ocal production by
bringing nutrients and plankton to the surface (Springer et al. 1984).

There have been several previous studies on the feeding ecol ogy of
seabirds and their foraging distributions in the Southeast Chukchi Sea.
Swartz (1966) exami ned the diets of seabirds breeding at Cape Thonpson and
summari zed seabird censuses nade fromthe Mv ‘Brown Bear’ during the course
of oceanographic studies of the southeast Chukchi Sea in 1960 (Swartz
1967). Three major aerial and ship-board surveys of the northern Bering and
sout heast Chukchi seas were conducted in the 1970's (Divoky 1978, Springer et
al. 1979, Drury et al, 1981). Mre recent diet studies of seabirds at Cape
Thompson and Cape Lisbunme have been integrated with previous biological and
oceanogr aphi ¢ studies of the region to provide an overview of the dynam cs of
seabird interactions with their prey in the southeast Chukchi Sea (Springer
et al. 1984).

As part of a study sponsored by the Mnerals Minagenent Service on the
breeding biology of seabirds at Cape Thonpson, we further investigated some
aspects of seabird foraging ecology in the region. W collected nurres and
kittiwakes at Cape Thonpson to exanine their diets, and conducted surveys at
sea to determine where birds were foraging in |ate 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 tenperatures
and salinities were nonitored to characterize water masses and foraging
habitats.  Sone data were also collected onseabird distributions around Cape
Li sbume and the Di omede I sl ands. These data are included here to help
assess the hiological and oceanographic factors that are inportant in
determ ning the foraging distribution of seabirds in the southeast Chukchi
Sea.

5.2 Met hods

Surveys for seabirds were conducted in the southeast Chukchi Sea from
23-28 August, 1988 fromthe U S. Fish and Wldlife Service vessel mv
'Tiglax'. Initially, we planned to work in the area from 19 August to 3
Septenber, but stornms prevented us from passing through the Bering Strait
until 23 August, and extreme w nds (100+ km h) prevented work from 29 August
to 1 Septenber, and pronpted an early departure on 2 Septenber. Mderate to
strong winds prevailed throughout nost of the study period and limted the
collection and interpretation of some data (see bel ow).

Except where noted otherw se, seabird censuses were conducted over 10-min
intervals fromthe flying bridge of the Mv 'Tiglax' using standard methods
for recording species abundance and behavior (Gould and Forsell 1986). Exact
protocol s varied depending on the type of survey being conducted (Table
5.1).  \Wen hydroacoustic surveys for fish were conducted simultaneously with
bird observations, all birds were counted in a 300 mwde 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-rein intervals, and only
birds on the water were recorded). Qherwise, all birds were counted in a
300 mwide 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
Thonpson and Cape Lisburne (Table 1 and Fig. 5.2) to determine the directions
taken by birds flying to foraging areas. only flying nurres were counted on
the first of these arcs (survey 4) because of poor lighting conditions, and
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Figure 5.2. Surveys conducted in the southeast Chukchi Sea in
August, 1988. Numbers in circles indicate survey nunber (see
Table 5.1). Lower-case letters along surveys 1,3, and 10
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Table 5.1. Details of surveys, and nunbers and densities of
seabirds observed on surveys in the southeastern Chukchi Sea

in August, 1988.

Al birds On wat er

Survey Survey Area Survey
no.  Date peri od (km2)  no. no./km? no. no./km? type’
1 23 Aug.  1425-1845 8.0 58 7.3 IH
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 1,A
5 25 Aug. 0815-1020 11.6 2033 175.3 16 1.4  1I,A
6 25 Aug. 1045-1315  13.9 675 48.6 55 4.0 |
7 25 Aug. 1915-2130 12.5 584 46.7 20 1.6 |
8§ 26 Aug.  1310-1425 6.9 695 100.7 11 1.6 1A
9 26 Aug. 1505-1650 9.7 1394 143.7 24 2.5 1A
10 27 Aug. 0830-1900 49.9 1450 29.1 77 1.5  O,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

“I-inshore, Ooffshore, A-Arc around col ony, H-Hydroacoustic
survey conducted sinultaneously.

*Arcs around col oni es excl uded from cal cul ation.
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censuses were conducted over 5-rein intervals on the remaining arcs.
(bservations of murre flight directions were also made fromthe cliffs at
Cape Thonpson between 28 July and 21 August, The nunbers of murres flying
within 45 degree arcs of 360 degree conpass bearings were recorded on
one-hour watches in late afternoon.

Onall surveys, Sea surface (3 m tenperatures and salinities were
nmonitored using a continuously recording thermosalinograph (Tsurumi Sei ki
Model 305861, Yokogawa Hokushin El ectric Co.). On surveys 1, 3, and 10,
water tenperature profiles were obtained at the indicated stations (Fig. 5.2)
using a conductivity - tenperature - depth (cTD) recorder (Tsurumi Sei ki
Model 01930 In-situ Water Quality Mnitor, Tsurumi Sei ki Conpany Ltd.,
Yokohama, Japan). Additional information on wi nd speed and direction, sea
state, observation conditions, and position were noted at the beginning of
each census period (Goul d and Forsell 1986).

Hydroacoustic surveys Wwere conducted using a BIOSONICS Mbdel 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 -125.4 dB, bandwidth
at 5 kHz, trigger interval at 0.5 see, and pulse width at 0.5 msec for all
surveys.  Fish echo signals were integrated in real tine over 2-rein and 10-m
depth intervals using a BIOSONICS Mbdel 121 Digital Echo Integrator wth 20
LogR anplification. Signals were integrated in relative voltage units,
downl oaded onto a microconputer, and later anal yzed to obtain absolute fish
density and abundance estimates. Surveys were recorded on a BIOSONICS Model
111 Thernmal Chart Recorder with a threshold setting of 200 mv. Acoustic
signal s 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 anplifications. Integrations of echo signals in the upper 10 m of the
wat er colum were not used to calculate fish densities because rough seas

produced excessive surface noi se.

Presumi ng that nmost of the fish targets observed were Arctic cod (see
Results and Discussion), a target strength (TS) of -64 dB/g was cal cul ated
from regression equations for fish with swimbladders (Thorne 1983, Foote
1987). In situ neasurements of Arctic cod TS'S in Lancaster Sound, Canada,

155



indicate this is a reasonable estimate (Rick Crawford, pers. comm., Dept. of
Fisheries and Cceans, Wnnipeg), and is very close to TS S determned in situ
for capelin (Mallotus villosus) and Atlantic cod (Gadus morhua) in eastern
Canada (Rose and Leggett 1988, Dan MIler, pers. comm., Dept. of Fisheries
and Cceans, 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 |ance TS's, but because they do not have
swimbladders, it iS likely that TS S are about 10 daB | ower than those of
Arctic cod (Rose and Leggett 1988). This would lead to an underestimate of

sand | ance densities on our surveys because we used Arctic cod target
strengths for estimating fish densities, but this source of error probably
occurred only inshore where sand |ance reside around Cape Thonpson (Springer
et al. 1984).

Murres and kittiwakes were collected for diet studies by shooting birds
asthey flewin to the colony from offshore. Birds were weighed and the
amount of subcutaneous and nesenteric fat was estimated visually (scale
0-3) . Stomachs and gizzards were removed and stored in 50% et hanol sol ution
for later examnation. Stomach contents were sorted and identified in the
| aboratory using appropriate taxonomic keys and reference material (by Al an
Springer, Institute of Marine Science, Univ. of Al aska, Fairbanks). The
sizes of most fish prey recovered were reconstructed from regressions of fish
| ength on otolith length and fromfish weight on fish length (see Springer et
al., 1984, for details).

The apparent size of fish and seabird aggregati ons can depend on the
spatial scale at which they are measured, and correlations between birds and
prey can also be scal e-dependent (Schneider and Piatt 1986, Piatt 1989).
Therefore in the follow ng anal yses, correlations were exam ned over a range
of scales from the mninum scale of neasurement (e.g., 2, 5 or 10 rein,
depending on the survey, where tine is equivalent to distance traveled; e.g.,
1 mn =0.3 kmat a ship speed of 10 kts.) to larger scales (e.g., 10, 20,
40, or 80 rein, depending on the total length of the survey and |eaving at
| east four data points for neasuring correlations). Simlarly, correlations
between fish or birds and gradients in sea surface tenperature or salinity
were examned at differing spatial scales. G adients were cal cul ated by

156



| aggi ng tenperature or salinity measurenents by one neasurement interval
(e.g., 10 rein) and taking the absolute value of the difference between
successive observations as the gradient. Al correlations between birds,
fish, and gradients were nmeasured using 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 Thonpson (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 tenperature and
salinity and periodic CID profiles revealed a narked tenperature-salinity
gradient fromeast to west and a thermocline at a depth of about 30 m (Fig.
5.3). Zoopl ankton were concentrated just above the thermocline, and fish
densities of up to about 2 g/m3 were recorded in the 10-30 m | ayer (Figs.
5.3 and 5.4). The total abundance of fish in this layer was estimted at

21.8 nt/kni.

The density of seabirds on the water was higher than observed on all
subsequent surveys except for the coastal survey (No. 11) at Cape Thonpson
(Table 5.1). In decreasing order of abundance, Parakeet Auklets, Conmon
Murres, Tufted Puffins, and G aucous Gulls accounted for 74% of birds
observed on the water. At the m ninum 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 fromthis anal ysis because surface signals were due to turbul ence
rather than fish ethos. The ‘density’ of signals in the uppernost stratum
was significantly correlated with wind speed (r=0.85, P<0.0001) and sea state
(r=0.77, P< 0.0001). Correlations between Conmon Murres and fish increased
Wi th measurenent scales up to 9 km, where murres Were positively correl ated
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> O.10). No strong correlations
were observed for any other species.

On the survey north fromLittle Diomede (No. 2, Fig. 5.2), there was
little variation in sea surface tenperature (6-8° C or salinity (30.6-31.3
ppt) from beginning to end. Average fish densities were between 0.04-0.15
g/m in the 10-40 mdepth stratumand total fish abundance was about 2.30
ret/kmz. Few birds were observed, of which 75%2 were Least, parakeet, and
Crested Auklets. Mpst auklets were observed within 10 kmof Little Dionede
I sl and.

5.3.2 Crossing the Southeast Chukchi

On August 24, we crossed the southeast Chukchi from about 150 km
west - sout hwest to about 10 km south of Cape Thonpson (Fig. 5.2). Sea surface
tenperature-salinity records and CTD profiles reveal ed that the survey
started in the tongue of Al aska Coastal water that extends about 200 km north
of Bering Strait (Fig. 5.1), crossed the broad band (ea. 80 km of Bering Sea
water that intrudes toward Kotzebue Sound, and ended in the Al aska Coast al
Current (ea. 50 kmw de). Hydroacoustic surveys were not conducted because
of excessive turbulence. Only 6% of birds observed were on the water, and
the density of flying birds was |ower than on any other survey (Table 5.1).
Nonet hel ess, some patterns were evident. Parakeet Auklets and phalaropes (of
which 78% were identified as Red Phalaropes, Phalaropus fulicaria) were
associated with a front between Al aska 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. Miurres, kittiwakes, and Honed Puffins were largely
restricted to Alaska Coastal and transitional waters |ess than about 110 km
from Cape Thonpson, the nearest breeding colony. No significant correlations
between birds and tenperature-salinity gradients were found.

5.3.3 Radial Arcs around Cape Thonpson and Cape Lisburne

Before attenpting to locate seabird foraging aggregations near Cape
Thonpson, we conducted radial arc surveys around the colonies at Cape
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Thonpson and Cape Lishurne to see where nost birds were flying. Land-based
surveys at Cape Thonpson indicated that whereas nurres had been foraging to
t he sout heast and south of Cape Thonmpson 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 Thonpson reveal ed that
nost murres and kittiwakes were flying to the northwest on 26 August,
al though a small proportion were flying southeast along the coast (Fig.
5.7). Horned Puffins flew nostly to the west and south of Cape Thonpson.
Surveys around Cape Lisbume reveal ed that nost nurres and Kkittiwakes flew to
the northwest, north, and especially northeast. Again, Homed Puffins flew
to different foraging areas than nmurres and kittiwakes.

5.3.4 O fshore fromPt. Hope to Cape Lisbune

Wth evidence fromthe radial arc surveys and two coastal surveys (Nos. 6
and 7) that nost birds from Cape Thonpson were flying to the west and north
of Pt. Hope, we conducted a survey to enconpass potential foraging areas up
to about 90 km west and 110 km northwest of Cape Thonpson (Fig. 5.2). Sea
surface tenmperature-salinity records and CTD profiles revealed that the
Al aska Coastal Current was constricted to a narrow band about 30 km wi de of f
Pt. Hope (Fig. 5.8, CTD stations a-d), and was bréader (ea. 40 km) off Cape
Lisburne (Fig. 5.8, CID stations e-i). Tenperature-salinity gradients were
stronger off Pt. Hope than off Cape Lisburne.

Fish densities and distributions varied markedly with hydrographic
conditions (Fig. 5.8). In shallow Al aska Coastal waters at Pt. Hope, fish
densities were relatively high (up to 23 g/m3) and nost fish were
distributed near the bottomor in md-water (Fig. 5.9). The average fish
density was 1.6 g/ni and total fish abundance in the area averaged 35.5
ret/kmz. Moving offshore into the transitional zone between Al aska Coast al
and Bering Sea waters (between ca. 25-50 km off Pt. Hope), fish were
conspi cuously absent at |ower depths. Scattered zoopl ankton and very | ow
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, noderate fish densities (1-2 g/m3) were again encount ered
between 20-40 m  Both fish and zoopl ankton were concentrated just above the
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2° Cisotherm (Figs. 5.8 and 5.11). In transitional and Bering Sea waters,
fish densities averaged 0.073 g/m and fish abundance averaged 2.19
mt/km® in the 10-40 m stratum Upon returning inshore to Cape Lisbune,
fish densities declined again dramatically in the transition zone (ea. 40 km
wi de) before rising again to much higher levels (up to 249 g/m3) near the
bottominshore (Fig. 5.8). Fish densities in this area averaged 1.26 g/,
and total abundance averaged 11.5 nt/knf in the 10-40 nmstrata.

At all spatial scales examned, fish density was negatively correlated
with the strength of sea-surface tenperature and salinity gradients, i.e.,
fish were scarce where Alaska Coastal and Bering Sea Currents diverged. At a
6 km spatial scale, negative correlations between fish density and
tenperature gradients were significant for two of four depth strata exam ned
(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>010. Negative correlations between fish
density and salinity gradients were generally weaker and insignificant.

The distribution of some seabirds reflected patterns of fish and
zoopl ankton distribution. The surface layer (<10 m) was excluded fromthis
anal ysis because surface signals were due to turbulence rather than fish
ethos. The ‘density’ of signals in the uppernmost stratum was significantly
correlated with wnd speed (r=053, ©P<¢0.0001) and sea state (r=0.69,
P<0.0001). There were no significant correlations between nunbers of nurres
observed and fish density in any depth strata at any scale examned. As in
previous surveys, however, few (<3% nmurres were observed on the water, and
t he abundance of nurres near Pt. Hope (Fig. 5.8), for exanple, may only
represent birds flying past Pt. Hope en route to other foraging areas rather
than an association (or lack of association) between nurres and fish at that
| ocation. However, nurres on the water were strongly correlated at a spatial
scale of 6 kmwth 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 conbination of these strata (10-30 m,
r=0 60, P<¢0.05). Mirres were poorly correlated with fish density at 30-40 m
(r=0.37, P>O 10 and 40-50 m depths offshore (r=0 44, P>0 10). Reflecting
the negative relationship between fish density and tenperature salinity
gradients, the nunber of nurres on the water was also negatively correlated
with the strength of sea-surface tenperature (r=-0.79, P<0.05) and salinity
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(r=-052, P>O010 gradients at a 6 km spatial scale.

Kittiwakes were not strongly correlated with fish densities in any depth
strata at any spatial scale. Unlike murres, Which may spend much of their
time swiming on the water in foraging areas, kittiwakes tend to fly nost of
the time (e.g., only one bird was observed on the water), and it was
inpossible to identify potential foraging birds for this analysis. However,
kittiwakes were negatively correlated with sea-surface tenperature-salinity
gradients at both small (3 km tenp. r=-0 38, P<¢0.05; sal. r=-0.13, P>0.10)
and 1arge (18 km tenp. r=-0.90, P<0.05, sal. r=-0.57, P>0.10) gpatial
scales. Most kittiwakes were observed on approach to Cape Lisburne (Fig.
5.8), even though the arc surveys (Fig. 5.7) suggested that nost kittiwakes
from Cape Thonpson fly toward Pt. Hope and few kittiwakes from Cape Lisburne
fly south or southwest.

The only other seabirds seen in abundance were Short-tailed Shearwaters
and Least Auklets. Both species were negatively correlated at the m ninmum
spatial scale (3 km) with fish abundance in all depth strata, although
correlations were generally weak (e.g., -0.04, ns, to -0.39, P<0.01). Most
(81%) of the Least Auklets observed were swimming on the water in the mddle
of the convergence zone between the Alagka Coastal and Bering Sea Currents
(Fig. 5.8) where upwelled waters brought plankton to the surface and fish
were very scarce (Fig. 5.10). In contrast to nurres and kittiwakes, Least
Aukl et numbers were positively correlated with sea surface tenperature and
salinity gradients (6 kmscale, tenmp. r=078, P<OCS;, sal. r=0 83, P<QO 05).
Al'l the shearwaters observed were flying, and although they were dispersed
over a wide area, most were concentrated on the Al aska Coastal Current side
of the front (Fig. 5.8). Like auklets, Shearwaters were positively
correlated with sea surface tenperature and salinity gradients at all spatial
scal es, although correlations were significant for salinity gradients only at
a measurenment scale of 18 km (tenp. r=050, P>0 10 sal. r=0.78, P<0.05).

5.3.5 Coastal Survey

on the evening of 27 August,tooe shelter from strong northerly w nds
under coastal cliffs 80 kmsouth of Cape Lisburne and encountered the first
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of two large nurre and kittiwake feeding aggregations observed during the
Study .  About 4 km from shore we passed over a smal,dense school of fish
(not quantified and suspected to be sand |ance) om which about 500-700
nurres , 25 kittiwakes, and 10 @ aucous Gulls were actively feeding. The
follow ng day, we surveyed the shallow nearshore zone in a zig-zag pattern
from about 30 km south of Cape Lisburne to Cape Thonpson (Fig. 5.2).

Sea surface tenperature and salinity profiles suggested that north of Pt.
Hope (waypoints a-h, Fig. 5.12), waters within the 20 m bathymetric contour
(Fig. 5.2) were anon-honbgeneous m x of mostly Al aska Coastal water with
sone transitional or Bering Sea water. ‘Pure’ Al aska Coastal water was
observed at the start of the survey (waypoints a-b) and especially as we
rounded Pt. Hope (waypoints h-i) where tenperatures increased and salinities
decreased rapidly. I medi ately south of Pt. Hope, cold, hi gh salinity
transitional water predonm nated beyond the 20 m contour (waypoint i), and
fronted (waypoints k, m, and o) with ‘pure’ Al aska Coastal waters inside the
20 mcontour all the way to Cape Thonpson.

At depths of 10-20 m, where nost fish north of Pt. Hope were distributed,
fish density was negatively correlated with sea surface tenperature and
salinity gradients” at nost scales examned, but correlations were generally
weak and nonsignificant (e.g., -0.13 to -0.35, ns). In the 20-30 m stratum
where the densest fish aggregations were found both north and south of Pt.
Hope, fish density was positively correlated with gradients at all spatial
scal es, but was significantly correlated with tenperature gradients only at
the m ni num scale of measurenent (3 km, tenp. r=0.36, P<0.01; sal. r=0.17,
P>0.10). In the 30-40 m stratum recorded only southwest of pt. Hope
(waypoint i)., fish density was positively and significantly correlated with
tenperature gradients at all spatial scales, but reached a maximum at a
scale of 12 km (tenp. r=0.69, P¢0.01; sal. r=0.78, P<0.001). This strong
correlation corroborates the visual inpression from Fig. 5.12 that few fish
were found in the core of cold, high salinity transitional water south of Pt.
Hope, but fish were abundant on the coastal side of the core where
tenperatures and salinities changed rapidly. Simlar results at waypoints b,
e-f, h, and k (Fig. 5.12) account for the positive correlation between fish
density at 20-30 mand tenperature gradients, and suggests that fish avoided
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the center of upwelled waters, but aggregated on the coastal edge of the
upwel 1 ing.

Over the whole survey area, fish densities averaged 0.59 g/m3 and
abundance averaged 5.3 mt/km2 in the 10-30 m stratum However , fish
densities north of Pt. Hope-were generally higher over a larger area (average
density 1.3 g/m3, total abundance 10.1 mt/kmz) than densities south of
Pt. Hope (average density 0.18 g/m3., total abundance 0.70 mt/kmz). Nort h
of Pt. Hope, at least five aggregations with densities greater than 10 g/ni
and one school wWith a density of 193 g/ni were encountered (Figs. 5.12 and
5.13). No significant seabird feeding aggregations (i.e., >5 birds in a
flock on the water) were found north of Pt. Hope. south of Pt. Hope,
however, one |arge aggregation of nurres (466), kittiwakes (10), and G aucous
Gulls (15) was found actively feeding on a school of fish that ranged from
the surface to the bottom and had a maxi num density of 14.3 g/m3 in the
20-30 mstratum (Figs. 5.12 and 5.14). This school appeared qualitatively
different fromwhat we believed to be Arctic cod aggregations encountered
el sewhere, and may have been a school of sand lance. If so, calculated
densities would be higher (e.g., 140 g/m3) because sand lance have a lower
target strength than cod (see Methods). Another small seabird aggregation
(41 nurres, 3 kittiwakes, 3 gulls) ‘was observed on the water above a sinilar
school with densities of 16.5 g/m(Fig. 5.12). No other seabird feeding
aggregations were observed south of Pt. Hope.

It appeared that, wth the exceptions noted above, nost dense fish
aggregations were not exploited by foraging seabirds (Fig. 5.12).
Nonet hel ess,nurres on the water (20% of 2,922 birds) were significantly
correlated wth fish density in the 20-30 m stratum (i.e., mostly south of
Pt. Hope) at internediate spatial scales (12 km scale, r=0.54, P<0.05). Fish
were nmost widely distributed in the 10-20 mstratumnorth of Pt. Hope, and
murres on the water were negatively correlated with fish in that stratum (12
km scale, r=-0.36, P>0 10). Simlarly, kittiwakes on the water (6% of 326)
were positively correlated with fish at the same scale in the 20-30 m stratum
(r=0.71, P<0.01) but negatively correlated with fish in the 10-20 m stratum
(r=-0.31, P>0 10 . Murres were not strongly correlated with tenperature or
salinity gradients at any spatial scale, and kittiwakes were weakly
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correlated with tenperature gradients at small scales only (3 km tenp.
r=0.27, P<0.05; sal. r=0.18, P>0 10.

Most identified gulls were G aucous Gulls, and their nunbers were poorly
correlated with fish densities, although |argest numbers were recorded over
the previously described schools south of Pt. Hope (Fig. 5.12). However,
like kittiwakes, gulls on the water (32% of 72 birds) were weakly correlated
with tenperature (r=0.27, P<0.05) and salinity (r=0.34, P<0.01) gradients at
the mninum spatial scale of 3 km As expected from their distributions,
neither shearwaters or phalaropes Wwere correlated with fish, although both
were positively correlated with temperature gradients at noderate spatial
scal es (12 km, r=0.53, P<0.05; r=0.34, P>0 10 respectively). Shearwaters
were concentrated in upwelled transitional waters off Pt. Hope. Phalaropes
(only B. fulicaria identified) were concentrated north of Pt. Hope where
transitional water fronted with Alaska Coastal water (waypoints e-f), fish
densities were reduced, and sone shearwaters were also present.

5.3.6 Summary: Seabird Affinities with Water Types

Considering all species and surveys, it appears that seabird densities
were low in the southern and central chukchi Sea, but high in the coastal and
of fshore zones northwest of Cape Thonpson in late August (Fig. 5.15).
However, different species were not distributed evenly between and within
these areas. The affinity of different seabird species for different water
types is clearly demonstrated (Figs. 5.16 and 5.17) by grouping seabird
observations fromall surveys according to whether they occurred in ‘pure’
Bering Sea water (surface tenp. «<7.5° C, surface sal. >31 ppt),
transitional water (temp. »=7.5"C, sal. >30 ppt), or ‘pure’ Al aska Coast al
water (sal. <30 ppt). Flying birds from arc and inshore surveys were
excluded for this analysis. Least and Parakeet Auklets exhibited a strong
affinity for ‘pure’ Bering Sea water, and Parakeet Auklets showed a slight
preference over Least Auklets for coastal water (x2=9.1, P<0.05). Conmon
Mirres were more strongly associated with Coastal water than any other
species, but Horned Puffins, kittiwakes, gulls, and phalaropes al so foraged
mostly in Coastal water. Thick-billed Mirres also prefered Coastal water,
but a significantly higher proportion of Thick-billed than Cormon Mirres
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foraged in transitional water (X=17.7, P<0.00L). Short-tailed Shearwaters
and Tufted Puffins showed marked preferences for transitional water.

5.3.7 Diets and Condition of Seabirds at Cape Thonpson

Mirres and kittiwakes collected at Cape Thompson in July and August fed
predom nantly on schooling fishes, of which Arctic cod was nost inportant by
frequency of occurrence or percentage wet weight (Table 5.2). The average
length of Arctic cod taken by all species was 157 + 38 nm (n=202), wWith an
extrapol ated average weight of about 31 g. Thick-billed and Common Mirres
also fed frequently on sand |ance, saffron cod, and sculpins, but these
contributed little to the total mass of food consuned because of their |ow
nunbers or relatively small average nasses (about 6.7, 23, and 4.8 g,
respectively). Thick-billed Murres also fed on invertebrates, although they
are probably under-represented here because of their rapid digestion
(Springer et al. 1984). Only kittiwakes consumed herring, which were

abundant nearshore in July and early August (pers. observation). Herring
consumed by kittiwakes were estimated to be about 200 nmin length and 100 g
in weight (Witnore and Bergstrom 1983), and Kkittiwakes had obvious
difficulty swallowing such large fish. Herring were apparently too large for
murres to handle or swallow, and murres ignored herring schools around Cape
Thonpson (pers. observation).

The nunbers of fish (or otoliths) found in bird stomachs varied markedly
through the seabird breeding season (Table 5.3). In early to nid-July, all
species were apparently successful in foraging, and Arctic cod predom nated
in their diets. Numbers of Arctic cod in stomachs declined markedly by mid-
to late August, and even though sand |ance, saffron cod, and herring were
al so consuned, birds apparently could not make up for the lack of Arctic
cod. Mst of the enpty stonmachs (Table 5.2) we observed were from birds
col lected in August.

Mirre and kittiwake body nasses declined between July and August,
al though the difference was significant only for nale Thick-billed Mirres and
Kittiwakes (Table 5.4). The body mass of Conmon Murres declined by only 4%
Thick-billed Mirres by 8% and kittiwakes (male only) by 11%. Fat deposits
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Table 5.2. Cccurrence of major taxa in diets of Thick-

billed Murres (TBMU), Commbn Murres (COMU), and Black-

legged Kittiwakes (BLKI) at Cape Thonpson in summer, 1988.

Values not in parent heses represent the percent nunber or

wei ght anong birds with identifiable prey remains.

TBMU COMU BLKI
z n % n %
Nunber exam ned 46 (100) 14 (100) 18 (100)
Nunber enpty 15 (33) 1 (@) 2 (11)
Freguency of invertebrates 5 16 0 0 3 19
Frequency Of fish 30 97 13 100 14 88
A. Nunber of individuals
Arctic cod 125 78 58 89 22 71
Saffron cod 5 3 2 3 0 0
Sculpins 4 2 1 2 0 0
Herring 0 0 0 0 5 16
Sand lance 8 11 1 2 0 0
Unidentified fish 3 2 2 3 1 3
shrinps 2 1 0 0 0 0
Amphipods 3 2 0 0 0 0
Gast r opod 1 1 0 0 3 10
B. Estinmated wet weight
Arctic cod 4527 94 1429 94 524 51
Saffron cod 99 2 62 4 0 0
Sculpins 16 «1 8 «1 0 0
Herring 0 0 0 0 500 48
Sand lance 126 3 2 <1 0 0
Unidentified fish 30 <1 20 1 10 1
Shrimps <1 <1 0 0 0 0
Amphipods <1 <1 0 0 0 0
Gast r opod 1«1 0 0 3«
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Table 5. 3.

nurres and kittiwakes at Cape Thonpson.

Mean (+ SE) nunbers of fishes in the diets of

Dat e
Speci es 6-12 July 11 August 27 August

Thick-billed Mirre (n) (19) (15) (12)

Fi sh 6.3 + 1.2 0.73 +£0.28 1.9 +0.72

Arctic cod 6.1 + 2.0 0.53 £ 0.27 0.17 + 0.11

Saffron cod 0.21 +0.12 0 0

Sand | ance 0 0 1.5+ 0.71
Conmmon Miurre (n) (8) (6)*

Fi sh 6.5+ 0.65 2.2 +0.79

Arctic cod 6.4 +0.75 1.2+ 0.83

Saffron cod 0.13 + 0.13 0.17 £ 0.17

Sand | ance 0 0.17 + 0.17
Bl ack- | egged

Kittiwake (n) (12) (6)2

Fi sh 1.8 + 0.43 1.0 + 0.52

Arctic cod 1.4 + 0.47 0.83 £ 0.54

Herring 0.33 £+ 0.14 0.17 + 0.17

“I'ncl udes one bird collected on 27 August.
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Table 5.4. Body weight (g) and nean indices of subcutaneous

(Sub-fat) and nesenteric (Mes-fat) body fat content of Thick-
billed Murres (TBMU), Conmon Murres (COMU) and Bl ack- legged

Kittiwakes (BLKI) col | ected at Cape Thonpson.

M+F Mal e Femal e Sub-fat Mes-fat
Sop Date Wte. SE n Wt. SE n Wt. SE n nean SE nean SE
TBMU 6-8 Jul 1037 15 19 1051 16 16 963 14 3 1.5 0.1 0.9 0.1
TBMU 11 Aug 952 1515 972 18 9 921 21 6 2.2 0.1 1.3 0.1
TBMU 27 Aug 946 1512 949 228 941 9 4 2.1 0.2 1.3 0.1
coMy 8 Jul 1030 24 8 1007 28 3 1044 32 5 2.0 0.0 1.0 0.0
COMU 11 Aug® 985286 990553 980 9 3 2.2 002 1.0 0.0
BLKI 8-12 Aug 508 18 11 545 20 6 452 18 6 2.3 0.2 2.1 0.2
BLKI 11 Aug® 48516 4 485 16 &4 = = 1.4 0.2 1.6 0.2

Overall meansb

TBMU
coMuU
BLKI

985 11 46 1005 13 33 937 12 13
1011 19 14 998 31 6 1020 23 8
495 15 16 521 16 10° 452 18 6

a
b

I ncludes one bird collected on 27 August.

Thick-billed Murre males significantly heavier than females

on 6-8 July (P<0.01l), and over all dates conbi ned (P<0.01). Male

kittiwakes heavier than femml es (P<0.01). Male Thick-hilled

Murres (P¢0.001) and kittiwakes "(P¢0.05) significantly lighter

bet ween July and August. Significant increase in fat content of

Thi ck-billed Murres (Sub-fat P<0.00l, Mes-fat P<0.001), and

decr

ease in fat content of kittiwakes (Sub-fat P<0.01, Mes-fat

P>0.05) between July and August. All other conparisons non-

sign

ificant using two-tailed t-test.
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in both murre species increased or remained stable between July and August,
whereas kittiwake fat deposits decreased significantly.

On the evening of 26 August, we captured a small number of murre chicks
on the water below breeding cliffs at Cape Thonpson. One Common Murre chick
wei ghed 140 g, and 6 Thick-billed Mrre chicks weighed an average (+ SE) of
130 + 3.3 ¢.

5.4 Discussion

5.4.1 Cceanogr aphy

Two oceanographic features of the southeast Chukchi in 1988 figured
promnently in our study of the distribution and abundance of seabirds and
their prey. First, sea ice disappeared fromthe area later in 1988 than in
any previous year of study (Chapter 1), and sea-surface tenperatures were
about 1-2 degrees colder than those reported by Flem ng and Heggarty (1966)
and Coachman et al. ( 1975)Second,we found that the Al aska Coastal Current
surged nmore than 200 km north of the Bering Strait before winding around to
the south again, |eaving abroad band of cold Bering Sea water in the
sout h-central CcChukchi between the northern tongue of Coastal water in the .
west and the Alaska Coastal Current core in the east.

