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SUMVARY OF OBJECTI VES, CONCLUSI ONS AND | MPLI CATIONS WTH RESPECT TO OCS QL
AND GAS DEVELOPMENT

The objective of this project was to investigate the pelagic distribution
of birds in the southeastern Bering Sea and to identify areas in which high
densities of birds were frequently found (sensitive areas). W also w shed
to identify the characteristics of areas supporting large nunbers of birds
and to develop a rationale for sanpling programs for the exam nation of new
regions.

Around the Pribilof Islands, foraging seabirds are concentrated within
50 km of the colonies, although a few species (e.g. Northern Fulmr, Fulnaris

glacialis, Red-1egged and Bl ack-1legged Kittiwakes, Rissa brevirostris and R_

tridactyla) forage at greater distances fromtheir colonies. Crucial foraging
areas for Pribilof seabirds are located at the shelf break southeast of

St. Ceorge Island, on the shelf 100 km east of St. Paul, and generally

within 50 km of the islands. The reduction of food resources, or the occurrence
of oil spills in these areas would affect a great nunber of birds.

Figures 1-8 show the geographic distribution and frequency of transects
with densities of birds greater than or equal to 50, 100, 500 and 1000 birds/kn2.
Areas where high densities were frequently encountered should be considered as
areas of great avian sensitivity to oil spills. The Bering Strait, the vicinity
of St. Lawrence Island, the area around the Pribilofs, the shelf-edge and
Bristol Bay inside the 50 mcurve are all sensitive areas. These highly
sensitive areas are nost readily seen in Figure 3. This assessnent of sensitive
areas is also born out by the analysis using means and coefficients of variation
in Figures 13 to 22. Note, there are large areas which have yet to be surveyed
which may contain very sensitive areas (e.g. the west end of St. Mtthew Island).

Qur zonal analysis of bird distribution showed that the areas close to the
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colonies, particularly on the side toward the shelf-edge have the greatest
densities of birds and the nost frequent occurrence of transects with high
densities. Away from the colonies, areas near the shelf-edge have high
densities, as do the areas along the 50 m curve in Bristol Bay.

A proposed sampling rationale suggests that regions to be surveyed be
divided into zones by distance from colonies and by oceanographic donains away
fromcolonies. A random sanple of at |least 100 transects within each zone,
per season, wll provide data on the frequency distribution of transects of
different densities + 10% at the 95% confidence level. This level of statistica
certainty should be sufficient to provide reasonable confidence in the credibility
of reconmendations based on the survey effort. Because of seasonal variation,

sanpl es should he spread over three or four seasons



11

| NTRODUCTI ON

The purposes of this study were 1) to assess the relative likelihood
of encountering birds in various areas of the eastern Bering Sea shelf waters
surveyed, 2) to provide descriptions of those areas where birds have been found
to congregate in order to predict where, in still-to-be explored waters, birds
are likely to be common, and 3) to provide a statistically valid rationale
for designing future bird survey efforts.

To assess the risk of bird loss in the event of an oil spill, several
approaches can be taken. King and Sanger (1979) have concentrated upon
devel oping an index of vulnerability that assesses the relative inpact of
oil on each of the species of marine birds frequenting A askan waters. Their
approach, while directing attention to those species for which spilled oi
poses the greatest threat, provides no information on the Iikelihood of
encountering those species in any given area. The studies of Wens et al.
(1979) provide nodels for predicting the long terminpact of a spill in the
vicinity of a colony or other area for which alarge data base on distribution
reproductive success and energetic relations of the birds is available.

The present effort focuses on where on the ocean spilled oil is likely
to cone into contact with large nunbers of birds. There are two ways of assessing
where large nunbers of birds are likely to be encountered. First, we can focus
on the locations of transects that have encountered high densities of birds
regardless of the variation in the density of birds at these locations. The
percentage of transects encountering high densities gives an indication of
the probability that a spill would inpact |arge nunbers of birds. Second
we can focus on the mean density of birds and the variation of the nmean for
a given area. Under this approach areas with high means and |ow variance

would be considered high risk areas while those with low neans and low
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variance would be considered low risk areas. Intermediate levels of risk
woul d be assigned to areas having both a high nean and a high variance or a
| ow mean and a high variance

The second aspect of this report is an attenpt to provide a description
of the areas nost preferred by birds so that reasonable predictions about
where large nunbers of birds are likely to be encountered can be made for
unsurveyed areas. W first attenpted to describe these areas of known high
usage using |inear regression nodels. However, due to the highly skewed
distributions of seabirds, no clear association was found between oceanographic
features and high bird densities using standard multivariate techni ques.
Qur approach was therefore to first partition the available data base into
bi ol ogi cal |y significant geographical zones and tine (season) intervals.
After imposing this structure on the data, we were able to categorize the
sample densities into intervals which yielded probability estimtes based
on very few assunptions about the population distribution in general. The
results of these two nethods can be examned to identify, on the basis of
our present know edge, the nost sensitive areas.

Finally, using the data in hand and our efforts at predicting where
different densities of birds should be found, we have provided suggestions
on the quantity and distribution of sampling effort required to give various
types of information concerning bird densities. Wile one can always argue
that the greater the sanpling effort, the better the estimate of the population
being studied, it is clear that there are neither adequate funds nor is there
sufficient tinme to survey intensely all offshore oil |ease-sale areas.
V¢ have therefore attenpted to develop a rationale for distributing sanpling

effort in order to gain the maxi num information possible per unit effort.
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CURRENT STATE OF KNOALEDCE

1) Pelagic Distribution

The pelagic distribution of seabirds is relevant to OCS oil production
because bird density and location determnes their potential vulnerability
to oil spills. The relationship between the distribution of marine birds
in the North Pacific/Bering Sea and the oceanographic features of these waters
has been the subject of study in recent years. Kuroda (1960) attenpted to
correlate nunbers of seabirds with food availability and sea surface tenperature,
whi | e Shuntov (1972) stressed the inportance of upwelling near the shelf break,
as well as the higher productivity and the large bird concentrations associated
with shelf waters. Swartz (1966) discussed bird distribution in the Chukehi
Sea and Bering Strait regions.

Prior to OCSEAP cruises, know edge of the pelagic distribution of seabirds
over the eastern Bering Sea shelf was limted. Irving et al. (1970), Bartonek
and G bson (1972) and wahl (1978) reported on hirds seen in the course of single
crui ses, made for other purposes, which spent only brief periods in shelf
waters. \Wahl (1978) found a narked increase in the density of birds and
species conposition as he crossed from the deep oceanic waters to waters over
the shelf. In particular, stormpetrels (Oceanodroma Sp.) were |ess common
over the shelf, while nurres (Uris sp.) and shearwaters (Puffinus sp.) increased
in density. wahl estinmated a density of 3.9 birds/knf for the oceanic waters
conmpared to 14.9/km® for shelf waters. These values were simlar to those
obtai ned by Shuntov (1972) of 2.7/knfand 18/km2, respectively. Sanger (1972)
provided estimates of pelagic bird density over the Bering Sea shelf and oceanic
basi n based on extrapol ations from other ocean regions. Mre recently, Ilverson
et al. (1979) have shown that seabird densities over the southeastern Bering

Sea shelf are related to frontal systems. In a series of cruises, bird densities
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were highest fromthe Quter Front (Figure 10, p.22), at the 200 m isobath,
shoreward to the Middle Front, at the 100 m i sobath.

Hunt et al. (1980a) provide the nost recent summary of new data from the
eastern Bering Sea as a whole, while Hunt et al. (1980b) provide an update on
seabird distributions near the Pribilof Islands. Schneider and Hunt (M)
and Hunt and Schneider (M) discuss energy flow and pelagic distribution,
respectively, for the region near the PROBES line. The present report will
attenpt to integrate and present the mgjor portion of these recently accunul ated

dat a.

2) Ol Effects

A vast literature exists on the effects of oil pollution on seabirds.
Vernmeer and Vermeer (1974) provide an annotated bibliography. Mre recently
Hol mes and Cronshaw (1977) have reviewed the biological effects of petroleum
on birds with particular enphasis on physiological effects. QOCSEAP sponsored
studies have investigated the effects of oil on seabird reproduction (Patten
and Patten 1977, 1978), and oMPA has supported additional physiological work
initiated by Gaw et al. (1977).

