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I. SUMMARY

The objective of this research program is to explore the sensitivity and

response of breeding marine birds in the Kodiak Island region to environmental

perturbations. This research includes three phases: (1) the estimation of over-

all population and community energy demands by the birds and the temporal variations

in these demands through the breeding season; (2) the determination of distributional

patterns of the major bird species in the marine areas surrounding Kodiak Island;

and (3) the use of simulation and analytic models to synthesize energetic, distri-

butional, demographic, and behavioral parameters to project the responses of

colonially-breeding marine birds to environmental perturbations, such as might

accompany petroleum development. In this report, we consider the distributional

patterns of the major bird species occurring in the Kodiak area, using as baseline

data censuses obtained by USF&WS personnel during shipboard and aerial surveys con-

ducted during 1975-77.

These censuses exhibit substantial heterogeneity in time of sampling, area of

sampling, and method of sampling, and as a consequence of these various discontin-

uities in the sampling regime, we found it necessary to combine censuses in various

ways and to use several weighting procedures in the analysis of census results in

order to develop any sort of synthesis of the distributional patterns of the birds.

Using such adjusted census results, we analyzed the distributions of five major bird

species: Black-legged Kittiwakes (Rissa tridactyla), Glaucous-winged Gulls (Larus

glaucescens), murres (primarily Common Murres, Uria aalge), Sooty Shearwaters (Puf-

finus griseus), and Tufted Puffins (Lunda cirrhata). Analyses of these distribu-

tional patterns revealed regions of apparently high density concentrations for these

species, and other regions where densities are low. Some density peaks, however,

apparently result from single encounters of large aggregations of individuals that

were not encountered during subsequent censuses in the same areas. Other regions

of high density seem consistent with areas in which concentrations of birds might be

expected from knowledge of the locations of breeding colonies or from information on

bathymetric features. In general, the areas around the Semidi and Barren islands,

over Portlock, North (the eastern end) and South Albatross banks, and the area be-

tween the Trinity Islands and Cape Ikolik appear to be important foraging areas for

these species. In contrast, Shelikof Strait and the western end of North Albatross

Bank have consistently low densities, as do the off-shelf areas for most of the

species, especially the two alcids.

To evaluate the level of statistical confidence that can be placed in this

analysis, and because standard statistical techniques are not valid for data of this

kind, we developed a new method for placing confidence intervals on mean bird den-

sities. We found that, for an analysis based on densities in 20 x 20 km blocks, only

about 6% of the region around Kodiak has been sampled with sufficient intensity to
generate confidence intervals at all. Of that proportion of blocks, only about 3%

has been sampled with sufficient intensity that the upper confidence bounds are with-

in an order of magnitude of the calculated mean density, even though data were pooled

over all times of year (thus obviating seasonal changes as a source of variation).

This lack of statistical confidence results primarily from basic features of pelagic

bird distributions, rather than from observer error. Thus, it is virtually impossible

at this point to obtain statistical validation for any conclusions or management de-

cisions based upon pelagic bird census data. We suggest that OCSEAP make an effort

to define spatio-temporal regions over which data can be validly pooled in order to

develop a stratified sampling regime to overcome this difficulty.
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II. INTRODUCTION

Our overall objective in our current research phase is to explore the sensi-

tivity and response of breeding marine birds in the Kodiak area to environmental

perturbations such as might accompany petroleum developments. Our approach to

meeting this objective parallels our earlier analysis of colonial seabird demography

and sensitivity to perturbation for the Pribilof Islands system (Wiens et al. 1979a).

This approach combines the use and analysis of field observations on the distribu-

tional patterns of the birds and their life history and reproductive attributes

with analytic and simulation modeling of population foraging distributions and

behavior and population demography. Throughout, patterns of response are organized

within the framework of energy flow patterns.

Such research involves several distinct phases. In an earlier report (Wiens

et al. 1979b) we have used simulation models to estimate population energy flow

patterns for the dominant breeding species in the Kodiak region. In this report

we concentrate on distributional patterns of these species about Kodiak Island

during the breeding season, and provide a statistical evaluation of the results

obtained by censusing seabirds in this region. Such distributional analyses are

of fundamental importance to any attempts to model the distributional dynamics of

colonially-breeding seabirds, and how these dynamics respond to environmental per-

turbations. The present analysis is based upon census information obtained by

USF&WS personnel during shipboard and aerial surveys conducted during 1975-1977.

For purposes of modeling the potential impacts of offshore development and

providing a distributional baseline for management decisions, we have synthesized

these data into distributional maps for each of the five major species found in

this region: Black-legged Kittiwakes (Rissa tridactyla), Glaucous-winged Gulls

(Larus glaucescens), murres (principally Common Murres, Uria aalge), Sooty Shear-

waters (Puffinus griseus), and Tufted Puffins (Lunda cirrhata). Carrying out this

synthesis was a relatively complex task due to the nature of the bird distributions

themselves and the methods used for collecting the data. Four factors greatly com-

plicate the construction of basic density-distribution plots derived from the Kodiak

data base: (1) Bird densities are highly variable in both time and space, sometimes

varying over 3-4 orders of magnitude during time intervals of hours or days and

distances of only 5-10 km. (2) The frequency distributions of transect densities

are extraordinarily skewed; i.e. very low densities are most common, but densities

orders of magnitude higher occur with regularity (see Fig. 8). This means that

standard statistical models such as the normal or Students-t are invalid except for

very large sample sizes. (3) Data were collected from both ships and aircraft.

Analysis of these data shows that the probability of detection of birds is consis-

tently far greater from ships than from airplanes, making it impossible to combine

these two types of transect data directly. (4) Because most of the data were col-

lected from ships of opportunity and because observers were more inclined to col-

lect data in some regions than in others, the distribution of sampling intensity is

very patchy. Some regions have been intensely sampled, while others, particularly

to the south and west of Kodiak, remain unsampled.