On the basis of the oceanographic data collected, and on the observed
distribution of seabirds (see below), we hypothesize that fronts between
coastal and Bering currents resulted in three distinct water masses and
foraging habitats for seabirds (Fig. 5.8). On approaching the border of
coastal water from offshore, a divergent front resulted in strong upwelling.
In the mddle of this front, waters were unstratified vertically, but there
were strong horizontal gradients in sea-surface tenperatures and salinities.
Proceeding another 10-20 km inshore, over which transitional sea-surface
tenperatures and salinities were relatively stable, a convergent front
resulted in downwelling of transitional and * pure’ coastal waters, again
characterized by strong gradients in sea-surface tenperatures and
salinities. If this nodel for tidally induced fronts (Sinpson 1981,
Schneider et al. 1989) is applicable to this study, then it appears that the
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core of Bering Sea water was separated fromthe coastal core by a cell of
transitional water with internediate hydrographic characteristics. Hunt and
Harrison (1989) have observed simlar oceanographic conditions at the border

of Bering shelf and Al aska Coastal currents in the northern Bering Sea.
5.4.2 Fish Abundance and Distribution

W Dbelieve that nost of the prey recorded on hydroacoustic surveys were
Arctic cod, although a few of the schools detected inshore may have been sand
lance.  On fishing surveys concentrated in the study area off Cape Thonpson
in | ate August, Arctic cod were the nmpst abundant and widely distributed fish
caught in bottomtraw s and nunbers caught exceeded those of other conmon
fishes by at |east 1-2 orders of magnitude (Alverson and Wilimovsky 1966). A
variety of flatfishes and sculpins are conmon in the area, but nost of these
bottom dwel I i ng fishes would not have been detected or integrated on our
hydroacoustic surveys. However, other common pel agi ¢ species like capelin
(of fshore) and saffron cod (inshore) may have contributed to our estimates of
fish density. As those species are also consuned by seabirds, are similar in
size to Arctic cod, and probably have similar target strengths (Foote 1987,
Rose and Leggett 1988), our conclusions regarding fish densities should not
be conpronised by assuming that nost of the fish detected were Arctic cod, or
at least potential forage fish for seabirds. Herring is another pelagic
species that coul d have been detected inshore, but observations from Cape
Thompson and at sea suggest that herring had mgrated out of the area by late
August . Sand lance are a relatively mnor conponent of the fish fauna in
August (Alverson and Wilimovsky 1966), but in npbst years constitute an
important part of piscivorous seabird diets in late August (Springer et al.
1978, 1984).  Springer and Roseneau (1979) have docunmented how abundant sand
lance schools can be in |ate August, and how obvi ous school s and seabird
feeding aggregations are when they occur locally. Qur observations at sea
and fromthe colony at Cape Thompson, and the relative scarcity of sand |ance
in seabird diets, suggest that sand | ance schools were unconmon in 1988,
possi bly because of the colder than normal water tenperatures (Springer et
al. 1984). The scarcity of capelin in diets may have also been related to
cold water tenperatures (Springer et al. 1984, Piatt 1987).
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Despite their overwhelmng inportance in the ecology of breeding seabirds
in the southeast Chukchi, little is known about the habits of Arctic cod.
The follow ng scenario is inferred froma few |local studies and from studies
on Arctic cod and various predators in other regions of the Arctic (Alverson
and Wilimovsky 1966, Swartz 1966, Lowy and Frost 1981, Frost and Lowy 1984,
Springer et al. 1984, Bradstreet et al. 1986). It appears that in June,
Arctic cod are associated with the retreating ice-edge, and are concentrated
in cracks in the ice where primary and secondary production is elevated. In
July, Arctic cod form large, dense schools which may be especially comon
nearshore, particular around convergent fronts where high salinity waters
downwel | under low salinity inshore waters. Spawning by Arctic cod occurs in
winter, and it is not clear why they form dense schools in July. Schooling
may be a response to food dispersion (Bradstreet et al. 1986¢). The
pronounced schooling behavior in July mustaccount for the marked increase in
frequency of Arctic cod in diets of seabirds and marine manmal s at that
time. Schools disperse in August, and although Arctic cod remain abundant in
the region, they generally do not formthe dense schools observed in July.

In accord with the above scenario, we found that Arctic cod were widely
di spersed in 1low densities on our surveys in |ate August. The average
bi omass densities calculated fromintegration of hydroacoustic Signals
inshore  (0.73 g/m>) and offshore (0.073 g/m>) suggested average fish
densities of less than about 1 fish/100 m>. Even in areas of
concentration, fish densities were only about 30-300 fish/100 ni (or 0.3-3
fish/m3). Exam nation of fish target densities on correspondi ng echograms
suggests that these calculated estinmates are reasonable. Because of their
hi gher densities inshore, the total biomass (6200 nt) of cod inshore (in the
1170 knfarea in which survey 11 wasconducted) was hi gher than the total
bi omass (5080 nt) offshore (in the 2320 tm” area of fshore circumscribed by
survey 10). Sinilarly, Alverson and Wilimovsky (1966) found Arctic cod to be
wi dely dispersed and abundant in August both inshore (i.e., wthin the 30 m
bat hymetric contour) and offshore. Bottomtraw s (about 30 nin in duration)
conducted of fshore caught fewer cod (mean + SE, 58 + 12, n=28) than traws
conducted inshore (217 + 144, n=7). As indicated by variance/nean ratios
(1), Arctic cod were nore highly aggregated inshore (1'=669) than of fshore
(1'=76).
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The distribution of Arctic cod was clearly influenced by the fronts
observed at the border of Bering Sea and Al aska Coastal currents. In the
strongly upwelled divergent zone between Bering and transitional water, and
in the cell of transitional water itself, fish were conspicuously absent
throughout the water column except for low densities associated wth
zooplankton at the surface. We hypothesize that fish avoid the upwelling
zone to escape predation by seabirds and marine manmmal s. Densities of
zoopl ankton and fish at the surface could have been much higher than we
detected because surface turbulence limted our ability to detect organisns
in that layer, and the ship‘'s transducer was |ocated below the top 5 m |ayer
of water. The abundance of planktivorous seabirds above the divergence (see
below) supports this suggestion. Low densities of fish were found
concentrated in md-water above the 2° C isothermin the stratified, Bering
Sea side of the divergence. Fish densities were highest on the stratified,
coastal side of the downwelling convergence between transitional and Alaska
Coastal waters. W hypothesize that fish (Arctic and saffron cod, sand
lance, etc.) aggregate near the bottom on the coastal side of the convergence
to feed on plankton entrained in the downwelled current.

On the survey which crossed all three water types (No. 10), fish
densities throughout the water column were negatively correlated wth
gradients in sea-surface tenperature and salinity at all spatial scales.
Thi s negative relationship existed because of the strong avoi dance by fish of
upwelled water at the divergence. On the coastal survey (No. 11l), conducted
| argely inside the convergence fish densities in the lower Water column Were
positively correlated with gradients in sea-surface tenperature and salinity
and correlations were strongest at small spatial scales. This supports the
hypot hesis that fish aggregated in the inmediate vicinity of downwelled water
on the coastal side of the convergence. Differences between surveys in the
direction and scale of fish-gradient correlations indicate that caution is
required before interpreting associations between seabirds and gradients in
the absence of data on prey distributions (e.g., Schneider 1982, Kinder et
al. 1983).
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5.4.3 Foragi ng Ecol ogy of Seabirds

Like previous investigators, (swartz 1967, Divoky 1978, Drury et al.
1981) we found that nurres, shearwaters, and Kkittiwakes were the nost
abundant seabirds in the southeast Chukchi in |ate summer. Qur total [ist of
species (Appendix 5.1) closely resenbles previous lists in terms of species
conposition and relative abundances. Swartz (1966, 1967) and Springer et al.
(1984) noted the inportance of the frontal zone between Bering Sea and Al aska
Coastal currents in determning the distribution of seabirds, and our study
has reveal ed sone of the mechanisns by which marine habitats are partitioned
by frontal processes. On the basis of previous studies, and our own
findings, we have reached the follow ng conclusions about seabird foraging
behavior in the southeast Chukchi Sea.

Al'l of the dom nant seabirds breeding at Cape Thonpson can be classified
as piscivorous Coastal species, and nost were found within Coastal waters
where fish densities were highest, even though this sometines meant foraging
along the coast nmore than 100 kmfromthe colony (e.g., kittiwakes). Most
birds appeared to forage within 60 km of Cape Thonpson. However, foraging
ranges for all species change through the breeding season (Swartz 1966,
Springer and Roseneau 1979). Because our study was conducted at the end of
the summer when Arctic cod schools had dispersed and sone birds had |eft
breeding col onies, the ranges we observed were probably extreme, but normal
for that time of year.

The relative distribution of breeding seabirds between Al aska Coastal,
transitional, and Bering Sea waters was consistent with known dietary habits
of these species. Mirres (spp.) were positively correlated with fish
densities inshore and offshore, and enough positive identifications of the
two species were made to detect a significant difference between themin use
of foraging habitats. Conmon Murres feed al nost  exclusively on pelagic,
schooling fishes (Springer et al. 1984, Piatt et al. 1988), and they showed
a greater affinity for Coastal water than any other species. Smaller nunbers
occurred offshore in Bering Sea water, but Commobn Murres, |ike fish, were
rare in transitional waters. Because Commbn Murres prefer to forage on dense
school s of fish (riatt 1989), the aggregation of fish along the coastal side
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of the convergent front may be an inportant biophysical factor influencing
the foraging distribution of Conmon Muirres at Cape Thonpson.  Thick-billed
Mirres al so feed heavily on fish, but consistently consume a substantial
number of invertebrates as well (Springer et al. 1984, Piatt et al. 1988).
Accordingly, a higher proportion of Thick-billed than Conmon nurres foraged
intransitional waters where fronts presunably concentrated i nvertebrates
near the surface in 'slicks' (Brown 1980, Brown and Gaskin 1986). Wereas
t hey also feed heavily on fish, Horned Puffins, kittiwakes, and G aucous
QulI's have more diverse diets than Conmon Mirres (Swartz 1966, Springer et
al. 1984) and accordingly, those species were often encountered in
transitional waters. Hunt et al. (1989a) and Schneider et al. (1989) have
also observed concentrations of murres (spp.) and kittiwakes feeding on
euphausiids along convergent slicks off St. Matthew and St. George islands.

All evidence suggests that by the end of the breeding season, the density
of fish around Cape Thonpson was barely sufficient to support murres, and
fish were largely inaccessible to kittiwakes. Except for a few schools
inshore where densities reached 10~100's g/m3, fish densities were 1low
(0.1-10's g/m3) throughout the Study area and especially near Cape
Thonpson, conpared to those in extended capelin aggregations exploited by
Conmon Murres, Atlantic Puffins (Fratercula arctica), and bal een whales in
Wtless Bay, Newfoundl and (Piatt 1989, Piatt et al. 1989), or to those of
euphausid, pollock (Theragra chalcogramma) and herring schools exploited by
Hunpback Whal es (Megaptera novaeangliase) i N Alaska (10- 100" s g/mj, Kri eger
and Wng 1986, Dol phin 1987). However, nurres and kittiwakes at Cape
Thonpson were well-fed in July when Arctic cod were presumably schooling
nearby, and reduced prey abundance at the end of the breeding season was not
unexpected (Safina and Burger 1985, Piatt 1989). Nonethel ess, the nunbers of
fish in murre and kittiwake Stomachs in August, 1988, were nuch lower than in
several previous ‘normal’ years (Springer et al. 1984).

Murres (spp.) seened capable of dealing with the relatively |low densities
of prey in August . Body fat stores were nornal, breeding success (ea. 50%
Chapter 3) was typical for these species in A aska (Piatt et al. 1988), and
al though chick weights at fledging seemed |ow for murres (Hatch 1.983), they
were not significantly different from chick weights observed by Swartz
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(1966). In contrast, kittiwakes lost fat stores in August and experienced

the second |owest level of breeding success (ea. 12%, Chapter 3) recorded for

Cape Thompson in 8 years. The difference between nurres and kittiwakes in
breeding success may be due to the inability of kittiwakes to exploit Arctic

cod, which were common at depths of 20-40 m and the scarcity of sand |ance,

whi ch often conprise the bulk of kittiwake diets in August (Springer et al.
1984).  The inaccessibility of Arctic cod to kittiwakes in August may be
nornmal in nost years, whereas the availability of sand lance in any given

year appears |ess predictable and probably related to water tenperatures
(Springer et al. 1984).

Five other comon seabirds were observed on our surveys, and all appeared
to choose foraging habitats according to their dietary preferences and
foraging capabilities. Least Auklets foraged wi dely over stratified Bering
Sea waters, but were . sometines concentrated on the Bering Sea side of the
upwelling di vergence between Bering Sea and transitional waters. Least
Auklets have a strong preference for the copepods typically found in Bering
Sea waters (e.g., _Neocalanus plumchrus, Bedard 1969, Hunt and Harrison 1989),
and zooplankton vol unes are nuch higher in Bering Sea waters off Cape
Thompson than in adjacent Coastal waters (English 1966). Presumably, Bering
Sea copepods Were not found in transitional water on the coastal side of the
divergence, or Least Auklets would have been observed there as well.
Vertical stratification and upwelling may be the nost inportant mechani snms
for concentrating zooplankton exploited by Least Auklets (Hunt et al. 1989b,
Hunt and Harrison 1989). Parakeet Auklets have nore diverse diets than Least
Aukl ets (Bedard 1969), and most were found in upwelled Bering Sea water where
presumably  amphipods,  copepods, Pt er opods, and a variety of other
invertebrates were concentrated in the upper water col um.

The dietary habits of Short-tailed Shearwaters and Tufted Puffins in the
Chukchi sea are poorly known, but judging fromdiets in other areas (Hunt et
al. 1981), it is reasonable to assume that these species feed on a great
variety of prey including fishes, euphausiids, shrinp, squid, and other
invertebrates.  Shearwaters and Tufted Puffins exhibited a stronger affinity
for transitional waters than any other species. Transitional waters are
likely to have a greater diversity of prey types than adjacent Bering Sea or
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Coastal waters because both water masses contribute to the conposition of
transitional waters. \Wereas the foraging behavior of Tufted Puffins is
poorly known, shearwaters (including also B. griseus and Calonectris
diomedea) are often associated with divergent and convergent fronts

(Schnei der 1982, Haney and McGillivary 1985, Briggs et al. 1987).

Phalaropes (of which 91% were identified as Red Phalaropes) were one of
the nost abundant seabirds we encountered, and nost were found on the Coastal
side of the convergence between transitional and Coastal waters. The
associ ation of phalaropes with convergent fronts has been well docunented,
and it is clear that phalaropes are attracted to planktonic prey which
accunul ate in surface slicks near convergent waters (Brown and Gaskin 1988).

5.4.4 Sunmary and Concl usions

The distribution and density of seabirds in the southeast Chukchi Sea
appeared to be strongly influenced by the distribution and density of
potential prey, which in turn depended on ocean tenperatures, currents, and
fronts between those currents. There were four main habitats used by
seabirds: (1) Offshore in Bering Sea water, fish and zooplankton were
concentrated in md-water above the 2° C isotherm These prey are
generally accessible to diving alcids, and possibly accessible to surface
foragers through the nmechansi mof |ocalized fronts induced by bathymetric
gradients (e.g., Brown 1980, Kinder et al. 1983). (2) At the divergent front
between Bering Sea and transitional waters, fish and piscivorous seabirds
wer e scarce, but planktivorous auklets fed on zooplankton upwelled on the
Bering Sea side of the front. (3) In transitional waters between the
divergent and convergent fronts, omivorous species |ike shearwaters and
Tufted Puffins aggregated to feed on prey brought to the surface or
concentrated at  slicks. A significant proportion of  predom nantly
fish-eating species (murres, kittiwakes) asoused this habitat. (4) In
Coastal waters, fish apparently aggregated near the wall of downwelled water
at the convergence of transitional and Coastal waters, and piscivorous
speci es foraged mostly in Coastal waters. Wthin the Coastal habitat, Arctic
cod and sand | ance are the nost inportant prey for piscivorous Seabirds, and
the absolute density and vertical distribution of these fish species may
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strongly influence foraging success by seabirds.

Like other investigators, we found that seabird communities were
segregat ed by oceanographic processes that could be characterized by
gradients in water tenperature and salinity (e.g., Haney 1986, Briggs et al.
1987). However, apparent associations between seabirds, gradients, and
potential prey may be scal e-dependent (Schneider and Piatt 1986) and may vary
within and between habitats. The use of hydroacoustics to study the density
and distribution of potential seabird prey below the ocean surface offers
great promse for elucidating mechanisnms by which marine habitats are created
and exploited by different seabird species. This is particularly true for
Arctic and sub-Arctic waters where sub-surface foragers domnate seabird
communi ties.
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Appendi x Table 5. 1.

Species and numbers of narine birds

and mammal s observed on all surveys in the southeast

Chukchi Sea (in order of abundance).

Common name Scientific nanme No.
Murre spp. 8237
Thick-billed Mrre Uris lomvia 680
Common Murre Uris aalge 198
Short-tailed Shearwater Puffinus tenuirostris 1292
Bl ack- | egged Kittiwake R ssa tridactyla 684
Ei der spp. 647
King Eider Somateria spectabilis 2
Phalarope Spp. 271
Red Phalarope Phalaropus fulicaria 91
Red- necked Phalarope Phalaropus lobatus 8
Least Auklet Aethia pusilla 165
d aucous Gul | Larus hyperboreus 131
Horned Puffin Fratercula corniculata 101
Parakeet Auklet Aethia psittacula 76
Tufted Puffin Fratercula cirrhata 23
Bran t Branta bernicla 20
Nort hern Fulmar Fulmarus glacialis 14
Jaeger spp. 15
Pomarine Jaeger Stercorarius pomarinus 11
Parasitic Jaeger Stercorarius parasiticus 3
Arctic Tern Sterna paradi saea 9
Pacific Loon Gavia pacifica 3
Sabine’s Gull Xema sabini 2
0ldsquaw Clangula hyemalis 2
Herring Gull Larus argentatus 2
Crested Auklet Aet hi a cristatella 2
Pi geon CGuillenot Cepphus columba 1
Pel agi ¢ Cor nor ant Phalacrocorax pelagicus 1
Conmon  Loon Gavia i mmer 1
Gay Wale Eschrichtius robustus 24
Hunpback Wal e Megapt era noveangliae 1
Phoca largha 1

Spotted Seal
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APPENDI X A.  MARINE AND TERRESTRI AL MAMMAL SI GHTI NGS
IN THE CAPE THOWPSON AREA, 1988

(bservations on land were linmted to the area between Chariot and Imnapak
diff, and about 2 kminland, though the majority of our tine was spent
between Colony 2 and Colony 5. Marine observations include Chariot through 2
kmnorth of Immnapak Cliff, to about 2 km offshore.

TERRESTRI AL MAMVALS

Gizzly bear (- horribilis)

This region has been noted for its abundant population of grizzly bears
(Pruitt 1966; Selkregg 1974), but our interactions with them were few W
often spotted tracks on the beaches in front of canp and Colonies 2 and 4,
and we occasionally found excavated ground squirrel burrows. An apparently
di sused den was |ocated on a hillecrest at the north end of C3 about 120 m
above the Ibrulikorak Creek. Gizzly feces exam ned (a=3) contained bones
fromthe Arctic ground squirrel _(Spermophilus parryii). Qur sightings were
(1) 13 Aug (06:30); at canp across the Ikijaktusak Creek. This bear ran up
the creek valley upon seeing one of our party. (2) 19 Aug (03:30); heard
running through canp. (3) 30 Aug (22:00); on Agate Rock hillside above
Gmp . When initially observed, the bear was digging a ground squirre
burrow. Shouts gained its attention, but it returned to digging. Shotgun
blasts into the air gained the bear’s attention again, but resulted in little
or no reaction. Eventually the bear wandered up the hill and over the crest
to the north.

The scarcity of bears near canp nay have been due to a lack of beached
marine mamuals on the canp beach. In contrast to our experience, two
kayakers traveling from Kot zebue had been having serious problens from bears
whi | e canping on beaches to the south. Marine mammal carcasses were conmon
(especially walrus) along the kayakers route, and we observed several walrus
carcasses on beaches north of ¢5 and on beaches south of C at Chariot.
Local currents were apparently unfavorable for depositing dead marine manmmals
on the beaches near canp.
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Wl f (Canis | upus)

W observed one set of wolf tracks on the Ikijaktusak Creek (Canp) beach
upon our arrival 5 July. Wlf records fromthe Cape Thonpson regi on have
previously been rare (Pruitt 1966).

Red fox (Vulpes fulva)
W found one den with a mother and 5 pups in an abandoned shed at Chari ot

on Ogotoruk Creek. No evidence of foxes was observed in the canp or seabird
colony areas.

Shorttail weasel (Mustela erminea)
This weasel was observed on 23 and 25 August. Sightings were on the

bluffs over Colonies 4 and 5, and in both instances the weasel was very
curious, tO the point Oof clinbing onto the leg of one observer. On 25
August , we observed the weasel capture and return to its hole wWith an
approxi mately 7 day old murre chick. It was not possible to determne if
both sightings were of the same or different weasels.

Arctic ground squirrel (Spermophilus parryii)
Abundant throughout the study period and the Cape Thonpson area. Becane
a pest species after burrowing into the Watherport and other tents, and

eating our food.

Tundra vol e (Microtus oeconomus)
Abundant throughout the study period and the Cape Thonpson region.

Moose (Alces alces)
One femal e and her calf was observed on 18 July approximtely 50 m
upstream of canp on the Ikijaktusak Creek.

Barren ground caribou (Rangifer articus)

One bull was sighted on 17 July above Ikijaktusak Creek. approximately 1
km from canp. I ndi vidual bull sightings have been reported (Pruitt 1966)
fromthis area, with nost nmovenents of the Arctic herd occurring farther

i nl and.
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Miuskox (Qvibos moschatus)

One herd of up to 30 nuskoxen (including 2 young and 2 radio-collared
animal s) was sighted frequently between 25 July and 22 August. During this
period, the animls were observed foraging, traveling, or resting in the
Ikijaktusak Creek valley. These nuskoxen derive fromtransplants to the Cape
Thormpson region in 1970 (36 aninmals) and 1977 (35 aninals) (Grauvogel 1984).
Aerial surveys in 1983 reported a herd of only 9 nmuskoxen (plus several
scattered individuals) in the Cape Thonpson area (Grauvogel 1984), but |and
observations indicated 14-16 nuskoxen may have been present in 1982 (D.G.
Roseneau, pers. comm., cited in Jinfors and Klein 1982).

MARI NE MAMMALS

Polar bear (Ursus maritimus)

A lone bear was observed on 8 July about 1.6 km offshore of canp on the
drift ice. The drift ice pack at that time was dense to about 3 km offshore,
extending north to Point Hope and south to Chariot.

WAl rus (Odobenus rosmarus divergens)

Wal rus were sighted throughout the study period: (1) 10 July; single
animal within 1 km of canp shoreline anong the drift ice. (2) 28 July;
single juvenile (no tusks) observed swi mming below Colony 4. (3) 12 August;
| arge individual sw mmng southeast along shoreline. (4) 19-20 August; small
(yearling?) individual hauled out on rocks at Colony 1. The health of this
animal was questionable; it paid no attention to our approach, and seened
| et har gi c.

Ri nged seal (Phoca hispida)

This was the nost conmonly observed of 3 seal species, spotted daily 5-15
July while drift ice was present. R nged seals were often close to shore
where they may have been attracted by runs of char_(Salvelinus alpinus) and
Arctic cod (Boreogadus saida). Ringed seals are abundant in the Chukchi Sea
(Johnson et al. 1966; Kelly 1988).

Spotted seal (Phoca largha)
Common between 5-15 July, spotted seals were often observed sw nmm ng
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inverted at the surface before diving. They were also frequently seen al ong
the shoreline feeding on schools of herring (Clupea harengus) and Arctic
cod. Typically, two or three seals herded the schools into the shallows at
the water’s edge, then dart into the schools to capture fish. | ndi vi dual
seals were also observed feeding on herring schools clustered under ice floes.

Bear ded seal (Erignathus barbatus)
Uncomon anong the drift ice 5-15 July.

Har bor por poi se (Phocoena phocoena)

(observed on 4 occasions within 0.25 km of shore xcanp and at Colony 4;
21 Aug (1), 23 Aug (2), 25 Aug (1), and 26 Aug (1). Al though harbor
por poi ses have been reported in the Chukchi Sea (Tomilin 1957; cited in
Johnson et al. 1966), Johnson et al. (1966) did not observe any in the Cape
Thonpson vicinity.

Beluga (Delphinapterus leucas)
Beluga were observed twice: (1) 14 July; solitary animal heading E-SE

0.25 km of f Colony &4, when ice was still present but becoming scarce. (2) 20
July; solitary animal heading E-SE approximately 2 m offshore of canp beach
(Ikijaktusak Creek nouth).

G ay whal e (Eschrichtius robustus)

One 25 whale was feeding within 0.75 km of Colony 4-5 shoreline from
12:00-18:40 on 22 July. A circular travel path brought it within 0.25 km of
shore, trailing mud plumes behind. A second feeding whal e was observed on 30
July, foraging between 0.03-005 km offshore from canp. Mud plumes and nud
issuing fromthe nouth were observed, as well as one spy hop.

Humpback whal e (Megaptera noveangliae)
A single whale was sighted approxinmately 1.5 km of fshore between canmp and

Colony 2 on 21 August. It displayed 10 breaches within 20 rein, apparently
swmring in circles in a specific |ocation.

Unknown Bal een Whal e
on 10 July we observed from boat a |arge gray-black whale, |acking a
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dorsal fin, but with barnacle callosities on the |ower jaw and upper head,
and a large rostrum  This animal was a northern right whal e (Eubalaena
glacialis), a bowhead whale, or a melinistic gray whale (Eschrichtius
robust us). It was approximately 0.5 km of fshore of canp, and sw nmi ng
rapidly to the north, but in review ng photographs, it appears as if it nmay
have been feeding as well (the photos show the mouth open with body slightly
tilted to the right side at the surface).
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APPENDI X B. BIRD LI ST FOR CAPE THOMPSON AND VICINITY
1 JULY - 31 AUGUST, 1988

Red-throated Loon (Gavia stellata)

Paci fic Loon (Gavia

Yel | owbilled Loon (Gavia adsnsii)

Nort hern Fulmar (Fulmarus glacialis)
Short-tailed ShearWater_(Puffinustenuirostris)
Pel agi ¢ Cor mor ant (Phalacrocorax pelagicus)
Geater Wite-fronted Goose (Anser albifrons)
Brant (Branta bernicla)

Northern Pintail (Anas acuta)

G eater Scaup (Aythya marila)

Comon Ei der (Somateria mollissima)

King Ei der (Somateria spectabilis)

Spect acl e Ei der (Somateria fischeri)
Steller's Ei der (Somateria stelleri)

Harl equin Duck (H.strionics histrionics)
O dsquaw (Clangula hyemalis)

Bl ack Scoter (Melanitta nigra)

Red- breast ed Merganser (Mergus serrator)
Northern Harrier (Qrcus cyaneus )

Rough- | egged Hawk _(Buteo lagopus)

Gol den Eagl e (Aquila chrvsaetos)

Merlin (Falco columbarius)

Peregrine Fal con (Falco peregrinus)

Gyrfal con (Falco rusticolus)

Willow Ptarm gan (lLagopus lagopug)

Rock Ptarm gan (Lazobus mutus)

Sandhill Crane (Grus canadensis)

American ol den Plover (Pluvialis dominica)

Semipalmated Pl over (Charadrius semipalmatus)
Lesser Yellowlegs (Tringa flavipes)
Wandering Tattler _(Heteroscelus incanus)
Whimbrel (Numenius phaeopus)
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Bar-tail ed Godwit (Limosalimosa)

Ruddy Tunstone (Arenaria interpres)

Red Knot (Calidris canutus)

Semipalmated Sandpi per (Calidris pusilla)
West ern Sandpi per (Calidris mauri)

Least Sandpi per (Calidris minutilla)

Baird’ s Sandpi per (Calidrisg bairdii)

Pectoral Sandpi per (Calidris melanotos)
Dunlin (Calidris alpina)

Long-bill ed Dowitcher (Limnodromus scolopaceus)
Red- necked Phalarope (Phalaropus

Red Phalarope (Phalaropus fulicarius)

Pomari ne Jaeger (Stercorarius pomarinus)
Parasitic Jaeger (Stercorarius parasiticus)
Long-tail ed Jaeger _(Stercorarius longicaudus)

Herring Qul | (Larus argentatus)
Slaty-backed Qul | (Larus schistisagus)

d aucous Gull (Larus hyperboreus)

Bl ack- legged Kittiwake (Rissa tridactyla)
Sabine's Gull ( Xenn sabini)

Arctic Tern (Stefna paradisaea)

Common Murre (Uris aalge)

Thick-billed Mirre (Uria lomvia)

Black Quill enot (Cepphus grylle)

Pi geon Guillenmpt (Cepphus columba)

Par akeet Auklet (Cyclorrhynchus psittacula)
Crested Aukl et (Aethia cristatella)

Homed Puffin (Fratercula corniculata)
Tufted Puffin (Fratercula cirrhata)
Short-eared OM (Asio flammeus)

Al der Flycatcher (Empidonax alnorum)

Say's Phoebe (Sayornis saya)

Hor ned Lark (Eremophila alpestris)

Tree Swal | ow (Iridoprocne bicolor)

Viol et-green Swallow (Tachycineta thalassina)
Bank Swal | ow (Riparia riparia)
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Barn Swal | ow (Hirundo rustics)
Common Raven (Corvus _corax)

Red- breasted Nuthatch (Sitta canadensis)
Arctic Warbl er (phylloscopus borealis)
Ruby- crowned Kingl et _(Regulus calendula)
Bl uet hroat (Luscinia svecica)

Northern Wheatear (Qenanthe oenanthe)

G ay-cheeked Thrush (Catharus minimus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)

Yellow WAgtail (Motacilla flava)

Water Pipit (Anthus spinoletta)

Bohem an WAxW ng _(Bombvcilla garrulus)
Nort hern Shri ke (Lanius excubitor)
Orange-crowned War bl er _(Vermivora celata)
?Yellow-rumped WAr bl er (Dendroica coronata)

Common Yellowthroat (Geothlypis trichas)
Wlson's Warbler (Wilsonia pusilla)

Anerican Tree Sparrow (Speizella arborea)
Savannah Sparrow (Passerculus sandwi chensis)

Fox Sparrow (Passerella iliaca)

Gol den-crowned Sparrow_(Zonotrichia atricapilla)
Wi t e- crowned Sparrow_(Zonotrichia leucophrys)
THarris' Sparrow (Zonotrichia gquerula)

Dar k- eyed Junco (Junco hyemalis)

Lapl and Longspur _(Calcarius lapponicus)

Snow Bunti ng (Plectrophenax nivalis)

Gray-crowned Rosy Finch (Leucosticte tephrocotis)
Common Redpol | (Carduelis flammea)

Hoary Redpol| (Carduelis hornemanni)
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APPENDI X €. PHOTODOCUMENTATION OF STUDY PLOTS
ESTABLI SHED IN 1988

IMNAKPAK CLIFF

BCAT LANDINGS D
ROUTE TO PLOTS == = = -
PLOT OBSERVATION POINTS ©

Routes to newly established |and-based plots, and general plot |ocations at
Cape Thonpson, ‘Al aska.
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(1) Base camp at Ikijaktusak Creek.

LAND ROUTES TO COLONIES 4 AND 5

<j Agate Rock

(2) Looking N-NW. From camp, proceed up ravine around
Agate Rock hill.
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607

(Nunbers in circles denote location fromwhich the photograph with that
nunber was taken).



(4) MW view behind Colony 5 and part of Colony 4. One route proceeds down
“he creek bed, the other around the ridge tops, off the picture to the right.

(5) Cose-up of area behind Col ony 5, show ng general |ocations of
observation points along the cliffs.
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(6) Suggested boat landing area, just SE of Colony &4.

(7) Colony 4. Cbservers at op4-1 and OP4-2.
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(8) Colony 4. (Cnbserver in place at ors-1 (view from ops-2).

OP4~2 To OP4-3, OP4~4

(9) colony 4. GCbserver at 0P4-2 (view from opa-1).

212



To OP4-1, 4-2

(10) Colony 4, Cbserver at OP4-3.

(1) colony 4 bserver at ops-3, °ther observer enroute to OP4-4.
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r Colony 5
) <

(12) Colony 4. Climbing down to QP4-4,

To 0OP4-1, QP4-2 OP4-3
> 1

(13) Colony 4. View fromsea of OP4-3 and OP4-&4.
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(14) Colony 4, GQbserver in place at 0P4-4.