There are conflicting reports as to the behavior of seabirds when
encountering oil slicks; Curry-Lindahl (1960) reported that O dsquaw (Clangula

hyemalis) were attracted to slicks. In contrast, Herring Gulls (Larus argentatus), :

Bl ack-1egged Kittiwakes and Common Mirres (U. aalge) are reported to |eave
slicks once they encounter one (Bourne 1968). Differences in the reaction

of birds to oil slicks affects the vulnerability of a species and the potential
for population loss when oil is spilled. The Bureau of Land Management

is presently sponsoring studies of this problem in southern California (Gordon
Reetz, LOS Angel es BLM/0CS office, personal comunication).

Qther studies have concentrated on the effects of oil spills on populations.
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Milon and Bougerol (1967, in Vermeer and Vermeer 1974) document changes in
popul ati ons of seabirds on the Ile Rouzic in France subsequent to the Torrey
Canyon disaster. Wthin a nonth the populations of Common Puffins (Fratercula
arctica) and Razorbills (Alca Torda) were reduced by 88% while the popul ation
of Common Murres was reduced by 75%  Popul ations of fulmars and gulls were
affected to only a minor degree. Studies by 0'Connor (1967), Phillips (1967)

and Monnat (1967) report on the effect of the Torrey Canyon spill on alcids

and gannets (Sula bassana) at other |ocations. The |ack of a baseline hindered

the study of effects of the Torrey Canyon spill on seabird nunbers and

reproductive success.

These studies, although fragmentary, show that alcids and sea ducks are
particularly vulnerable to oil. King and Sanger (1979) devel oped an oi
vul nerability index for marine birds for the North Pacific and Bering Sea
regions. The sensitivity of alcids to oil pollution is a critical problem
inrelation to Al askan oil recovery, as the large colonies are predoninately
popul ated by aleids. 1In Fall and Spring, sea ducks may occur in vast nunbers,
al so creating the potential for the devastation of populations. Wens et al
(1979) have nodeled the effects of oil spills under various conditions on the
Pribilof seabird colonies, and made predictions about the tine for popul ation
recovery.

Subl et hal doses of oil may affect reproduction; Patten and Patten (1978)
found that injested oil caused aberrent incubation behavior in Herring Qulls,
which included a failure to replace lost eggs. Gau et al. (1977) reported
that injested oil caused inhibition of egg-laying or altered yolk structure,
while oil transferred from the plumage of adults onto eggs greatly reduced
their viability (Macko and King 1980).

Subl ethal doses of oil may also lower the viability of adults by ruining
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the insulation provided by the feathers (Hartung 1967, MEwan and Koelink 1973).
Since oiled birds usually stop eating (Hartung 1967), starvation, accelerated

by depletion of fat reserves for thernoregulation, rapidly follows oiling
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METHODS

1) Risk Assessnent

An assessment of the environnental risk associated with oil spills and
potential bird |osses due to the inpact of such events nust be based, at [east
in part, on judgments as to the |ocation and number of birds which m ght
be encountered. In this report, the quantitative data available for such
judgments are based on estimates of population densities obtained by ship-based
and aircraft-based observers. The results described here are based on two
nmethods of organizing these data. Both nethods require a prelimnary choice
of areas used in the analysis. The first describes each area in terns of a mean
and a coefficient of variation while the second categorizes density estinates
within each area into predetermned intervals

Bird densities were estimated using a line transect method (Burnham et
al. 1980) nodified for use at sea (Cline et al. 1969, Sanger 1976, Hunt et al.
1980). Counts were nmade from ships, using a 90° sector extending 300 m abeam
and forward. Counts were made while the ship was underway at speeds ranging
from10 to 20 km/hr. Ship following birds were noted and excluded from counts
Ship's position to the nearest tenth of a degree was recorded at the start
and end of each 10 minute count. ldentifications were made to the |owest possible
taxonomic | evel. Bird densities were conputed for each count, about the time
taken to scan a square kilonmeter at usual cruising speeds

A Means and Coefficient of Variation:

A prelimnary identification of high risk areas in the Bering Sea was
made by computing the average nunber of birds encountered in areas measuring
1 degree of longitude and 30 mnutes of latitude. Average densities were conputed
for all birds in each of the four seasons, all birds on the water in each of

the four seasons, and for each of the abundant species in each of the four
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seasons. As a convenient neasure of the relationship between the nean and
standard deviation for each block, a coefficient of variation (CV) was also
calculated. This coefficient is the ratio of the standard deviation to the
mean, chosen because it provides an obvious conparison of the relative shapes
of the density distributions in each block. In keeping with the idea that high
ri sk shoul d be associ ated with large nunbers of birds, those blocks having a
high mean (high rate of encounter) and a |low coefficient of variation (i.e

a reliably high rate of encounter) were identified as high risk areas.

Variable risk areas were identified as those with a high coefficient (i.e

high and low counts of birds in the area), subdivided into two types: those
with high means and those with [ow neans. Low risk areas were deened to be
those in which both the average nunber of birds encountered and the variability
of this figure (coefficient of variation) were |ow.

Four criteria were established to identify risk areas: I=high risk
(# of birds »75.1 and Cv<2); II=variable high risk (# of birds »75.1 and
CV52.1); III=variable | ow ri sk (# of birds<75 and CV»2.1); and IV=low
risk (# of birds<75 and Cv<2.1).

For this analysis, the Data Processing Goup of Dr. Hal Peterson at the
University of Rhode Island used all available bird data generated by OCSEAP
investigators in the Rering Sea. These included contributions by the US. Fish
and Wldlife teamunder the direction of Dr. Calvin Lensink, by the team under
the direction of M. John Wens and Juan Guzman working with M.T. Myers at the
University of Calgary.

This nmethod of assigning risk presents several difficulties. First, of
course, is the obviously subjective nature of the cut-off values used to
separate high and low coefficients of variation and al so high and | ow neans.

These cut-off values were selected on the basis of arbitrary considerations
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and nust therefore be evaluated on those terns. Oher criteria night prove
more useful. Another difficulty involves the actual sanple statistics

used to calculate the coefficients of variation. Having at this time no
reliable nmethod of mathematically describing the true overall distribution

of the bird population, at best only noderate confidence can be placed on

the stability of means for small areas and thus, also, on the resulting
coefficients of variation. As future sanpling provides further information

it may be possible to make stronger clains concerning the reliability of

these estimates. Unfortunately, local instability seems to be an inherent
property of seabird distributions and therefore the data used in this analysis
are unlikely to be inproved upon. Qur second method of organizing the available
data is designed to overcome, as much as possible, this very high |oca
uncertainty.

B. Frequency Distributions of Density Categories

i. Statistical Rationale

G ven the very serious conplications involved with applying paranetric
statistical techniques directly to bird density data, we have summarized the
avai | abl e data by constructing eight mutual |y exclusive categories such that
each transect in the data base is assigned to exactly one category according
to the value of the observed density for that transect. This nmethod greatly
mnimzes the number and strength of the assunptions required for analysis
and allows the application of relatively sinple discrete probability models
to the problem of estimating the likelihood of encountering |arge nunbers
of birds

For each sanpling area, nean density estimates for several species were

placed in the follow ng eight nutually exclusive and exhaustive categories:
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category 1 2 3 4 5 6 7 8
density/km O 0.1-10 10.1-30 30.1-50 50.1-100 100.1-500 500.1-1000 over 1000

Confidence limts for the proportions observed in each category were conputed

using the formula (see Appendix 1),
(1) N >1/4d% (1-a)

where N = total number of transects (sanples), d = the absolute value of the
difference between the observed sanple proportion and the popul ation proportion
and ¢ = the confidence |evel.