For this report, we have worked within these constraints to develop a synthetic

overview of the pelagic bird distributions in the vicinity of Kodiak Island, and to

provide statistically valid limits on those density estimates. The results displayed

here are designed for use as management tools, and the methods used in deriving them

are being used to provide inputs for our own modeling efforts.
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III-VIII. RESULTS AND DISCUSSION

Distributional Synthesis

The most accurate and intuitive method of displaying spatial distributions in
this context is to construct contour mappings of the observed densities of birds
on a species-by-species basis. Such maps consist of series of equal-density iso-
clines based on point-to-point interpolations of the observed transect densities
and clearly display the overall distributional patterns. Their construction,
however, requires that there be no major spatial gaps in the data base, i.e. regions
where nothing is known of bird densities. Ideally, density mappings should be gen-
erated on a seasonal basis, using only one type of transect data (ship or air), and
interpolating density values only over short distances--on the order of 5-10 km.
Given the data base, however, such maps would consist almost entirely of gaps.
Instead, we have opted to pool all available data in such a way as to obtain nearly
complete spatial coverage of the Kodiak region. While some information is inevitably
lost by such pooling, we feel that the advantages of having an overall distributional
pattern outweigh the disadvantages.

Pooling over time.--Combining data collected at different times of year was the
first step required in order to derive a high degree of spatial coverage. The
ubiquitous question marks on the seasonal density mappings provided in the 1979
Kodiak Interim Synthesis Report demonstrate that it was possible to obtain only
fractional coverage of the Kodiak area during any one season. There is every reason
to suppose that there is a strong seasonal component to variation in bird densities
and distribution; both the requirements of these species and the distribution of
their food supply obviously vary widely over the annual cycle. Nonetheless, from
the standpoint of potential impact of fixed points of disturbance such as drilling
platforms, work camps, pumping stations, etc., it is valid to portray the bird dis-
tributions as temporally static, so long as the disturbance itself does not have a
strong seasonal component. Mappings based onthe full annual cycle will reflect
the overall impact of such disturbances on marine bird populations much more ac-
curately than seasonal mappings that, until more data are forthcoming, must remain
so fragmented as to be of little use.

Pooling over distance.--For any method of displaying density distributions, it
is necessary to average data from all transects occurring within some specified
region in order to obtain a single-value estimate of the density within that region.
The question is, how large is that area to be? Combining transect values over a
relatively large area has the effect of generating a high degree of total coverage,
but local and potentially significant variations in density are lost or smoothed
over. Combining only values that are relatively close to one another, however,
leads to an overall distribution with very poor coverage. We have chosen to use an
algorithm that provides density estimates in regions with low sampling intensity,
while at the same time minimizing the loss of detailed information in regions with
high sampling intensity.

We first divide the Kodiak area into 10-km blocks extending from 55025' to
59°00' latitude and 147°50' to 156025' longitude. Blocks are classified as land
or sea on the basis of whether they are more or less than 50% land. The distribu-
tion of sampling intensity based on 10-km blocks is shown in Figs. la and lb. The
intensity of sampling effort rarely exceeds 2-3 transects per 10-km block except
in the inshore portion of the North Albatross Bank and Chiniak Trough, and the vast
majority of blocks remains unsampled. In order to obtain nearly complete coverage,
it was necessary to compute a two-dimensional running average based on all transects
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Fig. la. The distribution of ship transects on a 10-km grid in the vicinity of Kodiak Island. For each grid
vertex, transects are drawn from up to 5 km away. The lower left corner corresponds to 55025' latitude and
161°25' longitude. Blocks containing more than 50% land are indicated by "#."



Fig. lb. The distribution of air transects on a 10-km grid in the vicinity of Kodiak Island. For each gridvertex, transects are drawn from up to 5 km away. The lower left corner corresponds to 55°25' latitude and161°25' longitude. Blocks containing more than 50% land are indicated by "#."



run within 35 km of the center of each 10-km block. The sample intensities based

on this algorithm are shown in Fig. 2. Coverage using this method is almost com-

plete, and sample intensity is high enough to obtain at least a reasonable confi-

dence in their mean density values. Unfortunately, averaging transect densities

over a circle of diameter 70 km obviously loses considerable information on local

variation, as in some regions (particularly inshore) the distributions are clearly

complex. We attempted to minimize this effect in areas with relatively higher

sampling intensity by using a weighted average based on the distance from the center

of each 10-km block to the midpoint of a given transect. The weighting coefficient

ranges linearly from 0-1 for transects from 35-0 km from the block center. Thus,

the density in each 10-km block is estimated as the weighted mean density of transects

within 35 km of the block center, where the weighting factor of the ith transect,

Wi, is computed from Di, the distance from the transect midpoint to the block center,

using the formula:

[FORMULA]

where Di <= 35. These values were then used to define densities at the lattice points

of a 10-km grid, which was then input to a standard surface contouring display program.

Pooling over transect types.--Ship and air transects frequently give different

results in terms of transect densities. Table 1 summarizes the distributions of

transect densities for 984 aerial transects and 1,190 ship transects from the Kodiak

region for each of the five principal species. (1) In all cases, the probability

of detecting no birds is greater for aerial transects than for ship transects.

(2) Except for Black-legged Kittiwakes, the mean variance ratio is consistently higher

for aerial transects. For both shearwaters and Tufted Puffins, the mean density is

much lower for aerial than for ship transects. These discrepancies probably occur

because aerial transects are smaller than ship transects (100 m as compared to 300 m)

and because birds with only dark plumage (shearwaters and Tufted Puffins) are relatively

much more difficult to locate from the air. In view of these problems, it is not

valid to combine directly density estimates based on transects of differing types.