(15) Colony 4. Cbserver in place at ors-4. View from over
pl ot 4-4E.
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To other C5 plots

7 opsez L

(16) Colony 5. |ooking NWtoward Colony 5 from Col ony 4.
0P5-1 i s down other side of hill.

(17) Colony 5. Observer at OP5-1,

view from above 0OP5-2,
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(18) Colony 5. (oserver in place at 0p5-1.




(20) Colony 5. (nserver at OP5-2.

(21)  Col .ony 5. in place at OP5-2, viewed ¢, om op-s.
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(24) Colony 5. Cbserver at 0P5-3, viewed from op5-2.

(25) Colony 5. (Cbserver at o0p5-3.
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: 0P5-4

(26) Colony 5. Observer at OP5-4, viewed from 0P5-5.

(27) —Ool ony 5. CObserver in place at OP5-5; other observer
s standing by OP5-4.
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(28) Colony 5. Observer in place at OP5-6, viewed from OP5-8.

(29) Colony 5. Cbserver in place at OP5-7, viewed from 0P5-8.
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oP5-8

(30) Colony 5. (bserver in place at CP5-8.

(31) Colony 5. (oserver in place at OP5-8.
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ROUTES TO COLONY 2

(32) Viev {ooking SE From abd
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(34) Enroute to Colony 2, |ooking SE

(35) Colony 2. View towards Colony 2, looking SE. Route is
down through the canyon and up the creek bed.
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(36) Colony 2. Looking ¥ from Colony 2 towards canp.

(37) Enroute to OP2-1, which is down below the hill.
View looking SE.
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Observer at OP2-2 viewed from just abov

2.

(40) Colony

e OP2-1.

Colony 2. Observer in place at Qp2-2.

(41)
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(43) Colony 2. (Ovbserver in place at OP2-3.
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(44) Colony 2. (Cbserver in place at OP2-3.
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COLONY 2, PLOT 2-3C
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COLONY 4, PLOT 4-3D
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COLONY 4. PLOT 4-4E
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COLONY 5, GENERAL VIEW OF PLOTS 5-1A,B,C

COLONY 5, PLOT 5-1A
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COLONY 5, PLOT 5-1¢

COLONY 5, PLOT 5-1D
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COLONY 5, GENERAL VIEWOF PLOTS 5-2 EF, G

COLONY 5, PLOT 5-2E
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COLONY 5, PLOTS 5-2F, 5-2F'

‘COLONY 5, PLOT 5-2G
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[AI¥A

COLONY 5, PLOTS 5-6K, 5-6K'



COLONY 5, PLOT 5-8M
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COLONY 5, PLOTS 5-8, 5-8N°
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APPENDI X D.  CENSUS DATA FOR COMMON AND THI CK-BI LLED MJRRES,
1988 RAW COUNTS

This appendi x contains all original nurre counts from Cape Thonpson
| and- based plots during the census period in 1988. (bservers were:

JB
BF
SH
DR
DT
PR

Jane Burger
Bri an Fadely
Scott Hatch
Dave Roseneau
Dani el Tayl or
Paul Rodewald

Pl ot Dat e Time Total TBMJ c¢coMu  (hserver

2-1A 12 Jul 1323 335 170 165  BF/SH/DT
16 Jul 1551 275 100 175  BF/JB/DI/PR
18 Jul 1340 35 227 129  DI/PR
26 Jul 1730 408 188 220 DT
7 Aug 1721 347 80 267  BF
10 Aug 1200 386 136 250 DT
2-2B 12 Jul 1424 193 21 172 BF/DT
16 Jul 1630 275 23 252  BF/JB/DI/PR
18 Jul 1415 327 65 262 PR
26 Jul 1722 338 25 313  BF
7 Aug 1720 342 41 301  JB
10 Aug 1300 335 43 292 DT
2-3C 12 Jul 1540 291 245 46  BF/DT
16 Jul 1702 248 220 28 BF/JB/DI/PR
18 Jul 1430 292 258 3¢ DT
26 Jul 1725 290 248 42 PR
7 Aug 1730 239 201 38 PR
10 Aug 1330 264 217 47 DT

3-1A 10 Jul 1548 105 103 2 JB/BF
13 Jul 1530 97 88 9 JB
14 Jul 1830 154 150 4 JB/BF
15 Jul 1241 117 112 5 DT/JB
17 Jul 2020 172 161 11 PR
18 Jul 1548 142 136 b JB/BF
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Pl ot Dat e Time Total TBMJU COMJ  (Observer
3-1A 19 Jul 1749 133 121 12 BF

20 Jul 1910 103 94 9 JB/PR

21 Jul 2038 152 144 8 JB/PR

22 Jul 1130 89 81 8 DT

23 Jul 1553 82 71 11 BF

25 Jul 1915 132 129 3 JB

26 Jul 1615 160 149 11 DT

27 Jul 2334 193 - BF

28 Jul 1900 154 140 14 PR

30 Jul 2040 148 142 6 JB

1 Aug 1905 202 193 9 PR

2 Aug 1945 185 181 4 JB

3 Aug 1600 84 73 11 DT

5 Aug 1145 174 160 14 PR

7 Aug 1600 96 83 13 DT

8 Aug 1645 203 192 11 BF

9 Aug 1730 153 14l 12 PR

10 Aug 0945 121 112 .9 DT

11 Aug 148 137 11 DT

12 Aug 1831 144 143 1 BF

13 Aug 1730 113 99 14 PR

15 Aug 2010 172 168 4 DT
3-2B 10 Jul 1600 486 424 62 JB

13 Jul 1600 424 356 68 JB

14 Jul 1844 510 466 44 JB/BF

15 Jul 1300 348 320 28 DT/JB

17 Jul 2040 582 - PR

18 Jul 1602 453 391 62 JB/BF

19 Jul 1809 426 379 47 BF

20 Jul 1922 412 358 54 JB/PR

21 Jul  2045" 152 144 8 JB/PR

22 Jul 1200 417 367 50 DT

23 Jul 1610 402 351 51 BF

25 Jul 1930 531 491 40 JB

28 Jul 1915 628 554 74 DT

1 Aug 1920 645 584 61 PR

2 Aug 2000 622 - JB

3 Aug 1615 342 - DT

5 Aug 1200 602 541 61 PR

7 Aug 1615 564 483 81 DT

8 Aug 1649 569 493 76 BF

9 Aug 1740 453 400 53 PR

10 Aug 1015 517 470 47 DT

11 Aug 486 - DT

12 Aug 1841 425 349 76 BF

13 Aug 1800 394 340 54 PR
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Plot Date Ti me Total TBMJ COMJU  (bserver
3-2B 15 Aaug 2030 538 DT
3-2C 10 Jul 1615 25 25 0 JB
13 Jul 1615 35 33 2 JB
14 Jul 1920 69 69 0 JB/BF
15 Jul 1315 42 39 3 DT/JB
17 Jul 2115 63 63 0 PR
18 Jul 1617 55 55 0 JB/BF
19 Jul 1826 54 54 0 BF
20 Jul 1935 49 49 0 JB/PR
21 Jul 2100 68 68 0 JB/PR
22 Jul 1220 46 46 0 DT
23 Jul 1641 50 50 0 BF
25 Jul 1930 56 56 0 JB
28 Jul 1945 62 62 0 PR
1 Aug 1950 65 65 0 PR
2 Aug 2015 48 JB
3 Aug 1630 39 39 0 DT
5 Aug 1215 48 48 0 PR
7 Aug 1630 45 45 0 DT
8 Aug 1730 65 65 0 BF
9 Aug 1755 44 44 0 PR
10 Aug 1030 46 46 0 DT
11 Aug 63 DT
12 Aug 1905 46 45 1 BF
13 Aug 1830 31 31 0 PR
15 Aug 2045 74 74 0 DT
4-1A 8 Jul 1815 218 159 59 JB/PR
11 Jul 1645 205 149 56 PR/DT/DR
17 Jul 1545 315 200 115 PR
20 Jul 1450 272 189 83 DT
25 Jul 1635 316 210 106 PR
27 Jul 1745 328 212 116 PR
1 Aug 1638 341 237 104 BF
4 Aug 2118 266 190 76 BF
5 Aug 1825 308 191 117 PR
8 Aug 1730 243 187 56 PR
11 Aug 1455 304 196 108 PR
15 Aug 1800 382 272 110 PR
4-1B 8 Jul 1800 167 117 50 JB/PR
11 Jul 1630 181 120 61 PR/DT/DR
17 Jul 545 223 135 88 DT
20 Jul 1450 193 117 76 PR
25 Jul 1615 194 118 76 PR
27 Jul 1730 220 130 90 PR
1 Aug 1651 240 160 80 BF
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Pl ot Dat e Tinme Total TBMJU COMJ  (Observer
4-1B 4 Aug 2110 227 164 63 BF
5 Aug 1840 245 142 103 PR
8 Aug 1730 346 241 105 PR
11 Aug 1510 236 136 100 PR
15 Aug 1810 264 171 93 PR
4-2C 8 Jul 1545 238 104 134 JB/PR
11 Jul 1500 259 168 91 PR/DT/DR
17 Jul 1505 328 170 158 PR
20 Jul 1510 306 176 130 PR
25 Jul 1600 376 214 162 DT
27 Jul 467 284 183 DT
1 Aug 407 230 177 DT
4 Aug 2133 435 113 322 BF
5 Aug 1900 357 182 175 DT
8 Aug 1720 471 254 217 DT
11 Aug 396 232 164 DT
15 Aug 1756 534 397 137 BF
4-3D 8 Jul 1427 117 85 32 JB/PR
11 Jut 1730 65 49 16 PR/DT/DR
17 Jul 1450 111 82 29 PR/DT/DR
20 Jul
25 Jul 1600 132 99 33 DT
27 Jul 181 132 49 DT
1 Aug 174 122 52 DT
4 Aug 2153 152 85 67 BF
5 Aug 166 103 63 DT
8 Aug 1640 156 108 48 DT
11 Aug 148 114 34 DT
15 Aug 1830 201 156 45 BF
4- AE 8 Jul
11 Jul 1300 131 20 111 PR/DT/DR
17 Jul 1410 180 22 158 PR/DT
20 Jul 2211 218 64 154 BF
25 Jul 1632 274 56 218 BF/JB
27 Jul 1800 312 52 260 JB
1 aug 1725 307 35 272 BF
4 Aug 2212 288 17 271 BF
5 Aug 2012 318 31 287 BF
8 Aug 1700 347 56 291 PR
11 Aug 1625 292 26 266 BF
15 Aug 2201 306 47 259 BF
5-14 11 Jul 1959 29 28 1 BF/SH
17 Jul 1352 29 28 1 JB
20 Jul 1410 26 24 2 JB
25 Jul 1510 30 29 1 JB
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Plot Date Time Total TBMU coMU  Chserver
5-1A 27 Jul 1634 35 30 5 JB
1 Aug 1510 33 33 0 JB
4 Aug 2030 26 26 0 JB
5 Aug 1800 29 28 1 JB
8 Aug 1535 29 28 1 PR
11 Aug 1400. 39 38 1 JB
15 Aug 1700 52 49 3 JB
5-1B 11 Jul 2007 340 231 109 BF/SH
17 Jul 1356 415 260 155 JB
20 Jul 1412 438 234 234 JB
25 Jul 1510 458 184 274  JB
27 Jul 1634 465 193 272 JB
1 Aug 1510 429 199 230 JB
4 Aug 2030 422 175 247 JB
5 Aug 1800 422 198 224  JB
8 Aug 1555 443 221 222 PR
11 Aug 1415 414 192 222 JB
15 Aug 1700 484 263 221 JB
5-1¢ 11 Jul 2027 25 24 1 BF/SH
17 Jul 1400 33 32 1 JB
20 Jul 1437 27 26 1 JB
25 Jul 1510 19 19 0 JB
27 Jul 1701 23 22 1 JB
1 Aug 1525 22 22 0 JB
4 Aug 2040 23 21 2 JB
5 Aug 1830 22 22 0 JB
8 Aug 1615 24 21 3 PR
11 Aug 1420 23 22 1 JB
15 Aug 1700 31 31 0 JB
5-1D 11 Jul 2027 171 168 3 BF/SH
17 Jul 1402 190 185 5 JB
20 Jul 1440 170 164 6 JB
25 Jul 1510 164 155 9 JB
27 Jul 1705 222 214 8 JB
1 aug 1530 223 216 7 JB
4 Aug 2045 165 162 3 JB
5 Aug 1835 181 172 9 PR
8 Aug 1625 206 198 8 JB
11 Aug 1425 170 164 6 JB
15 Aug 1700 228 219 9 JB
5-2E 11 Jul 1416 269 244 25  BF/SH
17 Jul 1645 353 314 39 DT
20 Jul 1340 300 294 6 PR
25 Jul 1630 310 275 35 PR
27 Jul 1615 344 304 40 PR
1 Aug 1420 358 323 35 PR
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Pl ot Dat e Tinme Total TBMJ COMJ  (Observer
5-2E 4 Aug 1800 292 258 34 PR
5 Aug 1515 327 295 32 PR
8 Aug 1455 344 300 44 PR
11 Aug 1225 328 292 36 PR
15 Aug 1515 416 377 39 PR
5-2F 11 Jul 1334 308 308 0 BF/SH
17 Jul 1645 430 424 6 PR
20 Jul 1320 430 429 1 PR
25 Jul 1450 393 392 1 PR
27 Jul 1630 427 426 1 PR
1 Aug 1440 450 449 1 PR
4 Aug 1815 316 315 1 PR
5 Aug 1530 374 374 o PR
8 Aug 1510 426 425 1 PR
11 Aug 1230 393 392 1 PR
15 Aug 1530 503 502 1 PR
5-2G 11 Jul 1454 225 219 6 BF/SH
17 Jul 1700 317 306 11  PR/DT
20 Jul
25 Jul 1510 272 259 13 PR
27 Jul 1650 289 279 10 PR
1 Aug 1455 310 300 10 PR
4 Aug 1825 256 243 13 PR
5 Aug 1540 249 236 13 PR
8 Aug 1520 303 292 11 PR
11 Aug 1240 283 273 10 PR
15 Aug 1545 359 350 9 PR
5-3H 11 Jul 1534 178 178 0 BF/SH
17 Jul 1740 259 259 o PR
20 Jul 1330 240 240 o JB
25 Jul 1500 227 227 o DT
27 Jul 283 283 o DI
1 Aug 265 263 3 DT
4 Aug 235 235 o DT
5 Aug 1700 231 231 o DT
8 Aug 1600 256 256 0 DT
11 Aug 223 223 o DT
15 Aug 297 297 o DT
5-41 11 Jul 1615 81 81 0 BF/SH
17 Jul 1751 115 115 0 BF
20 Jul
25 Jul 1500 101 101 0 DT
27 Jul 105 105 o DT
1 Aug 101 101 o DT
4 Aug 89 89 o DT
5 Aug 1700 98 98 o DI
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Plot Date Time Total TBMU COMU Observer
5-41 8 Aug 1530 110 110 0 DT
11 Aug - 104 104 0 DT
15 Aug - 134 134 0 DT
5-5J 11 Jul - - - -
17 Jul 1812 1136 1106 30 JB
20 Jul 1332 955 927 28 BF
25 Jul 1525 638 627 11 BF
27 Jul 1530 1005 979 26 PR
1 Aug 1510 944 890 54  BF
& Aug 2028 745 731 14 BF
5 Aug 1724 934 924 10 BF
8 Aug 1500 1047 1016 31 DT
11 Aug 1334 779 768 11 BF
15 Aug 1931 1027 1016 11 BF
5-6K 11 Jul 1739 405 405 0 BF/SH
17 Jul 1750 554 546 8 DT
20 Jul
25 Jul 1430 628 616 i2 JB
27 Jul 1617 616 608 8 JB
1 Aug 1421 626 619 7 JB
4 Aug 1936 534 520 14 JB
5 Aug 1720 497 493 4 JB
8 Aug 1440 575 571 4L PR
11 Aug 1300 570 562 8§ JB
15 Aug 1547 676 672 4 JB
5-7L 11 Jul 1810 335 264 71  BF/SH
17 Jul 1755 395 297 98 PR
20 Jul
25 Jul 1500 386 318 68 DT
27 Jul - 454 353 101 DT
1 Aug - 446 345 101 DT
4 Aug - 397 309 88 DT
5 Aug 1700 428 309 119 DT
8 Aug 441 335 106 DT
11 Aug - 387 283 104 DT
15 Aug - 452 378 74 DT
5-8N 11 Jul 1849 609 - BF/SH
17 Jul 1805 864 850 14  BF/DT
20 Jul 1235 818 801 17 PR
25 Jul 1447 722 690 32 BF
27 Jul - 976 969 7 DT
1 Aug 1440 753 703 45 BF
4 Aug 1942 718 710 8 BF
5 Aug 1618 811 798 13 BF
8 Aug 1430 968 949 19 DT
11 Aug 1233 901 886 15 BF
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Piot Date Time Total TBMJ COMUJ  (Observer
5-8N 15 Aug 2023 1028 1013 15 BF
52F ¢ 20 Jul 1428 111 111 0o BF
25 Jul 1505 113 113 0o PR
27 Jul 1645 107 107 o PR
1 Aug 1450 130 130 o PR
4 Aug 1820 05 105 o PR
5 Aug 1535 110 110 o PR
8 Aug 1515 118 118 o PR
11 Aug 1235 123 123 0o PR
15 Aug 1540 121 121 o PR
5-3H " 20 Jul 1410 81 81 0o BF
25 Jul 1500 75 75 o Dr
27 Jul
1 Aug 187 187 o DT
4 Aug 165 165 o DT
5 Aug 1700 150 150 o DT
8 Aug 1600 175 175 o DT
11 Aug 152 152 o DI
15 Aug 203 203 o DT
56K ' 20 Jul 1325 145 145 0o BF
25 Jul 1430 192 192 2 JB
27 Jul
1 aug 1421 206 202 4 JB
4 Aug 1950 165 157 § JB
5 Aug 1720 158 155 3 JB
8 Aug
11 Aug 1310 170 167 3 JB
15 Aug 1600 212 208 4 B
570 20 Jul 1310 187 176 11 BF
25 Jul 1500 208 195 13 DT
27 Jul 242 229 13 DT
1 Aug 242 221 21 Dt
4 Aug 198 182 16 DT
5 Aug 1700 211 190 21 Dt
8 Aug 218 198 20 DT
11 Aug 203 186 17 DT
15 Aug 230 216 14 DT
5-8N' 20 Jul 1240 254 254 0 BF
25 Jul 1508 258 258 0 BF
27 Jul 264 263 o DT
1 Aug 1455 221 221 0 BF
4 Aug 2002 216 216 0 BF
5 Aug 1647 255 255 0 BF
8 Aug 1430 259 259 o DT
11 Aug 1314 223 223 0 BF
15 Aug 2023 272 272 0o BF
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APPENDI X E.

CENSUS DATA FOR BLACK- LEGGED KITTIWAKES,
1988 RAW COUNTS

Thi s appendi x contains the origina
| and- based plots during the census period i n 1988. Cbservers were:

JB
BF
SH
DR
T
PR

Jane Burger
Bri an Fadely
Scott Hatch
Dave Roseneau
Daniel Taylor
Paul Rodewald

kittiwake counts from Cape Thonpson

Plot Date Time Singles Pairs Total Nests Cbservers
2-1A 12 Jul 1323 23 0 23 20 BF/SH/DT
16 Jul 1551 19 0 19 BF/JB/DT/PR
18 Jul 1340 21 0 21 21 DT/PR
26 Jul 1730 22 1 24 DT
7 Aug 1721 10 3 16 BF
10 Aug 1200 15 1 17 DT
2-2B 12 Jul 1424 9 0 9 8 BF/DT
16 Jul 1630 8 0 8 BF/JB/DT/PR
18 Jul 1415 9 0 9 PR
26 Jul 1722 8 0 8 BF
7 Aug 1720 11 0 11 JB
10 Aug 1300 6 0 6 DT
2-3C 12 Jul 1540 18 0 18 16 BF/ DT
16 Jul 1702 16 0 16 BF/JB/DT/PR
18 Jul 1430 17 0 17 DT
26 Jul 1725 17 0 17 PR
7 sug 1730 16 1 18 PR
10 Aug 1330 13 0 13 DT
3-1A 10 Jul 1548 5 0 5 5 JB/BF
13 Jul 1530 5 0 5 JB
14 Jul 1830 6 0 b JB/BF
15 Jul 1241 6 0 b DT/JB
17 Jul 2020 6 0 6 5 PR
18 Jul 1548 b 0 b JB/BF
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Pl ot Date Time  Singles Pairs Total Nests Cbservers

3-1A 19 Jul 1749 6 0 6 BF
20 Jul 1910 6 0 b JB/PR
21 Jul 2038 6 1 8 JB/PR
22 Jul 1130 b 0 b DT
23 Jul 1553 5 0 5 BF
25 Jul 1915 5 0 5 JB
26 Jul 1615 5 0 5 DT
27 Jul 2334 6 0 6 BF
28 Jul 1900 6 0 6 PR
30 Jul 2040 5 0 5 JB
1 Aug 1905 5 0 5 PR
2 Aug 1945 5 0 5 JB
3 Aug 1600 0 0 0 DT
5 Aug 1145 5 0 5 PR
7 Aug 1600 4 0 4 DT
8 Aug 1645 b 0 6 BF
3-2B 10 Jul 1600 46 5 56 50 JB
13 Jul 1600 48 4 56 JB
14 Jul 1844 58 6 70 JB/BF
15 Jul 1300 53 2 57 DT/JB
17 Jul 2040 53 1 55 PR
18 Jul 1602 40 1 42 JB/BF
19 Jul 1809 50 0 50 BF
20 Jul 1922 43 0 43 JB/PR
21 Jul 2045 52 0 52 JB/PR
22 Jul 1200 46 0 46 DT
23 Jul 1610 53 0 53 BF
25 Jul 1930 41 1 45 JB
28 Jul 1915 54 2 58 DT
1 Aug 1920 44 2 48 PR
2 Aug 2000 JB
3 Aug 1615 61 0 61 DT
5 Aug 1200 58 3 64 PR
7 Aug 1615 59 1 61 DT
8 Aug 1649 44 0 44 BF
3-2C 10 Jul 1615 2 0 2 3 JB
13 Jul 1615 2 0 2 JB
14 Jul 1920 3 0 3 JB/BF
15 Jul 1315 3 0 3 DT/JB
17 Jul 2115 5 1 T PR
18 Jul 1617 4 0 4 JB/BF
19 Jul 1826 3 0 3 BF
20 Jul 1935 3 0 3 JB/PR
21 Jul 2100 3 0 3 JB/ PR
22 Jul 1220 3 0 3 DT
23 Jul 1641 2 0 2 BF
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Pl ot Date Time Singles Pairs Total Nests Cbservers
3-~2¢C 25 Jul 1930 3 0 3 J%
28 Jul 1945 5 1 7 PR
1 Aug 1950 2 0 2 PR
2 Aug 2015 3 1 5 JB
3 Aug 1630 4 0 4 DT
5 Aug 1215 4 0 4 PR
7 Aug 1630 2 0 2 DT
8 Aug 1730 4 0 4 BF
4- 1A 8 Jul 1815 46 0 46 A1 JB/PR
11 Jul 1645 43 0 43 PR/DT/DR
17 Jul 1545 50 1 52 PR
20 Jul 1450 43 0 43 DT
25 Jul 1635 51 1 53 PR
27 Jul 1745 51 1 53 PR
1 Aug 1638 43 1 45 BF
& Aug 2118 33 [ 41 BF
5 Aug 1825 41 0 41 PR
8 Aug 1730 39 2 43 PR
4~1B 8 Jul 1800 32 2 36 30 JB/PR
11 Jul 1630 35 0 35 30 PR/DT/DR
17 Jul 1545 50 1 52 DT
20 Jul 1450 33 0 33 PR
25 Jul 1615 28 0 28 PR
27 Jul 17' 30 29 10 49 PR
1 Aug 1651 33 0 33 BF
4 Aug 2110 33 0 33 BF
.5 Aug 1840 40 3 46 PR
8 Aug 1730 41 1 43 PR
4-2C 8 Jul 1545 209 3 215 168 JB/PR
11 Jul 1500 216 2 220 175 PR/DT/DR
17 Jul 1505 219 1 221 195 PR
20 Jul 1510 194 2 198 PR
25 Jul 1600 229 2 233 DT
27 Jul - 176 1 178 DT
1 Aug - 174 4 182 DT
4 Aug 2133 158 11 180 BF
5 Aug 1900 185 5 195 DT
8 Aug 1720 187 2 191 DT
4-3D 8 Jul 1427 47 0 47 41 JB/PR
11 Jul 1730 46 1 48 41 PR/DT/DR
17 Jul 1450 38 0 38 PR/DT/DR
20 Jul - -
25 Jul 1600 48 0 48 DT
27 Jul - 47 0 47 DT
1 Aug - 45 3 51 DT
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Pl ot Date Time  Singles Pairs Total Nests QCbservers

4-3D 4 Aug 2153 35 0 35 BF
5 Aug - 42 2 46 DT
8 Aug 1640 35 1 37 DT
4-LE 8 Jul -
11 Jul 1300 207 2 211 176 PR/DT/DR
17 Jul 1a10 211 2 215 PR/DT
20 Jul 2211 211 0 211 BF
25 Jul 1632 211 5 221 BF/JB
27 Jul 1800 205 2 209 JB
1 Aug 1725 171 T 185 BF
4 Aug 2212 167 7 181 BF
5 Aug 2012 156 18 192 BF
8 Aug 1700 212 6 224 PR
5- 1A 11 Jul 1959 36 0 36 28 BF/SH
17 Jul 1352 27 2 27 JB
20 Jul 1410 30 0 30 JB
25 Jul 1510 26 1 28 JB
27 Jul 1634 27 0 27 JB
1 Aug 1510 29 1 31 JB
4 Aug 2030 29 1 31 JB
5 Aug 1800 29 1 31 JB
8 Aug 1535 41 2 45 PR
5-1B 11 Jul 2007 153 6 165 136 BF/SH
17 Jul 1356 156 4 164 JB
20 Jul 1412 139 5 149 JB
25 Jul 1510 149 3 155 JB
27 Jul 1634 139 5 149 JB
1 Aug 1510 139 8 155 JB
4 Aug 2030 123 b 135 JB
5 Aug 1800 123 8 139 JB
8 Aug 1555 151 5 161 PR
5-1C 11 Jul 2027 10 1 12 10 BF/SH
17 Jul 1400 11 1 13 JB
20 Jul 1437 10 0 10 JB
25 Jul 1510 9 0 9 JB
27 Jul 1701 11 1 13 JB
1 Aug 1525 10 0 10 JB
4 Aug 2040 10 0 10 JB
5 Aug 1830 9 3 15 JB
8 Aug 1615 11 | 13 PR
5-1D 11 Jul 2027 0 0 0 0 BF/ SH
17 Jul 1402 0 0 0 JB
20 Jul 1440 0 0 0 JB
25 Jul 1510 0 0 0 JB
27 Jul 1705 0 0 0 JB
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Pl ot Date Time Singles Pairs Total Nests Qbservers
5-1D 1 Aug 1530 0 0 0 JB

4 Aug 2045 0 0 0 JB

5 Aug 1835 0 0 0 PR

8 Aug 1625 0 0 0 JB
5-2E 11 Jul 1416 85 1 87 89 BF/SH

17 Jul 1645 103 0 103 91 DT

20 Jul 1340

25 Jul 1630 88 1 90 PR

27 Jul 1615 87 0 87 PR

1 Aug 1420 89 2 93 PR

4 Aug 1800 72 3 78 PR

5 Aug 1515 75 0 75 PR

8 Aug 1455 98 4 106 PR
5-2F 11 Jul 1334 4 0 4 4 BF/SH

17 Jul 1645 4 0 4 4 PR

20 Jul 1320 3 0 3 4 PR

25 Jul 1450 3 0 3 PR

27 Jul 1630 4 0 4 PR

1 Aug 14240 3 0 3 PR

4 Aug 1815 2 0 2 PR

5 Aug 1530 3 0 3 PR

8 Aug 1510 2 1 4 PR
5-2G 11 Jul 1454 0 0 0 0 BF/SH

17 Jul 1700 0 0 0 PR/DT

20 Jul -

25 Jul 1510 0 0 0 PR

27 Jul 1650 0 0 0 PR

1 Aug 1455 0 0 0 PR

4 Aug 1825 0 0 0 PR

5 Aug 1540 0 0 0 PR

8 Aug 1520 0 0 0 PR
5~3H 11 Jul 1534 0 0 0 0 BF/SH

17 Jul 1740 0 0 0 PR

20 Jul 1330 0 0 0 JB

25 Jul 1500 0 0 0 DT

27 Jul -

1 Aug -

4 Aug -

5 Aug 1700 0 0 0 DT

8 Aug 1600 0 0 0 DT
5-41 11 Jul 1615 0 0 0 0 BF/SH

17 Jul 1751 0 0 0 BF

20 Jul -

25 Jul 1500 0 0 0 DT

27 Jul - 0 0 0 DT

1 Aug - 0 0 0 DT
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Pl ot Date Time  Singles Pairs Total Nests Observers
5-41 4 Aug - 0 0 0 DT
5 Aug 1700 0 0 0 DT
8 Aug 1530 0 0 0 DT
5-5J 11 Jul -
17 Jul 1812 82 3 88 77 JB
20 Jul 1332 93 3 99 BF
25 Jul 1525 81 2 85 BF
27 Jul 1530 90 0 90 PR
1 Aug 1510 87 1 89 BF
4 Aug 2028 85 1 87 BF
5 Aug 1724 77 5 87 BF
8 Aug 1500 94 3 100 DT
5- 6K 11 Jul 1739 7 0 7 7 BF/SH
17 Jul 1750 6 0 b DT
20 Jul -
25 Jul 1430 6 0 6 JB
.27 Jul 1617 7 0 7 JB
1 Aug 1421 6 0 b JB
4 Aug 1936 5 0 5 JB
5 Aug 1720 4 0 4 JB
8 aug 1440 7 1 9 PR
5-7L 11 Jul 1810 0 0 0 0 BF/SH
17 Jul 1755 1 0 1 PR
20 Jul -
25 Jul 1500 1 0 1 DT
27 Jul - 0 0 0 DT
1 Aug - 0 0 0 DT
4 Aug - 4 0 4 DT
5 Aug 1700 5 0 5 DT
8 Aug - 1 0 1 DT
5-8M 11 Jul 1816 83 4 91 82 BF/SH
17 Jul 1805 99 1 101 PR
20 Jul - -
25 Jul 1512 96 2 100 BF
27 Jul - 88 0 88 DT
1 Aug 1508 104 2 108 BF
4 Aug 2005 82 4 90 BF
5 Aug 1650 88 6 100 BF
8 Aug 1450 126 6 138 DT
5-8N 11 Jul 1849 33 1 35 32 BF/SH
17 Jul 1805 32 0 32 32 BF/DT
20 Jul 1235 36 1 38 PR
25 Jul 1447 30 1 32 BF
27 Jul - 29 0 29 DT
1 Aug 1440 29 0 29 BF
4 Aug 1942 21 | 23 BF
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Pl ot Date Time  Singles Pairs Total Nests Qbservers

5-8N 5 Aug 1618 27 2 31 BF
8 Aug 1430 34 0 34 DT
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APPENDI X F.  PHOTODOCUMENTATI ON OF BOAT- BASED CENSUS PLOTS
AT CAPE THOVPSON

Fol I owing are 45 annotated photographs idicating the boundaries of L.G.
Swartz' original (1959-1961) census plots. The series is sequential from
south (Colony 1, Crowbill Point) to north (Colony 5 Imapak diff). Aso
included (pp. 306-310) are photographs of 5 |and-based plots established in
Colony 5 prior to 1988.
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APPENDI X G MURRE AND KITTIWAKE CENSUS DATA FROM BOAT- BASED PLOTS AT
CAPE THOWPSQON, 1960-1988

Census counts at Cape Thonpson have been recorded using Bering Standard
Ti me (BST), Bering Daylight Tine (BDT) and Al aska Daylight Time (ADT). BDT is
2 h earlier than present ADT tinmes. Count neans were rounded down to the next
whole integer if the fraction was |ess than or equal to 0.5, and rounded up if
it was equal to or greater than 0.51. All counts presented in the appendices
are raw scores unconpensated for diurnal or other sources of variation.
Colony totals are not presented if some plots were uncounted, or if it
requi red summng plots counted fromland and boat. Al plots are |isted using
L.G. Swartz’ 1960 plot designations unless otherw se specified (see further
information for Colonies 3 and 5 inmediately following). The followng Iist
contains the nanes of the observers who have participated in counts at Cape
Thonpson.  The right-hand colum lists the observer codes used by A M
Spfi nger, D.G. Roseneau and E.C. Murphy in their reports. In this report, the

initials of the observers are used to identify personnel making the counts.