Using formula (1) we were able to calculate both a confidence |evel and
confidence interval for any particular category or conbination of categories,
based on the existing sampling effort. W were also able to determne what
future effort would be required to achieve various confidence |evels and
confidence intervals. For exanple, if « = 0.95 and d = 0.1 then from
(1),N_z1/ﬁ(0,1)2 (1-0.95) = 500. This neans if we take a random sanple
of at |east 500 observations, then the probability is at |east 0.95 that
the ohserved relative frequency of success for category i will differ from
the true proportion by less than 0.1. Simlarly, if Nand a are fixed,

we can al so determne the value of d by
2) d = 1/2 vyN(I-a).

In addition to these estimtes, we also calculated values for d and N
when the proportion of successes (the observed relative frequencies) is assuned

to be approximately normal. In this case, the fornula is

(3) N>1/4(k/d)?

where k is the standard score from the cunulative normal distribution
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corresponding to a given u. Appendix 1 includes the derivation of
fornulae (1) through (3) and an explanation of the normal assunmption. A
di scussion of the nultinom nal mdel which underlies this method, Chebyshev's
Inequal ity and Khintchine's theory as they are used in Appendix 1 can be found
in nmost internediate statistical texts, for instance Chou (1963).

Data for this analysis were obtained entirely through the efforts of
i ndi vidual s working through RUB3 or PROBES

ii. Sanpling Rationale

In order to provide useful sized areas within which: 1) sanpling effort
was sufficient to provide meaningful frequency distributions, 2) there would
be a spatial, biological or oceanographic rationale for the boundaries, and
3) for which we could construct simlar bounds for other regions as yet unsanpl ed,
we set up a series of zones around the Pribilof Islands and in the centra
southeastern Bering Sea along the PROBES |ine

The houndaries of the zones around the Pribilof Islands are given in
Figure 9 along with the nunber of transects conpleted in each zone. These zones
divide the waters near the Pribilofs into shelf (east) and shel f-break (west)
regions, and into regions at distances of 20 km 40 km and 60 km from the
nearest shore. These bounds let us conpare both distance-fromcolony effects
and the oceanographic influence of distance from the shelf-break.

In the central southeastern Bering Sea region, all transects were classified
in zones according to PROBES domains (Iverson et al. 1979). Boundaries for
this classification were drawn by bathymetry, Wth each of the three areas
(mddle shelf, outer shelf, and slope) centering on the main PROBES transect
and distant from the influence of the imediate vicinity of colonies (Figure 10).
Seasonal variation in seabird abundance was controlled by naking conparisons

between donmains for those seasons when a species was abundant in the southeastern



22

Zonal Analysis of the pelagic distribution of seabirds
near the Pribilof Islands. Number of observations
per zone

200 m

Figure 9
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Bering Sea. A correction for ship attraction was not introduced in

this analysis since there was no indication that this varied across the shelf.
Division of this pelagic area into zones determned by the varying mxing regimes
of the shelf domains pernits us to relate the bird distribution to the underlying
oceanography, and to devel op predictions about bird nunbers and species conposition
of as yet unsurveyed areas based upon that new area’s oceanographic domains.

2) Description of Regions Used by Birds

If we are to be able to generalize fromwell studied areas to areas that
have received little or no study, it is essential to be able to predict,
based on present know edge, where one would expect to find |arge numbers of
birds. This requires relating bird distributions to features of their environnent.
Ve attenmpted to describe the habitats used by birds first with step-wise
correlation analysis and then by analysis of variance (ANOVA) of transect
data by zones.

A Correlation Analysis

Prelimnary analyses of single tracks or cruises suggested that step-wise
multiple correlation analysis mght be profitable. W therefore exanined
the combined 1975-1978 data set for the correlations between the density of
i ndividual bird species (and of all species conbined) and environnental variables
such as: distance to land, water depth, distance to shelf-edge, sea surface
tenperature and sea surface salinity. This effort was notably unsuccessful wth
r values generally less than 0.05. For this reason regression techniques were
abandoned.

B. 7Zonal Anal ysis

Qur second approach was to conpare bird densities in the zones described
above. These zones in the vicinity of the colonies were organized with respect

to distance to colony and distance to shelf edge, while in the open ocean
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they were organized with respect to oceanographic domains.

Standard analysis of variance (ANOVA) techniques were used to test whether
the observed differences between zones exceeded the expectations of chance.
The hypothesis of relation of bird distribution to mxing regime in the zones
al ong the PROBES line was tested by a two-step design. CQuter shelf and slope
averages were first conpared. |If this conparison was not significant, the
average density over both outer shelf and slope waters was conpared to average
density over mddle shelf waters. |f slope and outer shelf averages differed,
then just the outer shelf average was conpared to the average in the adjacent
m ddl e shelf donmain. Analyses were confined to comopn species or tospecies
groupings if identification to the species level was unreliable.

Data used in this analysis were obtained entirely through the efforts of

i ndi vidual s associated with RU 83 or PROBES.



26

RESULTS

1) Pelagic Distribution

The distribution of birds in the vicinity of the Pribilof Islands in
particular, and the southeastern Bering Sea in general, was covered thoroughly
by Hunt et al. (1980a and b). Therefore, in this report we will briefly
summarize their findings and concentrate on the area near the PROBES |ine
for which detailed summaries have not been provided.

Figure 11 sunmarizes the use of zones around the Pribilof |slands by al
species conbined. The important generalities to take fromthis figure are
that both toward and away from the shelf-break, bird densities drop off
rapidly as one noves away from the colonies, but bird densities for any
given distance from the island are higher on the side toward the shelf-break
rather than northeastward over the shelf. The preference for shelf-edge waters
rather than shelf waters is particularly pronounced for Northern Fulmars
(Figure 12) and Red-legged Kittiwakes (Figure 13), while distance from col ony
and colony size, regardless of direction, appear to be the major determnants

of murre (Figure 14) and smal| auklet (Aethia Sp., Cyclorrhynchus psittacula,

Figure 15) distributions. Qher species show relatively weak patterns or
virtually no pattern with respect to distance from colony or direetion W th
respect to the shelf-break.

These results suggest that the only variables that need be considered near
colonies are distance to colony and distance to shelf-break. However
Kinder et al. (in prep.) have denmonstrated a front at about 50 m depth at which
there is a shift between a well-mxed water colum and a two |ayered water
colum. Mirres appear to preferentially gather on the water near this front,
and nurre densities there are significantly greater than would be predicted

by chance either inshore or offshore the front (Kinder et al., in prep.).
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Distribution of seabirds by zones .
near the Pribilof Islands, 1975-1979 (x1s) - .

Zone 8
691190

200 m

ANOVA across ail zones, F? 2125 =9.854, P=0.0001"

Homogeneous subsets by m’edified LSD Procedure, @ =0.05

Subset1 Zones 7,5,6,8,1,2
Subset 2 Zones 2,4
Subset 3 Zones 4,3

*rounded to whole numbers
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Distribution of Northern Fulmars by zones -
near the Pribilof Islands 1975-1979 (Xzs)*

200 m

ANOVA across all zones, F-'7 2132 =16.731, P=0.00001

Homogeneous subsets by modified LSD Procedure, a=0.05

Subset 1 Zones 1,5,2,7,3
Subset 2- Zones 2,7,3,6
Subset3 Zones 3,6,4
Subset4 Zones 4,8

*rounded to whole numbers

Figure 12
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Distribution of Red-legged Kittiwakes by zones
near the Pribilof Islands 1975-1979 (X+s)*

ANOVA across all zones, F7,2154 =24.479, P= 000001

Homogeneous subsets by modified LSD Procedure, a =0.05

Subset 1 Zones 7,1,5,2,3
Subset 2 Zones 3,8

Subset 3 Zones 8,6
Subset4 Zones 6,4

*rounded to whole numbers

Finmuvra 1
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Distribution of Murres by zones near
the Pribilof islands, 1975-1979 (Xts)

200m -

ANOVA across ail zones, Fy 5156% 9.084, P=0.0001>

Homogeneous subsets by modified LSD Procedure, a=0.05

Subset 1 Zones 8,7,6,5,2,1
Subset .2 Zones 2,1,4
Subset 3 Zones 3,4

*rounded to whaole numbers

Figure 14
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Distribution of Small Auklets by zones
near the Pribilof Islands 1975-1979 (X+s)*

Zone 7
Ol

100m

ANOVA gcross all zones, F., 2154 =10.870, P= 000001

Homogeneous subsets by modified LSD Procedure, ¢=0.05

Subset 1 Zones 7,8,5,6,2,1,3
Subset 22ones 3,4
*rounded to whole numbers

Figure 15
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Therefore, one should take into account the potential influence of fronts
at this position (50 misobath) in detailing factors responsible for seabird
di stribution.