However, because there are large areas sampled only by one method or the other, we

did not consider it acceptable either to discard the less accurate aerial survey

data or to treat the two types of data totally independently. The solution that we

chose was to utilize aerial data only in the absence of ship survey data. In order

to correct the aerial data for diminished probability of detection, we assumed that

the means of all aerial transects should be the same as for all ship transects. Then

the ratio of the grand mean density for all ship transects over the grand mean of

all aerial transects provides a correction coefficient for aerial transect data that

should make the two methods of data collection more nearly comparable.

Distributional Patterns of the Major Bird Species

Black-legged Kittiwake.--The distribution of Black-legged Kittiwakes is dominated

by two very large peaks (Fig. 3). These may not represent stable concentrations,
however. The first (A) exists because of two ship transects conducted on 27 May 1975
that recorded greater than 50 birds each, mostly in a few flocks. Three other ship

transects were run in this area during the breeding season, and they recorded very

few birds. All aerial transects in this area were conducted during the non-breeding

season, and they found virtually no birds. This peak may represent a foraging loca-

tion for birds breeding on the Semidi Islands, approximately 90 km to the west, but
without further sampling effort during the breeding season we cannot be sure of how

important it is throughout the season. The second peak (B) was produced by a single

transect that recorded 339 birds on 11 November 1976, mostly in two very large flocks.

Very few birds were found during other times of the winter, and this peak may thus
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Fig. 2. The distribution of both ship and air transects as in Table 1, except that transects are drawn in from
up to 35 km away.



Table 1. Comparison of summary statistics for the distributions of

transect densities for ship and aerial transects. Values are ex-

pressed in terms of birds per km
2 . P is the probability of find-

ing no birds of that species on a transect.
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Fig. 3. Contour plots of the densities of (a) Black-legged Kittiwakes, (b) Glaucous-winged
Gulls, (c) murres, (d) Tufted Puffins, and (e) shearwaters. [Stippled areas indicate thatthe region is more than 50% land. Note that the density contours are spaced exponentially(i.e., 1, 2, 4, 8...). Tick marks around a closed region indicate "downhill" slope.]



represent a relatively uncommon aggregation in this area, perhaps due to a fishing
vessel. Densities were uniformly low here during the breeding season.

Several of the lower density peaks (C) indicate the existence of stable off-
shore foraging areas for birds from nearby breeding colonies. In all cases they were
over the continental shelf (e.g., Portlock or North Albatross Bank) and well within
the foraging range of breeding kittiwakes. Many important foraging areas are in in-
shore areas (i.e., in the bays and fiords) and are not shown on this figure because
the plotting routine excluded them. Other peaks (D) represent the one-time detec-
tion of a large number of birds during the non-breeding season. The sampling effort
in these areas was inadequate to enable us to decide if these are stable foraging
areas. In contrast to the breeding season foraging areas, these are mostly over
deep water.

Two areas are characterized by consistently low densities. The first is most of
Shelikof Strait, and the second is the valley over the eastern edge of North Albatross
Bank (E).

Glaucous-winged Gull.--It appears that Glaucous-winged Gulls restrict their
foraging during the breeding season almost entirely to inshore areas. All of the
density peaks on Fig. 4 represent non-breeding season concentrations. Although they
were not totally absent from offshore areas during the breeding season, usually no
more than four birds were detected during a transect, although 14 were recorded on
one transect on 25 May 1976. Unfortunately, the data records did not indicate the age
of these birds. We suspect they were immature, as they were approximately 110 km from
the nearest breeding colony. Two of the peaks (S) appear to be stable non-breeding
season foraging areas; one is over Portlock Bank and the other is over the continental
slope south of Middle Albatross Bank. As for the Black-legged Kittiwakes, Shelikof
Strait and outer North Albatross Bank were areas of consistently low densities of
Glaucous-winged Gulls.

Murres.--The distribution of murres (Fig. 5) is fairly simple. It is dominated
by just a few peaks and is almost entirely restricted to the continental shelf. Peak
A represents large concentrations of birds found during the 1975 breeding season at
the edges of Shelikof Trough just east of the Semidi Islands, where large numbers of
murres breed. Interestingly, very few birds were found here in 1976, although most
of the sampling effort was concentrated more to the southeast of the islands. Un-
fortunately the area was not sampled during the 1977 breeding season.

Peak B exists mostly because of two large counts made on 14 November 1976; other
winter samples are too infrequent to determine whether this is a stable peak. Peak
C reflects moderate to large densities recorded during all three breeding seasons;
these presumably represent foraging birds from Flat Colony (colony size unknown) or
from the few small colonies in Sitkalidik Strait. In addition, densities are moder-
ate to high in this area during the non-breeding season as well. Thus, South
Albatross Bank is an important foraging area for murres during all seasons. Likewise,
D, E, and F are year-round foraging areas, although it is not clear in the case of
E where the birds may be coming from during the breeding season, as the nearest
sizeable colonies are approximately 130-140 km away. Peak G, over outer Portlock
Bank and the continental slope, appears to be a stable winter foraging area. Peak
H is strictly a breeding season concentration, undoubtedly associated with the large
colonies nearby on the Alaska Penninsula. Peak I seems to be mostly an area of con-
centration of murres during the winter.

Shearwaters.--The distribution of shearwaters is fairly easy to interpret because
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Fig. 4. The spatial distribution of Glaucous-winged Gulls in the Kodiak region. Symbols as
in Fig. 3.



Fig. 5. The spatial distribution of murres in the Kodiak region. Symbols are as in Fig. 3.



they are not a member of the breeding community and because they are not present

during the winter. This is somewhat confounded, however, by their tendency to

aggregate in extremely large flocks (10,000-50,000) and by the fact that both spe-

cies appear to migrate through the region but on different time schedules. Because

of this flocking behavior, Fig. 6 is mostly a reflection of where observers encounter

a large flock by chance. All of the peaks exist because of one or two transects of

this type. We know that inshore areas may have a flock present over much of the

season (Wiens et al. 1978), but this information is lacking for offshore areas.
Judging from the sampling effort and densities on other transects, however, it ap-
pears that some of the peaks (S) may represent stable concentrations. In most
cases the stable peaks are associated with changing bathymetry (e.g., troughs, the
shelf break, or Stevenson Entrance); two exceptions may be the peaks just south of
the Trinity Islands and just east of Chirikof Island. Most of the peaks represent

shearwater concentrations recorded from April to June; the exceptions are all the

peaks in Shelikof Strait, which were recorded from July to November. The temporal
distribution of the two species (Lensink et al. 1978) suggests that the former may
be mostly Short-tailed Shearwaters, while the latter may be mostly Sooty Shearwaters.