Belson, L.M. (1MB)
Burger, J.IL. (JLB)
Cox, G.W. (aWe )
Dillard, M.A. (MAD) A
Fadely, B.S. (BSF)
Hat ch,”S. A. (smH)
Hawki ngs, J. (JH)
Johnson, D (DJ) B
Jones, K (K3 R
MacDonal d, D. (DM)
Ml e, R.S. (RSM) K
Mir phy, E.C. (EQM) F
Norton, D. (DN)
Powers, A (AP)
Rodewald, P. (PR)
Roseneau. D.G. (DGR) E
Schene, L. (LS)
Springer, AM (AVS ) C
Springer (Johnson), M.I.  (MIJ) H
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Stern, J.

Swartz, L.G.

Taylor, D
Tritel, B.
Troy, D

Val ker 11,
Vat son, A.
W 1 | oughby,

w

E.J.
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COLONY 3 CENSUS PLOT CONVERSI ON GUIDE

This guide provides conversions to allow direct conparisons to be nade
between: 1) L.G. Swartz’ 1960-61 data; 2) A M Springer and D.G. Roseneau
1976- 1977 data as reported in Springer and Roseneau (1977) Table 4, and
Springer and Roseneau (1978) Table 4; 3) AM Springer, D.G.Roseneau, E.C.
Mirphy and M.I. Springer’s 1982 data as reported in Springer e% al. (1985)
Table 5. Colony 3 census plots were not counted in 1988.

TABLE 6.1. COLONY 3 CENSUS PLOT DESI GNATI ONS

(L.G. Swartz) (Springer and Roseneau 1977, 1978) (Springer et al. 1985)
Field Seasons Field Seasons Fi el d Season
1960 1961 1976 1977 1982

A A A A A

B B B B B

C c C c c

D D D D D

E E E E E

F F F F F

G G G G G

H H H H H

I I | I |

J J J J J

K K K “ K K

L L L

M M M

N N M+N M+N N

0 0 0

P P L L P

8 8 Q-0 + Q-P

O+P 0+P RO+ RP

S S S-0 + S-P

T T Q Q T

u u u

v v R R v

w w S S W
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Note that on Col ony 3 photographs (Appendix F), census plots designated by
only one letter (i.e., plots 3A-3K) are L.G. Swartz' original plots. Also
note that the remainder of the census plots are labelled with more conplex
designations. These designations are interpreted as fol | ows:

30(0)

AP
Col ony 3 LGS 1960 plot Q Springer and Roseneau
1976 and 1977 plot O

Further note that designations such as "g-o", “Q P, “RCO, “RP, “SCO
and “S-P’ as used in some reports (e.g., Springer et al. 1985) are equal to
3Q(0), 3Q(P), 3R(0), 3R(P), 3S(0) and 3S(P), respectively.

Swart z* 1960 plots L, M N and O nust be lunped to be equivalent to
Springer and Roseneau's 1976 and 1977 pl ot M+N because:

1) 1976 and 1977 plot Mis equal to Swartz' plots N plus O plus about one
hal f of Swartz' plot M (or about one half of the plot “M N shown on the
Col ony 3 phot ographs).

2) 1976 and. 1977 plot Nis equal to about one half of Swartz' plot M plus
Swartz' plot L [i.e., 3M(N) + 3L(N)].

The individual 1976-1977 plots “M and “N can be directly conpared only

bet ween these two years. To conpare these two plots with any other years
(i.e., Swartz' 1960 and 1961 data, or the 1979 and 1982 data), they nust be
added together. They are then equivalent to Swartz' plots L+1+N+0, which were
counted correctly as plots L, M N, and Oin 1979 and 1982.
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COLONY 5 - SPECI AL AREA DESCRI PTI ONS

A M Springer, D.G. Roseneau and E.C. Murphy established 15 special areas
at Colony 5 in 1977 to allow conparisons between their 1976 data and data
collected by L.G. Swartz in 1960-1961. The 15 special areas were numbered
101-115. Later, it was confirned that area #109 corresponded directly to
Swar tz ' 1960 plot 5GG, #111-112 corresponded directly to Swartz® 1960 plot
5AA, and area #115 corresponded directly to Swartz' 1960 plots 5Y+5Z. It was
al so confirned that areas #110, #113, and #114 were in an area falling outside
of Swartz' census plots and that these areas did not historically contain
either nmurres or kittiwakes. As a consequence, only special areas #101-108
are inportant in converting data for conparisons between years.

#101 : The extreme left end of 1960 census plet 5NN, bounded on the bottom by
1960 plot 5PP. It faces northwest and its upper boundaries are the right and
left points on the skyline forming a “notch”. This plot has never had any

birds init.

##102: The right end of 1960 census plot 5PP, which is right of a big natural
vertical ™"cut"™ or “draw’ to the left boundary of 1960 plot 500 (the big
natural vertical cut appears to npost observers as the “natural” place to have
made the boundary between 500 and 5PP).

#103+104: Equal s 1960 census plot 5KK.

#103: The left third of 1960 plot 5KK. Its right boundary isanat ur al
vertical “cut” or “draw" in 5KK, about one third of the way to the right of
the left boundary of 5KK.

#104: The right two thirds of 1960 plot 5KK. |ts left boundary is a natural
vertical “cut” or “draw’ in 35KK, about one third of the way to the right of
the left boundary of 5KK.

#105+106: 1960 census plot 5)] .

#105: The left two thirds of 1960 plot 5JJ. It contains 95% of the birds in
5JJ, and includes all of the lower “white” area and the upper “black” area
left of the vertical '"blackline".

#106 . The right one third of 1960 plot 5JJ. It contains less than 5% of the
birds in 5JJ, which are those in the center of the lower “cut” between 1960
plot 511 and the lower white rock complex in 5JJ, as well as the birds in a
small “ bl ack” hole near the center of “black” area above the "“ecut" and below
the right one third of 1960 plot 53KK.

#107+108: 1960 census pl ot 5HH.

#107: Left half of 1960 plot 5HH.

#108: Right half of 1960 plot 5HH.

#109: 1960 plot 5GG

315



#110: A small triangle below 1960 plot 5N, just to the left of 1960 plot 5FF
and just to the right of 1960 plots 5GG and the |ower one third of 5P.

#111+112: 1960 census pl ot 54A.

#113 and #114: diff areas south and east of census plot 5¢ and above census
plots 5aA, 5D, 5Y, and 5Z that have not supported either nurres or kittiwakes
in any study year.

#115. 1960 plot 5Y.
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TABLE G 2. PLOT CONVERSION GUIDE FOR COLONY 5 (ALL YEARS)

Oiginal census Census plot Census plot Census plot
plot designations desi gnati ons desi gnations as desi gnations as
assigned to Colony created by A M listed in Springer listed in Springer
5 by L.G. Swartz Springer and D.G. and Roseneau (1977) and Roseneau (1978)
in 1960 Roseneau i n 1976 (Table 7) (Table 6)
5A,5B,5C,5X 58A(1976) A A
5D,5Y,52 5BB(1976) ’ B B
5G,5H,51,5AA 5CC(1976) C,E C,E
5E,5F,5L,5BB,5CC, SDD(1976) D D
5DD,5EE

5J,5K,5M,5N,5Q, SFF(1976) F F

5R,5FF

50,5P,5GG2,5HH(part)2  S5HH(1976) G G
5HH(part)P,511, _5KK(1976) H H
5JJ(part)P,S5KK(part )b

58,5T,5JJ(part)C, 5LL(1976) I I
5KK(part)¢,5LL,5MM

5NN(part)4,500, 5NN(1976) J J
5PP(part)d

5NN(part)e, 5Q0Q(1976) K K
SPP(part)®,5QQ

50,5V,5W,5RR 5RR(1976) L L

‘Only thatpart of 1960 plot S5HH that was designated as special area #108 by
AM. Springer, D.G. Roseneau and E.C. Murphy in 1977 (see above). Plot 5GG is
al so equal to special area #109.

"Only those parts of 1960 plots 5HH, 537, and 5KK that were designated
speci al areas #107, #106, and #104, respectively, by A.M. Springer, D.G.
Roseneau and E.C. Murphy in 1977 (see above).

“Only those parts of 1960 plots 5JJ and 5KK that were designated as special
areas #105 and #103, respectively, by A.M. Springer, D.G. Roseneau, and E.C.
Mirphy in 1977 (see above).

d All of 1960 census plot 5NN excluding that part designated by special area
#101 by A'M Springer, D.G. Roseneau, and E.C. Murphy in 1977; and only that
part of 1960 plot 5PP that was designated special area #102 (see above).
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“Only that part of 1960 plot 5NN that was designated as special area #101,

and all of 1960 plot 5PP excluding that part designated special area #102 by
A M Springer, D.G. Roseneau and E.C. Murphy in 1977 (see above).

Note:  Census plot cc(1976) i ncl udes special area #113 (see above), but area
#113 is not included in any of L.G. Swartz 1960 census plots. Therefore, to
correctly conmpare data collected by A M Springer, D.G. Roseneau, and E.C.
Mirphy in 1976, 1977,1979 and 1982, special area #113 nust be included (or
entirely excluded) in the total for census plot CC(1976) or its equival ent
[i.e., C+E in 1976 (Table 7 in Springer and Roseneau 1977) and 1977 (Table 6
in Springer and Roseneau 1978)]. However, to conpare data collected by A M
Springer, D.G. Roseneau and E.C. Murphy in 1976,1977,1979, and 1982 with data
following Swartz 1960 plot designations, special area #113 nust be subtracted
fromthe totals for plot CC(1976) or its equivalents in 1976, 1977, 1979 and
1982 Data from special area #113 could not be located for 1979 and 1982.
However, it has historically contained 10-20 birds.
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TABLE G.3. COLONY 1 MURRE CENSUS, 19602

Murres (birds)

Chs. 1 Chs. 2
Plot Date TimeP (GWC) (EJW)  Meamn
1A 25 Jul 1320 34 34 34
1B 25 Jul 1340 203 191 197
1cS 25 Jul 1405 351 321 336
1D 25 Jul 1435 735 707 721
1E 25 Jul 1515 2157 2022 2089
1F 25 Jul 1620 5 5 5
1c 25 Jul 1622 832 705 768
18 25 Jul 1700 36 -d 36
11 25 Jul 1700 0 0 0
Tot al 4353 4186

“Data from L.G. Swartz' collection of original field notes; specific sources
include c.W. Cox Notebook No. 2 and E.J. Willoughby Notebook No. 1. Boat-based

census, counts by 1's and 10°'s. -
b Bering Standard Tinme (BST).

“Cbservers in 1960-1961 and 1976-1977 had difficulty in ascertaining
boundari es between plots 1B and 1C. Therefore, plots 1B and 1C should be

conmbi ned for interyear conparisons.

‘No data.
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TABLE G 4. COLONY 1 MURRE CENSUS, 1961°
Murres (birds)
Ohs. 1 Ohs.

Plot D a tTime’  IX|- _(EJW) Mean
1A 25 Jul 2255 7 10 8
1A 3 Aug 1405 24 22 23
1A 3 Aug 1625 15 16 15
18d 25 Jul —c 177 162 169
1B 3 Aug 1410 329 270 299
1B 3 Aug 1645 328 384 356
icd 25  Jul - 319 359 339
1C 3 Aug 1420 520 513 516
1C 3 Aug 1655 778 Lh1 609
1D 25  Jul - 265 223 244
1D 3 Aug 1430 796 597 6960
1D 3 Aug 1720 890 1029 959
1D 3 Aug 1930 787 871 829
1D 3 Aug 2030 749 663 706
1D 3 Aug 2100 622 727 674
1D 3 Aug 2130 594 678 636
1E 25 Jul 2330 1088 1120 1104
1E 3 Aug 1450 2620 3225 2922
1E 3 Aug 1720 3202 2511 2856
1F 25 Jul 2350 0 0 0
1F 3 Aug 1525 5 25 15
1F 3 Aug 1810 0 0 0
1G 25 Jul 2350 567 682 624
16 3 Aug 1530 1014 916 965
1G 3 Aug 1810 1119 1084 1101
1H 26 Jul 0010 0 0 0
1H 3 Aug 1545 32 53 42
1H 3 Aug 1830 49 48 48
11 26 Jul 0010 0 0 0
11 3 Aug 1545 0 0 0
11 3 Aug 1830 0 0 0
Total 26 Jul 2423 2556 2488¢€
Total 3 Aug 5340 5621 5478
Total 3 Aug 6381 5513 59448
Tot al 4061h
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TABLE G.4. COLONY 1 MURRE CENSUS, 1961 (conk.)

a Data are from L.G. Swartz’ collection of original field notes; specific
source Was K. Jones Notebook No. 2. All counts were boat-based, and murres
were counted by 1's and 10's.

b Bering Standard Time (BST).
¢ No data.

d (pservers indicated difficulties discerning the boundaries of this plot
during the count. Because of problens with discerning boundaries between 1B
and 1C in 1960-1961 and 1976-1977, plots 1B and 1C should be conbi ned for
interyear conparisons.

*Springer and Roseneau (1977) reported this value as 3589, which was a
typographical error. The correct wvalue is 2488.

"Springer and Roseneau (1977) reported this wvalue as 5464, a typographical
error. Correcting the error and using our rounding method gives 5478.

g Springer and Roseneau (1977) reported this value as 5796, resulting from a
typographical error in the nean val ue of plot 1C (459 instead of 609).
Correcting the error and using our rounding nethod gives 5944,

h Total cal cul ated by averagi ng 3 August means, then averagi ng those Wi th 25
or 26 July nmean counts, and sunm ng.
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TABLE G 5. COLONY 1 MURRE CENSUS, 1976°

Mirres (birds)

Chs. 1 Ons. 2
Plot te Ti e’ (MAD)  (DJ) _ Mean
1A 20 Jul 1830°¢ 12 12
1A 6 Aug 10004 6 6 6
1B¢ 20 Jul - 0 0
1B€ 6 Aug - 0 0 0
ice 20 Jul - 340 340
1ce 6 Aug - 370 281 325
1D 20 Jul - 240 240
1D 6 Aug - 298 352 325
1E 20 Jul - (1006)f (1006)f
1E 6 Aug - 980 929 954
1F 20 Jul - 0 0
1F 6 Aug - 0 0 0
1G 20 Jul - 550 550
16 6 Aug - 540 392 466
1H 20 Jul - 55 55
1H 6 Aug - 13 13 13
11 20 Jul 1930 0 0
11 6 Aug 1300 0 0 0
Total 20 Jul 2203 2203
Total 6 Aug 2207 1973 2089
Total 21458

“Data from Springer and Roseneau (1977), and A'M Springer and D.G Roseneau
original field data summary sheets. Boat-based counts, nurres counted by 1's
and 10's.

"Bering Daylight Tinme (BDT).

“Plots were counted between 1830-1930 h, but specific times were not
recor ded

“Plots were counted between 1000-1300 h, but specific times were not
recor ded
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TABLE G.5. COLONY 1 MURRE CENSUS, 1976 (cont.)

€ Because of problenms with discerning boundaries between 1B and IC in
1960- 1961 and 1976- 1977, plots 1B and 1C should be conbi ned for interyear
compari sons.

"Plot 1E was not counted; Springer and Roseneau (1977) and A.M. Springer and
D.G. Roseneau (unpubl. data) estimated 1006 birds present on the basis of
percent differences between counts on 20 July and 6 August at census plots A-D
and F-I.

g Total calculated from sum of averaging 20 July and 6 August nean val ues
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TABLE G 6. COLONY 1 MJRRE CENSUS, 1977

Mirres (birds)

Chs. 1 Ohs. 2
Plot Date Time” _(ECM) _(DGR) Mean
1A 11 Aug 2123 0 0 0
1B,1C 11 Aug 2117 330 355 342
1D 11 Aug 2108 395 385 390
1E 11 Aug 2052 1125 1180 1152
1F 11 Aug 2045 0 0 0
1G 11 Aug 2038 580 560 570
1H 11 Aug 2031 16 16 16
11 11 Aug 2030 0 0 0
Tot al 2446 2496 2470

“Data are from Springer and Roseneau (1978), and A M Springer and D.G.
Roseneau Original field data summary sheets. Boat-based counts, murres counted
by 1's and 10’s.

"Bering Daylight Tinme (BDT).
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TABLE 6. .7. COLONY 1 MURRE CENSUS, 19792
Murres (birds)
Obs.1 Chs. 2 Chs. 3 Obs. 4 Chs. 5Chs. 6 Ons. 7 Chs. 8
Plot Date TimeP (ECM) (WW) (AP) (DM) (BT) (MIJ) (AMS) (DGR) Mean
1A 7 Jul 2245 0 0
1A 20 Jul 2220 0 0 0 0 0
1A 7 Aug 2225 0 0 0 0
1A 15 Aug 2125 0 0 0
1A 18 Aug 1940 0 0 0
1B,1C 7 Jul -C 220 220
1B,1C 20 Jul ~d 431 435 425 467 439
1B,1C 7 Aug 2220 210 200 205
1B,1¢ 15 Aug 2120 340 300 320
1B,1C 18 Aug 1940 340 300 320
1D 7 Jul -cC 265 265
1D 20 Jul -d 587 539 510 597 558
1D 7 Aug 2235 323 385 354
1D 15 Aug 2117 320 340 330
1D 18 Aug 1935 320 345 332
1E 7 Jul =C 560 560
1E 20 Jul -d 1260 1280 1270
1E 7 Aug 2220 1015 810 912
1E 15 Aug 2107 1175 1490 1332
1E 18 Aug 1925 1215 1100 1157
IF,1G6 7 Jul 2215 320 320
1F,1G 7 Aug 2145 450 420 515 545 482
1F,1G 15 Aug 2100 667 573 620
1F,1¢ 18 Aug 1915 570 580 575
1H 7 Jul 2215 1 1
1H 20 Jul 2122 0 0 0 0 0
1H 7 Aug 2145 0 0 0
1H 15 Aug 2100 0 0 0
1H 18 Aug 1915¢ 0 0 0
11 7 Jul 2215© 0 0
11 20 Jul 21228 0 0 0 0 0
11 7 Aug 2145¢ 0 0 0
11 15 Aug 2100¢ 0 0 0
11 18 Aug 1915¢ 0 0 0
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TABLE G 7. COLONY 1 MURRE CENSUS, 1979 (cont.)

Murres (birds)

Chs. 1 OChs. 2 Ohs. 3 Ons. 4 Chs. 5 Ohs. 6 Ons. 7 Ons. 8
Plot Date Tine’ _(ECM) _(WW)_ _(AP) _(DM) _(BT)  (MIJ) _(AMS) (DGR) Mean

Total 7 Jul 1366
Total 20 Jul

Total 7 Aug 1953
Total 15 Aug 2602
Total 18 Aug 2384
Tot al ounu1f

a Data are from Murphy et al. (1980), and Murphy et al. original data field note
books and field data summary sheets. Boat-based counts, nurres counted by 1's and
10’ s.

b Bering Daylight Tine (BDT).

C Between 2215-2245 h.

d Between 2122-2220 h.

‘Estimated tines.

f Total calculated by summ ng averages of 20 July-18 August nean counts.
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TABLE G.8. COLONY 1 MURRE CENSUS, 19822
Murre ird
Obs., 1 Obs. 2
Plo D a tTimeP (ECM) (RSM) Mean
1A 29 Jul 2040 0 0 1]
1A 5 Aug 2110 0 0 0
1A 7 Aug 2230 0 0 0
1A 7 Aug 2310 0 0 0
1BC 29 Jul 2035 130 130 130
1BC 5 Aug 2106 150 150 150
iBC 7 Aug 2230 140 130 135
1B¢ 7 Aug 2310 140 130 135
1cc 29 Jul 2032 220 180 200
1¢¢c 5 Aug 2105 280 300 290
1c¢c 7 Aug 2225 150 190 170
1c¢ 7 Aug 2305 180 200 190
1D 29 Jul 2028 360 370 365
1D 5 Aug. 2052 350 340 345
iD 7 Aug 2215 280 330 305
iD 7 Aug 2258 320 285 302
1E 29 Jul 2020 1070 940 1005
1E 5 Aug 2040 1270 1420 1345
1E 7 Aug 2210 1110 880 995
1E 7 Aug 2252 1140 880 1010
1F 29 Jul 2015 0 0 0
1F 5 Aug 2038 16 15 15
1F 7 Aug 2102 16 15 15
1F 7 Aug 2247 24 23 23
1G6 29 Jul 2010 540 560 550
1G 5 Aug 2030 620 600 610
1G 7 Aug 2159 500 530 515
1G 7 Aug 2245 525 490 507
1H 29 Jul 2009 13 12 12
17 5 Aug 2025 28 35 31
1H 7 Aug 2155 13 16 14
1H 7 Aug 2243 13 11 12
11 29 Jul 2005 0 0 0
11 5 Aug 2020 0 0 0
11 7 Aug 2155 0 0 0
1I 7 Aug 2243 0 0 0
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TABLE G.8. COLONY 1 MURRE CENSUS, 1982 (cont.)

Mirres (birds)

Ohs. 1 Ons. 2
Pl ot Dat e Ti ne’ (ECM) _(RSM) Mean
Total 29 Jul 2333 2192 2262
Tot al 5 Aug 2714 2860 2786

Tot al 7 Aug (first) 2209 2091 2149
Tot al 7 Aug (second) 2342 2019 2179
Tot al 2402°

“Data from Springer et al. (1985), and A'M Springer, D.G. Roseneau, and
E.C. Murphy unpublished data (specific source, E.C. Mirphy original field data
sunmmary sheets).

b Bering Daylight Time (BDT).

c Because of problens with discerning boundaries between 1B and 1C in
1960- 1961 and 1976- 1977, plots 1B and 1C shoul d be conbined for interyear
conpari sons.

d Total calculated from sums of averages of mean plot counts between 29
July-7 August.
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TABLE 6.9. COLONY 2 MURRE CENSUS, 1960
M
Ohs. 1 Obs. 2 Ohs. 3
Plot Dat e TimeP (GWC) (EJW) (1LS)
2A1 27 Jul 1415 37 36 36
2A2 27 Jul 1425 50 50 50
2B 27 Jul 1435 154 165 159
2C 27 Jul 1440 1251 1114 1182
2D 27 Jul 1445 84 82 83
2E 27 Jul 1520 2300 2645 2472
2F 27 Jul 1545 770 790 780
2G 27 Jul 1620 3525 3200/ 3500
(%=3350) 3437
2H 27 Jul 1700 3990 4225/ 4250
(%=4237) 4113
21 27 Jul 1730 2900 2400 2650
2] 27 Jul 1815 2970 2770 2870
2K 29 Jul 1355 405/ 421 429
(%=413 ) 421
2L 28 Jul 1510 2950 3395 3172
2M 29 Jul -cd 2903 2702 2802
2N 29 Jul 1545 2810 1720 2265
20 29 Jul 1635 2510 3015 2762
2P 29 Jul 1705 1840 1380 1610
2Q 31 Jul 1215 4055 4100 4077
2R 31 Jul 1240 765 800 782
25 31 Jul 1300 2380 2040 2210
2T 31 Jul 1340 4870 4050/ 4200/ 4900
(%=4383) 4626
2U 31 Jul 1515 3270 3360 3315
2V 31 Jul 1535 4620 4530 4575
2W 31 Jul 1630 3240 3470 3355
2X 31 Jul 1645 2750 2300 2525
2Y 31 Jul 1730 4200 3700 3950
22 3 Aug 1400 2300 2300 2300
24A 3 Aug -e 1250 1460 1355
2BB 3 Aug 1410 2050 1960 2005 -
20¢C 3 Aug 1420 1600 1400 1500
2DD 3 Aug -f 5250 5300 5275
2EE 3 Aug £ 1500 1400 1450
OFF 3 Aug -f 700/ 790 820/ 960
(=745 ) (%=890 ) 817
2GG 3 Aug 1540 450 430 440
2HH 3 Aug -8 340/ 350 270/ 320
(%=345 ) (%=295 ) 320
211 3 Aug -8 150 163/ 180
(%=171) 160
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TABLE ¢.9. COLONY 2 MURRE CENSUS, 1960 (cont.)

Murres (birds)

Ohs. 1 Chs. 2 Ohs. 3
Pl ot Dat e Ti ne’ _(ewe) _(EJW) _(18) Mean
Tot al 77247 74569 75901

a Data are from L.G. Swartz's col | ection of original field notes. Specific
sources for the counts include: G.W. Cox Notebook No. 2 and L. Schene Notebook
No. 2 (census plots 2A1-2J and 2Q-2II); G.W. Cox Notebook No. 2 (census plot
2L); G.W. Cox Notebook No. 2 and E.J. WI | oughby Notebook No. 1 (census plots
2K and 2M-2P). Boat-based census; counts of murres by 10’s.

b Bering Standard Tine (BST).

‘No data.

d Probably about 1500 h.

*Probably about 1405 h.

"Probably between about 1425-1540 h.

g Probably between about 1545-1600 h.
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TABLE ¢.10. COLONY 2 MURRE CENSUS, 19612

Murres (birds)

Obs. 1 Obs. 2

Plot Date Tine’ (16S) (KJ) Mean
2a1 25 Jul 2115 3 3 3
2A2 25 Jul 2115 26 25 25
28 25 Jul 2115 155 150 152
20 25 Jul 2120 1091 955 1023
2GG 25 Jul 2155 600¢ 383 383
2HH 25 Jul 2215 315 297 306
211 25 Jul 2215 141 164 152

“Data are from L.G. Swartz's collection of original field notes; specific
sources include L.G. Swartz and K. Jones' field not ebooks. Land- based census;

counts of murres by 1's and 10's.
b Bering Standard Time (BST).

*Not an accurate count; reported to be only a rough estinate.
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TABLE G.11. COLONY 2 MURRE CENSUS, 1976°

Murres (birds]

Ohs. 1 Chs. 2
Pl ot Date  Timeb _(MaD) _(AMS)  Mean
241 18 Aug 0910 5 5 5
2A2 18 Aug 0910 29 29 29
2B 18 Aug 0910 157 134 145
2C 18 Aug 0910 675 660 667
2D 18 Aug 0910 70 80 75
2F 18 Aug 1020 1020 780 900
2F 18 Aaug 1320 430 430 430
2G 18 Aug 1320 1350 1240 1295
2H 18 Aug 1350 1870 2170 2020
21 18 Aug 1400 1070 980 1025
2] 18 Aug 1035 1480 1170 1325
2K 18 Aug 1035 720 710 715
2L 18 Aug 1100 1515 1130 1322
oM 18 Aug 1100 2510 2160 2335
2N 18 Aug 1150 540 550 525
20 18 Aug 1215 1200 850 1025
2P 18 Aug 1215 1350 1160 1255
2Q 18 Aug 1215 1470 1580 1525
2R 18 Aug 1300 440 530 485
25 18 Aug 2110 2230 1750 1990
2T 18 Aug 2045 4440 3630 4035
2U 18 Aug 2015 3400 3440 3420
2y 18 Aug 2015 4180 3600 3890
oW 18 Aug 1830 1960 2460 2210
2% 18 Aug 1830 1730 2030 1880
2 18 Aug 1705 4220 2710 3465
27 18 Aug 1700 1860 1200 1530
2AA 18 Aug 1645 830 750 790
2BB 18 Aug 1700 2550 1520 2035
2¢C 18 Aug 1710 500 500 500
2DD 18 Aug 1725 1645 1650 1647
2EE 18 Aug 1730 900 600 750
2FF 18 Aug 1730 500 390 445
2GG 18 aug 1730 590 500 545
oHH,2IIC 18 Aug 1740 530 440 485
Tot al 49966 43478 46720
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TABLE G.11. COLONY 2 MURRE CENSUS, 1976 (cont.)

a Data are from Springer and Roseneau (1977), and A.M. Springer and D.G.
Roseneau'’s 0ri gi nal data summary sheets. Boat-based census; counts Of murres
by 10's.

b Bering Daylight Tine (BDT).

C Census plots 2HH and 211 were conbi ned during the counts.
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TABLE G.12. COLONY 2 MURRE CENSUS, 1977°
Mirres (birds)
Chs. 1 Chs. 2
Pl ot te Ti ne’ (ECM) (DGR) Mean
2A1 9 Aug 1510 9 9 9
2A2 9 Aug 1512 23 23 23
2B 9 Aug 1517 130 120 125
2C 9 Aug 1525 490 535 512
2D 9 Aug 1535 150 155 152
2E 9 Aug 1540 1410 1945 1677
2F 9 Aug 1608 920 775 847
2G 9 Aug 1620 3445 2290 2867
2H 9 Aug 1715 2840 2160 2500
21 9 Aug 1735 1860 1635 1747
2J 9 Aug 1755 2525 2305 2415
2K, 2L° 9 Aug 1818 3220 3100 3160
M 9 Aug 1850 2055 1945 2000
2N 9 Aug 1935 1645 1640 1642
20 9 Aug 1940 1910 2015 1962
2P 9 Aug 2000 1275 1265 1270
20 9 Aug 2015 3110 2940 3025
2R 9 Aug 2035 710 670 690
25 9 Aug 2045 2260 2490 2375
2T 9 Aug 2105 2960 3550 3255
2U 9 Aug 2130 2750 2900 2825
2v 9 Aug 2150 3395 3300 3347
2W 9 Aug 1740 2170 2260 2215
2X 9 Aug 1715 1135 1220 1177
2Y 9 Aug 1635 3075 3110 3092
27 9 Aug 1615 1780 1515 1647
2AA 9 Aug 1600 685 720 702
2BB 9 Aug 1540 1000 980 990
2CC 9 Aug 1530 1090 1235 1162
2DD 9 Aug 1505 1485 1550 1517
2EE 9 Aug 1455 710 590 650
2FF 9 Aug 1445 435 445 440
266G 9 Aug 1436 370 350 360
2HH 9 Aug 1425 285 270 277
211 9 Aug 1420 155 160 157
Tot al 53467 52172 52811

“Data are from Springer and Roseneau (1978),

Roseneau’s original data sunmary sheets

by 10's.

"Bering Daylight Tinme

. (BDT).

Boa

and A M Springer and D.G.

t - based census;

“Census plots 2K and 2L were conbined during the counts.
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TABLE G.13. COLONY 2 MURRE CENSUS, 19792

2A2
2B

2C

2C

Murres (birds)

Ohs. 1 0Obs. 2 Obs. 3 Obs. 4 Ohs. 5. Chs. 6 Chs. 7 Chs. 8
Date TimeP (ECM) _(WW) _(AP) (DM) _(BT) (MIJ) (AMS) (DGR) Mean

9 Aug 1100 9 9
1230 -c 4
2030 9
(%=7 ) 8
8 Aug 1625 30 30 30
8 Aug 1625 150 158 154
10 Jul 2027 580/ 670/ 730/
570 695 640
{%=575 ) (%=682) (=685 ) 647
18 Jul 1835 680/ 709 596/
720 680
(=700 ) (%=638) 682
1 Aug 2158 865 880 912 886
5 Aug 1845 580 650 615
8 Aug 1630 725 850 787
15 Aug - 760 850 805
16 Aug 1930 765 750 757
8 Aug 1720 152 160 156
8 Aug 1725 1480 1330 1405
8 Aug 1740 580 580 580
8 Aug 1745 1800 1680 1740
8 Aug 1805 2010 2200 2105
8 Aug 1820 1070 1180 1125
8 Aug 1830 1440 1510 1475
8 Aug 1840 240 290 265
8 Aug 1845 1740 1550 1645
8 Aug 1900 1470 1240 1355
8 Aug 1910 1280 1410 1345
10 Jul 2110 1350 1110/ 1410/
1250 1390
(%=1180) (Z=1400) 1310
18 Jul 1904 1030 1300 1820 1383
19 Jul 1910 1300 1420 1220 1313
1 Aug 2123 1387 1280 1846 1504
5 Aug 1855 830 875 852
8 Aug 1920 1130 1000 1065
15 Aug 2032 1810 1940 1875
16 Aug 1940 1650 1885 1767
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TABLE

G.13. COLONY 2 MURRE CENSUS, 1979 (cont.)

Plot

2P

2Q
2R

2sd

2T
2T

2U

2V
Al

2W
2X
2Y

27
27

27

2BB

2BB
2BB
2BB
2BB
2BB
2BB

2BB

D a tTimeb
8 Aug 1930

8 Aug 1940
8 Aug 1955

8 Aug 2010

8 Aug 1955
17 Aug 1520

8 Aug 1940

8 Aug 1915
17 Aug 1505

8 Aug 1910
8 Aug 1900
8 Aug 1815

8 Aug 1805
11 Aug 2239

11 Aug 2240
8 Aug 1755

10 Jul 2145

18 Jul 1926
1 Aug 2036
5 Aug 1905
8 Aug 1745
11 Aug 2222
11 Aug 2225

15 Aug 1954

Mirres (birds)

OChs. 1 Chs. 2 Chs. 3 Chs. 4 Chs. 5 Ohs. 6 Cns. 7 Ons.