In the central southeastern Bering Sea region along the PROBES line
six of eight seabird groups analyzed showed significant differences in density
between dommins (Figure 16). Five groups showed the same pattern, that of high
densities at the shelf-break, intermediate to high densities over the outer
shelf, and |ow densities over the middle shelf. This pattern was nost pronounced
in Red-legged Kittiwakes, Fork-tailed StormPetrels (0. furcata), and Tufted

Puffins (Lunda cirrhata). A simlar pattern can be seen for Northern Fulmar

(Fulmarus eglacialis). but the role of chance could not be excluded in this

case (Figure 16). Black-legged Kittiwakes showed a weak but significant
pattern of reduced density over the niddle shelf relative to the outer shelf
and slope waters (Figure 16). Mnthly variation was weak in Bl ack-Iegged
Kittiwakes, SO all counts (April through August) were included in the analysis.
Thus the sanple sizes for this analysis (89, 497, and 395 counts over slope
outer shelf, and middle domains) were larger than for the four preceding
species (33, 232, and 339 counts).

Dark-bel lied shearwaters (P_. tenuirostris and_P. griseus) appear in

the Bering Sea in early Summer (Hunt et al. 1980) , so analysis was confined
to June and July. During this period shearwaters showed a pattern of greater
density of birds in the coastal domain as conpared to the shelf-edge
(Figure 16). The difference was not significant, perhaps because the coasta
domain was not included in the analysis for lack of adequate sanpling
The analysis of murre and auklet densities was confined to April, before
these species retreat to their breeding colonies. Auklet density was significantly

hi gher in the middle domain than in the outer shelf or slope waters (Figure 16).
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Density of seabirds in middle shelf (M), outer
shelf (0), and slope (S) waters of the south-
eastern Bering Sea, 1975-1979. Bars show
two standard errors on either side of the mean.
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The three major species present were Least Auklets (A. pusilla), Crested
Aukl ets (A. _cristatella), and Parakeet Aukl ets_(Cyclorrhynchus_psittacula).
No attenpt was made to anal yze individual species because of the small nunbers
i nvol ved. Murres showed a pattern of high density in the outer domain, inter-
mediate density in the mddle domain, and |ow density beyond the shelf-break
(Figure 16).

The observed patterns of distribution relative to mxing reginme were
associated with the feeding capabilities of the seabird groups analyzed.
Aukl ets and murres search for food while sitting on the water and are capable
of diving to considerable depths. These were the only two groups that did
not show a significantly reduced density in the mddle shelf domain, wth
its poorly devel oped pelagic food web., Surface feeding groups (kittiwakes,
Fork-tailed Storm Petrels, and Northern Fulmar) showed reduced densities over
the mddle shelf.

2) Risk assessment based on coefficients of variation

Figures 17 through 26 illustrate the distribution of encounter risks
based on neans and coefficients of variation derived from survey data obtained
during the period 1975-1979. Figure 17 gives the coefficients for all birds
encountered on the water throughout the entire survey effort. Consistently
high risk areas (coefficient <2 and %75.1) are confined to the shelf area
south of Nunivak Island. H gh but variable risk areas (coefficients 2.1
and X,75.1) occur only next to St. George Island and just southwest of Unimak
Pass. Consistently low (coefficients <2 and X<75) and | ow but variable risk
areas (coefficients 52.1 and X<75) tend to be rather uniforny distributed
t hroughout the southeastern Bering Sea and the region enconpassed by St.
Lawrence Island, Norton Sound,” and the Bering Straits. For nuch of the northern

Bering Sea, data are insufficient to support this type of analysis.
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Figures 18 through 20 show quite clearly the very strong seasonal variation
in the distribution of the risk levels for all birds conbined during
the survey period. During Spring (Figure 18), high risk areas were found
only within Bristol Bay, along the north coast of the Alaskan Peninsula
over the outer shelf near St. George Island and m dway between the Pribilof
Islands and St. Matthew Island. In the Summer, however, high risk areas

both consistently high and high but variable - were found nore than tw ce
as frequently as in the Spring (Figure 19). The entire shelf south of Nunivak
I sl and possesses a large proportion of high risk areas, as does the shelf-break
north and south of the Pribilof |slands, Unimak Pass, St. Matthew Island,
St. Lawence Island, and the Bering Strait.

In the Fall, the distribution of risk areas approaches that seen
in the Spring with the mddle shelf nostly devoid of consistently |arge nunbers
while high risk areas are found primarily in a relatively small region north
of the Pribiloef |slands, near Unimak Pass and south of Runivak |sland.
Consistently 1large nunbers of birds are still found around St. Law ence
I'sland but not nearly to the degree they are found in the Sumrer.

In addition to all birds surveyed, Figures 21-26 were prepared based on
shearwater and nurre densities. Shearwaters show a very marked change over
Spring, sSummer and Fall in the frequency and |ocation of high risk areas.

In Spring, a single consistently high risk area was found just north of the
Al askan Peninsula while in the Summer, high risk areas were encountered

t hroughout the inner shelf region south of Nunivak |sland and all al ong

the Al askan Peninsula from bel ow Unimak Pass north. Summer and Fal
distributions of risk areas seemto be quite simlar in the Bering Strait.
In the southeast Bering Sea, Summer and Fall season differ primarily in

t he decreased frequency of high risk areas in the Fall and the very high
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proportion of |ow but variable risk areas in the Sunmer. The nost obvious
feature of the seasonal patterns for nurres is that high risk areas are

few and very localized. Only the Pribilef |slands show a high risk area

for all three seasons with other high risk areas encountered only near

St. Matthew Island, St. Lawence Island, and just off Cape Newenham during
the Summer. In Spring, a consistently high risk area was found just north of
the Alaska Peninsula in Bristol Bay.

3) Location of Large Densities

In order to reduce somewhat the uncertainty associated with the patchy
popul ation distribution of seabirds, the available survey data for the eight
zones near the Pribilof Islands and the three PROBES area zones were organized
into eight categories. The resulting categorical information for all birds,

Al birds on water, nurres, and Red-legged Kittiwakes is displayed in Tables 1-4.
In addition, Table 5 gives frequency data for small auklets, Horned Puffins,

and Tufted Puffin, species which typically occur in rather |ow densities.

The error, d (see Appendix 1), for each zone at the a = 0.95% level is given in
Figures 27-28. As can be seen in the list of d values, even with the crude
approxi mation required when ignoring the underlying distribution of densities,
the sanmple sizes for the eight zones tend to be large enough so that the error
is on the order of + 13% (excepting zone 2). This means for instance, that

we can estimte the proportion of all bird encounters within zone 1 (Table 1)

in the range 0.1 birds/kmto 30.0 birds/km® to be between 13%and 41% This
estimate can be inproved upon if the sanpling procedure is assumed to be
reasonably random In this case (see Appendix 1), the proportion of sanples
falling within any particular interval should be approximately normally distributed
i f the sanple size is large (>50). Figures 27 and 29 give the error, d,

for each zone calculated under these assunptions. Now, in zone 8 (Table 1) for
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Table 1. Proportions of transects in various intervals: Al Birds

o*l- lo.1- 30.1- 50*I- 1loo.1- 5o00.1-

Zone N 0 10 30 50 100 500 1000 1000
1 253 2.0 17.0 26.9 18.6 11.9 21.7 1.6 0.4
2 88 3.4 5.7 30.7 31.8 13.6 12.5 0.0 2.3
3 130 3.8 3.1 11*5 7.7 17.7 35.4 13.1 7.7
4 178 2.8 5.1 23.6 10.7 11.2 34.3 6.2 6.2
5 387 2.1 19%4 38.2 16. 3 17.6 6.2 0.3 0.0
6 343 4.7 12.2 30.6 19.0 20.4 11.4 1.2 0.6
7 297 0.7 33.3 39*7 15.2 74 3.7 0.0 0.0
8 487 1.2 13.1 32.9 17.7 20.1 14.2 0.4 0.4

13 89 2.2 20. 2 44.9 12. 4 6.7 13.5 0.0 0.0
14 497 0.4 20.5 48.5 17.3 10.3 2.6 0.2 0.2
15 395 3.8 50.1 29.4 9.6 5.6 1.5 0.0 0.0
Zone | 2 3 4 5 6 7 8 13 14

% transects

5 /km 356 28.4 73.9 57.9 24.1 33.6 11.1 35.1 20.2 13.3

7.