Tufted Puffin.--The distribution of Tufted Puffins, like that of the murres, is

restricted almost completely to the continental shelf. Further, Tufted Puffins are

virtually absent from the region during the winter (October-April). The peaks on

Fig. 7 are in nearly every case near sizeable breeding colonies, and in most cases

(B) are probably stable breeding season foraging areas. Again note the very low

densities in Shelikof Strait and over outer North Albatross Bank.

Summary.--In general, the areas around the Semidi and Barren islands, over
Portlock, North (the eastern end) and South Albatross banks, and the area between

the Trinity Islands and Cape Ikolik appear to be important foraging areas for the

species discussed here. In contrast, Shelikof Strait and the western end of North

Albatross Bank have consistently low densities, as do the off-shelf areas for most

of the species, especially the two alcids.
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Fig. 6. Spatial distribution of shearwaters in the Kodiak region. Symbols are as in Fig. 3.



Fig. 7. Spatial distribution of Tufted Puffins in the Kodiak region. Symbols are as in
Fig. 3.



Statistical Analysis

The contour plots derived in the preceding section provide a synthetic descrip-
tion of the observed distributional patterns of Kodiak seabirds, given the constraints
of the data base. They do not, however, give any hint about the statistical confi-
dence that can be placed in the density values estimated for any specific locale,
If the number of transects applicable to any given region were large (i.e., n > 50)
or the frequency distribution of transect densities approximately normally distri-
buted, it would be a simple matter to place confidence limits on the mean of any
given set of transect densities. In this analysis, however, we were confronted with
both relatively low sample sizes (Fig. 1) and frequency distributions that were
distinctly non-normal (Fig. 8).

For all species, the frequency distribution of transect densities declines very
steeply for low densities, then inflects and slowly trails off with increasing den-
sity. Under conditions such as these, standard confidence limits using Student's-t
distribution are not only technically invalid, but also extremely inaccurate. The
true mean will typically exceed the upper 95% confidence limit about 50% of the time
and fall below the lower confidence limit about 0.06% of the time. We therefore have
devoted considerable effort to deriving a technique for placing confidence limits on
the means of small samples drawn from highly skewed distributions such as these.

Statistical model.--We can break the problem of placing confidence limits on
samples of transect densities into a two-part problem: (1) what are the confidence
limits on the proportion of transects containing any birds at all, i.e., confidence
limits on the probability of the zero class? and (2) given that birds are present,
what are the confidence limits on the mean density? This breakdown is necessitated
by the tendency of seabirds to aggregate and flock. Basically, we are asking what
is the probability that a flock (or aggregation) will be present, and, if so, how
large will it be? It avoids the necessity of finding a single model that fits both
flock size and probability of flock presence or absence, and avoids the problem of
a disproportionate zero class. Precise confidence limits on the probability of
presence or absence can be found using the binomial distribution. This is a standard
statistical technique; placing confidence limits on bird densities, however, is a
much more complex problem.

As a statistical model of the distribution of frequency of bird densities, we
use the gamma density function. If x is a gamma distributed random variable, then
x has the probability density function:

[FORMULA]

where a is a shape parameter, A is a scale parameter, and r(a) is the incomplete
gamma function. The gamma distribution is an extremely general distribution that
can assume a wide range of forms depending on the value of a (Fig. 9). For a < 1,
the distribution asymptotically approaches the y axis as x - 0 and the x axis as
x [arrow] [omega] ; the steepness of the slope as x [arrow] 0 and the thickness of the tail as x [arrow] [omega]
increase as a [arrow] 0. For a = 1, the distribution is exponential, and as a [arrow] [omega],
it approximates the normal. Gamma distributions were fitted to the data of Fig. 8.
using the formulae:

_.2
[FORMULA]
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Fig. 8. Frequency distributions of transect densities for ship transects
for (a) Black-legged Kittiwakes, (b) Glaucous-winged Gulls, (c) murres,
(d) Tufted Puffins, and (e) shearwaters. The smooth curves are fitted
gamma distributions.
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Fig. 9. The variety of forms that can be assumed by the

gamma distribution when the shape parameter, [alpha], is

varied.
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The fitted distributions in general closely approximate the observed distributions,
indicating that for data of this type the gamma density function provides a valid
statistical model.

The parameter a is a nuisance parameter when one tries to obtain confidence
limits for p, because the lower the value of a, the wider the confidence limits will
be. We propose a conservative two-stage scheme where a lower bound on a is esti-
mated first, and then confidence limits on p are generated assuming the minimal value
of a. Let x1, x2 ,...x be a set of random variables with the distribution r(a, [lambda]).

n
If a were known, a confidence interval for µ could be based on the fact that [FORMULA] is

gamma distributed with shape parameter na and scale parameter 1. Denoting the .05
and .95 percentiles of this distribution as r (na, 1) and 9 5 (na, 1), respectively,
we can make the probability statement:

[ F OR MUL A]

This is equivalent to:

[FORMULA]

n
because µ = a/[lambda] and [FORMULA]. Figure 10 shows these confidence limits as a function

of a. Note that the confidence limits increase with x so that, as stated before, the
widest confidence limits on p will occur at the minimum possible value of a.