8

(ECM) _(WwW) _(AP) _(pM) _(BT) (MIJ) (AMS) (DGR) Mean

920 920

1900 1950

410/ 450/

430 430

(X=420) (x=440)

2115 1890
4840 4530
2760
3470 2980
3920 3940
2480
2000 1900
2210 1850
4290 4100
1510 1720
780 805/
820

(%=812 )
510/ 560
580
(%=545 )
850/ 980
870
(%=860)

910/ 1080 1110/
1060 1020
(%=985 ) (%=1065)
1310 1230 1150

1552 1536
1065 1260
1220 1350
1360 1530
960 980/
1050
(X=1015)
1340 1230 1305

920
1925

430
2002

4685
2760

3225

3930
2480

1950
2030
4195

1615

796

553

920

1043
1230
1544
1162
1285
1445

987
1292
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TABLE G.13. COLONY 2 MURRE CENSUS, 1979 (comt.)

Murres (birds)

Ohs. 1 Chs. 2 Ohs. 3 Ons. 4 Ghs. 5 Obs. 6 Chs. 7 Obs. 8

| ot Dat e TimeP (ECM) (WWw) (AP) (DM) (BT) (MIJ) (AMS) (DGR) Mean
2BB 16 Aug 1950 1330 1220 1275
2BB 17 Aug 1445 1050 1050
2CC 8 Aug 1735 1550 1580 1565
20D 8 Aug 1725 1630 1970 1800
2EE 8 Aug 1715 940/ 690/
860 700
(%=900 ) (¥=695 ) 797
2EE 17 Aug 1435 600 600
2FF 8 Aug 1705 640 590 615
266G 8 Aug 1655 390 400/
400
(%=400 ) 395
2HH 8 Aug 1645 320 300/
290/
290
(%=293) 306
2HH 17 Aug 1420 320 320
211 8 Aug 1640 214 210 212
211 17 Aug 1415 190 190
Total 50042
Tot al 51926f

a Data are from A.M. Springer, D.G. Rosenesu and E.C. Murphy (unpubl. data);
specific source, original field census notebook. Boat-based census; counts of

murres by 10's.
“Bering Daylight Time (BDT).
c No data.

d Census plot 2S was counted as follows: the right portion was counted twice by
M.I. Johnson (scores=870 and 760; x=815) and A.M. Springer (scores=700 and 760;
x=730), and the left portion was counted by W WAl ker (score=1300) and D.G.
Roseneau (score=1160). M.I. Johnson’s nean score (815) was added to W.

VWl ker’s score (1300) for a total of 2115 birds, A°M Springer’s mean score
(730) was added to D.G. Roseneau’s score (1160) for a total of 1890 birds, and
those two totals (2115 and 1890) were averaged.

e Total calculated fromcounts on 8 Aug (2A2-2I1) and 9 Aug (2A1).
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TABLE ¢.13. OOLONY 2 MURRE CENSUS, 1979 (cont.)

f Total calculated using averages of replicate mean counts, when avail able.
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TABLE G.14. COLONY 2 MJURRE CENSUS, 19822

Murres (birds)

Ohs. 1 Obs. 2
Plot Dat e Ti ne’ (ECM) (RSM) Mean
2a1 29 Jul 1446 9 10 9
241 5 Aug 1525 20 20 20
2A2 29 Jul 1448 15 10 12
2A2 5 Aug 1530 19 20 20
2B 29 Jul 1453 136 110 123
2B 5 Aug 1531 140 130 135
2C 29 Jul 1458 750 770 760
2c 5 Aug 1540 770 760 765
2D 29 Jul 1506 . 210 240 225
2E 29 Jul 1509 1560 1710 1635
ZF 29 Jul 1516 470 540 505
2G 29 Jul 1525 1525 1830 1677
21 29 Jul 1533 1870 2000 1935
21 29 Jul 1540 1280 1610 1445
21 5 Aug 1550 1270 1450 1360
2J 29 Jul 1550 1690 1750 1720
&’ 2L 2,Jul 1602 2330 2130 2230
2M 29 Jul 1610 1430 1970 1700
2N 29 Jul 1625 1540 1690 1615
20 29 Jul 1634 1610 2250 1930
20 5 Aug 1620 1480 1380 1430
2p 29 Jul 1641 840 900 870
2Q 29 Jul 1649 1930 2020 1975
2R 29 Jul 1657 430 500 465
25, 2T 29 Jul 1705 4180 4000 4090
20 29 Jul 1720 2610 2120 2365
2U 5 Aug 1645 1660 1640 1650
2v 29 Jul 1736 2250 2560 2405
2W 29 Jul 1822 1850 1870 1860
2X 29 Jul 1829 1630 1550 1590
2Y 29 Jul 1836 2730 2060 2395
22 29 Jul 1848 1850 1590 1720
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TABLE G.14. OOLONY 2 MURRE CENSUS, 1982 (cont.)

Mirres (birds)

Chs. 1 Chs. 2

Pl ot te Tine’ (ECM) (RSM) Mean
2AA 29 Jul 1853 690 760 725
2AA 5 Aug 1709 690 700 695
2BB 29 Jul 1900 1340 1360 1350
2BB 5 Aug 1717 1010 1090 1050
2CC 29 Jul 1908 1240 1200 1220
2DD 29 Jul 1915 1590 1360 1475
2EE 29 Jul 1922 580 500 540
2FF 29 Jul 1930 460 470 465
266G 29 Jul

2HH 29 Jul 1935 700 630 665
2HH 5 Aug 1725 370 340 355
211 29 Jul 1940 190 200 195
211 5 Aug 1732 190 190 190
Tot al 43515¢€ 44270e 43891¢€

a Data are from Springer et al. (1985) and A.M. Springer, D.G. Roseneau, and
E.C. Murphy (unpubl. data; specific source, E.C. Murphy original field data
summary sheets). Boat-based census; counts of nurres by 10’s.

b Bering Daylight Tine (BDI).

“Census plots 2K and 2L were conbined during the counts.

d Census plots 2s and 2T were conbi ned during the counts.

“Springer et al. (1985) totals of 43780 and 44370 were typographi cal
errors. Totals were calculated from 29 July data. Total does not include
plot 2GG
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TABLE G.15. COLONY 2 MURRE CENSUS, 19882
Murres (birds)
Obs. 1 Obs. 2 (Onhs. 3 Chs. 4 Ohs. 5
Plot Dat e TimeD (JLB) (BSF) (DT) (DGR) (PR)  Mean
241 18 Jul 1337 27 29 28
2¢C 12 Jul 1905 890 1100 980 990
2U 12 Jul 1340 1870 1800/ 1900 1930
(%=1850 ) 1883
2U - 13 Jul 2140 2550 2240 2550 2447
2V 12 Jul 1310 2360 2650/ 2510 2400
(®=2580) 2447
2v 13 Jul  2100¢ 2600 2610 3740 2983
2v 13 Jul  2125¢ 3230 2740 3220 3063

“Data are fromthis study.

Boat - based census;

b Alaska Daylight Tinme (ADT).

°2100 h was a rapid count; use 2125 h count
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TABLE G.16. COLONY 3 MURRE CENSUS, 1960°

Murres (birds]
Chs. 1

Plot Date Ti me’ Ls)¢ Mean
3A 21 Jul 1145 84 84
3B 21 Jul 1215  700/1100

(%=900 ) 900
3C 21 Jul 1250 75/ 125

(%=100) 100
3D 21 Jul 1325 940 940
3E 21 Jul 1340 620 620
3F 21 Jul 1415 500 500
3G 21 gul 1445 1550 1550
3Hd 21 Jul 1500 400 400
31 21 Jul 1630 400 400
3 21 Jul 1715 1350¢  1350€
3] 22 Jul 1300 3900f  3900f
3K 22 Jul -8 2600 2600
3L 22 Jul -8 280 280
3M 22 Jul 1450 650 650
3N 22 Jul 1510 1930 1930
30 22 Jul 1610 850 850
3P 22 Jul 1530 1400 1400
3Q 22 Jul 1630 1600 1600
3R 22 Jul 1705 2260 2260
3s 22 Jul 1715 800 800
3T 22 Jul _h 2500 2500
U 22 Jul _h 2200 2200
3V 22 Jul 1830 900 900
3W 22 Jul 1830 450 450
Tot al 278141

“Data are fromL.G. Swartz' collection of original field data; specific
source, L. Schene's Notebook No. 2. Boat-based counts (except where noted),
counts of nurres by 10's, sone larger plots by 100's.

"Bering Standard Tinme (BST).

‘G.W. Cox al so counted census plots 3a-3W on 21-22-July, recording his data
in his Notebook No. 1. However, he lost this notebook before L.G. Swartz
could recopy it.

d Counted from | and.
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TABLE G.16. OOLONY 3 MURRE CENSUS, 1960 (cont.)

e This count of 3J was nade under deteriorating sea conditions, and
according to L. Schene, birds were "...in shadow of rocks and difficult to
make out.” The count was disregarded in favor of the recount on 22 July.

£ 1,. Schene estimated 2900 murres on censusplot 3J during this count, and
then noted that he believed at least anot her 1000 murres were present, but

hi dden by | edges.
g Between 1300-1450 h.
b Between 1715-1830 h.

'Total excludes the count made on census plot 3J on 21 July.
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TABLE G6.17. COLONY 3 MURRE CENSUS, 1961°

Pl ot Date Time:  (Lgs) (RI)

3A 25 Jul 1415
3B 25 Jul 1430
3D 25 Jul 1445
3E 25 Jul 1445
3wd 25 Jul 1500

Mirres (birds)

Chs. 1 Chs. 2
230 238
1312 833
1500¢ 1500¢
1200¢ 1200¢
827 840

Mean

234
1072
1500¢
1200¢

833

“Data are from L.G. Swartz'collection of ori ginal

field notes; specific

sources include L.G. Swartz and K. Jones field not ebooks. Land- based counts;

murres counted by 1's and 10's.

"Bering Standard Time (BST).

“Reported to be a rough estimate, counted by 100’s;

not an accurate count.

d L.G. Swartz 1960 plot 3Wis equivalent to Springer and Roseneau (1977,

1978) 1976 and 1977 census plot 3S.
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TABLE G¢.18. COLONY 3 MJRRE CENSUS, 19762

Murres (birds)

Obs. 1 Ohs. 2
Plot Date  TimeP (18S) (DGR) Mean

3A 23 Jul 2117 183 170 176

3B 23 Jul c 400 575 487
3C 23 Jul -c 500 600 550
3D 23 Jul -c 720 550 635
3E 23 Jul -c 610 450 530
3F 23 Jul 2050 430 430 430
3G 23 Jul ~d 2100 2500 2300
3K 23 Jul 2010 750 650 700
31 23 Jul 1955 1500 1400 1450
3J 23 Jul -e 1400 1150 1275
3K 23 Jul 1920 1200 1150 1175
3L,3M,

M, 30 23 Jul -f 18508 19508 19008
3p 23 Jul 1900 1250 1350 1300
3Q,3R,3S 23 Jul 1615 2271 2512 2391
3T, 3U 23 Jul 2150 1795 1960 1877
3v 23 Jul 2140 703 1021 862
3w 23 Jul 2115 531 585 558

“Dataare from Springer and Roseneau (1977), and A-M Springer and D.G.
Roseneau original field data summary sheets. Boat-based counts, murres
counted by 1's and 10's.

b Bering Daylight Tine (BDT).
‘Bet ween 2050-2117 h.
d Between 2010-2050 h.
*Bet ween 1920- 1955 h.
f Between 1600-1900 h.

g Counts are a few hundred too low because 1960 census plot 3L, which was
most Of 1976 and 1977 census plot 3N (see Springer and Roseneau 1977) was not

count ed.
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TABLE G.19. COLONY 3 MJRRE CENSUS, 1977

Mirres (birds)

Ohs. 1 Ons. 2
Pl ot " Dat e TimeC (ECM) DGR) Mean
3A 10 Aug 1810 150 155 152
3B 10 Aug 1817 540 495 517
3C 10 Aug 1835 460 500 480
3D 10 Aug 1323 525 580 552
3E 10 Aug 1828 545 583 564
3F 10 Aug 1841 605 600 602
36 12 Aug 2005 1120 900 1010
3H 10 Aug 1850 580 550 565
31 12 Aug 1855 595 950 772
3] 12 Aug 1745 2570 2665 2617
3K 10 Aug 1912 1590 1580 1585
3Ld 12 Aug 1728 1205 1460 1332
3V 12 Aug 1705 1435 1780 1607
3Ne 12 Aug 1656 600 670 635
30f 12 Aaug 1613 1685 1800 1742
3pf 12 Aug 1640 1990 1825 1907
38% 10 Aug 1940 3265 3200 3232
3R 10 Aug 2013 805 865 835
3si 10 Aug 2020 650 670 660
Tot al 20915 218283 21366

“Data are from Springer et al. (1978), and A M Springer and D.G. Roseneau
original field data summary sheets. Boat-based counts, counts by 10's.

b Thesearel977 pl ot designations. TO compaewith L.G. Swartz 1960 census
pl ot designations, convert by using the table given in the general
introduction to Appendix G (3A-3K are equivalent to the L.G. Swartz 1960
desi gnations).

‘Bering Daylight Tine (BDT).

d 1977 3L = Swartz' 1960 plot 3P

©1977 3M + 3N = Swartz’ 1960 plots 3L + 3M + 3N + 30.

"1977 30 + 3P = Swartz' 1960 plots 3Q + 3R + 3S.

819773Q=Swartz' 1960 plots 3T + 3U.
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TABLE G.19. COLONY 3 MUBRRE CENSUS, 1977 (conE.)

h 1977 3R = Swartz® 1960 plot 3V.

i1977 3s

Swartz' 1960 pl ot 3W.

j Springer and Roseneau (1978) reported the total as 21904, an error that
resulted froma mstake in addition.
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TABLE G.20. COLONY 3 MURRE CENSUS, 1979°

Pl ot

Date Tine’

3A

3B
3B

3C
3D
3E
3E
3F
3F
3G
3H
3H
31

3J

3K

3L

3M

M
M
M
M
3M

7

7
11

10
18

15
16

Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug
Aug

Aug

Aug

Jul

Jul
Aug
Aug
Aug
Aug

1920
1925
2205
1930
1935
1940
2200
1950
2154
1945
1955
2145
2000
2025
2000

1930

2200

2016
1947
1945
1930
2025

Mirres (birds)

Ohs. 1 Ohs. 2 Ohs. 3 Ons. 4 Ons. 5 Ohs. 6 Chs. 7 GOhs.

(MIJ) _(AMS) _(WW) _(DGR) _(ECM) . @
120 120
380 390
460 460/ 490

(R=475)
300 310
490 450/ 480

(%=465 )
380 370
400 430
340 330

260/ 290 320/ 340
(%=275 ) (%=330)

450 430
400/ 430 390/ 415/ 420
(R=415)  (%=408 )
560 530
240 240
2660 3180

310 300/ 350
(%=325)

160/ 200 180/ 230
(%=180) (%=205)

620/ 730 680/ 840 780/ 800
(X=6 75) (%=760 ) (%=790)
650 785 730
1233 1330
680 750
850 1390 970
1370 1270

mm -

120
385
467
305

A7

375
415

335
302
440
411
545
240
2920

317

192

742
722
1281
715
1070
1320
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TABLE G.20. COLONY 3 MURRE CENSUS, 1979 (cont.)
Murres (birds)
Chs. 1 Ohs. 2 Ons. 3 Obs. 4 Ohs. 5 Ohs. 6 Ohs. 7 Chs.
Plot Date Time" _(MIJ) _(AMS) _(WW) _ _(DGR) _(ECM) _(DM) _(AP) _(BT) Mean
3N 7 Aug 1910 810/ 820 800
(%=815 ) 807
30 7 Aug 1920 660 530 595
3P 7 Aug 1925 1380 1200 1290
3Q 7 Aug 1935 540 575 557
3R 7 Aug 1847 1455 1650 1552
38 7 Aug 1$40 580 550 565
3T 7 Aug 1900 1180 1170 1175
3T 11 Aug 2154 1800 1950 1875
3u 7 Aug 1855 910 1090 1000
30 11 Aug 2145 1950 1620 1785
3v 7 Aug 1845 730 780 755
3w 10 Jul 2240 330/ 340 330/ 360 330/ 360
(%=335 ) (X=345 ) (&=345 ) 342
3W 18 Jul 2035 600/ 620 585 625
(=610 ) 607
3w 1 Aug 1926 671 670 670
3w 7 Aug 1840 290 280/ 300
(%=290) 290
3W 15 Aug 1920 420 560 540 507
3W 16 Aug 2035 605 590 597
Total 7 Aug 15485 16458 15818
Tot al 17008¢

“Data are from AM Springer D.G. Roseneau, E.C. Murphy and M.I. Johnsons

origi nal

field not ebooks,

Boat - based counts, counts by 10’'s.

b Bering Daylight Time (BDT).

“Total cal cul ated using averages of 10,
counts when avail abl e.
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TABLE G.21. COLONY 3 MURRE CENSUS, 1982°
Murres (birds)
ths. 1 Ohs. 2
Plot D a tTine’ (ECM) _(RSM) Mean
3A 3 Aug 0852 180 200 190
3A 5 Aug 1148 56 50 53
3B 3 Aug 0905 380 340 360
3B 5 Aug 1040 580 580 580
3¢ 3 Aug 0908 200 190 195
3D 3 Aug 0909 570 560 565
3D 5 Aug 1030 560 530 545
3E 3 Aug 0912 510 510 510
3E 5 Aug 1034 480 510 495
317 3 Aug 0915 310 250 280
3F 5 Aug 1051 370 330 350
3G¢ 3 Aug 0922 460 470 465
3HC 3 Aug 0940 600 370 485
31¢ 3 Aug 0935 460 390 425
3J¢ 3 Aug 0951 1540 1280 1410
3Ke 3 Aug 0955 660 920 790
3L 3 Aug 1009 180 270 225
3M 3 Aug 1011 760 750 755
3N 3 Aug 1017 1000 1060 1030
3N 5 Aug 1058 880 950 915
30 3 Aug 1014 250 290 270
3p 3 Aug 1021 1150 1250 1200
3p 5 Aug 1102 1360 1430 1395
3Qd 3 Aug 1032 700 830 765
3Re 3 Aug 1040 1650 1750 1750
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TABLE G.21. COLONY 3 MURRE CENSUS, 1982 (cont.)

Murres (birds)

Obs. 1 Obs. 2
Plot D a tTimeP _(ECM) _(RSM) Mean

3sf 3 Aug 1050 680 810 745
3T 3 Aug 1105 1740 1700 1720
3T 5 Aug 1113 1670 1670 1670
3U 3 Aug 1110 1600 1640 1620
3U 5 Aug 1120 1330 1390 1360
3V 3 Aug 1130 1040 800 920
3V 5 Aug 1131 840 810 825
3 3 Aug 1135 450 500 475
3w 5 Aug 1148 420 460 440
Total 17070 17130 171008
Total 16831h

“Data are from Springer et al. (1985), and A.M. Springer’'s, D.G.
Roseneau's, and E.C. Murphy’s original field notes and field data summary
sheets. Boat-based counts, nurres counted by 10's. 1In Springer et al.
(1985), Colony 3 plots listed in Table 5 using hyphens are equivalent to the
parenthetical designations shown on the photographs, ie, QO = 3Q(0); QP =

3G(P), etc.
b Bering Daylight Tinme (BDT).

‘Census plots 3G, 3#, 31, 3J, and 3K were conbined by Springer et al.

(1985) because the two observers reported having difficulties |ocating and
agreeing on the plot boundaries. Because of these difficulties the scores

reported here for these 5 plots should not necessarily be used for direct
conparisons of these individual plots between years (ie., to conpare 1982 data
with data from preceding and foll owm ng years, these 5 plots should be

conbi ned) .

° L.G. Swartz' census plot. 3Q as listed here, is the equivalent of plots
“Q0 plus "Q-P" listed in Table 5 of Springer et al. (1985).

° L.G. Swartz' census plot 3R as listed here is the equivalent of plots
"R-0" plus “R-P’, 1listed in Table 5 in Springer et al. (1985).
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TABLE G.21. COLONY 3 MURRE CENSUS, 1982 (cont.)

f LORO swartz' census plot 3S, as |isted here, is the equivalent of the two
plots “s-0” plus “S-P" listed in Table 5 of Springer et al. (1985).

g Census total from 3 August counts.

h Ccalculated using averages of 3 and 5 August counts, when avail abl e.
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TABLE G.22. COLONY 4 MURRE CENSUS, 19602

Murres (birds)

Ohs. 1 Obs. 2
Plot Date TimeP _(1LGS) _(GWGC) _Mean

4A 15 Jul 1257 127 139 133¢
4% 15 Jul 1325 629 648 638°
4C 15 Jul 1348 867 802 834C
4D 15 Jul 1600 363 380 371¢
4E 15 Jul 1425 1131 1249 1190¢
AF 15 Jul 1510 575 626 600°
4G 15 Jul 1525 15504 1560  1555C
41% 15 Jul 1610 303 393 348 ¢
41 15 Jul 1700 59 56 57C
4] 15 Jul 1725 291 275 283

4] 17 Jul 1315 555 577 566°
4K 15 Jul 1745 - 203 203

4K 17 Jul 1340 200 215 207°¢
4L 15 Jul 1750 154 188 171¢
4M 15 Jul 1805 730d 589f 659

4M 17 Jul 1335 9254 11008 1012¢
4N 15 Jul 1845 261 313 287

4N 17 Jul 1345h 275° 2758  275¢
40 17 Jul 1400 1 1 1¢
4P 17 Jul 1405 559 670 614¢C
4Q 17 Jul 1455 172 - 172¢
4R 17 Jul 1455 124 124¢
Tot al 88681
Tot al 85543

‘Data are from L.G. Swartz’ collection of original field notes; specific
sources include L.G. Swartz and G.W. Cox field notebooks. Presumably all
plots were counted from boat, and nurres estimted by 1's and 10’s except
where not ed.

“Bering Standard Time (BST).
“Counts used for census total of the colony by Swartz (1966).

“Listed by L.G. Swartz as being “estimated”, rather than “counted”. Count's
may have been nade by 100’s.
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TABLE 6.22. COLONY 4 MURRE CENSUS, 1960 (cont.)

e No data.
"Listed by G.W. Cox as including “100 from hole”.

g Listed by 6.w. Cox as being “estimated”, rather than “counted”. Possibly
was counted by 100’s.

h L.6. Swartz lists this tine as 1445 h, but is probably an error; the
correct tinme was probably 1345 h.

'This total differs fromthat reported by Springer and Roseneau (1977)
because they reported conpensated rather than raw values for the census plots.

| Totalcalculated by using averaged count values for plots counted on 15
and 17 July.
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COLONY 4 MURRE CENSUS, 19612

TABLE G 23.
PlotP Date
LA 22 Jul
4B 22 Jul
4¢C 22 Jul
4D 22 Jul
4E 22 Jul
417 22 Jul
4G 22 Jul
4H 22 Jul
41 22 Jul
4] 22 Jul
4Kd 22 Jul
4L 22 Jul
4M 22 Jul
4N 22 Jul
40 22 Jul
4p 22 Jul
4Q 22 Jul
4R 22 Jul

Mirres (birds)
Obs. 1 Obs. 2

Tine° (KJ) _(LGS) Mean
1141 68 78 73
1150 479 575 527
1200 363 375 369
1224 274/ 303 196/ 218

(x=288) (%=207) 247
1215 1130 931 1030
1320 578 503 540
1330 1065 1165 1115
1615 372 330 351
1415 45 44 44
1430 206 192 199

-

1500 173 156 164
1530 519 451 ' 485
1545 179 189 184
1515 21 19 20
1520 483 514 498
1600 157 152 154
1600 89 95 92

‘Data are from L.G. Swartz’

summary sheets

notebooks. Apparently al

collection of original field notes and data

specific sources include K Jones’ and L.G. Swartz' field

were boat-based counts”, estimates by 1's and 10's.

b L.G. Swartz used different designations for Colony 4 census plots in 1960
and 1961. Designations shown here follow the 1960 system and were converted

as foll ows:

1960

OZErXem~MEO@ITMUO m>

1961

>

CONMZAAREr“—maoHUOaaw
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TABLE G 23. COLONY 4 MJRRE CENSUS, 1961 (cont.)

1960 1961
P R
Q S
R T

‘Bering Standard Time (BST).

“Census plot 4K contained 205 nurres in 1960.
‘No data.
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TABLE G.24. COLONY 4 MURRE CENSUS, 19762

Murres (birds )

Obs. 1 Chs. 2
Plot Date TimeP (MAD) DGR) Mean
4A 9 Aug 1846 140 135 137
4B 9 Aug 1846 260 270 265
4c 9 Aug 1900 840 980 910
4D 9 Aug 1930 180 150 165
4E 9 Aug 1910 860 900 880
4F 9 Aug 1917 310 360 335
4G 9 Aug 1917 990 835 912
4H 9 Aug 1917 390 360 375
41 9 Aug 1917 50 30 40
43 9 Aug 1917 820 788 804
4K 9 Aug 1917 130 140 135
4L 9 Aug 2000 130 120 125
LM 9 aug 2000 570 568 569
4N 9 Aug 2000 310 344 327
40 9 Aug 2000 90 125 107
4P 9 Aug 2000 460 520 490
4Q 2 Aug 2000 280 240 260
4R 9 Aug 2045 55 58 56
Tot al 6865 6923 6892

“Data are from Springer and Roseneau (1977), and A.M. Springer and D.G.
Roseneau's original field data summary sheets. Boat-based counts; murres

counted by 10’s.

"Bering Daylight Ti me (BDT).
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TABLE 6.25. COLONY 4 MURRE CENSUS, 1977°

Murres (hirds)

Ohs. 1 (Ohs. 2
Plot Date TimeP _(ECM) _(DGR) Mean
4A 12 Aug 1356 160 155 157
48 12 Aug 1358 535 560 547
4C 12 Aug 1408 990 960 975
4D 12 Aug 1505 140 130 135
4E 12 Aug 1420 980 990 985
4F 12 Aug 1445 320 300 310
4G 12 Aug 1455 1075 950 1012
4H 12 Aug 1507 355 338 346
41 12 Aug 1515 100 90 95
4] 12 Aug 1518 580 540 560
4K 12 Aug 1522 120 130 125
4L 12 aug 1528 415 425 420
4M 12 Aug 1535 480 495 487
4N 12 Aug 1558 348 300 324
40 12 Aug 1530 100 95 97
4P 12 Aug 1547 690 625 657
4Q 12 Aug 1539 160 170 165
4R 12 Aug 1540 220 220 220
Tot al 7768 7473 7617¢

“Data are from Springer and Roseneau (1978) and A.M Springer, D.G.
Roseneau and E.C. Murphy original field data summary sheets. Boat-based
counts, murres counted by 10's.

"Bering Daylight Tine (BDT).

“Total differs slightly fromthat reported by Springer and Roseneau (1978)
because of different nethods of rounding nunbers.
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TABLE G.26. COLONY 4 MURRE CENSUS, 1979°
Murres (birds )
Chs. 1 Ohs. 2 Ohns. 3 Obs. 4 s . 5
Pl ot Date TimeP (W¥) _(DGR) (MIJ) (AMS) _(ECM) Mean
4A 7 Aug 1655 125 120 122
AN 14 Aug 2045 197 190 160 182
4B 7 Aug 1700 570 600 585
4B 14 Aug 2040 570 575 540/ 600
(R=570) 572
4¢c 7 Aug 1705 210 240 225
4CC 14 Aug 2038 295 270 270 278
4Dd 7 Aug 1720 170 165 167
4Dd 14 Aug 2030 190 190 -e 190
4E 7 Aug 1725 780 855 817
4E 11 Aug 2123 1120 930 1025
4E 14 Aug 2027 920 720 700/ 720
(%=710) 783
m 7 Aug 1735 113 110 111
417 14 Aug 2025 250/260 220 200
(=255 ) 225
4G 7 Aug 17s5f 620 670 645
4G 11 Aug 2130 820 860 840
4G 14 Aug 2020 1250 1100 820 1057
4H 7 Aug 1755 400 340 370
4H 14 Aug 2010 270 350 330 317
41 7 Aug 1800 50 45 47
41 14 Aug 2013 85 80 60 75
4] 7 Aug 1815 400 470 435
4] 14 Aug 2004 820 550 510 627
4K 7 Aug 1812 160 160 160
4K 14 Aug 2002 110 80 115 102
4L 7 Aug 1810 280/ 310 290/ 300
(%=295) (%=295) 295
4L 14 Aug 2000 360 270 215 282
4M 7 Aug 1815 290/ 300/ 280/ 310
330
(%=307) (¥=295) 301
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TABLE 6.26. COLONY 4 MJRRE CENSUS, 1979 (cont.)

Ohs. 1 Ohs. 2 Ohs. 3 Ohns. 4 Ohs. 5
Plot Date Tinme’ (WwW) _(DGR) _(MIJ) _(AMS) _(ECM) Mean

LM 11 aug 2135 380/ 380 370/430
(X=380) (%=400) 390
4M 14 Aug 1957 560/ 570 500 410
(%=565 ) 492
4N 7 Aug 1800 340 330 335
4N 14 Aug 1955 390 350 345 362
40 7 Aug 1750 85/90/94 106/ 116
(%=90) (%=111) 100
40 14 Aug 1953 100 105 110 105
4P 7 Aug 1745 470 500 485
4P 11 Aug 2125 500/ 570 560/ 630
(8=535 ) (=5 95) 565
4P 14 Aug 1947 760 720 595 692
4Q 7 Aug 1755 65 75 70
4Q 14 Aug 1942 240 210 205 218
4R 7 Aug 1755 180 200 190
4R 14 Aug 1935 280 290 300 290
Total 7 Aug 5460
Total 14 Aug 6849
Total 63128

‘pata@re fromA M Springer, D.G. Roseneau, E.C. Mirphy and M.I. Johnson’s
original field notebooks and E.c. Murphy's field data summary sheets.
Boat - based count; counts by 10’s.

“Bering Daylight Time (BDT).

“The entire face of census plot 4C collapsed into the sea sometime duri ng
Sept enber 1978 - June 1979. Murres were perching on a few |edges and on the
rubble pile below the fresh cliff-face, and recolonization of this plot was
just beginning.

“Census plot 4D consisted of all of the backside of the Cape Thonpson arch
that was al so part of census plot 4C. Alnost all of census plot 4D was gone;
it collapsed into the sea sonetine during Septenber 1978 - June 1979 (see
footnote ¢ above).
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TABLE G.26. COLONY 4 MURRE CENSUS, 1979 (cont.)