15

1



Table 2
Zone N
| 253
2 88
3 130
4 178
5 387
6 343
7 297
8 487
13 89
14 497
15 395
Zone 1

% transects

0
29.6
29.5
16. 2
12.4

22.2
30.0
31.0
41.9
50. 6
38.6
50. 6

50/ km 11 4.5

0. 1-
10

37.2
53*4
41.5
44*4

47.8
50. 4
53.2
46. 6
39.3
52.9
42.3

20.8 20.3 3.3

Proportions of transects in various intervals: Al

Birds on \Water

50.1- 100.1- 5o00.!-

10.1~ 30. 1-

30 50 100
15.0 7.1 6.3
11.4 1*1 2.3
17.7 3.8 7.7
16.3 6.7 9.0
23.8 2.8 2.8
13.7 2.6 1.5

9.8 3.0 1.7
7.0 1.6 2.3
6.7 1.1 1.1
6.4 1.4 0.2
6.1 O3 0.8
6 7 8 1
3.3 3.0 2.9

500

4.3

1.1

7.7
7.0

1.5
1.3
0.6
1.1
0.4
0.0

2.2

1000
0.4

1.1

3.1
1.7

0.0
0.3
00
0.0
0.0
0.0
0.0

0.6
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1000
0.0
0.0
2.3
1.7

0.0
0.0
0.0

0.0
0.0
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Table 3. Proportions of Transects in various intervals: Red-legged Kittiwakes

oel - lo. 1- 30. 1- 50. 1- 1o0. 1-

Zone N 0 10 30 50 100 500
1 253 84.2 15. 4 0.4 0.0 0.0 00
2 88 71.6 27.3 1.1 0.0 0.0 0.0
3 130 64. 6 30.8 4.6 0.0 0.0 0.0
4 178 37.1 45.5 11*2 3.4 1.7 1.1
5 387 78.0 20.9 1.0 0.0 0.0 0.0
6 343 40.5 43. 4 12.5 2.0 0.9 0.6
7 297 90. 6 9.4 0.0 0.0 0.0 0.0
8 487 37.8 51.3 8.4 1.4 1.0 0.0
13 89 58. 4 38.2 2.2 0.0 1.1 0.0
14 497 82.7 16. 3 0.8 0.2 0.0 0.0

15 395 95.9 4.1 0.0 0.0 0.0 0.0



Table 4. Proportions of transects in various intervals:

one N
1 253
2 88
3 130
4 178
5 387
6 343
7 297
8 487
3 89
4 497
5 395
one 1
, transects

50 /km 26.1

15.9

14
10
18
15
14.
23.
12.
42.
58.
39.
46.

0.1-

10

6 21.7
2 18.2
5 6.9
7 21.9
2 32.3
3 36. 4
1 53.9
3 44.6
4 37.1
0 45.5
6 46. 6

3 4

61.6 44.4

10-1-
30

25.3
44.3

6.9
11.2
24.8
27.4
22.2

8.4

4.5
12.9

5.8

15.5 6.4 4.3

30. 1-
50

12.3
11. 4
6.2
6.7
13.2
6.4
7.4
1.4
0.0
1.8
0.5

50. 1-
100

11.5
10. 2
16.2
14.6
12.9
2.9
3.0
2.7
0.0
0.6
0.3

Mirres

100.1-  500. 1-
500 1000
13. 4 0.8
3.4 2.3
28.5 10.0
20. 8 5s1
2.6 0.0
2.9 0.3
1.3 0.0
0.6 0.0
0.0 0.0
0.2 0.0
0.3 0.0
13 14
0.0 0.8

50

1000
0.4
0.0
6.9
3*9
0.0
0.3
0.0
00
0.0
0.0
0.0

15

0.6



Tabl e 5.
Zone N SmAuk
1 253 59.3
2 88 61.4
3 130 53.8
4 178 55.1
5 387 77.3
6 343 86. 3
7 297 87.9
8 487 89.7
13 89 93.3
14 497 90.5
15 395 82.3
sm Auk = Small Aukl et
HP = Horned Puffin

P

= Tufted Puffin

with typically low densities

HP
74,

68. 2
57.7
66. 9
82.4
88. 6

90.
97.
89

95.6
98. 2

P
73.1
59, 1

72.3
67.4
73. 4

71.4
81.1

78. 4

74.2

75.3
89.9

Frequency of Transects

SA
26.5
29.5
26. 2
25.3
19.4

9.6
12.1

7*4

6.7

9.1
17.2

HP
24.1
30.7
36.9
32.0
17.6
11.4

11
4.4
1.8

P
26.9
40.9
26. 2
31.5
26. 4
28.3
18.9
21. 4
25. 8
24.3
10. 1

0.1-10.0

SA
4.2
9.1

Proportions of transects in various intervals for species

HP
1.2
1.1
5.4
1*1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

51

10.1

P
0.0
0.0
1.6
1.2
0.3
0.3
0.0
0.2
0.0
0.4
0.0



ZONE 1 2 3 4 5 6 1 8

N 253 88 130 178 387 343 297 487

d 14 .24 .20 17 A1 12 13 .10
N

Error rate (d) for zones around the Pribilof Islands, o = 0.95

Figure 27

2s



ZONE 1 2 3 4 5 6 7 8
N 253 88 130 178 387 343 297 487
d .06 .14 09 07 05 .05 06 .04
kZ |k =1.9
JN

Error rate (d) for zones around the Pribilof Islands. o« = 0.95, normal approximation

Figure 28

£g¢
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exanple, we can estimate the proportion of all bird encounters in the range
10.1-30. 0 birds/ka® to be between 29% and 37% at the 95% confi dence | evel .
Further refinement is of course possible if the sanple size is increased.
Figures 29 and 30 give the error with and wthout the normal approximtion
for conbinations of the at PROBES area. For instance, if the three at PROBES
area zones are conbined, the normal approximtion (Figure 30) yields an

error of only 1%

In keeping with previous observations of seasonal redistribution of
densities, seasonal information from four zones (Tables 6-13) has been included
for all birds, all birds on water, shearwaters, stormpetrels, Bl ack-Iegged
and Red-|egged Kittiwakes, murres, and auklets. FError estimates for these
tables are given in Figures 31 and 32. An exam nation of these tables shows
that the frequency data tends to be consistent with the distribution of
coefficients of variation discussed above. Once again noderate to high
densities (>50 birds/km’) occur most often near the Pribilef |slands in
the Summer and nore so in the Spring than in the Fall.

4) Future Sanpling Efforts

As pointed out earlier, if sanple estimates of bird densities are
organized into disjoint intervals, then rather straightforward fornulas can
be derived that relate confidence levels and errors of estimate to sanple size.
Two nethods of calculating the error, d, were derived, one with and one without
assunptions concerning the distribution of proportions. In summarizing the
data available for this report, a confidence level of 95% was used throughout
and estimates of the sanpling errors were conputed based on existing sanple
sizes. O course, the sane data could be described using different confidence
level s and for conparison, Figures 33 and 34 have been provided giving the required

sanpl e size associated with four values of « and two val ues of error.