Mann, Schaffer, and Singpurwalla (1974) give the statistic s = ([pi]xi) 1/n, which
is sufficient for calculating confidence intervals for a. The distribution of s is
free of the parameter [lambda], but is otherwise difficult to express. However, the distri-
bution of s given a can be readily simulated in order to determine the percentile
S.90(a) such that P[s <= s 9 0 (a)] = .90. Since s. 9 0 (a) is an increasing function of

a, we let q(s) be the corresponding inverse function so that we can state P[q(s) <= a]
=.90, providing a one-sided confidence interval for a.

The final step is based on the fact that na/[gamma]9 5 (na, 1) and na/ [gamma]05 (na, 1) are

monotone functions of a within the range of a that concerns us (Fig. 10), so that the
worst case of a can be chosen as q. More formally,

[FORMULA]

[FORMULA]

[FORMULA]

[FORMULA]
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Fig. 10. The function y = log [[FORMULA]] for P = 0.5 (upper
curve) and P = .95 (lower curve). The log transform is used
for plotting convenience only. y is the conficence coefficient
for µ and ß = nq (see text).
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Interpretation of statistical analysis.--We tested the effectiveness of this

technique on random samples drawn from a range of gamma distributions. For each
sample of gamma distributed random variables, we estimated 80% gamma confidence
limits and 90% Student's-t confidence limits for µ. The effectiveness of the con-
fidence limits for sample sizes of 3, 5, and 10 was evaluated by counting the pro-
portion of times out of 1,000 trials that the confidence limits did in fact contain
µ, the true mean of the distribution. As expected, the gamma confidence limits are

conservative, yielding what are in fact slightly greater than 90% confidence limits

for a wide range of a values (Fig. 11). Student's-t confidence limits, on the other
hand, fail completely within the range of a values found for the data of Table 1,
0.01-0.15. Note that in the range of a where the Student's-t fails, the upper and

lower bounds estimated using it are markedly asymmetric, with virtually all of the

cases where µ is not contained in the confidence limits occurring at the upper
bound and almost never at the lower bound. In other words, as a - 0, upper
Student's-t bounds become excessively permissive, and lower Student's-t bounds be-

come excessively conservative.

Gamma confidence limits can be readily calculated using Table 2. Given n, the

sample size, and the statistic s where s = (IIx) /n/x, look up c1 and c2 from Table

2. The tabled c values correspond to the terms nq/[gamma].9 5 (nq, 1) and nq/[gamma].05 (nq, 1).

The lower confidence bound is then Xcl and the upper bound is xc2. For example,
given a sample where n = 3, and x1 = .01, x2 = .05, and x 3 = .3,

s = [(.01)(.05)(.3)]1/3/[(.01 + .05 + .3)/3] = .44

= (.01 + .05 + .3)/3 = .12

cl .35

c 2  5640.

xc 1 < µ < xc2

0.42 < µ < 676.

We applied these statistical techniques to the Fish and Wildlife Service ship
transect data base, generating a series of tables showing the 95% confidence limits
on the probability of finding birds and 90% confidence limits on the estimated den-
sity of birds when present (Tables 3-7). Since the smoothing algorithm used to gen-
erate the contour plots (a weighted running average) cannot be used for such analysis,
we chose a 20-km x 20-km block size as being the largest reasonable size for lumping
transects. Data were analyzed on a species-by-species basis, but were pooled over
time. (Note that the sample sizes generated by this algorithm will thus be dif-
ferent from those using the running average.)

This relatively rigorous analysis indicates that our confidence in any estimates
of Kodiak area seabird densities is very low. There are two basic problems. First,
within the region we have considered (approximately 90,000 km2) only about 3-6% of
the area is sampled with sufficient intensity (i.e., three or more transects with
non-zero density) to provide any estimate of density confidence limits. Second, if
a block is sampled sufficiently to provide confidence intervals, only 30-80% of
these blocks (depending on species) yield confidence limits such that the observed
mean and the upper confidence limits are within an order of magnitude of each other.
This is a conservative estimate because we are pooling over time, using 90% intervals,
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and are not taking into account the additional variance resulting from the zero

class. The problem is most acute with shearwaters because of their highly skewed

distributions; in only 13 blocks do we obtain "reasonable" one-order-of-magnitude

upper confidence limits. In addition, the more important foraging areas appear to

show more severely skewed distributions for all species, so that our confidence is

often lowest where it is most important.

We must emphasize that these problems with the data base are not, in general,

attributable to errors on the part of those taking the censuses: they result instead

from two factors basic to the system we are trying to describe. First, the pelagic

distribution of seabirds in an oceanographically complex region such as this is

itself highly complex in both time and space. Given that densities change over

orders of magnitude within a matter of hours or days and over distances of 5-10 km,

anything resembling a comprehensive census of 90,000 km
2 of ocean is a virtual im-

possibility under existing resource and logistical constraints. Second, the sampl-

ing distribution of flocking birds such as these necessitates much larger sample

sizes in order to achieve a reasonable level of confidence in density estimates than

would be required by species with more nearly normal sampling distributions. In

general, a sample size of 10-20 is minimal for obtaining upper confidence limits

within one order of magnitude of the mean.

The only solution to this problem that we can suggest a posteriori is the use

of a stratified sampling regime. Biologists familiar with the Kodiak pelagic dis-

tributions, using smoothed density mappings such as we have presented, could de-

lineate regions that they had reason to believe a priori to be similar. If large

enough regions could be defined, then the data base could be subjected to the kind

of statistical analysis used here to generate a meaningful and statistically tenable

analysis of pelagic bird densities. Until some such attempt is made, our statistical

confidence in any patterns generated from the data base must remain extremely low.

Acknowledgements.--Clifford Qualls helped develop the method for obtaining

confidence intervals for the gamma-distribution.
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Fig. 11. Comparison of the frequency with which gamma confidence
limits and Student's-t confidence limits on x contain the true
mean, µ, when samples of 3, 5, or 10 are drawn from a gamma dis-
tribution with shape parameter a. The x-axis (a) is In trans-
formed for scaling convenience.
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Table 2a. Coefficients for calculating confidence limits based on a gamma-distributed sampling distribution. Lower
bounds (cl) are given. Coefficients are indexed by sample size and the sample statistic, S, where S = ([pi]xi)1/n/x.
Intermediate values may be linearly interpolated.