‘No dat a.
f Estimted tine.

g Total cal cul ated using averages of plot counts from7, 11 (if available),
and 14 August.
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TABLE G.27. COLONY 4 MURRE CENSUS, 1982°
Miurres (birds)
Chs. 1 Ons. 2

Plot Date  TimeP _(ECM) _(RSM) Mean
4A 28 Jul 2030 100 120 110
4A 3 Aug 1425 110 110 110
4B 28 Jul 2028 200 290 245
4B 3 Aug 1423 180 180 180
4cC 28 Jul 2025 430 320 375
seC 3 Aug 1417 480 500 490
4Dd 28 Jul 2007 130 70 100
ADd 3 aug 1400 140 120 130
AE 28 Jul 2014 670 660 665
4E 3 Aug 1405 720 630 675
4F 28 Jul 2013 240 300 270
4F 3 Aug 1358 240 260 250
46 28 Jul 2010 820 1000 910
4G 3 Aug 1356 570 540 555
4H 28 Jul 2000 410 360 385
4H 3 Aug 1346 170 170 170
41 28 Jul 1958 90 40 65
41 3 Aug 1344 90 80 85
4] 28 Jul 1953 460 520 490
4] 3 Aug 1341 480 500 490
4K 28 Jul 1950 90 100 95
4K 3 Aug 1339 110 110 110
AL 28 Aug 1945 360 450 405
4L 3 Aug 1333 240 250 245
AM 28 Jul 1936 370 410 390
&M 3 aug 1330 320 350 335
AN 28 Jul 1940 370 420 395
4N 3 Aug 1328 190 200 195
40 28 Jul 1942 90 90 90
40 3 Aug 1325 70 80 75
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TABLE G.27. COLONY 4 MURRE CENSUS, 1982 (conk. )

Murres (birds)

Ohs. 1 Obs. 2
Plot Date TimeP (ECM) (RSM) Mean

4P 28 Jul 1933 610 710 660
4P 3 Aug 1320 360 390 375
40 28 Jul 1930 230 250 240
4Q 3 Aug 1314 260 200 275
4R 28 Jul 1928 260 220 240
4R 3 Aug 1308 240 230 235
Total 28 Jul 5930 6330 6130
Total 3 Aug 4970 4990 4980
Total 5550¢€

‘pataf rom Springer et al. (1985) and A.M. Springer, D.G. Roseneau, and
E.C. Murphy (unpubl. data; specific source, E.C. Murphy original field data

summary sheets). Boat-based counts; counts of murres by 10's.
b Bering Daylight Time (BDI).

c The entire face of census plot 4C collapsed into the sea sonetinme during
September 1978 - June 19793 nunmbers reported here represent a recol onization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.

d Alnost all of census plot 4D col | apsed into the sea sonetime during
Septenber 1978 - June 1979; nunmbers reported here represent a recol onization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.

e Total calculated using nean counts for plots determned by averaging 28
July and 3 August val ues.
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TABLE G.28. COLONY 4 MURRE CENSUS, 1988°

Mirres (birds)

Chs. 1 Ohns. 2 Ons. 3
Plot Date TimeP (JLB) (BSF) (PR) Mean

4A 10 Aug 1500 60 68 64
48 10 aug 1527 320 300 310
4cc 10 Aug 1544 200 190 195
4Dd 10 Aug 1559 90 90 90
4E 10 Aug 1617 590 600 595
4F 10 Aug 1628 190 200 195
AG 10 Aug 1636 600 630 615
i 10 Aug 1710 250 250 240 247
41 10 Aug 1708 60 60 60
4 10 Aug 1720 550 540 545
4K 10 Aug 1715 60 60 60
AL 10 Aug 1733 210 220 215
AM 10 Aug 1743 310 290 320 307
AN 10 Aug 1749 230 230 230
40 10 Aug 1724 70 70 70
4P 10 Aug 1831 250 260 255
4Q 10 Aug 1845 240 250 245
AR 10 Aug 1855 160 170 165
Tot al 4463

“Data from present study. Boat-based counts, nurres counted by 1's and 10’s.
Al aska Daylight Tinme (aDT).

“The entire face of census plot 4C collapsed into the sea sonetime during
September 1978 - June 1979; nunbers reported here represent a recol onization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.

“Anost all of census plot 4D collapsed into the sea sonetinme during
September 1978 - June 1979; nunbers reported here represent a recolonization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.
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TABLE 6G.29.

COLONY 5 MURRE CENSUS, 1960°

5D¢
) 5Ec
5FC
5G¢

SHC

5I¢
5J¢
5K¢

5ci
5M¢
5NC
50¢
SPC
SQCI
SRC
58¢
5T1¢
5u¢
5ve¢
5WC
5%¢
oyc
52C
5AAJ

5BBJ
sccd

5EE]
5FF
566
5HHJ
5113

5JJi
5KKJ

5LLj

Obs. 1 Obs. 2
Date  TimeP (gwe)  _(1MB)
2 Aug 1615 1020 875
2 Aug 1635 2654
2 Aug 1705 870
2 Aug 1725 1700
1 Aug  1300¢ 3400
1 Aug  1300€ 960
1 Aug 1340 4500
1 Aug  13a0f 4400
1 Aug 1420 1200
1 Aug 16458 2000
1 Aug 1645h 3900
1 Aug 1515 1800
1 Aug 1400
1 Aug 1615 3500
1 Aug 1615 2800
1 Aug 1615 3500
2 Aug 1320 1900 1625
2 Aug 1320 4300 4400
2 Aug 1420 1900 1950
2 Aug 1440 1170 1075
2 Aug 1500 900 850
2 Aug 1510 110 110
2 Aug 1515 70 70
4 Aug 1320 1200
4 aug 1340 2250
4 Aug 1400 450
4 Aug 1400k 4300/ 4500/ 4800
(£=4533)
4 Aug 1435k 1100
4 Aug 1435k 1600
12 Aug 1405k 3100
12 Aug 1415k 3300
12 Aug 140k 4400
12 Aug 1500k 7500
12 Aug  1525% 1500
12 Aug 1540k 7400
12 Aug 1610k 7200
12 Aug 1630k 6500
12 Aug 1645k 1250

Mean

947
2654
870
1700
3570
990

3740
1020
3670/ 4400
(%=4035) 4267

4000/ 4300
(X=4150) 4275
1500 1350
2200 2100

3150/ 3800
(X=3475) 3687

1900 1850

2000 1700

3800 3650

3300 3050

3700 3600

1762

4350

1925

1122

875

110

70

970 1085

2200 2225

500 475
5200

4866

1200 1150

1800 1700

2800 2950

2900 3100

5100 4750

7800 7650

12700 12100

6200/ 7000

(Z=6600) 7000

7600 7400
5400/ 6300

(%=5850) 6175
1000/ 1200

(=1100) 1175
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TABLE 6.29. COOLONY 5 MURRE CENSUS, 1960 (cont.)

Murres (birds)

Obs. 1 Chs. 2 Ohs. 3
Plot Date TimeP (GWC) (IMB) (18) Mean

sMd 12 Aug 1655 6500 6800/ 7200

) (8=7000) 6750
5NN3 12 Aug 1720k 7300 7400 7350
500 12 Aug 1730k 5900 6100 6000
5pP3 12 Aug 1745k 4250 3700/ 4000

_ (%=3850) 4050
5QQ] 12 Aug 1755k 1650 1200/ 1200

: (%=1200) 1425
SRR 12 Aug _k 1800 1500/ 1800

(8=1650) 1725

“Data are from L.G. Swartz' collection of original field notes. Specific
sources include: G.W. Cox Notebook No. 2 and L.M. Belson Notebook No. 2
ISOOensus plots 5A-5D and 5Q-5W); G.W. Cox Notebook No. 2 and L. Schene Notebook

. 2 (Census plots 5E-5P, 5X-52, and 5AA-5RR). Birds were counted by 10's
and 100’s.
"Bering Standard Time (BST).
¢ Land-based counts.
“No dat a.
“Time is approximate. G.W. Cox lists 1300 h and L. Schene |ists 1315 h.
"Time is approximate. &.W. Cox lists 1340 h and L. Schene |ists 1415 h,
g Time is approximate. &.W. Cox lists 1645 h and L. Schene |ists 1445 h,

"Time is approximte. G.W. Cox lists 1645 h and L. Schene does not list a
time.

'"Plot 5L is equivalent to 5-5J, and 5Q is equivalent to 5-8N of the new
| and- based plot system

j Counted from boat.

“Times are approximate. Tines listed here are from c.w. Cox field notes,
but L. Schene also recorded times that were 5-20 min later than those |isted

by
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TABLE G.30. COLONY 5 MURRE CENSUS, 19762

Murres (birds )

Obs. 1 Obs. 2 Obs. 3
Ploth Date Time® (MAD) _(DGR) _(AMS) Mean
54A(1976) 19 Aug 1810 1500 1000 1700 1400
5BB(1976) 19 Aug -d 3200 2200 3600 3000
5¢C(1976) .19 Aug 1800 16300 10600 16500 14467
5DD(1976) 19 Aug -d 4100 2000 2700 2933
5FF(1976) 19 Aug 1740 12400 10650 10300 11117
SHH(1976) 19 Aug -e 11300 9200 10700 10400
SKK(1976) 19 Aug 1715 11500 13500 9600 11533
5LL(1976) 19 Avg 1655 12700 12400 8700 11267
SNN(1976) 19 Aug -f 8100 13000 6800 9300
5QQ(1976) 19 Aug -f 3100 2450 2300 2617
5RR(1976) 19 Aug 1615 1700 2750 1400 1950
Total 85900 79750 74300 79984

“Data are from Springer et al. (1977) and A.M. Springer and D.G. Roseneau
original field data summary sheets. Boat-based

and 100's.

counts, murres

counted by 10's

b These piot designations were developed in 1976, and match tables presented

in Murphy et al. (1980) and Springer et al.

¢ Bering Daylight Tinme (BDT).
d Between 1800-1810.
‘Bet ween 1715-1740.

"Between 1615- 1655.
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TABLE ¢.31. COLONY 5 MURRE CENSUS, 1977°

Mirres (birds)
Chs. 1 Chs. 2

Plot Date Timeb (ECM) (DGR) Mean
5A 17 Aug 1705 0 0 0
58,C,X 17 Aug 1705 850 1055 952
5D,Y,Z 17 Aug 1645 2480 2465 2472
SE,F 17 Aug 1558 1550 1405 1477
56 17 Aug 1522 1280 1210 1245
5H, I 17 Aug 1607 1720 1770 1745
5J 17 Aug 1500 390 400 395
5K 17 Aug 1435 840 880 860
5L 17 Aug 1507 210 225 217
5M 14 Aug 1950 460 430 445
5N 14 Aug 1955 810 870 840
50 14 Aug 2000 390 360 375
5P 14 Aug 2005 770 630 700
5Q 14 Aug 1945 250 290 270
5R 17 Aug 1420 420 420 420
5s 14 Aug 1420 980 915 947
5T 14 Aug 1433 990 1060 1025
5U 13 Aug 1850 180 160 170
5V 13 Aug 1840 160 185 172
5W 13 Aug 1840 150 140 145
5AA 17 Aug 1602 2470 2310 2390
5BB 17 Aug 1555 440 510 475
5CC 17 Aug 1548 960 1060 1010
5DD 17 Aug 1527 1580 1285 1432
5EE 17 Aug 1510 1940 2185 2062
5FF 17 Aug 1445 2740 2680 2710
5GGC 14 Aug 1915 3510 3885 3697
5uud 14 Aug 1800 5100 5370 5235
511 14 Aug 1655 4840 4930 4885
533¢€ 14 Aug 1630 1675 1550 1612
skkf 14 Aug 1600 2470 3105 2787
5LL 14 Aug 1513 1080 940 1010
5MM 14 Aug 1443 3705 3320 3512
5NN8 14 avg 1330 4260 4905 4582
500 14 Aug 1310 2265 2440 2352
5pph 13 Aug 1958 2255 2400 2327
5QQ 13 Aug 1915 1050 1145 1097
5RR 13 Aug 1840 1275 1225 1250
Tot al 58495 60115 59297
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TABLE G.31. COLONY 5 MURRE CENSUS, 1977 (cont.)

"Data are fromA M Springer, D.G. Roseneau and E.C. Murphy (unpubl. data;
specific source was original field data summary sheets). Allwereboat - based
counts, murres estimated by 10's. All plots follow Swartz 1960 designati ons.
b Bering Daylight Time (BDT).

c Counts are equivalent to counts of special area #109.

d Counts are equivalent t0 sum of special areas #107 and #108.

e countsare equivalent to the sum of special areas #105 and #106.

"counts are equival ent to the sum of special areas #103 and #104.

g Counts include counts of special area #101.

"Counts include counts of special area #102.
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TABLE G 32. COLONY 5 MJRRE CENSUS, 1977
USING 1976 PLOT Designations

Murres (birds)
OChs. 1 Chs. 2
Plot Date Timeb (ECM) (DGR) Mean
58A(1976) 17 Aug 1705 850 1055 952
5BB(1976) 17 Aug 1645 2480 2465 2472
scc(1976) 17 Aug 1612 5480 5310 5395
5DD(1976) 17 Aug 1510 6680 6670 6675
5FF(1976) 17 Aug 1420 5910 5970 5940
5HH(1976) 14 Aug 1807 7640 7820 7730
S5KK(1976) 14 Aug 1630 8800 9470 9135
SLL(1976) 14 Aug 1420 9070 8775 8923
5NN(1976) 14 Aug 1310 6910 7700 7305
5Q0Q(1976) 13 Aug 1915 2920 3190 3055
5RR(1976) 13 Aug 1840 1765 1710 1737
Tot al 58505 60135 59319¢

“Data from Springer and Roseneau (1978) and A M Springer, D.G. Roseneau

and E.c. Murphy original field data summary sheets. Boat-based counts, murres
counted by 10's and 100’s.

b Bering Daylight Tinme (EDT).

‘Totals include 10 bhirds in Chs. 1 and 20 hirds in Chs. 2 total of
5¢c(1976) that were counted in Special Area #113.
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TABLE G.33. COLONY 5 MURRE CENSUS, 1977
SPECI AL AREAS2
Murres (birds)
Obs. 1 Obs. 2
Plot Date  TimeP _(ECM) _(DGR) Mean
#101 13 aug 1915 0 0 0
#102 13 Aug 1958 385 355 370
#103 17 Aug 1530 890 1230 1060
#104 17 Aug 1630 1580 1875 1727
##105 17 Aug ~C 1425 1310 1367
#106 17 Aug 1630 250 240 245
##107 17 Aug 1750 2130 2425 2277
#108 17 Aug 1807 2970 2945 2957
#109 17 Aug 1915 3510 3885 3697
#110 14 Aug 1445 0 0 0
#111 17 Aug 1602 720 750 735
#112 17 Aug 1612 1750 1560 1655
#113 17 Aug 1620 10 20 15

@ Data are from A.M. Springer,
data summary sheets.

Refer to

b Bering Daylight Time (BDT).

c No data.

D.G. Roseneau and E.C. Murphy ori gi nal
APX#t.# for special area descriptions.
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TABLE 6.34. COLONY 5 MURRE CENSUS, 19792

Plot Date TimeP
5A 7 Aug 1150
5B 7 Aug 1330
5C 7 Aug 1332

5D 7 Aug 1215
SE 7 Aug 1300
oF 7 Aug 1250

5E, 5F°7 Aug 1655

5G 7 Aug 1421
5G¢ 7 Aug 1650

5H 7 Aug 1406
51 7 Aug 1225
5] 7 Aug 1455
5K 7 Aug 1530
5 7 Aug 1510
SLe 7 Aug 1640

oM 7 Aug 1602

oM 7 Aug 1605
702

5N 7 Aug 1611
SNe 7 Aug 1605
50 7 Aug 1615
50¢ 7 Aug 1605

5P 7 Aug 1618
Spc 7 Aug 1615

Murres (birds)

Obs.1 s.2 HsS.3 Obs.4 Obs.5 Obs.6 Obs.7 Obs.8

(DGR) (Ww) _(MIJ) _(AMS) (AR) (DM) _(ECM) (BT) Mean

0 0
100 120
650 700
350 346

450/ 470 470
(=460 )

410/ 420 304/ 309
(%=415) (%=306)

1390/ 12289/
1390 1100
(x=1390) (X=1164)

580 580
1780/
1890

(x=1835)

560 600

320 250

200 195

830 670

230 230

470/ 480 506°
(®=475 )

450/ 460/ 425/
510 440
(X=473) (%=432)
702°

1070 1010
1400

380 380
690/ 830 910
(R=760)

520/ 570 480/ 510
(X=545) (X=495)
940

0
110
675
348
465

360

1277

580

1835
580
285
197
750
230

490

452

1040
1400

380

835

520
940
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TABLE G.34.

COLONY 5 MJRRE CENSUS, 1979 (cont.)

Murres (birds)

Obs.l Obs.2 Obs.3 Obs.4 Obs.5 Obs.6 Obs.7 Obs.8

Plot Date Time’” (DGR) (WW) (MIJ) (AMS) (AP) (DM) (ECM) (BT) Mean
5Q 7 Aug 1630 370/400 300/ 310/
410 310
(%=393) (%=307) 350
5Q¢ 7 Aug 1615 900 900
" ORe 7 Aug 1620 1430 1430
5s 7 Aug 1320 810/830 900/
(8=820) 1100
(%=1000) 910
5T 7 Aug 1330 650 650 650
5U 7 Aug 1155 210 250 230
5V 7 Aug 1130 60 55 57
5W 7 Aug 1130 130 150 140
5X 7 Aug 1150 1120 1159 1139
5X 11 Aug 2112 1150 1070 1110
5Y 7 Aug 1200 930 1050 990
5Z 7 Aug 1200 360 360 360
544 10 Jul 2300 740 855 797
58A 18 Jul 2048 535 5 50 740 622
5AA 1 Aug 1900 967 1012 989
5AA 5 Aug 2005 945 940 942
5A4 7 Aug 1411 1825 1698 1761
5AA 11 Aug 2055 2590 2980 2785
5AA 15 Aug 1855 1130 1170 1150
5AA 16 Aug 2100 1310 1170 1240
5BB,DD 7 Aug 1430 1120 1120 1120
5CC 7 Aug 1310 710 830 770
SEE 7 aug 1447 1700 1740 1720
5FF 7 Aug 1516 2520 2925 2722
566 10 Jul 2300 710 570 660 647
56G 18 Jul 2105 825 850 870 848
5GG 1 Aug 1832 903 915 870 896
5GG 5 aug 2010 620 650 635
566 7 Aug 1500 1770 2020 1895
566 15 Aug 1840 1080 623 851
566G 16 Aug 2110 775 800/ 820
(%=810 ) 792
5HH 7 Aug 1445 2800 2930 2865
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TABLE G.34. COLONY 5 MURRE CENSUS, 1979 (cont.)

M
Obs.l1 Obs.2 Obs.3 Obs.4 Obs.5 Obs.6 Obs.7 Obs.8
Plot Date Ti me’ (DGR (M1J) (AMS) (AP) _ (DM) _(ECM) _ (BT) Mean
511 7 Aug 1430 1950 2340 2145
5JJ 7 Aug 1425 740 700 720
5JJ 11 Aug 2100 1360 1530 1445
5KK 7 Aug 1415 1700 2140 1920
5LL 7 Aug 1355 440 460 450
5LL 11 Aug 2110 860 990 925
5MM 7 Aug 1340 2000 2440 2220
SNN 7 Aug 1225 3040 3230 3135
500 7 Aug 1305 1400 1110 1255
5PP 7 Aug 1210 1240 1290 1265
5QQ 7 Aug 1205 870 860 865
5RR 7 Aug 1140 1350 1400 1375

‘Data are from A'M Springer, D.G. Roseneau, and E.C. Murphy's original field
not ebooks and E.c. Murphy’s field data summary sheets. Boat-based counts; counts
of murres by 10's, except where |and-based (see footnote d).

b Bering Daylight Time (BDT).
“Land- based counts; counts of murres by I's, 2's, and 10’s.

d count by 2's.

‘Counts by 1's.
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TABLE 6.35. COLONY 5 MURRE CENSUS, 1979
SPECI AL AREAS?

Murres (birds)

speci al Obs. 1 Obs. 2

Area Date Tine® (MIJ) (AMB ) Mean
#101 7 Aug 1225 0 0 0
##102 7 Aug 1210 -¢

(198)d  (206)d (202)d

#103 7 Aug 1415 - - -
(646)d (813)d (729)4
#104 7 Aug 1415 - - -
(1054)4 (1327)d (1190)d
#l 05 7 Aug 1425 - -
(629)4 (595)4 (p12)d
{106 7 Aug 1425 - - -
(111)4  (105)9 (108)d
#l o7 7 Aug 1445 1140 - 1140
(1176)d (1230)4d (1203)d
#108 7 Aug 1445 1660 - 1600
(1624)4 (1700)d (1662)4
#109 7 Aug 1500 1770 2020 1895
#no 7Aug 1618 0 0 0

a Data are from A M Springer, D.G. Roseneau, M.I. Johnson, and E. G
Mirphy’s field notebooks, and E.c. Mirphy’s field summary sheets. See
introduction to Appendix G for descriptions of special areas.

b Bering Daylight Tine (BDI).

‘No dat a.

d Estimates Pased on the proportion of birds in special areas relative to
census plot counts in 1977.
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TABLE G.36.

COLONY 5 MURRE CENSUS, 1982
BOAT- BASED COUNTS2

5 LL

5NN
500
500
5PP

5QQ

Date

28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
28 Jul
3 Aug
28 Jul
28 Jul
28 Jul
3 Aug
28 Jul
28 Jul
28 Jul
28 Jul
3 Aug
28 Jul
28 Jul
28 Jul
3 Aug
28 Jul
28 Jul

1635
1714
1515
1708
1735
1729
1522
1746
1751

Mirres (birds)

ths. 1
(ECM)

120
110
160
40
130
450
310
270
210
2320
210
230
880
180
410
230
410
420
390
1270
110
100
700
1070
1290
560
280
1290
920
1160
2290
5190
4570
3300
1300
1770
870
940
2620
3000
2620
1600
2170
1040

Chs. 2
(RSM)

90
270
200

40
110
280
580
220
240

2500
290
300
900
180
650
300
530
600
520

1210
130
120
640

1000

1150
240
180

1250

1000

1190

2810

5280

4750

3160

1660

2880
950
980
2280
2880
3160
1650
2390
1240

Mean

105
190
180

120
365
445
245
225
2410
250
265
890
180
530

470
510
455
1240
120
110
670
1035
1220
400

1270

960
1175
2550
5235
4660
3230
1480
2325

910

960
2450
2940
2890
1625
2280
1140
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TABLE G.36. COLONY 5 MURRE CENSUS, 1982
BOAT- BASED COUNTS (cont.)

Tot al 41480 44600 430408
Tot al 41989f

a Data are from Springer et al. (1985) and A.M. Springer, D.G. Roseneau and
E.C. Murphy (unpubl. data; specific source E.Cc. Mirphy’s original field data
sumary sheets). All murres counted from boat by 10°s and 100's.

b Bering Daylight Time (BDT).

‘No dat a.

d Census plot 5Y, as reported by Springer et al. (1985), is now known to
al so contain census plot 5z.

e Totals are of 28 July counts

"Total cal cul ated using averages of replicated plot counts, when avail able.
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TABLE G 37. COLONY 5 MURRE CENSUS, 1982 - LAND-BASED counTs@
Chs. 1 Ohs. 2 Ohs. 3 Chs. 4
Plot Date  Timeb (ECM)  _(RSM) (JsH) (DWN)  Mean
5B 30 Jul 1600 950 875 912
5E 30 Jul 1515 2300 2201 1820 2107
SE 3 Aug 1818 2540 1818 2179¢
5E 7 Aug 1557 1780 1740 1760d
5F 30 Jul 1510 450 464 452 455
SF 3 Aug 1816 490 455 472
5F 7 Aug 1615 440 380 4104
5G 30 Jul 1640 1900 2428 1920 2083
5G 3 Aug 1738 2170 1677 1923¢
5G 7 Aug 1625 1940 1880 2160 1890 19674
5H 30 Jul  1700f 1480 1780 1630
SH 3 Aug 1750 1990 1520 1755
5H 7 Aug 1640 1650 1600 1690 1840 16954
51 3 Aaug 2124 630 650 640
5Kg 3 Aug 1848 1880 1509 1694
5Kg 3 Aug 2103 1550 1550 1550
5K 7 Aug 1655 1200 1350 1570 980 12754
5Lg 3 aug 1240 866 866
5Lg 3 Aug 1918 710 603 656
5L 7 Aug 1725 830 850 770 640 772°
5M 3 Aug 2025 860 810 835
5N 3 Aug 2015 2170 2400 2285
50 3 Aug 1938 910 950 930
50 7 Aug 1732 780 760 820 730 722d
5P 3 Aug 1950 1140 1250 1195
5P 7 Aug 1737 1270 1110 1330 1040 11874
5Q 3 Aug 2005 890 820 600 623 733
5Q 7 Aug 1752 835 750 680 760 756"
5R 3 Aug 1952h 1790 1790 1960 1890 1857
5R 7 Aug 1758 2120 2180 2250 2210 21904
5s 3 Aug 1931 730 650 690
5s 7 Aug 1824 820 820 790 720 787
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TABLE .37. COLONY 5 MURRE CENSUS, 1982 - LAND-BASED COUNTS (cont.)

Murres (Dbirds)

Obs. 1 Chs. 2 Chs. 3 Obs. 4
Plot Date Ti e’ (ECM) (RSM) (JsH) (DWN) Mean

5T 3 Aug 1910 1290 1200 1245
5T 7 Aug 1835 800 870 830 1110 9024
5U 3 Aug 1900 420 460 440
5V 3 Aug 1836 530 500 515
5V 7 Aug 1855 320 310 357 290 319d
Sw 3 Aug 18253 770 750 760
SW 7 Aug 1900 385 365 380 380 3774

“Data from Springer et al. (1985), and A°M Springer, D.G. Roseneau and
E.C. Murphy (unpubl. data; specific source E.C. Murphy’s original field data
sunmary sheets).

b Bering Daylight Ti ne (BDT).

“Springer et al. (1985) reported a mean score of 2134 for census plot SE on
5 August.; however, 2134 was a typographical error and the correct valueas
listed on E.C. Murphy’s original field data sunmary sheets is 2179.

“Springer et al. (1985) inadvertently reported a time-conpensated mean
value instead of an unconpensated raw score for this plot on 7 August. The
correct, unconpensated mean value as |isted on E.C. Murphy’s original field
data summary sheets is shown here.

“Springer et al. (1985) reported a mean score of 1924 for census plot 56 on
3 August, but the correctly rounded value i s 1923,

"Springer et al. (1985) reported this time as 1800 h, however the correct
tinme as listed on E.C. Murphy’s original field data summary sheets is 1700.

8Thesedatawere NOt reported by Springer et al. (1985).

"Springer et al. (1985) reported this tine to be 1932 h, a typographi cal
error. The correct tine as |isted on E.c. Murphy’s original data summary

sheets is 1952.

'Springer et al. (1985) reported this tine to be 1937 h, a typographical
error. The correct time as listed on E.C. Murphy’s original data summary

sheets is 1931.

j Springer et al. (1985) reported this tinme to be 1820 h, a typographi cal
error. The correct tine as listed on E.C. Murphy’s original data sumary

sheets is 1825.
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TABLE 6.38. COLONY 5 MJRRE CENSUS, 1982
USING 1976 PLOT Designations

Murres (birds)

Obs. 1 Obs. 2
Plot Date (ECM) (RSM) Mean

58A(1976)P 28 Jul 930 1000 965
5BB(1976)P 28 Jul 1230 1200 1215
5¢C(1976) 28 Jul 2320 2230 2275
5DD(1976) 28 Jul 3670 3300 3485
5FF(1976) 28 Jul 4280 4770 4525
SHH(1976) 28 Jul 5700 6300 6000
5KK(1976) 28 Jul 6930 7720 7325
5LL(1976) 28 Jul 6110 6950 6530
5NN(1976) 28. Jul 5620 6040 5830
50Q(1976) 28 Jul 3210 3630 3420
SRR(1976) 28 Jul 1480 1460 1470

Tot al 41480 44600 43040

a Data from Springer et al. (1985) and A M Springer, D.G. Roseneau and E.C.
Mirphy original field data summary sheets.

b Incorrect values for these plots were reported in Springer et al. (1985;
Table 8). In that table, only Swartz 1960 plots 5A, 5C and 5X were added to
get 5AA(1976) (reported scores of 810 and 910), and Swartz’ 1960 plot 5B was
Included in scores for 5BB(1976). The correct values presented here were
cal cul ated by including 1960 plot 5B into the total for 5AA(1976), and
subtracting it from plot 5BB(1976).
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TABLE 6.39. COLONY 5 MJURRE CENSUS, 1982
SPECI AL AREAS
Murres (birds)

Special Obs. 1 Obs. 2

Area Date TimeP {ECM) (RSM) Mean
#101 28 Jul 1735 0 0 0
#1 02 28 Jul 1729 (347)°  (382)¢ (364)C
#103 28 Jul 1635 510 940 125
#104 28 Jul 1632 1260 1940 1600
#1 05 28 Jul 1640 (1105)4 (1411)4 (1258)d
#106 28 Jul 1640 (195)d (249)d "(222)d
#l o7 28 Jul 1608 2370 2620 2495
#108 28 Jul 1601 2820 2660 2740
#109 28 Jul 1522 2290 2810 2550
#no 28 Jul 1550 0 0 0

“Data are from A.M. Springer, D.G. Roseneau and E.C. Murphy’s field notebooks

and field data summary sheets.
introduction to Appendix G for

“Bering Daylight Time (BDT).

‘Estimates based on counts of

speci al

d Estimtes based on counts of
areas #105 and #106 in

speci al

area #102 in 1977.

Boat - based counts,

counts by 10’s and 100's. See

speci al area descriptions.

census plot 5PP and the proportion of birds in

census plot 5JJ and the proportion of birds in

1977.
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TABLE 6.40. OOLONY 5 MJRRE CENSUS, 1988°
Chs. 1 ths. 2 ths. 3 Chs. 4
Plot Date Tine _(PR) _(JLB) _(BSF) (D) Mean
5EC 27 Jul 1700 940 940
SEC 5 Aug 1545 1157 1157
SEC 18 Aug 1330 1354 1354
SLc 17 Jul 1812 1136 1136
SLc 20 Jul 1332 995 995
SLc 25 Jul 1525 638 638
SLc 27 Jul 1530 1005 1005
5L¢ 1 Aug 1510 994 994
SLe 4 Aug 2028 745 745
5LC 5 Aug 1724 934 934
SLe 8 Aug 1500 1047 1047
oLe 11 Aug 1334 779 779
SLe 15 Aug 1931 1027 1027
5Q 11 Jul 1849 609 609
5Q 17 Jul 1805 864 864
5Q 20 Jul 1235 818 818
5Q 25 Jul 1447 722 722
5Q¢ 27 Jul -d 976 976
5Q¢ 1 Aug 1440 753 753
5QC 4 Aug 1942 718 718
5 5 Aug 1618 811 811
5Q 8 Aug 1430 968 968
5Q¢ 11 Aug 1233 90 1 901
5Q¢ 15 Aug 2023 1028 1028
5RC 27 Jul 1540 1430 1430
5RC 5 Aug 1658 1650 1650
SRC 18 Aug 1350 1780 1780
58¢ 5 Aug 1630 731 137,
58¢ 18 Aug 1350 904 904
5AA® 10 Aug 1410 1750 1720 1735
5ppe 10 Aug 1352 1030 990 1010
5668 10 Aug 1250 2440 2680 2560
sege 10 Aug 1150 3710 4320 4015
518 10 Aug 1122 920 1030 930 960
500¢ 10 Aug 1105 1730 1690 1710
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TABLE G.40. COLONY 5 MURRE CENSUS, 1988°

“Data fromthe present study. Murres counted by 1's and 10's. Plot
designations follow Swartz 1960 census plot designations.

"Al aska Daylight Tinme (ADT).
¢ Land-based counts. Plot 5L is equivalent to plot 5-5J, and plot 5Q is
equi val ent to 5-8N of the new | and-based system (Chapter 2). All plot

desi gnati ons follow Swartz 1960 system 5L and 5Q counted by 1's, others
counted by 10’s.

“No dat a.

e Boat-based counts. Plots follow Swartz 1960 designations. Counts by 10's.
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TABLE G.41. COLONY 2 KITTIWAKE CENSUS, 1960°
Kittiwakes (nests)
Obs. 1 Chs. 2 Chs. 3

Plot Date TimeP (GWC) (18) (EJW) Mean
2A1 27 Jul 1415 0 0 0
2A2 27 Jul 1425 0 0 0
2B 27 Jul 1435 0 0 0
2C 27 Jul 1440 0 0 0
2D 27 Jul 1445 0 0 0

2E 27 Jul 1520 301d 400/ 390
(%=395) 348

2F 27 Jul 1545 265/ 265 270/ 290
(%=265 ) (%=280 ) 272

2G 27 Jul 1620 128 118/ 132
(%=125) 126
2H 27 Jul 1700 61 57 59
21 27 Jul 1730 149 120 134

2J 27 Jul 1815 180 139/ 161
(%X=150) 165
2K 29 Jul 1355 26 28 27
2L 28 Jul 1510 454 385 419
2M 29 Jul —ef 472 4948 483
2N 29 Jul 1545 429 410 419
20 29 Jul 1635 84 75 79
2P 29 Jul 1705 70 48 59
2Q 31 Jul 1215 306 320 313
2R 31 Jul 1240 3 3 3

28 31 Jul 1300 84 88/ 107
(%=97) 90

2T 31 Jul 1340 314 267/ 285/

295

(X=282) 298

2U 31 Jul 1515 771 660/ 760
(%=710) 740
2v 31 Jul 1535 318 325 321

2W 31 Jul 1630 235 160/ 230
(%=195 ) 215
2X 31 Jul 1645 76 75 75
2Y 31 Jul 1730 156 124 140

27 3 Aug 1400 74 84/ 95

(x=89) 81
244 3 Aug -h 41 49 45
2BB 3 Aug 1410 6 6 6
2CC 3 Aug 1420 15 13 14
20D 3 Aug i 85 86 85

2EE 3 Aug - 105 88/ 102
. (%=95 ) 100
2FF 3 Aug -i 9 9 9
266G 3 Aug 1540 3 3 3
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TABLE G.41. COLONY 2 KITTIWAKE CENSUS, 1960 (cont.)