ZONE : 13 14 15 13+14 13+14+15
N 89 497 395 586 981
301
d 24 e .18 09
d=1% VN (1-a)

Error rate (d) for PROBES zones, cL = 0.95

Figure 29

§9



ZONE 13 14 15 13+14 13+14+15

N 89 497 395 586 981

d=[kZ7, k = 1.96
N

Error rate (d) for PROBES zones, o« = 0.95, normal approximation

Figure 30
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Zone

0 o0 o0 o O O

14
14

14

Sp
Su

Fa

Sp
Su

fa

sp
SuU
fa
sp
SuU
fa
Sp
su

fa

Fal |

Table 6. Seasonal variation in Bird Density % occurrence

59
256
72

62
224
57
134
308

259
238

Sunmer  (June,

0
3.4
2.3
0.0

1.6
6.7
o0
o0
1.9

o0
0.8

0.1-
10

44.1
9.0
36.1

12.9
11.2
15.5
20.9

7.5

26.6
13*9

Spring (March, April, May)

lo. 1-

42.
33.
52.

40
23.
49.
43.
25.

53.
42

July, August)

( Sept enber,

Cct ober,

Novenber)

30

4
2
8

in frequency categories:

8.
21.
4.

22.
16.
26.
12.
20

10.
24,

Al

30. 1-
50

5
4

Birds

50. 1-
100

1.
25.
5.

12.
26.

14.
25.

13.

7
0

00.1- 500.1-
500 1000
8.6 0.4
1.4
8.1 1.6

14*3 1*3
3.5
8.2
18.2 0.6
1.2
4.2 0.4

1000

0.9

0.6

0.4

57



Zone

5 Fa

Fa

Sp

coO O o

Su

14 Sp
14 Su

14 Fa

Sp ~ Spring (March, April

Table 7.

59
256
72

62
224
57
134
308

259
238

Seasona

Variation in Bird Density % occurrence

in frequency categories: Al

0
39.0
18.4
22.2

35*5
32.6
14.0
47.0
40.6

39.4
37.8

0.1-

45
44,

61.

35.
51.
63.
41

46

51.

54.

10
8
5

10. 1-
30

15*3
28.9
12.5

14.5
11.6
21.1
6.0
7.8

7.3

5.5

May)

Su = Summer (June, July, August)

Fa = Fal

( Sept enber,

Cct ober,

30. 1-
50

3*5

2.8

6.5
2.2
0.0
3.0
1.3

1.9
0.8

Novenber)

Birds on \Water

5001-
100

3.9

3.2
0.9
1.8
1.5
2.9

0.4

100. 1- 500. 1 -

500

0.8

4.8

0.9

0.7
0.6

0.8

1000 1000

0.4

58



Table 8. Seasonal Variation in Bird Density % Cccurrence

in frequency categories: Red-legged Kittiwakes

0.1- lo. 1- 30.1- 50.1- loo.l- 500. 1-
Zone N 0 10 30 50 100 500 1000
5 Sp 59 94*9 5.1
S5 Su 256 84.8 14.5 0.8

5 Fa 72 40. 3 56.9 2.8

6 Sp 62 38.7 45.2  12.9 1.6 1.6
6 Su 224 46.9 36.6 12.1 2.7 0.9 0.9
6 Fa 57 17.9 68.4 14.0

8 sp 134 44.0 47.8 7.5 0.7

8 su 308 38.6 50.0 8.1 1.6 1.6

14 sp 259 88.0 12.0
14 su 238 76.9 21.0 1.7 0.4

14 Fa

Sp ~ Spring (March, April, My)

SU = Summer (June, July, August)

Fa

Fall (Septenber, Cctober, Novenber)

1000

59



Zone
59
5 Su
SFa

6 Sp
6 Su

6 Fa

8 Sp
8 Su

8 Fa

14 Sp
14 Su

14 Fa

Table 9. Seasonal Variation in Bird Density,

59
256
72

62
224

57

134
308

259
238

0
8.5
4.3

54.2

17.7
14*3

64.9

38.8
36. 4

21.6
58.0

in frequency Categories:

0.1-
10

57.6
25.0
37*5

35.5
37.1

35.1

35.1

54.2

52.1
38.2

Sp ~ Spring (March, April, May)

Su

Fa

Sunmmer  (June,

Fal |

July, August)

(Sept enber, Cctober,

10. 1-
30

28.8
29.3
5.6

30.6

33.5

12.7

21.2
3.8

Novenber)

30. 1-
50

3.4
18.8
1.4

6.5
8.0

3*7
0.6

3.5

Murre
50. 1-
100
0.0
19.1
1.4

1.6
4.0

8.2
0.6

1¥2

% Qccurrence

100. 1-
500

1.7

3*5

1.5
0.3

0.4

500.1 -
1000 1000
1.6
0.0 0.8

60



Zone
595
5 Su
5 Fa

6 Su

6 Fa

8 sp
8 Su

8 Fa

14 Sp
14 Su
14 Fa

Sp = Spring (March, April,
Su ~ Summer (June,

Fa = Fall (Septenber,

Tabl e 10. Seasonal Variation in Bird Density, % Cccurrence

59
256
72

62
224
57

134
308

259
238

66.
63.

63.

61.

99.

49.

96.
73.

in Frequency Categories: Shearwaters

0.1-

25.
33.

26.
35.

35.

20.

10

Cct ober,

lo.1- 30.1- 50.1-
30 50 100 500

5*9 0.4 102 0.4
1.4 o0 1.4

6.3 1.8 1.3 0.4
3.5

7.1 2.6 2.6 3.2

0.4 0.4 0.0 0.4
2.0 0.4 1.3 1.3

May)

Jul'y, August)

November)

100. 1- 5o00.1 -

1000

0.4

1000

61



Zone
5 Sp
5 Su

5 Fa

6 Su

6 Fa

8 Sp
8 Su

8 Fa

14 Sp
14 Su
14 Fa

Table 11. Seasonal Variation in Bird Density, % Cccurrence

59
256
72

62
224
57

134

308

259
238

0

93.0

98. 4
67.0
80. 7

90.3

34.1

79.2
29.0

in Frequency Categories:

0.1-
10

5.9

1.6
20.1
19.3

8.2
42.5

20..1
49.6

Sp ~ Spring (March, April,

Su

Fa

Fal |

Summer  (June,

( Sept enber,

Cct ober,

| o*l- 30.1-
30 50
0.8 0.4
8.5 1.3
1.5
10.1 2.6
0.8
16. 8 2.5

May)

July, August)

Novenber)

Storm Petrel

50. 1-
100

0.4

6.2

1.7

100. 1- 500.1 -
500 1000 1000
2.2 o4
3.2 1.0 0.3
0.4



Table 12. Seasonal Variation in Bird Density, % Qccurrence
in Frequency Categories Black-1egged KRittiwakes
0.1- lo*l- 30.1- 50. 1- 100. 1- 5o00. | -
Zone N 0 10 30 50 100 500 1000
5 Sp 59 28.8  69.5 1.7
S5 Su 256  40.2 59.0 0.8
5 Fa 72 8.3 81.9 8.3 1.4

6 Su 224 42.9 45.5 9.4 1.8 0.4

6 Fa 57 35.1 63. 2 1.8

8 sp 134 42.5 51.5 5.2 0.7

8 Su 308 37.3 52.3 9*4 1.0

14 sp 259 56.0 41.7 2.3
14 Su 238 60.9 36.1 2.9
14 Fa

Sp " Spring (March, April, May)

Su = Summer (June, July, August)

Fa

Fall (Septenmber, OCctober, Novenber)

1000
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Tabl e 13. Seasonal Variation in Bird Density, % Cccurrence
in Frequency Categories: Al Auklets
0.1- lo.1- 30.1- 50.1- 100.1- 5o00.!-
Zone N 0 10 30 50 100 500 1000
55 59 62.7 32.2 5.1
5 3u 256 75.0 21.2 3.5 0.0 0.4
5 Fa 12 97.2 2.8

6 sp 62 59.7 24.2 11.3 . 1.6 1.6 1.6
6 su 224 91.1 7.1 1.3 0.4

8 sp 134 70.9 18.7 7.5 2.2 0.7
8 Su 308 97.4 2.6

14 Sp 259 84.6 14.7 0.8
14 su 238 97*1 2.9
14 Fa

Sp ~ Spring (March, April, My)
Su

Sunmer (June, July, August)

Fa

Fal | (Septenber, OCctober, Novenber)

1000

64



Sp = spring (March, April, May), Su = summer (June, July, August), Fa = fall (September, October, November)