Table 2b. Coefficients for calculating confidence limits based on a gamma-distributed sampling distribution. Upp-
bounds (c2) are given. Coefficients are indexed by sample size and the sample statistic, S, where S = (Ixi)1/n/x.
Intermediate values may be linearly interpolated.



Table 3. Confidence limits on the density of Black-legged Kittiwakes by 20-km
blocks in the vicinity of Kodiak. N is the number of transects with midpoints

contained in the block. P is the probability that any bird would be found on
the transect. P CLU and P CLL are the upper and lower limits, respectively, of

a 95% confidence interval on P. XBAR is the mean density of transects where
birds were found. XBAR CLU and XBAR CLL are the upper and lower limits, re-

spectively, of a 90% approximate confidence interval on XBAR based on the gamma
distribution.
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Table 4. Confidence limits on the density of Glaucous-winged Gulls by 20-km
blocks in the vicinity of Kodiak, See Table 3 for definitions of symbols.
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LO NG I T U DE
LAT . 156 40 156 20 156 0 155 40 155 20 1 155 0 154 40 154 20 154 0
--------------+----- ----------------------------------+- ------------------ -----------------------------------------------+
57 50 1N 0 0 0 0 0 0 2 4 0

:P CLL 0. : . 0. 0. 0. 0. 0. * 0.01 0
P 0. 0, 0. 0. 0. . 0. 0.25 0.

;P CLU 0 . 0, 0. .0 0. 0. o. 0.82 0.
:XBAR CLL 0. 0. 0. 0. 0. 0. 0. 0. 0.
:XEAR 0 0. O. 0. 0. 0. 0. 0. 0. 0.

XBAR CLU 0. 0 . 0. 0. 0. . 0. 0. .
--------------- +----- ----- +-----------+--------------+--------------------------------------------------- ----------------
57 40 IN 0 0 0 0 1 2 5 1 0

P CLL 0. 1 0. 0. 0. 0. 0. 0.14 0. 0.
P 0. 0. 0. 0. 0. 1.00 0.60 0. 0.
P CLU 0. 0. 0. 0. 0. 0. 0.95 0. 0.

:XBAR CLL 0. 0.• 0. 0. 0. 0. 0.72 0. 0.
:XBAR 0. 0 0. . O. 0 0. 1.75 0. 0.
XBAR CLU 0. : 0. 0. 0. 0. 0. 35.84 0. 0.

------ +-------------------------+-------------+-------------- ---------------- ----------------------- -------- +
57 30 N 0 0 0 2 2 5 2 0 0

P CLL 0. : . .0. . 0.14 0. 0. 0,.
P 0. 0. 0. 0.50 1.00 0.60 0.50 0. 0.
P CLU 0. 0. 0. . O. 0. 95 0. . 0.

:XBAR CIL 0. O. O. O. 0. 1 0.85 0. 0. 0.
XD'I • 0. 0. 0. 0. O. 1.81 0. 0. 0..
XlAR CLU 0. 0. 0.. 0. 10.48 0. 0. 0.

----- -------- ----------- +------ ------ +-- +.----- - -------- +- .---.---- . ------+-------------- -----------

57 20 ;N 1 0 0 2 2 0 0 0 0
PF CLL 0. 0. 0. O. 0. 0. 0. O. 0.
P 1.00 0. 0. 0.50 1.00 0. 0. 0. 0
FP CLU 0. 0 . 0. . ..0 0. 0.

:XBFAR CLL O. 0. 0. 0. 0. 0. 0. 0. 0.
XBFAR 0. 0. 0. 0. 0. I. 0. 0O. 0.

:XBAR CLU 0. 0. 1 0, 0. I 0. 0. 0. 0.
-7----+---------------------------------------------+
57 10 N 1 0 0 0 5 0 0 0 0 0

P CLL 0. 0. I . 0.27 0. 0. 0. 0. 0.
F 0. 0. 0. 0.80 0. : . 0. 0. 0.

IP CLU 0. 0. 0. 0.99 0. 0: . 0. 0. 0.
XBAR CLL 0. 0. 0. 0.89 0. 0. 0. 0. 0.
XBAR : 0. 0. 0. 1.55 0. . 0 . 0. 0.

:XBAR CLU 0. 0. 0. 3.97 0. 1 . 0. . 0.
-------------------------- -------- +----------------------------- ------------- +------ +--------------------------+-------------+
57 0 N 0 0 3 5 0 1 0 0 0

P CLL 0. 0. 0. 0.05 0. 0. 0. 0. 0.
:P 0. ..0. 0. 40 0. 1.00 0. 0 .

P CLU 0. 0. . 0.70 0.86 0 0 . .0 0,
IXBAR CLL 1 0. 0. 0. :. 0 0. 0. 0. 0.
XBDAR I 0. 0. 0. 0. 0. 0. 0. 0. 0.

:XBAR CLU 0. 0. 0. 0. 0. 0 0. 0. 0
-- + --- --- +--*------ ---- +-+ ---------+-------+----- -------- --------------------- --- +---- ----

C-.
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L 0 N G I U D E
LAT 156 40 156 20 156 0 155 40 155 20 155 0 154 40 154 20 154 0

-----.. -------..-- ------- +----------+-------+---------. --+---..- .------ ---- +----- - ----- +-----------+
56 50 N 0 0 3 3 0 2 1 0 0

P CLL 0. 0. 0.08 0., 0. 0. 0. 0. 0.
P 0. 0. 0.67 0. 0. 0. 0. 0. 0.
P CLU 0. 0 .90.90.70 0. 0. 0. 0. 0.

fXBAR CLL O, 0. O. 0 0. 0. I . 0. 0.
XBAR 0. 0. O. O. 0. 0 . O. i 0. 0.
XBAR CLU 0. 0. 0,0. I 0. 0. 0. 0. 0.