Kittiwakes (nests)

ths. 1 Obs. 2 Chs. 3
Plot Date TimeP (gwe) (1.8) (EJW) Mean
2HH 3  Aug -J 14 11 12
211 3 Aug -J 0 0 0
Tot al 5140

“Data are from L.G Swartz’' collection of original field notes. Specific
sources for the counts include: G.W. Cox Notebook No. 2 and L. Schene Notebook
No. 2 (census plots 2a1-2J and 2Q-2II); G.W. Cox Not ebook No. 2 (census plot
2L); ¢.W. Cox Notebook No. 2 and E.J. WIIoughby Notebook No. 1 (census plots
2K and 2M-2P). \Wenever observers made two or nore counts on the sane plot,
L.G. Swartz only used the count that most closely matched that of the other
observer. Boat-based census; counts of nests by 1's.

b Only nests were counted. For conparative purposes, Springer and Roseneau
(1977) multiplied nunbers of nests by 2. Differences between doubling values
reported here and doubled scores reported by Springer and Roseneau (1977) for
census plots 2E, 2F, 2G, 2I, 2J, 2K, 2M, 2S, 2T, 2U, 2W, 2Y, 2EE, and 2HH/2II
result from different nethods of rounding and the fact that several recently
di scovered repeat counts of these plots are included here.

“Bering Standard Tine (BST).

d g.W. Cox commented that thisS count "...may be toclow."

e No data

f probably about 1500 h

g The total score reported by E.J. WI | oughby was486, but an error was
made in addition and the actual total was 494.

"Probably about 1405 h.
'Probably between about 1425-1540 h.
j probably between about 1545-1600 h.
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TABLE G.42. COLONY 2 KI TTI WAKE CENSUS, 1961°

Kittiwakes (Nnests)

Chs. 1 Chs. 2

Plot Date TimeP (KJ) (EJW) Mean
2D 10 Aug ¢ 0 0 0
2E 10 Aug - 235 249 242
2F 10 Aug - 239 264 251
2H 10 Aug - 54 48 51
2J 10 Aug - 153 160 156
2N 10 Aug - 372 420 396
2P 11 Aug - 65 60 62
2R 11 Aug - 0 0 0
2T 11 Aug - 312 317 314
AT 11 Aug - 324 296. 310
2X 11 Aug - 94 95 94
27 11 Aug - 17 73 75
2BB 11 Aug - 5 5 5
2DD 11 Aug - 87 84 85
2FF 11 Aug - 8 8 8
2HH 11 Aug - 16 15 15
211 11 Aug - 0 0 0

“Data are from L.G. Swartz' collection of original field notes,
specificsource, K. Jones’ Notebook No. 2, E.J. Wl oughby's Notebook No. 3,
and E.C. Mirphy’' s sumary sheetsofdata extracted from other sources.
Boat - based census; counts of nests by 1's.

b Bering Standard Time (BST).
“No dat a.
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TABLE G.43.

COLONY 2 KITTIWARE CENSUS, 1976°

Kittiwakes (hirds )

Obs. 1 Chs. 2 Ohs. 3
Plot Dat e TimeP (DGR) (MAD) (DJ) Mean
2A1 18 Aug -¢ 0 0 0 0
2A2 18 Aug 0 0 0 0
2B 18 Aug 0 0 0 0
2C 18 Aug 0 0 0 0
2D 18 Aug 0 0 0 0
2E 18 Aug 235 238 310 261
2F 18 Aug 230 218 275 241
2G 18 Aug 133 135 134 134
2H 18 Aug 36 30 42 36
21 18 Aug - 126 92 111 110
2] 18 Aug 133 144 136 138
2K 18 Aug 38 27 35 33
2L 18 Aug 242 242 263 249
2M 18 Aug 467 533 538 513
2N 18 Aug 31 31 31 31
20 18 Aug 46 51 38 45
2P 18 Aug 41 47 41 43
2Q 18 Aug 206 207 195 203
2R 18 Aug 8 7 8 8
28 18 Aug 93 71 92 85
2T 18 Aug 239 243 241 241
2U 18 Aug 345 345 345 345
2V 18 Aug 188 170 196 185
2w 18 Aug 158 147 139 148
2X 18 Aug 38 42 115d 40
2y 18 Aug 87 80 84 84
22, 18 Aug 28 28 27 28
284 18 Aug 22 21 24 22
2BB 18 Aug 2 2 2 2
2cce 18 Aug 11 10 11 11
2DD 18 Aug 104 59 75 79
2EE 18 Aug 39 39 39 39
2FFe 18 Aug -f -f -f e
263 18 Aug -8 -8 -8 -8
2HH,2II 18 Aug 18 18 17 18
Tot al 3344 3277 3564’ 3372

“Data are from Springer and Roseneau (1977) and A.M. Springer and D.G.

Roseneau's Origi nal field data summary sheets.

kittiwakes by 1's.

b Bering Daylight Time (NT).
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TABLE G 43. COLONY 2 KITTIWAKE CENSUS, 1976 (cont.)

c No data. Tines were recorded during the census; however, Springer and
Roseneau (1977) did not report them and the original data were lost during an
arson-caused fire in their office building on 2 August 1978

d This score was omtted from Table 15 in Springer and Roseneau (1977)

because it was considered to be a bad count. It is reported here for purposes
of conpl eteness but should be deleted from any between years conparisons of
nunbers of birds on this census plot.

e Kittiwakes were not counted on census plot 2FF in 1976; however, this plot
has typically supported only about 10-20 birds during past years.

"No dat a.

g Kittiwakes were not counted on census plot 2GG in 1976; however, this plot
has typically supported fewer than 10 birds during past years.

h This total differs fromthe total reported for the observer by Springer
and Roseneau (1977) because it includes a score for census plot 2X (also see
footnote d above).

I This total differs fromthe nmean total reported by Springer and Roseneau

(1977) because of a few mnor differences in rounding nunbers and differences
in mean values for census plot 2X (also see footnotes d and h above).
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TABLE G.s4, COLONY 2 Kl TTI WAKE CENSUS, 19772
Kittiwakes (hirds )
Obs. 1 Obs. 2
Plot Date TimeP _(ECM) (JS) Mean
24 17 Jul 2240 0 0 0
2B 17 Jul -c 0 0 0
20,2D,2E,2Fd 17 Jul 263 275 269
2G,2H,21,23¢ 17 Jul 473 478 475
2K,2L,2M,28d 17 Jul 713 705 709
20,2P,2Q,2Rd 17 Jul 364 330 ° 347
2s,21d 17 Jul 307 273 290
2u 17 Jul 496 506 501
v, 17 Jul 377 369 373
2x, 2yd 17 Jul 63 43 53
22, 2aad 17 Jul 121 126 123
2BB,2ccd 17 Jul 0130 87 82 84
2DD,2EE,2FFd 17 Jul 1900 191 197 194
2GG,2HH, 2119 17 Jul 1915 24 24 24
Total 3479 3408 3442

“Data are from Springer and Roseneau (1978) and A.M. Springer and D.G.

Roseneau’s ori gi nal
kittiwakes by l's.

"Bering Daylight Tine (BDT),

data summary sheets.

Boat - based census; counts of

“Census plots 2B-24A were counted between about 1920-0130 .

d Census plots were comnbined.
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TABLE G.s45. COLONY 2 KITTIWAKE CENSUS, 1978°

Obs. 1 (DGR)
Plot Date TimeP Birds Nest s
2U 20 Aug 1420 1029 582
2V 20 Aug 1530 414 247
Tot al 1443 829

"Data are from D.G. Roseneau’s original field notebook. Boat-based census;
counts of kittiwakes and nests by 1's.

"Bering Daylight Tine (BDT).
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TABLE G.46. COLONY 2 KITTIWAKE CENSUS, 19792
Obs.1 Obs.2 Obs.3 Obs.4 Obs.5 Obs.6 s .7
Plot Date Time (pT) (ECM) _(ww) (AMS) (MIJ) _(AP) _(DM) Mean
241 11 Jul 1939 0 0 0
2A2 11 Jul 1941 0 0 0
2B 11 Jul 1942 0 0 0
2C 11 Jul 1943 0 0 0
2D 11 Jul 1947 6 6 6
2E 11 Jul 1952 335 316 325"
2F 11 Jul 2010 273 350 311
26 11 Jul 2025 221 202 212
2H 11 Jul 2040 71 85 78
21 11 Jul 2100 224 188 206
2] 11 Jul 2115 235 233 234
2K,2LC411 Jul 2150 470 540 505
omde 11 Jul 2220 336 363 349
2M 18 Jul 1717 497/ 591
(%=544) 544
onde 11 Jul 2240 235 293 264
2N 18 Jul 1737 362 362
208 11 Jul 2253 96 107 101
20 18 Jul 1754 114 114
2pe 11 Jul 2300 58 57 57
2P 18 Jul 1801 60 52/ 53
(&=52) 56
2Q¢® 11 Jul 2300 220 296 258
20 18 Jul 1810 309 178/208f
(%=193) 251
2R 11 Jul 2250 12 13 10 12
25 11 Jul 2240 110 119 114
278 11 Jul 2220 320/ 320 413
(%=320) 366
2T 19 Jul 1930 364 438 401
2U 11 Jul 2205 460/ 490
(F=475 ) 475
2v 11 Jul 2145 370/ 391 386 340/ 360
(%=380) (%=350 ) 372
2W 11 Jul 2125 160/ 170 254 214
(X=165) 211
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TABLE G.46. COLONY 2 KITTIWAKE CENSUS, 1979 (cont.)
Obs.l Obs.2 Obs.3 Obs.4 Obs.5 Obs.6 Obs.7
Plot Date  TimeP _(DT) (ECM) _(wW) (AMS) (MIJ) _(AP) _(DM) Mean
2X 11 Jul 2115 106 111 106 108
2Y8 11 Jul 2050 190/ 197 163 173
(%=193) 176
2Y 19 Jul 2022 215 183 199
27 11 Jul 2040 66 88 80 78
244 11 Jul 2035 73 17 60 70
2BB 11 Jul 2030 4 7 5 5
2CC 11 Jul 2020 15 19 20 18
20D 11 Jul _h 152 169 138 153
2EE 11 Jul -i 76 80 78 78
2FF 11 Jul -1 25 26 24 25
266G 11 Jul -1 4 4 4 4
2HH 11 Jul - 46 47 52 48
211 11 Jul 1945 7/8 11 6/ 7
(%=7) (%=6 ) 8
Tot al 52273
Tot al 5482°
Obs.l Obs.2 Obs.3 (bs. 4 Obs.5 Obs.6 Obs.7
Plot Date  TimeP (DT) (ECM)  (WW) (AMS)  (MIJ)  (AP) (DM) Mean
241 11 Jul 1939 0 0 0
2A2 11 Jul 1941 0 0 0
2B 11 Jul 1942 0 0 0
2C 11 Jul 1943 0 0 0
2D 11 Jul 1947 ) 6 . 6
2E 11 Jul 1952 270 257 263
2F 11 Jul 2010 240 289 264
2G 11 Jul 2025 191 174 182
2H 11 Jul 2040 70 76 73
21 11 Jul 2100 185 155 170
2] 11 Jul 2115 164 165 164
2K,2L¢411 Jul 2150 427 412 419
2mde 11 Jul 2220 242 224 233
2M 18 Jul 1717 280 227/312f
(%=269) 274
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TABLE G.46. COLONY 2 KITTIWAKE CENSUS, 1979 (cont.)
Kittiwakes (nests )
Obs.l Obs.2. Obs.3 Obs.4 Obs.5 Obs.6 Obs.7

Plot Date  Tine’ (pT) (ECM) _(WW) (AMS) (M1J) _(ApP) _(DM) Mean
ande 11 Jul 2240 209 209
2N 18 Jul 1737 237 3178 277
20@ 11 Jul 2253 67 59 63
20 18 Jul 1754 751 77

(=76 ) 76
2p¢€ 11 Jul 2300 50 50
2P 18 Jul 1801 47 51 49
2Q¢® 11 Jul 2300 263 263
2Q 18 Jul 1810 236 237 187f 220
2R 11 Jul . 2250 4 5 4
25 11 Jul 2240 109 109
2Ty 11 Jul 2220 375 375
2T 19 Jul 1930 295 261 278
2u 11 Jul 2205 513 513
2v 11 Jul 2145 357 357
2W 11 Jul 2125 229 229
2X 11 Jul 2115 93 93
2Y8 11 Jul 2050 163/166 169

(=165 ) 166

2Y 19 Jul 2022 147/151 144

(R=149) 146
2Z 11 Jul 2040 56 69 66 64
2AA 11 Jul 2035 56 55 46 52
2BB 11 Jul 2030 3 7 4 5
2CC 11 Jul 2020 13 19 17 16
20D 11 Jul . ~hi 125 150 130 135
2EE 11 Jul -hi 68 70 64 67
2FF 11 Jul -hi 19 21 18 19
266 11 Jul -hi 2 2 2 2
2HH 11 Jul -hi 36 39 37 37
211 11 Jul 1945 8 8 5 1
Tot al 4609]
Tot al aeh2k
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TABLE G.46. COLONY 2 KITTIWAKE CENSUS, 1979 (cont.)

a Data are fromA M Springer, D.G. Roseneau, E.C. Murphy and M.I. Johnson
original field notebooks, and E.c. Murphy's field data summary sheets
Boat - based census; counts of kittiwakes and nests by 1's.

b Bering Daylight Time (BDT).

¢ Census plots 2K and 2L were conbi ned.

d Counts were considered “poor” because the boat was rocking heavily.
“Plot was recounted on 18 July.

f These scores were not used in calculations by Mirphy et al. (1980).
g Plot was recounted on 19 July.

"No data.

'Counted in sequence during 1945 - 2020 h

j Totals calculated from 1l July data

“Total calculated by excluding suspect counts made in rough weather,and by
averaging replicate mean counts when avail abl e.
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TABLE G.47. COLONY 2 KITTIWAKE CENSUS, 1982°

Kittiwakes

Birds Nest s

Obs.1l Obs.2 Obs.1 Obs.2
Plot Dat e Timel (ECM) (RSM) Mean (ECM) (RSM) Mean
2A1 5 Aug 1525 0 0 0 0 0 0
242 5 Aug 1530 0 0 0 0 0 0
2B 5 Aug 1535 0 0 0 0 0 0
2C 5 Aug 1540 0 0 0 0 0 0
21 5 Aug 1550 222 211 216 162 166¢ 164
20 5 Aug 1620 124 138 131 97 102d 99
2U 5 Aug 1645 727 680 703 633 598¢ 615
2AA 5 Aug 1709 83 92 87 51 68f 59
2HH 5 Aug 1725 68 71 69 42 469 44
211 5 Aug 1732 6 6 6 5 4 4

‘Data are from SPringer et al. (1985) and A.M. Springer, D.G. Roseneau, and
E.C. Murphy (unpubl. data; specificC source, E.C. Murphy‘s Original field data
summary sheets). Boat-based census; counts of kittiwakes and nests by 1l's.

"Bering Daylight Time (BDT).

“Springer et al. (1985?] reported this score as 164; however, the correct value
as recorded on E.C. Murphy’s original field data summary sheets is 166.

“Springer et al. (1985) reported this score as 100; however, the correct val ue
as recorded on E.C. Murphy’s original field data summary sheets is 102.

“Springer et al. (1985) did not report a score for this column and row but on
E.C. Murphy’s original field data sheets, R.S. Mile’is listed as counting
nests on census plot 2t and his score was 598.

"Springer et al. (1985) did not report a score for this colum and row but on
E.C. Murphy’s original field data sheets, R.S. Mule’is listed as counting
nests on census plot 2AA and his score was 68.

g Springer et al. (1985) reported this score as 443 however, the correct value
as recorded on E.C. Murphy’s original field data sheets is 4é6.
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TABLE G.48. COLONY 2 KI TTI WAKE CENSUS, 1988°
Birds Nest s
Obs.1 Obs.2 Obs.1 Obs.2
Plot Date Time’ (JLB) (BSF) Mean (JLB) (BSF) Mean
2A1 18 Jul 1337 0 0 0 0 0 0
“All data are fromthis study. Boat-based census

nests by 1's.

b Alaska Daylight Tinme (ADT).
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TABLE G.49. COLONY 3 KITTIWAKE CENSUS, 1960°

Kittiwakes (nests)

Onhs. 1 Obs. 2
Plot Date TimeD (GHC)E (LS) Mean

3A 21 Jul 1145 0 0
3B 21 Jul 1215 0 0
3C 21 Jul 1250 12/15
(F=13) 13

3D 21 Jul 1325 0 0
3E 21 Jul 1340 52 52
317 21 Jul 1415 0 0
3¢d 21 Jul 1445 15 15
33¢ 21 Jul 1500 2082/280 280
31 21 Jul 1630 110/118

. (8=114) 114
3J 21 Jul 1715 410 410f
3] 22 Jul 1300 690 690
3K 22 Jul -8 790 790
3L 22 Jul -8 10 10
3M 22 Jul 1450 150 150
3N 22 Jul 1510 0 0
30 22 Jul 1610 70 70
3P 22 Jul 1530 2 2
3Q 22 Jul 1630 50 50
3R 22 Jul 1705 50 50
3s 22 Jul 1715 130 130
3T 22 Jul -h 75 75
3U 22 Jul -h 70 70
3V 22 Jul 1830 26 26
3W 22 Jul 1830 10 10

@ Data are from L.G. Swartz® collection of original field data; specific
source, L. Schene's Not ebook No. 2. Boat-based counts (except where noted

otherwise), nests counted by 1's.
b Bering Standard Time (BST).

‘G.W. Cox al so counted census plots 3A-3W on 21-22 July, but hi s Not ebook
No. 1 containing the recorded data was |ost before L.G. Swartz could recopy it.

d Land-based count.
“According to L. Schene, the first count of 208 "...did not include

standing Kkittiwakes--kittiwakes observed standing had chicks in nest and were
not incubating--next count of nests with standing kittiwakes [was] 280.”
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TABLE G.49. COLONY 3 KITTIWAKE CENSUS, 1960 (cont.)

"This count of plot 3J was made under deteriorating sea conditions, and
according to L. Schene, birds (and presumably nests in the case of kittiwakes)

were “...in the shadow and difficult to make out.” The count was discarded in
favor of the recount of nests on this plot on 22 July.
g Between 1300-1450.

h Between 1715-1830.
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TABLE 6.50. COLONY 3 KITTIWAKE CENSUS, 19612

Kittiwakes (nests)

Obs. 1 Obs. 2
Plot Date TimeP (EJW) (KJ) Mean

3A 11 Aug -c 0 0 0
3B 11 Aug 0 0 0
3C 11 Aug 17 17
3D 11 Aug 0 0 0
3E 11 Aug 38 43 40
3F 11 Aug 9 9 9
36 11 Aug

3H 11 Aug 380 373 376
31 11 Aug -

3J 11 Aug 1181 1030 1105
3K 11 Aug - -

3L 11 Aug 14 11 12
M 11 Aug - -

3N 11 Aug 0 0 0
30 11 Aug - -

3r 11 Aug 14 15 14
3Q 11 Aug

3R 11 Aug 115 105 110
3s 11 Aug

3T 11 Aug 75 73 74
3U 11 Aug

v 11 Aug 26 27 26
3W 11 Aug 14 13 13

@ Data are from L.G. Swartz' collection of oringinal field notes; specific
sources include K. Jones’ Notebook No. 2, E.J. WIIloughby' s Notebook No. 3,
and E.C. Murphy's summary sheets of data extracted from the above sources.

"Bering Standard Tine (BST).

‘No dat a.
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TABLE G.51. COLONY 3 KITTIWAKE CENSUS, 1976

Kittiwakes (Dbirds)
Chs. 1
PlotP Date Time® (===)d Mean
3A 23 Jul -e 0 0
3B 23 Jul - 0 0
3C 23 Jul - 20 20
3D 23 Jul - 2 2
3E 23 Jul - 90 90
3F 23 Jul - i7 17
3G 23 Jul - 550 550
3H 23 Jul - 275 275
31 23 Jul - 375 375
3] 23 Jul - 300 300
3K 23 Jul - 650 650
3L,LMN O 23 Jul - 250 250
3P 23 Jul - 0 0
3Q,R,S 23 Jul - 296 296
3T,U 23 Jul - 146 146
3V 23 Jul - 28 28
3W 23 Jul - 69 69
Tot al 3068

“Data are from Springer and Roseneau (1977), A.M. Springer’'s and D.G.
Roseneau’s original field data summary sheets, and E.C. Murphy’s revised
sunmary sheet. Boat-based counts, kittiwakes counted by 1's.

"Census pl ot designations shown here follow those devised by L.G. Swartz in
1960. A different systemwas used by Springer and Roseneau (1977) in 1976,
which are related to Swartz’ plots by: 1976 plots A-K equal 1960 plots A-K;
1976 plot L equals '1960 plot P, 1976 plots M+N equal 1960 plots L+#1+N+0; 1976
plots 0+P equal 1960 plots Q+R+S; 1976 plot Q equals 1960 plots T+U; 1976 pl ot
R equal s 1960 plot v, and 1976 plot S equals 1960 plot W

“Bering Daylight Tine (BDT).

‘The name of the observer that performed the counts is unknown because
Springer and Roseneau (1977) did not report it, and the original field

not ebooks containing this information were lost in an arson-caused fire in
their office building on 2 August, 1978.

“Times were recorded but the original data are lost (see footnote d).

"Springer and Roseneau (1977) reported this total to be 3086, a
typographical error. The correct total is 3068.
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TABLE G.52. COLONY 3 KITTIWAKE CENSUS, 19772

Kittiwakes (Dbirds)

Chs. 1 Chs. 2
PlotP Date Time® {ECM) {(JS) Mean

3A 24 Jul 2105 0 0- 0
3B 24 Jul 21054 4 4 4
3C 24 Jul 21054 36 34 35
3D,E,F 24 Jul -e 73 73 73
31 24 Jul 331 325 328
3G,I,J,

K,P 24 Jul 1591 1657 1624
3L,M,N,0 3 Aug 2200 207 232 219
3Q,R,S 3 Aug 2225 263 249 256
3T,U 3 Aug 22508 83 76 79
3V,W 3 Aug 36 36 36
Tot al 2624 2686 2654h

a pata are from Springer and Roseneau (1978); A-M Springer’s and D-G.
Roseneau's Original field data summary sheets; and E.C. Mirphy’s revised
sumary sheet.

*Census pl ot designations shown here follow those of L.G. Swartz in 1960.

A different systemwas used by Springer and Roseneau (1978) in 1977, and their
pl ot designations equate to 1960 plots by: 1976 plots A-C and H equal 1960
plots A-C and H, respectively; 1976 plots D+E+F equal 1960 plots D+E+F; 1976
plots G+I+J+K+L equal 1960 plots G+I+J+K+P; 1976 plots M«N equal 1960 plots
L+M+N+0; 1976 plots O+P equal 1960 plots Q+R+S; 1976 plot Q equal s 1960 pl ot
T+U; 1976 plots R+S equal 1960 plots V+W.

¢ Bering Daylight Time (BDI).
“Estimted tines.

‘No dat a.

"Time not reported by Springer and Roseneau (1978) in their Table 27, but
It was listed on E. G Mirphyis data summary sheets.

g Springer and Roseneau (1978) reported this tinme to be 2230 h, a
typographi cal error. The correct time listed on E.C. Mirphy’s data summary

sheet is 2250 h.

h This ¢ota; differs siightly fromthat reported by springer and Roseneau
(1978) due to different nethods of rounding numbers.
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TABLE ¢.53. COLONY 3 KITTIWAKE CENSUS, 1979°
Kittiwakes
Birds Nest s

Ohs. 1t Ohs. 2 Ohs. 1 Ohs. 2
Plot Date Time' (M1J) _(DGR) Mean _(MIJ) _(DGR) Mean
3A 31 Jul 1710 2 2 2 1 1 1
38 31 Jul 1705 69° goc 74C 7 7 7
3C 1 Aug 1640 51 54 52 33 41 37
3D 31 Jul 1700 6 6 6 4 4 4
3E 31 Jul 1655 86 87 86 61 63 62
3F 31 Jul 1650 21 21 21 15 14 14
3G 1 Aug 1620 71 77 74 41 56 48
3H 1 Aug 1700 519 502 510 317 361 339
31 1 Aug 1925 303 395 349 -d 310 310
3] 1 Aug 17488 2040 2102 2071 1528 1528
3K 1 Aug 1520 443 519 481 312 412 362
3L 1 Aug 1436 14 12 13 10 11 10
3P 1 Aug 1442 25 33 29 12 12 12
30 31 Jul 1630f 30 30 30 5 5 5
3R 31 Jul 1610f 209 224 216 - 121 151 136
3s 31 Jul 1615 269 -g 269 -h 197 197
3T 31 Jul 1515 138/ 143 154/ 177 85/ 95 114

(%=140) (F=165) 152 (%=90) 102
3U 31 Jul 1455f 96 88 92 68 67 67
v 31 Jul 1450f 46 - 46 38 - 38
3W 31 Jul 1445 12 - 12 8 - 8

“Data from A M Springer, D.G. Roseneau, E.C. Murphy and M.I. Johnson’s
original field notebooks, and E.C. Murphy’s field data summary sheets.

b Beri ng Daylight Tine.

C Many of the birds were “loafers” sitting on the edge of the plot.

d No data.

€ From 1748 to 1915 h.

f Estimated.

& Census plot 3S is conposed of two subplots, 3S(0) and 3s(p). D.G.
Roseneau did not count birds on subplot 3S(0), but he did count birds on
35(P); his total was 57 hirds.

h Censusplot 3S js conposed of two subplots, 3S(0) and 3s(p). M.I. Johnson

did not count nests on subplot 3S(0), but she did count nests on 3s(p); her
total was 39 nests.
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TABLE G.54. COLONY 4 KITTIWAKE CENSUS, 1960°

Kittiwakes (birds)’

Chs. 1
| ot Date TimeC (=—-)d
4A 15 Jul 1257 472
4B 15 Jul 1325 614
4c 15 Jul 1348 750
4D 15 Jul 1600 76
4LE 15 Jul 1425 1128
4F | 40 15 Jul 1510 >8948
4H 15 Jul 1610 224
41 15 Jul 1700 506
43 15 Jul 1725 328
4K 15 Jul 2750 292
41, 15 Jul 1805 410
4M 15 Jul 1845 170
4N 15 Jul -f 298¢
40 15  Jul - 16
4P 15 Jul - 86
4qQ 15 Jul - 0
4R 15 Jul - 0
Total 62640

“Data are from Springer and Roseneau (1977), and L.G. Swartz’ collection of
original field data; specific sources include W. Henson’'s Not ebook No.landa
summary sheet of 1959-1961 data found in L.G. Swartz' files. Boat-based count.

"Counts were by pairs, which may have been an attenpt to tally the nunber
of nests; values reported here have been converted to total birds (i.e., 2 X
no. pairs). Swartz (1966) stated counts were by nests.

“Bering Standard Tine" (BST).

d The pame of th.observer was not listed on L.G, Swartz'summarysheets.

However, based on nurre census data collected at the colony on the sane date,
it the person was probably either L.G. Swartz Or G.W.Cox.

¢ This count was |isted as totaling nmore than 447 pairs (i.e., nore than 894
total birds) on L.G., Swartz’ data summary sheet.

"No dat a.

g Incorrectly reported to be 296 birds by Springer and Roseneau (1977); the
correct total is 149 pairs x 2 = 298 birds.

"Total reported here is two birds nore than the total reported by Springer
and Roseneau (1977) because of an error in the number of birds on Census Pl ot
4N (see footnote g above).

403



TABLE G.55. COLONY 4 KITTIWAKE CENSUS, 1961°

Kittiwakes (nests)

Chs. 1 Chs. 2
Pl ot ° Dat e Time¢ _(EJB) (KJ) Mean

4A 29 Ju1d - 173 178 175

4B 3 Aug 296 247 271
4C 3 Aug 318 404 361
4D 29 Jul 37 37 37
4 29 Jul 348 452 400
4F 29 Jul 217 229 223
4G 29 Jul 496 445 470
4H 3 Aug 107 106 106
41 29 Jul 291 308 299
4] 29 Jul 128 135 131
4K 29 Jul 142 141 141
4L 29 Jul 156 163 159
&M 29 Jul 81 81 81
4N 29 Jul 158 153 155
40 29 Jul 10 10 10
4P 29 Jul 40 40 40
4Q 29 Jul 0 0 0
4R 29 Jul 0 0 0
Tot al 2998 3129 3059

“Data are fromL.G. Swartz collection of original field notes and data
summary sheets; specific sources include E.J. WIIoughby' s Notebook #2 and K.
Jones’ Notebook #2. Land-based counts, nests counted by 1's.

"Swartz used different plot designators between 1960 and 1961 Col ony 4
plots. Those listed here were converted to follow the 1960 scheme.
Conversions are listed in APX#.2, footnote b.

c Bering Standard Time (BST).

d Counts of plot 4A were split between two dates; the part representing 1961
plot A was counted on 3 August, and the part representing 1961 plot B was
counted on 29 July.

*No dat a.
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TABLE 6.56. COLONY 4 KITTIWAKE CENSUS, 19762

Kittiwakes (birds)

bA 9 Aug -c 121
48 9 Aug 80
4g 9 Aug 266
4D 9 Aug 15
4E 9 Aug 265
4F 9 Aug 79
4G 9 Aug 135
4H 9 Aug 107
41 9 Aug 146
4J 9 Aug 96
4K 9 Aug 87
4L 9 Aug 69
4M 9 Aug 50
4N 9 Aug 75
40 9 Aug 11
4P 9 Aug 27
4Q 9 Aug 0
4R 9 Aug 20454 0
Tot al 1649

“Data are from Springer and Roseneau (1977) and A.M. Springer and D.G.
Roseneau's original field data summary sheets.

b Bering Daylight Time (BDT).

c No data. Tinmes were recorded during the counts of Census Plots 4A-4Q, but
Springer and Roseneau (1977) did not report them or record them on the field
data summary sheets, and the original field notebooks containing the data were
| ost during an arson-caused fire in Springer and Roseneau's of fice building on
2 August 1978.

“Tinme at end of census as recorded on E.C. Murphy’s field data summary
sheet.
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TABLE G.57. COLONY 4 KI TTI WAKE CENSUS, 1977°

o b
Chs. 1 Ons. 2

Plot DateP Time® (ECM) (JS) Mean
4A, 4B 19 Jul o0130d 410 449 429
4C 19 Jul - 287 290 288
411, 4E 18 Jul “ - 423 385 404
4LF 4G 18  Jul - 435 406 420
4H 18  Jul - 283 284 283
41 18 Jul - 97 107 102
47 ,4K,

41,40 18 Jul - 309 277 293
4M, 4N,

4P 4R 18 Jul 2200° 241 234 237
Tot al 2485 2432 2456

“Data are from Springer and Roseneau (1978), and A'M Springer and D.G.
Roseneau's field data summary sheets. Boat-based count, counts by 1's.

"Springer and Roseneau (1978; Table 28) listed the date of the counts as 18
July. However, the counts of census plots 3A 3B and 3¢ were actually nade in
the early norning hours of 19 July.

“Bering Daylight Tine (BDT).
“Springer and Roseneau (1978; Table 28) inadvertently reversed the order of
the count times. The counts started at the north end of the colony at census

plot 3R at 2200 h on 18 July, and ended at the south end of the colony at plot
3A at 0130 h on 19 July.
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TABLE G.58. COLONY & KITTIWAKE CENSUS, 19782

Kittiwakes
hs. 1 (DGR)
Plot Date Timeb Birds Nests
LA 14 Aug 1410 249 111
4B 14 Aug 1420 284 97
4C 14 Aug 1430 383 136
4D 14 Aug 1448 22 10
4E 14 Aug 1450 479 306
4F 14 Aug 1508 175 120
4G 14 Aug 1520 380 207
4E 14 Aug 1535 177 84
41 14 Aug 1550 324 112
43 14 Aug 1605 101 55
4K 14 Aug 1610 105 62
4L 14 Aug 1625 198 71
&M 14 Aug 16. 40 125 53
4N 14 Aug 1630 174 132
40 14 Aug 1620 28 18
4P 14 Aug 1646 80 53
4Q 14 Aug 1650 4 2
4R 14 Aug 1652 2 2
Total 3290 1630

“Data are from Springer et al. (1979), and D.G. Roseneau's Ori gi nal field
not ebook. Boat-based counts, birds and nests counted by l's.

"Bering Daylight Tine (BDT).