ZONE | 5Sp | 5Su | 5Fa | 6S | 6Su | 6Fa | 85|  esu | 1asp | 14su
N 59 256 72 62 244 57 134 308 259 238
1
d 29 | Wb | 26 28 18 30 19 13 14 15
d=% N (T-a)

Error estimates (d) for Tables 1 - 6, a = 0.95

Figure 31

69



Sp = spring (March, April, May), Su = summer (June, July, August), Fa = fall (September, October, “November)

Figure 32

K27,k = 1.96
an

Error estimates (d) for Tables 6 - 13, o« = 0.95, normal approximation

ZONE 55p 5 Su 5 Fa 6 Sp 6 Su 6 Fa 6 Sp 8 Su 14 Sp | 14 Su

N 59 256 72 62 224 57 134 308 259 238

d 13 .06 11 12 .07 13 .09 .06 .06 .06
d=

99



1 .25
.99 2500 400 2.58
.95 500 80 1.96
o k
.90 250 40 1.65
.75 100 16 1.16

N= Y% d? (1-a)

Sample size (N) required for a given confidence level (¢} and error rate (d)

Figure 33



.99

.95

.90

.75

68

d
1 .25
665 166 2.58
384 96 1.96
k
272 68 1.65
135 34 1.16

N =% (k/d)?

Sanpl e size (N) required for a given confidence level {(a) and error rate (d),
with the normal approximation ¢

{
l

Figure 34
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Future survey efforts are likely to have as objectives both the refinenent
of current estimates and the acquisition of information about previously unsurveyed
regions. The fornulas used in Figures 33 and 34 can be used to give planners
clear criteria for consistent decisions in this regard.

To illustrate, zone 3 (Table 1) shows a higher proportion of density
estimates of »>50 birds/km2 than any other zone, but with a sanple size of only
130 the error is approximately 20% Zone 5 on the other hand, which is adjacent
to zone 3, has only about one-third the proportion of density estimtes »50
birds/ knfbut alnost three times the nunber of transects. Cearly, if other
consi derations are judged equal, an allocation of new survey resources to zone
3 rather than zone 5 would be preferred since reducing the error of estinates
for the former is likely to be of nore value. Simlarly, if seasonal data are
examined, density estimates for Red-1egged Kittiwakes (Table 11) tend to
be found in nore restricted ranges during the Fall but the sanple sizes
for this season are relatively small.

Turning now to the question of which of the two available formulas shoul d
be used in planning survey efforts, the choice will depend primrily on just
how cl osely a proposed survey will approximate a random sanple. A conparison
of Figures 33 and 34 show that a survey including 100 transects would yield an
error of 10% at the .95% confidence level if the normal approximtion is assumed
while the same precision would require 500 transects if the normal approximation
does not hold. This considerable increase in efficiency suggests that, even
though in the majority of surveys random observations mght be costly in terms
of resources, a fewer nunber of random observations would be nore cost-effective
than a larger nunber of nore convenient efforts.

In developing a sanpling rationale for any new area, zones in the vicinity

of colonies should be organized to sanple different distances from the col ony
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(10, 20, 40km bands) and toward and away from the shelf-edge, assum ng that
no currents or fronts are nearby. If fronts or currents are within 100-150kn
of the colony (as near the Bering Strait colonies), then sanpling should
i ncl ude these areas.
In pelagic surveys removed from colonies, our experience suggests that
it is valuable to organize sanpling on the basis of oceanographic domains.
So doing provides a biologically rational basis for partitioning sanpling effort.
For all zones, seasonal variation needs to be considered, although annual
variation is not significant. Thus sanpling should be spread over Spring
Summer and Fall and if possible Wnter with sufficient transects in each

zone in each season to provide the desired |evel of confidence and error.
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DI SCUSSI ON

1) Mxing Regimes and Seabird Distribution

Qur analysis showed that both surface feeding and diving seabirds
exhibited significant differences in density between shelf domains that
differ in mxing regime and food webs. Qur results establish, at a relatively
fine scale, a connection between seabird nunbers and m xing regimes that
differ in the timng of algal productivity and the type of marine food web.
Large scale correlations between seabird abundance and physical paraneters
have been presented by Pocklington (1974) for the Indian Ccean, and by Shuntov
(1974) and Sanger (1972), who described latitudinal variation in seabird
abundance associated with tenperature gradients in the North Pacific. A
mesoscale anal ysis of seabird abundance has been presented by Jeoiris (1978)
for a single cruise in the North Sea in July. Joiris found a reduced nunber
of Northern Fulmar, stormpetrels, and aleids in “North Sea water” (mddle
shelf) as conpared to the nunbers of these species in “Atlantic water” (outer
shelf). Qur analysis of seabird abundance relative to domains in the Bering
Sea closely parallels sone of the results of Joiris. W found a reduced
density of fulmars, stormpetrels, and one alcid (Tufted Puffins) in the
mddl e domain. Bl ack-legged Kittiwakes di ffered little in density between
domai ns. For murres we found a |ower density in the mddle shelf than in
outer shelf waters

Qur results do not indicate that usage of the mddle shelf is uniformy
reduced in all seabird species. Auklet densities were higher in the mddle
shelf than on the outer shelf, and there was some indication that shearwater
density increases as one noves from the shelf-break toward the coastal domain*
Murre densities on the mddle shelf were lower than on the outer shelf,

but still far above those recorded beyond the shelf-break.
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An association between bird densities and surface water tenperatures
has been noted in other studies at high latitudes (Brown 1968). Qur results
for the southeastern Bering Sea offer an explanation for this, since surface
waters are warmer for the mddle shelf regime (two-layer system) than for
the outer shelf (three-layer systenm). This suggests that the relation that
we have established between bird densities and mxing regines in the southeastern
Bering Sea may be generally true of those seabirds that inhabit the wde

continental shelves found at high latitudes

2) Conparison of Density Estimates

Significant differences in bird density among domains can affect estinates
of density for an entire shelf, especially if effort isnotproportional
to the area of each domain. A similar consideration applies to seasona
fluctuations, if sanpling effort and seabird nunbers fluctuate from nonth
tomonth. |f sanpling effort and bird nunbers do vary greatly from region
to region and month to nonth, then these differences need to be taken into
account when developing density estimates. Using seasonal data presented
by Schneider and Hunt (in prep), we conputed integrated averages for the
entire area covered by the three shelf regions shown in Figure 10. The slope
outer, and middle regions accounted for 6% 34% and 60% respectively of
the total area of 89,780 knZ. AN integrated estimate was obtained by conputing
the nunber of birds in each of these three regions, taking the sum then
dividing by the total area. The integrated average was 12 birds/kn® in Apri
14 birds/km® in May, 29 birds/kn? i n June, and 56 birds/kn® in July.

These values are roughly the same as a colony based estimte (Hunt
et al. 1980a), while differing from previous pelagic estimates (Hunt et al.

1980a, Shuntov 1974, Wahl 1978). Hunt et al. (1980a) took a value of 60%
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of the birds in all colonies in the eastern Bering Sea as an estimte of

the number of birds at sea at any one time, added the total estimated shearwater

popul ation, and divided this figure by shelf area (807,000 knf). This net hod

yiel ded an estimate of 32 birds/km* during the breeding season. Using counts

made at sea, Wahl (1978) reported a value of 15 birds/km“* for the southeastern

Bering Sea. Shuntov (1974) reported 20 birds/km® on the eastern Bering

Sea shelf in May-June, 18 birds/km® in July-August. Hunt et al. (1980a),

using both ship and air counts, report values of 56, 41, and 12 birds/kn?

for the continental shelf, shelf-break, and oceanic waters of the eastern

Bering Sea in March through May. For June through August they report 109,

58, and 11 birds/km® for shelf, shelf-break, and oceanic waters respectively.