-------------- ------ +------------ ----- +---- .-+--- --- +-------------.------ ---- ----------------- ------+
56 40 N 1 1 0 0 2 1 2 0 6

P CLL O. 0. 0. 0. I 0. .. 0. 0. 0.21
:P 1.00 0 . . 0. 0. 1.001 0.50 0. 0.67
P CLU 0. 0. 0. 0. 0. 0. 0. 0. 0.97
XBAR CLL 0. 0. 0. . I 0. 0. 0 . 0. 1.62
:XBAR 0. C 0.. O. 0. 0. 0. 0. 3.71
XBAR CLU 0. 0. 0. O. I 0. 0. 0,. 0. 34.22

--- --------------------------------------------------------------------- --+------------- --------------------------------------
56 30 N 1 2 0 0 0 1 1 0 0 0

P CLL 0. 0. 0. 0. i 0. . 0. 0. 0.
:P 0. 0. 0. 0. 1.00 0. 0. 0 . 0.
P: C..U 0 0. .. . 0. : . 0. 0. 0.
XEXAR CLL O. 0. 0. 0. 0. 0. 0. : . 0.
XBAR 0 0. 0. 0. 0. 0. :. O. : ,
XBAR CLU 0 0. 0. 0. 0. 0. 0. I 0. .

--------1.-- ·--- +-----4 ---- -- ----+--------+----------------------.---4---------- --

56 20 N 1 0 0 0 1 0 0 0 6
P C LL 0. 0. 0, . ,. 0 , 0 I 0. 0. 0.03
P 0. .. O. I O 0. O. ) O. . 0.33
P CILU 0. . . 0. 0. 0. . O. 0. 0.79
XBAR CLL 0. 0. 0. 0., 0. 0. 0. 0. O.
XBAR 0. 0. 0. 0. . 0. 0. , 0. 0.
XDAR CLU O0. 0, O. 0 . 0. O. o. 0. 0.

-I---- - +----------- ---------- --------------------------------- +----------------------- ----------- +-----------+
56 10 N 1 0 0 1 0 I 1 5 4 0

P CLL 0. 0. 0. 0. 0. 0. 0.14 0.18 0.
F : 1.00 0. 0. 1,00 0. 100 0.60 0.75 0.
P CLU 0. 0. 0. 0 0. 0. 0.95 0.99 0.
XBAR CLL 0. I 0. 0 0 . 0. 0.95 0.50 0.
XBFAR 0. 0. 0. 0. 0. O. 2.02 1.10 0.
XBAR CLU 0 0 . 0. 0. 0. 0. 1 12.09 8.26 0.

- --- ---+----------+-----------+-----------+--------------+-------------+------------------------+
56 0 N 0 1 0 1 1 1 4 1 0 0

P CLL 0. O. 0, O . 0 . 0.06 0. 0.
P 0. 0. . 1.00 1.00 0. 0.50 0. 0.
P CLU 0. O. 0. O. 0. 0, 0.94 0. 0.
XBAR CLL I 0. 0. 0. 0. I 0 0. 00. .0

.XBAR 0. 0. 0O. O. 0. 0 O. 0. 0.
XBAR CLU 0. 0. 1 0. . 0. 0. . 0. 0

-- ------------- +-- --- +---------------------------------------------+------------+----------+--------------------+
--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -- - -- - - - - --- - - - - -- - -



L 0 N G I T U D E
LAT 156 40 156 20 156 0 155 40 155 20 1 155 0 154 40 7 154 20 154 0

------------+-----------+---- ----------- --------------------------------- +--- -------- +---------+------------------------+
55 50 N 0 0 1 3 8 1 2 0

P CLL 0. 0. 0. 0. 0.30 0,15 0. 0. 0.
P 0. 0. 0. 1,00 1.00 0.50 0. 0, 0.
PI CLU 0. O. O. 0. 1.00 0.85 0. 0. 0.
XBAR CLL 0. 0. 0. 1 0. 087 0.75 0. 0. 0.

0XBAR 0. 0. 0. 0. 1.82 1.51 0. 0, 0.
XBAR CLU 0. . 0. 0. 9.49 1 6.91 0. 0. 0.

----- +--------------------------------------------++---- --------- ------------------------- --- +-------------

55 40 N 0 0 1 8 7 I 2 0 1 2
F CLL .. 0. 0. 0.24 0.10 0. 0. 0 0.
P 0. 0. 1.00 0.63 0.43 0.50 0. 0. 0.
P CU 0. O. 0. 0.93 0.83 0 0 0. 0.
XBAR CLL 0. : 0. 1 0.99 0.75 0. 0 0.. 0.
XBAR 00. 1 . 0. 1.77 1.88 0. 0. 0. 0.
XBAR CLU 0. I 0. 0. 5.13 48.92 0 . 0 0. 0.

------------------------------------ +----------------------- -+---------------------------------------------+-------------+
55 30 :N 3 10 5 5 2 0 0 0 2

:P CLL 0. 0.18 0.05 0. 0. 0 . 0. 0. 0.
IP' 0. 0.50 0.40 0. 0. I . 0. 0. 1.00

P CLU 0.70 0.82 0.86 0.50 0. I . 0. 0. ' 0.
XBAR CL.L 0. 0.66 1 0. 0. 0. 0. 0. 0; 0.
XBAR 0. 1.13 0. 0. . 0. 0. 0. 0.