407



TABLE G 59. COLONY 4 KITTIWAKE CENSUS, 1979

Kittiwakes (birds) Kittiwakes (nests)
Singles Pairs  Singles
Chs. 1 Ohs. 2 Ons. 3 Ohs. 1 Chs. 2 Chs. 3
Pl ot Date TimeP (DT) _(BT) (Ap) Tot al (AMS) (WW) (DT) Mean
4A 10 Jul 2315° 156 -d 156 1048 104
4B 10 Jul -c 368 368 240' 240
4B 19 Jul 1738 6189 487/5208 366/ 380 377
(£=503) 560" (§=376) 376
sci 10 Jul -c 326 326 0 0
4ci 19 Jul 1810 2438 2168 229" 163/ 167 137/ 140
(%=165) (%=138) 151
4D 10 Jul -c
4E 10 Jul -c 366 366 360 360
4E 19 Jul 1825 5258 670g 597" 454/ 465 540
(%=459) 499
4F 10 Jul -Cc  163/176 9 110/ 142
(%=169) 169 (%=126)1 126
4G 10 Jul 2230 375 5 375 391m 391
LY 10 Jul -n 144 144 1020 102
41 10 Jul -n 345 35 345 263P 263
4] 10 Jul 2210 116 5 116 854 85
4K 10 Jul -r 185 17 185 128° 128
4L 10 Jul -r 185 11 185 160t 160
AM 10 Jul 2145 116 6 116 8211 82
AN 10 Jul 2130V 176 4 176 161° 161
40 10 Jul 2150V 50 8 50 24e 24
4P 10 Jul 2120V 89 4 89 7o0e 70
4Q 10 Jul v 9 0 9 7 7
4R 10 Jul 2110 2 0 2 1 1
Tot al 3177¥ 2304Y

“Data are from A°M Springer, D.G. Roseneau, E.C. Murphy, and M.I. Johnson’s
original field notebooks and E.C. Murphy’'s field data summary sheets. Boat-based
counts; counts of nests by |I's, birds by singles and pairs. Singles counts
represent all birds present; pairs counts are only the nunber of pairs present.
"Bering Daylight Tine (BDT).

‘Plots 4A - &4Gwerecounted between 2230 h and 2315 h.
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TABLE ¢.59. COLONY 4 KITTIWAKE CENSUS, 1979 (cont.)

d No data.

e Plus 6 partial nests.

f Plus 20 partial nests.

g Birds counted as singles on 19 July.

‘-Means of observer counts.

i The entire face of census plot 4C collapsed into the sea sometine during
Sept enber 1978 - June 1979. Kittiwakes Were perching on a few new | edges and
on the rubble pile below the fresh cliff-face and a few partial nests were
evident, but recol oni zation of this plot was just beginning.

j Census plot 4D consisted of all of the backside of the cape Thonpson arch
that was al so part of census plot 4. Almost all of census plot 4D was gone;
it had collapsed into the sea sonmetinme during Septenber 1978 - June 1979 (see
footnote i above).

K p1us 40 partial nests.

I Plus 9 partial nests.

M plus 31 partial nests.

N Plots 4G - 4] were counted bewteen 2210 h and 2230 h.

0 Plus 5 partial nests.

P Plus 19 partial nests.

9 Plus 8 partial nests.

[ Plots 4) - &M were counted between 2145 h and 2210 h.

S Plus 11 partial nests.

U Plus 16 partial nests.

U Plus 7 partial nests.

V Estimated tine.

¥ Counted between 2110 h and 2120 k.

X Total calculated from 10 July dat a.

Y Total calculated from 10 July data. Plus 172 partial nests.
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TABLE G 60. COLONY 4 KITTIWAKE CENSUS, 1982°

Birds Nests
Chs. 1 (hs. 2 Chs. 1 Ohs. 2
Plot Date Timeb (ECM) (RSM) Mean (ECM) (RSM) Mean
4A 5 Aug 1410 299 270 284 193 177 185
4B 5 Aug 1405 376 274 325 240 192 216
4CC 5 Aug 1355 424 386 405 303 270 286
4pd 5 Aug 1350 42 69 55 23 38 30
4E 5 Aug 1338 623 400 511 430 323 376
4F 5 Aug 1332 280 210 245 205 169 187
4G 5 Aug 1317 450 362 406 326 284 305
4H 5 Aug 1306 143 125 134 08 84 91
41 5 Aug 1254 449 340 394 289 240 264
4] 5 Aug 1246 132 136 134 66 87 76
4K 5 Aug 1241 176 156 166 115 108 111
4L 5 Aug 1234 266 199 232 156 147 151
4M 5 Aug 1228 122 124 123 84 78 81
4 N 5 Aug 1223 217 221 219 141 156 148
40 5 Aug 1221 45 50 47 28 26 27
4P 5 Aug 1217 108 110 109 62 64 63
4Q 5 Aug 1214 8 11 9 4 4 4
4R 5 Aug 1213 0 0 0 0 0 0
Tot al 4160 3443 3798 2763° 2447 2601

“Data from Springer et al. (1985), and A'M Springer, D.G. Roseneau and
E.C. Murphy (unpubl. data; specific source, E.C. Murphy’s original field data
sunmary sheets). Boat-based counts, counted by 1's.

"Bering Daylight Tine (BDT).

“The entire face of census plot 4C collapsed into the sea sometime during
Septenber 1978 - June 1979; nunbers reported here represent a recol onization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.

“Anost all of census plot 4D collapsed into the sea sometine during
September 1978 - June 19795 nunbers reported here represent a recolonization
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.

“Springer et al. (1985) reported this total as 2723, incorrect because of
an error made in addition.

"Springer et al. (1985) reported this total as 2437, incorrect because of
an addition error.
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TABLE G.61. COLONY 4 KITTIWAKE CENSUS, 19882

Nests
Chs. 1 Ohs. 2 Obs. 3 Ohs. 1 0bs. 2 Chs. 3
Plot Date  TimeP (JLB) _(BSF) _ (PR) Mean (JLB) _(BSF) _ (PR) Mean
4A 10 Aug 1500 219 21¢ 192 192
4B 10 Awg 1527 414 414 370 370
4¢¢c 10 Aug 1544 125 125 129 129
4bd 10 Aug 1559 14 14 16 16
4E 10 Aug 1617 559 559 367 367
AF 10 Aug 1628 195 195 158 158
AG 10 Aug 1636 440 440 317 317
4H 10 Aug 1710 130 130 102 102
41 10 Aug 1708 285 285 247 247
4J 10 Aug 1720 76 76 56 56
4K 10 Aug 1715 122 122 117 117
4L 10 Aug 1733 146 146 118 118
4M 10 aug 1743 65 65 60 60
sN 10 Aug 1749 140 140 150 150
40 10-Aug 1724 25 25 24 24
4P 10 Aug 1831 83 83 78 78
40 10 Aug 1845 17 17 20 20
4R 10 Aug 1855 6 6 8 8
Tot al 3061 2529

“Data fromthe present study. Boat-based counts, kittiwake individuals and
nests counted by 1's.

b Al aska Daylight Time (ADT).

‘The entire face of census plot 4C col | apsed into thesea sonetime during
Septenber 1978 - June 1979; nunbers reported here represent a recol onization
attenpt. This must be taken into account in any comparison between these
nunbers and pre-1979 censuses.

“Alnost all of census plot 4D collapsed into the sea sonetime during
Septenber 1978 - June 1979; numbers reported here r epresent a recol oni zation
attenpt. This nust be taken into account in any conparison between these
nunbers and pre-1979 censuses.
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TABLE G 62. COLONY 5 KITTIWAKE CENSUS, 1960°
iwak n
Ohs. 1 OChs. 2 Onhs. 3
Plot Date  TimeP _(GWC) (IMB) (LS) Mean
SAc 2 Aug 1615 1 1 1
5BC 2 Aug 1635 84 83 83
5¢¢ 2 Aug 1705 0 0
ibe 2 Aug 1725 143 143
SEC 1 Aug 1300d 253 220 236
SFc 1 aug 13004 11 8 9
566 1 Aug 1340 18 20 19
SHC 1 Aug 13408 0 0
Sle 1 Aaug 1420 36 35 35
SJc 1 Aug 1645t 25 21 26
SKC 1 Aug 16458 15 17 16
SLe 1 Aug 1515 70 66 68
sMC 1 Aug -h 7 5 6
SN 1 Aug ‘1615 40 34 37
50¢ 1 Aug 1615 8 10 9
Spc 1 Aug 1615 110 124 117
sgc 2 Aug 1320 15 15
SRe 2 Aug 1320 209 190 199
58¢ 2 Aug 1420 46 50 48
STc 2 Aug 1440 1 1 1
5U¢ 2 Aug 1500 4 4 4
sv¢ 2 Aug 1510 0 0
5we 2 Aug 1515 0 0
5%¢ 4 Aug 1320 39 41/42
(®=41) 40
S5C 4 Aug 1340 150 125 = 137
52¢ 4 Aug 1400 1 1 1
saal 4 avg 14003 105 105 105
sl 4 Aug 14353 125k 125k 125k
scci 4 Aug 14353 340k 320330
sopi 12 Aug 14053 195 150 172
S5EEY 12 Aug 14151] 190 150 170
5FF: 12 Aug 14403 230 260 245
s5¢ei 12 Aug 15007 250 260 255
supl 12 Aug 15253 185 150 167
si1i 12 Aug 15403 125 125 125
5331 12 Aug 161Q) 16 20/ 25
) . (R=22) 19
skki 12 Aug 16307 210 190 200
S5LLY 12 Aug 1645] 3 0 !
5MMi 12 Aug 16553 10 10 10
SNNY 12 Aug 1720] 0 0 0
5001 12 Aug 1730] 0 0 0
sepl 12 Aug 17453 -h 0 0
5ot 12 Aug 17553 -h 0 0
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TABLE G 62. COLONY 5 KITTIWAKE CENSUS, 1960 (cont.)

Kittiwakes (nests)

Obs. 1 Chs, 2 Chs. 3
Plot Date TimeP _(GWC) (IMB) (LS) Mean

5RRi 12 Aug -J 0 0/0 0

“Data are from L.G. Swartz' collection of original field notes. Specific
sources include: G.W. Cox Notebook #2 and L.M. Belson Notebook #2 (census
plots 54-5D and 5Q-5W); and G.W. Cox Notebook #2 and L. Schene Not ebook #2

(census plots 5E-5P, 5%-5Z, and 5AA~5RR).

b Bering Standard Time (BST).

‘Land- based counts, nests counted by 1's.

d Tine is approximate. G.W. Cox |ists 1300 h and L. Schene lists 1315 h.
e Tinme is approximte. G.W. Cox 1lists 1340 h and L. Schene lists 1415 h.

f Time i s approximate. . G.W. Cox 1ists 1645 h and L. Schene lists 1445 h.

8Timeis approxi mate. G.W. Cox lists 1645 h and L. Schene does not 1list a
tine.

"No dat a.
' Boat - based counts, nests counted by 1's.

iTimesaeapproxi mate, Times listed here are from G.W. Cox's fiel d notes,
but L. Schene al so recorded tines that were 5-20 min later than those listed
by Cox.

k 1. schene states that both observers encountered boundary problems between
census plots 5BB and 5CC; sone kittiwake nests counted in 5BB may have been in
5¢¢, and vice versa. *
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TABLE G.63. COLONY 5 KITTIWAKE CENSUS, 1961°

Kittiwakes (nests)

ths. 1 Chs. 2
Plot Date Tinme’ (KJ) (EJW) Mean

5x 12 Aug - 47 50 48
5AA 12 Aug 89 88 88
scc 12 Aug 269 260 264
SEE 13 Aug 238 224 231
566G 13 Aug 240 260 250
511 13 Aug 164 156 160
5LL 13 Aug 0 0
500 13 Aug 0 0

“Data are from L.G. swartz' collection of original field notes; specific
sources include K. Jones’ Notebook No. 2 and E.J. WI | oughby' s Notebook No.
3. Boat-based counts, nests counted by 1's..

"Bering Standard Time (BST).

‘No dat a.
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TABLE G.64. COLONY 5 KI TTI WAKE CENSUS, 1976°

Kittiwakes Lr

Singles Pairs

Obs. 1 Chs. 2
Plot Date TimeP _(MAD) (AMS) Tatal®
54A(1976) 19 Aug -d 33« 33
5BB(1976) 19 Aug 75 14 103
5CC(1976) 19 Aug 677 91 859
5DD(1976) 19 Aug 32 8 48
5FF(1976) 19 Aug 396 28 452
5HH(1976) 19 Aug - 430 30 490
5KK(1976) 19 Aug 293 27 347
5LL(1976) 19 Aug 60 9 78
5NN(1976) 19 Aug 8 2 12
5QQ(1976) . 19 Aug 4 0 4
5RR(1976) 19 Aug 4 1 b
Tot al 2012 210 2432

“Data are from Springer and Roseneau (1977), and A.M. Springer and D.G.
Roseneau's Original field data summary sheets. Boat-based counts; counts by
1's. These plot designations were devel oped in 1976, and match tables
presented in Mirphy et al. (1980) and Springer et al. (1985).

"Bering Daylight Time (BDT).

“Total is equal to nunber of singles plus 2 times the number of pairs.

‘No data. Tines were recorded during counts of all plots, but Springer and
Roseneau (1977) did not report themor record themon the field data summary
sheets, and the original field notebooks. containing the data were |ost during

an arson-caused fire in Springer and Roseneau's office building on 2 August
1978.
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TABLE G.65. COLONY 5 KITTIWAKE CENSUS, 1977°

Kittiwakes (birds)

Obs. 1 Obs. 2

PlotP Date Time® _(ECM) (JS) Mean
5AA( 1976) 19 Jul 0130 46 51 48
5BB(1976) 19 Jul 0130 121 115 118
5CC(1976) 19 Jul 0130 581 554 567
5DD(1976) 19 Jul 0130 46 48 47
SFF(1976) 19 Jul 0330 369 315 342
S5HH(1976) 19 Jul 1700 311 359 335
5KK(1976) 19 Jul 1700 182 183 182
5LL{1976) 19 Jul 1700 21 22 21
5NN(1976) 19 Jul 1700 0 0 0
5QQ(1976) 19 Jul 1800 0 0 0
5RR(1976) 19 Jul 1820 2 3 2
Tot al 1679 1650 1662

abDataare from Springer and Roseneau (1978).

"These plot designations were devel oped in 1976, and natch tables presented
in Mirphy et al. (1980) and Springer et al. (1985). They are conparable to
Springer and Roseneau (1978) Table 29 as follows: 5AA(1976) = A, 5BB(1976) =
B; 5c¢c(1976) = C + E; 5DD(1976) = D, S5FF(1976) = F, 5HH(1976) = G 5KK(1976) =
H, SLL(1976) = |; 5NN(1976) = J; 5QQ(1976) = K, 5RR(1976) = L. The speci al
area counts necessary to conpare these plots directly to swartz' 1960 pl ot
desi gnations (see APX#.#) were destroyed in a fire.

c Bering Daylight Tine.
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TABLE ¢.66. coLony 5 KITTIwAKE CENSUS, 19792
Rittiwakes (Dirds)
Chs. 1 Obs. 2  (hs. 3 .4
Plot Date  IimeP (M1J) (AMS) (DGR) (W) Mean
5A 5 aug 1335 0 0 0
5% 5 Aug 1335 0 0 0
5C 5 Aug 1315 12 16 14
SD 5 aug 1330 13 12 12
SE,5F¢ 5 Aug 1635 171/211 204
(%=1 91) 10°
5G 5 aug 1405 39 42 40
5G¢ 5 Aug 1745 45 46 45
SH 5 Aug 1420 6 6 6
51 5 Aug 1415 1 1 1
57 5 Aug 1555 : 14 15 14
5K 5 Aug 1545 58/59 56
(%=58 ) 57
5L¢ 5 Aug 1740 70 67 68
5Me 5 Aug 1700 9 9 9
5NC 5 Aug 1705 88 81 $4
50 5 Aug 1520 5 9 7
5P 5 Aug 1525 63 63 63
5pC 5 Aug 1710 128 128 128
5Q¢ 5 Aug 1700 31/33 32
(%=32) 32
5RC 5 aug 1730 81 82 81
55,5T,
5MM 5 Aug 1420 46/ 47 42
(=t6 ) b4
5U S5 Aug -d 0 0 0
5V S5 Aug 0 0 0
SW S5 Aug 0 0 0
5X" 5 Aug 1310 50 60 55
5Y¥,52 5 Aug 1320 123 108 115
5AA 5 Aug 1335 194 170 182
5BB 5 Aug 1425 159 170 164
5cC 5 Aug 1450 263/ 289 288
(%=276) 282
5DD 5 Aug 1510 123/186 146/ 156
(R=154)  (%=151) 152
SEE 5 Aug 1525 259 278 268
5FF 5 Aug 1556 208 207 207
5GG 5 Aug 1530 379 380 379
5HH 5 Aug 1505 205 219 212
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TABLE G.66. COLONY 5 KITTIWAKE CENSUS, 1979 (conE.)
Kittiwakes (birds )

Chs. 1 Chs. 2 Chs. 3 Chs. 4
Plot Date  TimeP  _(MIJ)  _(aAMS) (DGR) (WW) Mean
511 5 Aug 1450 248 228 238
5JJ 5 aug 1435 23 25 24
SKK 5 Aug 1435 132 130
5LL 5 Aug  1a30f 0 0 0
5NN 5 Aug 1410 0 0 0
500 5 Aug 1410 0 0 0
5PP 5 Aug 1410 0 0 0
5QQ 5 Aug 1405 0 0 0
SRR 5 Aug 1400 0 0 0

Kitti wakes (nests)

Chs. 1 Chs. 2 Chs. 3 Chs. 4
Plot Date TimeP (MI1J) (AMS) (DGR) (WW) Mean
5A 5 Aug 1335 0 0 0
5B 5 Aug 1335 0 0 0
5C 5 Aug 1315 12 15 13
SD 5 Aug 1330 1 10 8
SE,SF¢ 5 Aug 1635 159 190/ 167

(%=178) 168

5G 5 Aug 1405 28 28
5G¢ S5 Aug 1745 20 29 24
5H 5 Aug 1420 4 6 5
51 5 Aug 1415 1 1 1
5] 5 Aug 1555 8 8
5K 5 Aug 1545 61 61
5LC 5 Aug 1740 58 59 58
s5M¢ 5 Aug 1700 7 7 7
SNC 5 Aug 1705 58 59 58
50 5 Aug 1520 5 5
5P 5 Aug 1525 51 55 53
opc 5 Aug 1710 101 104 102
5 5 Aug 1700 28 30 29
oRe 5 Aug 1730 60 64 62
5S, 5T,
5MM 5 Aug 1420 38/ 39 38
5U 5 Aug 0 0 0
5V 5 Aug 0 0 0
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TABLE G.66. COLONY 5 KITTIWAKE CENSUS, 1979 (cont.)

Ohs. 1 Obs. 2 Chs. 3 Chs. 4
Plot Date Timeb (M1J) (AMS) (DGR) (W) Mean

5W 5 Aug 0 0 0
5x 5 Aug 1310 41747 44
5Y,52 5 Aug 1320 98 98
5AA 5 Aug 1335 152 127/ 142

(=134) 143
5BB 5 Aug 1425 97 98 97
5CC 5 Aug 1450 179 179
5DD 5 Aug 1510 122 131 126
5EE 5 Aug 1525 219 219
SFF 5 Aug 1556 164 175 169
5GG 5 aug 1530 298 318 308
SHH 5 Aug 1505 161 174 167
511 5 Aug 1450 175 153 164
5JJ 5 Aug 1435 8 . 19 18
5KK 5 Aug 1435 103 103
SLL 5 aug 1430f 0 0 0
SNN 5 Aug 1410 (O 0 0
500 5 Ayg 1410 0 0 0
5pp 5 Aug 1410 0 0 0
5Q0Q 5 Aug 1405 0 ‘0 0
SRR 5 Aug 1400 0 0 0

a Data are from A M Springer, D.G. Roseneau and E.C. Murphy’ s original .
field notebooks, and E.C. Murphy’s field data summary sheet. BoaE-based
counts (except where noted otherw se), counts by 1's.

b Bering Daylight Time (BDT).
‘Land- based counts, counts by 1's.
“No dat a.

“Estimated by 10's.

fEstimated time.
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TABLE G 67. COLONY 5 KITTI WAKE CENSUS, 1979 - SPECI AL AREAS?

Kittiwakes
Birds Nest s

Speci al Chs. 1 Chs. 2 hs. 1 (ns. 2

Area Date Time®’ _(DGR) (WW) Mean (DGR) (WW) Mean
#101 5 Aug 1410 0 0 0 0 0 0
#102 5 Aug 1410 0 0 0 0 0 0
#l 03 5 Aug 1435 12 13 12 9 -c 9
#104 5 Aug 1440 120 117 118 94 94
#105 5 Aug 1435 23 25 24 18 19 18
#106 5 Aug 1435 0 0 0 0 0 0
#107 5 Aug 1515 54 56 55 44 46 45
#108 5 Aug 1505 151 163 157 117 128 122
#109 5 Aug 1530 379 380 379 298 318 308
#no 5 Aug 1530 0 0 0 0 0 0

‘pataafre from A M Springer, D.G. Roseneau and E.C. Murphy’s original

field not ebooks, and E.C. Murphy’s field data summary sheet. Boat-based
counts, counts by 1's. These allow conparisons of 1976 plots with 1960
plots, see introduction to Appendix G

“Bering Daylight Time (BDI).

‘No dat a.
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Plot Date

Ti neb  (Pr) (JLB) (BSF) (DT)

TABLE G.68. COLONY 5 KITTIWAKE CENSUS, 19882
Kittiwakes
Birds Nest s
Obs.l Obs.2 Obs.3 Obs.& Obs.l Obs.2 Obs.3 Obs.4

Mean (PR} (JLB) (BSF) (DT) Mean

5Ec 27 Jul 1700
SEC 5 Aug 1545

5E¢ 18 Aug 1330
agg 17 Jul 1812

5Lc 20 Jul 1332
51¢ 25 Jul 1525
5Lc 27 Jul 1530
SLc 1 Aug 1510
5L 4 Aug 2028
oLC 5 aug 1724
SLc 8 Aug 1500
5LC 11 Aug 1334
5LC 15 Aug 1931

5Qc 11 Jul 1849
5J 17 Jul 1805
50 20 Jul 1235
5Qc 25 Jul 1447
5Qc 27 Jul -
S 1 Aug 1440
S 4 Aug 1942
S 5 Aug 1618
S 8 Aug 1430
5F 11 Aug 1233
5015 Aug 2023

5Rc 27 Jul 1540
SRC 5 Aug 1658
S5Rc 18 Aug 1350

58¢ 5 Aug 1630
55°18 Aug 1350

saaf 10 Aug 1410
5DD 10 Aug 1352
5GG 10 Aug 1250

211
231
137
88
99
85
90
89
87
87
55
72
35
32
38
32
29
23
31
25
40
131
117
75
28
14
107
130
265

100

29

34

211
231

137
88

131
117
75

28
14

107
130

265

201
d
88e
32
32
109
29
76
127
231

201

32
32

109

29

76
127
231
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TABLE 6.68. cOLONY 5 XITTIWAKE CENSUS, 1988 (cont.)

Birds Nest s

Obs.l Obs.2 ObS.3 Obs.4 Obs.l Obs.2 (bS.3 Obs.4
Plot Date TimeP (PR) (JLB) (BSF) (DT) Mean (PR) (JiB) (BSF) (DT) Mean

5HH 10 Aug 1150 180 180 144 144
suLf 10 Aug 1122 0 0 0 0
500" 10 Aug 1105 0 0 0 0

abataaref rom the present study. Kittiwake nests and individuals counted
by ones. All plot designations follow swartz 1960 census plots.

Al aska Daylight Tinme (ADT).

¢ Land-based counts. Plot 5L is equivalent to plot 5-5J, and plot 5Q i s
equivalent to 5-8¥ of the aew | and-based system

d No data.
€ Approxi mately.

f Boat-based counts.



APPENDI X H. MURRE SPECI ES RATI OGS, CAPE THOWMPSON, 1960

Table H.l. Colony 1, 25 July, 1960.2

ths. 1 Obs. 2
(GAC ) (EJW) X X
Plot Time TBMU COMU TBMJ coMu TBMJ (Z) comu (%)

1A 1320 34 0 34 0 34 (100) 0 (0
1B 1340 158 45 157 34 158 (80) 40 (20)
1c 1405 344 7 317 4 331 (99) 6 (1)
1D 1435 548 187 517 190 533 (7'4) 89 (26)
1E 1515 1883 274 1688 334 1786 (85) 304 (15)

1F 1620 5 0 5 0 5 (100) 0 (0)
1G 1622 585 247 472 233 529 (69) 240 (31)
1H 1700 34 2 34 (94) 2 (6)

3410 (81) 776 (19)

a Data from E.J. WIIoughby Notebook #1, and G.W. Cox
Not ebook #2.
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Table H 2. Colony 1, 1960.2

Time TBMJ (%) coMU (%) Total

1320 86 (91) 9 (9) 95
1345 101 (91) 10 (9) 111
1400 106 (91) 10 (9) 116
1415 110 (92) 10 (8) 120
1430 122 (90) 13 (lo) 135
1445 134
1500 124 (89) 15 (11) 139
1515 126 (90) 14 (10) 140
1530 (Rock fell: 10 birds flew)
1535 134
1545 135
1600 145
1615 138
1630 140
1645 138
1700 136

*Consecutive ratio counts for
an unknown plot at north end of
Col ony 1, Crowbill Point. Data
from Lou Schene's 1960 Book #2.

Table H 3. Colony 3, 21 July,
1960.2

Plot Time TBMU (% COMJ (%)

3A 1145 79 (94) 5 (6)
38 1215 810 (90) 90 (10) (Est.)

889 (90) 95 (lo)

“Data from Lou Schene's 1960
Book #2. Murre counts by ones.
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Table H.4. Colony &4, 15 July 1960.2
Plot Time IBMU (Z)  COMU (%)
bA 1257 107 (77) 32 (23)
4B 1325 266 (41) 382 (59)
4¢ 1348 216 (27) 586 (73)
4D 1400 356 (94) 24 (6)
4E 1425 211 (17) 1038 (83)
417 1510 80 (13) 546 (87)
4G 1525 323 (21) 1237 (79)
4H 1610 270 (69) 123 (31)
41 1700 25 (45) 31 (55)
4J 1725 80 (29) 195 (71)
4K 1745 139 (68) 64 (32)
4L 1750 127 (68) 61 (32)
&M - -

4N 1845 283 (90) 30 (10)

2483 (36.3) 4349 (63.7)

2 Data from Wayne Hanson’s 1960
notebook (&4 June-18 July). All
counts conpl et ed | Murres counted
(GWC), from boat. These counts are
by 1's and 10's.
i denti cal
counts on 15 July, 1960, and
represent the total birds on the

plots .
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Table H5. Colony 4, 17 July 1960.2sD

4] 1315 194 (34) 383 (66)
4K 1340 135 (63) 80 (37)
aM 1335 775 (70) 325 (130)
4N 1445 200 (73) 75 (27)
40 1400 1 (lo00) o (0)
4P 1405 406 (61) 264 (39)
4Q 1455 155 (90) 17 (10)¢
4R 1455 94 (76) 30 (24)

1960 (62.5) 1174 (37.5)

a Data from Wayne Hanson's 1960 Notebook (4 June-18 July). ALl counts by
George W Cox (GWC) from boat, unless otherw se noted. Mirres counted by 1l's
and 10's. This was part of 17 July census, and all counts represent total
murres present on the plots.

"Conbi ning the best counts fromthe two sets of data for Colony 4 (15 July
for plots 4A-41, and 17 July data for plots 4J-4R) gi ves:

TBMJ cow TOTAL
4A- 41 1854 3999 5853.
4J-4R 1960 1174 3134

3814 (42.4) 5173 (57.6) 8987

“Counted by LGS.
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Table H.6. Colony &, plot &4-2,
1960.8

Date Time TBW (%  coMy (%)

22 Jul 0800 94 (82) 20 (18)
23 Jul 0030 168 (84) 33 (16)
23 Jul 2000 139 (85) 24 (15)
24 Jul 0030 117 (81) 28 (19)
25 Jul 0145 149 (88) 21 (12)
26 Jul 0130 126 (85) 22 (15)
26 Jul 0700 160 (89) 20 (11)
26 Jul 2200 196 (92) 18 (8)
28 Jul 1400 143 (88) 20 (12)
29 Jul 1000 168 (85) 29 (15)
29 Jul 1100 149 (86) 25 (14)
29 Jul 1400 147 587; 22 (13)
31 Jul 0230 128 (86 20 (14)
2 Aug 1300 170 (83) 35 (19)
2 Aug 1700 177 (80) 45 (20)
2 Aug 0200 139 (89) 18 (11)
6 Aug 1400 180 (85) 31 (15)
7 Aug 1000 196 (87) 30 (13)
11 Aug 1300 181 (88) 25 (12)
12 Aug 0900 126 (86) 20 (14)
15 Aug 1100 87 (89) 11 (11)
16 Aug 1000 139 (87) 20 (13)
17 Aug 2000 154 (90) 18 (10)

18 Aug 0900 144 (89) 18 (11)
18 Aug 2045 146 (88) 20 (12)
19 Aug 1900 146 (87) 22 (13)
20 Aug 2100 154 (89) 20 (11)

21 Aug 1000 144 (87) 21 (13

21 Aug 2000 156 (90) 18 (10)
22 Aug 0930 158 (89) 20 (11)
23 Aug 2045 156 (90) 18 (10)
26 Aug 1230 159 (89) 20 (11)
27 Aug 1800 123 (89) 15 (11)
28 Aug 0700 111 (86) 18 (14)
28 Aug 2000 96 (86) 16 (14)
29 4ug 1500 106 (87') 16 (13)
30 Aug 0900 131 (90) 15 (lo)
31 Aug 0900 110 (89) 13 (11)
1 sep 0900 62 (82) 14 (18)

“Plot 4-2 was counted for Thick-billed and CommDn Murres several times in
1960. Data is from Lou Schene 1960 Book #2; murres were counted by ones.
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Table H. 7. Colony 4, miscellaneous plots,
1960.2

Plot Date Time TBMU (% coMu (%)

4SF1 8 Aug 1300 514 (74) 178 (26)
11 Aug 1315 193 (71) 77 (29.)
14 Aug 0930°226 (80) 56 (20)
16 Aug 1030b 238 (70) 102 (30)
29 Aug 1800 135 (77) 40 (23)
4-1 29 Aug -c 52 (41) 75 (59)
4SF2 29 Aug 1815P 234 (65) 126 (35)
4-NF-GG1 29 Aug 1830 114 (73) 42 (27)

“Data from Lou Schene's 1960 Book #2.
Esti mat ed.

¢ Between 1500- 1700 h.
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‘Data from L.G. swartz' collection of original

fromc.w. Cox’ Dates and times were the same as in Colony 5

Not ebook #z.

Table #.8. Col ony 5, 1960.2

Plot 1B A coMu  (Z)
5A 970 (95) 50 (5)
5% 1698 (64) 956 (36)
5C 870 (100) o (0)
5D 1600 (92) 100 (6)
5E 2950 (87) 450 (13)
5F 900 (94) 60 (6)
5G 4000 (89) 500 (1i1)
5H 3300 (75) 1100 (25)
51 1100 (92) 100 (8)
5J 1800 (90) 200 (10)
5K 3000 (77) 900 (23)
5L 1700  (94) 100 (&)
5M 1200 (86) 200 (14)
5N 3000 (86) 500 (14)
50 2300 (82) 500 (18)
5P 2900 (83) 600 (17)
5Q 1800 (95) 100 (5)
5R 4000 {93) 300 (7)
55 800 (42) 1100 (58)
5T 1050 (90) 120 (10)
5U 800 (89) 100 (11)
5V 110 (100} o (0)
S5W 70 (100) 0 (0)
5X 1200 (100) o (O
5Y 1850 (82) 400 (18)
52 450 (100) o (0)
SAA 3467 (76) 1066 (24)
5BB 1100 (100) 0 (0)
50C 1600 (100) o (0)
5DD 2100 (68) 1000 (32)
SEE 2800 (8 ) 500 (15)
SFF 3600 (82 800 (18)
5GG 5000 (67) 2500 (33)
5HH 8500 (74) 3000 (26)
511 4000 (54) 3400 (46
533 4000 (56 3200 544;
S5KK 5500 (85) 1000 (15)
5LL 1150 (92) 100 (8)
5MM 5600 (86) 900 (14)
5NN 7000 (96) 300 (4)
500 3500 (71) 1400 (29)
5PP 3650 (86) 600 (14)
5QQ 1650 (100) o (0)
SRR 1600 (89) 200 (11)

111, 235 (79.7) 28,402 (20.3)

murre census table for 1960. All

field notes,

specifically

estimates by GAC counting by 10's and 100’ s.
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