Their higher values in sunmer were due primarily to the inclusion of nearshore

counts , including counts near Unimak Pass. Shearwaters are concentrated

in these areas, and accounted for 80% of the |argest zonal average, 109 birds/kn?.
The discrepancies between pelagic estimates can be attributed to

differing sanpling efforts and designs, in conjunction with a highly

aggregated bird distributions. [If sanpling is controlled by an equalization

of effort or by a stratified design, then at-sea counts are likely to

underestimate total birds unless effort is great enough to detect large

feeding flocks, which can account for the nmjor proportion of the birds

at sea at any one time. For highly aggregated species, increased sanpling

effort will increase the probability of encounter with large flocks

thereby increasing the observed average. The estimates that we present

are based on 163.5 hours of observation (981 counts). The |ower estimate

of Wahl was based on 20.3 hours. Shuntov's estimates were based on 170

(Spring) and 280 (Summer) counts of unknown duration and |ocation.
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3) Areas of Great Sensitivity to Ol Spills

Consi derabl e between and within season variability notw thstanding, Figures 3
and 18-20 delineate areas in which spilled oil would be likely to encounter high
concentrations of birds. Wether one concentrates on regions in which a high
percentage of transects encountered high densities of birds (Figure 3), or
regions where high means and |ow coefficients of variation coincide (Figures 18-20),
the conclusions are the same. The areas near Unimak Pass, along and inshore of
the 50m isobath in Bristol Bay, along the shelf-edge, and near major colonies
(Pribilof |slands, Cape Newenham St. Matthew, St. Lawence, King Island, and
the Diomedes) all support” large nunbers of birds. \Wile the inpact would
vary with season (Figures 18-20), at virtually any time a spill would have
serious consequences. The blank areas on the figures represent regions wth
i nadequate survey coverage and sone of these areas may also contain high densities
of birds.

It is also clear that the species of birds at risk differ with location
and season. For instance, shearwaters predomnate in inner Bristol Bay, particularly
in Summer (Figures 21-23), while murres are nost concentrated near their ngjor
colonies (Figures 24-26). Mst of the birds seen near St. Lawence |sland and
northward into the Bering Strait were small auklets. Al of these species are
found in large, dense aggregations on the water and hence are exceedingly
vul nerable to floating oil.

4) Statistical Considerations

The nost dom nant characteristic of sea-bird density estimates is the
extreme local instability found throughout the entire Bering Sea. This is
i llustrated both by the wide range of coefficients of variation calculated for
smal | blocks of ocean area and the inability of sinple linear regressions based

on oceanographic variables to significantly reduce the observed variability.
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The prediction of bird populations in particular locations nust take this fact
into account and this report offers the suggestion that a useful step in this
direction is to categorize bird density estimtes into intervals.

The Binominal nodel and certain associated equations described in this report
seem to have considerable merit in terms of their applicability to seabird data
if the statistic of interest is the proportion of density estimates that fall
within specified ranges. Wth very few underlying assunptions, quantitative
rel ationships can be derived that yield useful confidence levels and estimates
of error for past sanmpling efforts and also provide reasonably precise criteria
for planning decisions concerning future sanpling efforts. The requirement
that sanmpling be done randony and that the observations be as independent
as possible can of course be only approximated and not achieved exactly.
However, the sensitivity of this approach to violations of randommess and
i ndependence is likely to be less than that of any other practical quantitative
program

Finally, if one of the purposes of obtaining quantitative estimtes of
seabird populations is to provide input to evaluations of the biological risk
associated with oil spills in specific regions, then the analysis described
in this report bears directly on this task. For exanmple, if two or nore
areas or locations are to be conpared in terns of their relative “riskiness”,
then an inportant conponent of this decision is the potential value of additional
information and what it would cost to obtain it. The relationships between
the acquisition of new or better information and the methods used in this

report were discussed in the preceding section on future sanpling efforts.
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APPENDIX 1

Density estimates derived from transect samples can be categorized
into c disjoint intervals with the following assumptions:
(1) Each sample is considered to be an independent Bernoulli trial.
(2) For each i, 1 =1,...,C,7.is the probability thatthe
sample statistic (in this case the mean) will fall within
interval 1 and therefore belong to category i. For

categories 1,...,C;

(3) The number of transects (samples) belonging to category i is

the number of successes S associated with the category;

N=Sl+52+ocn+sc

(4) The probability of obtaining a particular set of successes Is

given by the multinomial model as follows:

(S;,S S.3 Tq,W i S: N yr ﬁg...ﬂc&
m 12929 © 2993 Hysligseces C\ 51,52,...',5(: 1
N NI
where =
(51’52’°'°’5c) 31152! - - - SCL

(5) If the number ofcategories is reduced by combining two or more

of the original set then, for example,



S‘
oy age gy = [ N “1_2 .3
m(Sy,5,,53: > 27 1) = (s S..50) *1 T2 T3
12¥2°~3
where Sg =N - (S1 + 52)
and 1r3=13+1r4 +...+‘nc

(6) If only one category is of interest then the multinominal model
given in (4) reduces to the Binomial model so that:
N N - S'

b(S.; N,m,) = ﬂ.si(l-ﬂf) !
L

The practical application of statements (1) through (6) requires

estimations of the probabilities MyseeesT This entails the

c
derivation of a formula which provides, for any given confidence level
and interval, a lower bound on the required sample size. This formula,
for any given sample size and confidence level, also yields an upper
bound on the associated confidence interval. The derivation is
straight-forward and requires only Chebyshev's Inequality and the weak
law of large numbers. The version oftheformerused here can be stated
asfollows: at least 1 - 1/h¢ of the probability associated with any

random variable will lie within h standard deviations of the mean. In

particular,

(A) Pr(jx - u] <ho) > 1 -3
h
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which is read as: the probability that the absolute value of the
difference between a random variable and its mean is less than ho is
equal to or greater than 1 - 1/h2. The Chebyshev Inequality holds for
any distribution so long as it has a mean and variance and therefore can
be used to validate Khintchine's Theorem for the weak law of large
numbers, described next.

Given a random sample of n observations taken from a population with
mean u and variance 02, the expectation of the sample mean X is
oz/N. This last statement implies that as n gets large the variance of
the sample mean approaches zero which is the significant implication of

the law of large numbers. That is, for any d > O,

(8) Pr(x -nl <d)+1 as N+

To show this analytically, Chebyshev's Inequality can be written as

(c) PT‘('X —Ul<d),>_l=%§

where d =ho and h =

ala

Consequently, if we substitute X for x” and 02/N for 02, the

result is Khintchine's theorem:

2
Pr(IX-ul<d)~l- —b 1.9

( 4 N
\V o?/n

Since o%and o are fixed, as N+ =, 02/Nd2-> 0 giving (B).



The equation relating sample size to confidence level and confidence
interval can nowbe derived using the Bernoulli model and statements (A)
through (C). Inthis model, each transect is considered to be one of N
independent Bernoulli trials with population probability T
associated with category i. |If S is the number of transects in
cateogry i (i.e., the number of successes) then the sample mean is

S/N and

Pr(l#-ni|<d)+l as N+ o

This i1s the Bernoulli law of large numbers, first published in 1713. In
words, as N gets large the proportion of successes in the sample will
get arbitrarily close to the population proportion .. The guestion
is, how large must N be for S/N to be a “good” estimate of u.?To
answer this we wish to estimate the size of N such that the observed
frequency of success in the sample will be within a specific distance d
o %, at a given high level of probability «. Formally, we wish to

3
find an integer N such that

Pr(l—sﬂ-nilid)ia for all =, in 0<m; <1 .

Tofind a lower bound on N, note that from (C)

and from the Bernoulli model the variance of S/N is ni(l - “i) / N.
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Furthermore,
R AL AN 5
=%'(%""'*“12)
=%'(12"‘"1)2

S O ni(l-ni) ismaximum at m; = 1/2. Therefore,

o1
ang?

02 1
since -N—=TT1(1 'Wi)/Nﬁm

The relation in (D) is satisfied if

N ?,_7?__;L____
4d°(1 - @)

The estimates given above for sample sizes required for particular
values of @ and d can be improved if S is the sum of a large number
of independent trials (usually greater than 30). If this is true then
the Central Limit Theorem holds approximately and S/N can be assumed to

be nearly normal. In this case, the error

= koS/N
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and N2>m(l-m) (%)2

Once again w(l - ™) is a maximum at T~ 1/2. Therefore

and also,



APPENDI X 2

Maps of Mean Densities and Associated Coefficients of Variation
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