:XDAR CLU 1 0. 2.83 0. 0. 0. 0. 0. 0. 0.
.-- -- ----------....--... ----------------.- -.--- + -. .------ +---.. ...-----------.--------...- ..--.. ..+------- ------. ....---------....+------------...... ----

UTI



L N G I 1U LD
LAT 153 40 153 20 153 0 I 152 40 152 20 152 0 151 40 : 151 20 151 0----------------------------------------------- ----------------------- +----------------------------------------------------
58 50 N 0 0 4 4 1 3 2 3 4 2P CLL O. 0. 0.06 0.01 0.30 1 0. 0.01 0.06 0.IF 0. 0. 0.50 0.25 1.00 0.50 0.33 0.50 100:P CLU 0. 0. 0.94 0.82 1.00 0. 0.92 0.94 0.XBAR CLL O. 0. 0. . 0. 57 0. 0. 0. 0.:XBAR 0.. 0. .0. 1.04 0. 0. 0. 0.XBAR CLU 0. 0. 0. 0. 3.18 0. 0. 0. 0.------ ---------------------------------- +------------------- +----------------------------+------------------------------------+
58 40 N 0 4 3 1 2 0 I 0 0 1 2IP CLL 0. 0. 0.01 O. 0. 0. 0. 0. 1 0.IP . 0. 0.33 1.00 0. 0. 0. 1.00 0.P CLU I 0. 0.60 0.92 1 0. 0. 0. 0. . 0. 0.XBARK CLL 0. 0. 0. 0. 0. 1 0. 0. 0. 0.XBAR 0. 0. 0. 0. 0. 0. 0. 0. 0.XBAR CLU 0 . 0. 0 0. 0. I . 0. 0. : 0.-- +-------- --- ----------- ----- - ------------ -------- +--------+58 30 N 2 1 1 0 1 0 3 0 2P CLL 0. 0. 0. 0. . 0. 0 .0 0.P 0.50 1.00 1.00 0. 1.00 0. I . 0. 0.50P CLU 0. 0. 0. 0. 0. 0. 0.70 0. : 0.,XlAR CLL 0. 0. 0. 0. 0. 0. I 0. 0. 0.XBAR 0 . 0. 0. 0. O:. 0. 0. 0. 0.XHAR CLU 0. 0, O. O. . 0. 0I 0 0. 0.

------*--- -- ------+--------+--------+--------+-------.----------+-------------+----------------------------+----------

58 20 N 2 3 2 1 0 0 1 1 1 0P C( : 0. 0.08 0. 0. 0. 0. 0. 0. 0.P 0.50 0.67 0.50 0. 1 0. 1.00 0. 0. 1.00r CLII . 0.99 0. 0. 0. 0. 1 . : . .:XBAR CLL O. 0. 0. 0. 0. O. 0. 0. 0.XDAR 00. 1 . 0. 0. 0. 0. 0 0. 0.XBEAIR CLU 1 0. 0. 0 0. . 10. 0. 0. 0.---- ----------- +------------+--- -- +--- ---- +----------+-------------+------- ----- --------- ----- +--------.----- ----------- +58 10 N 1 1 0 0 0 4 4 1 4PF CLL 0. 0. 0. 0. 0. 0,06 0.06 0. 0.18FP . I0. 0. 0. 0. 0. 0.50 0.50 1.00 0.75P CLU : 0. . 0. 0. 0. 0.94 0,4 0. 0.99fXBAR CLL 1 0. 0. 0. 0. 0. 0. 0. 0. 0.84XBAR 0 0. 0. 0 . 0. O. 80. 1. 51XBFAR CLU 0. 0. O. 1 0, 0. 0. O 0 .() 14.00 :--- +---.----------------------------------- ----------- ------ +--------- ----------- -------------------------- +58 0 N 0 0 0 0 1 3 2 3:P CLL 0. 0. 0. 0. 0. 0. 0. 0. 0.08PF 0. . . 0. 0. 1.00 0. 1.00 0.67PI CLU I 0. 0. 0. 0. 0. 0. 0.70 0. 1 0.99:XBAR CLL 0. 0. 0. 0. 0. 0. 1 0. 0, 0.:XBAR 0. 0, 0. 0. 0. 0. 0. 0. 0.XBAR CLU O. O, O. 0. . O. 1 0. I 0. 0.------ +--+------------+----------+----------- ----------- ----- ~---------------- ---------- .------------ - -- ·--- ---------- +
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L 0 N G I T U D E
LAT ! 153 40 153 20 153 0 152 40 152 20 152 0 151 40 151 20 151 0
------------------+----------------------------------------------------+-----------+------------------------------------------+
57 50 N 0 0 0 0 0 11 1 4 2

P CLL 0. I 0. O. O. 0. 0.16 0.06 0.01 0.
P 0 . 0 . O. 0. 0. 0.45 0.27 0.25 0.

:P CLU 0. 0. 0. . O. 00.78 0.62 0.82 0.
XBAR CLL 0. 0 0. 0 0. 0. 0.86 0.51 0. O.

:XBAR 0 . 0. 0. 0. 0. 1.23 0.74 0. 0.
:XBAR CLU 0. 0. 0. 0. 0. 2.01 1 1.27 0. 0.

------------- +----- - ---------- ---------- ----------- +------------+----------+--------------+-----------+--------+---
57 40 N 0 0 0 0 1 20 2 5 4

:P CLL 0. 0. 0. 0. 0. 0.46 0. . 0. 01
:P 0. 0. •0 . , 1.00 0.70 0.50 0. 0.25

SP CLU 0. O. 0. O. 0, .88 0. 0.50 0.82
XBPAR CLL 0. O. 0 0. . 0. 1.88 0. 0. 0.
XBAR 0. .. . 0, 0. . 2.60 0. 0. 0.
XBAfR CLU 0. 0. 0. 0. 0. 3.98: 0. O. 0.

----- --- ---- ---- ------------------------------------------------------------------------ ------------- +-------
57 30 N 0 0 00 0 10 0 1 1

P CLL 0. 0. 0. 0. 1 0. 0.06 0. 0. 0.
P' 0. 0. 0. . .0 0.30 0. 0. 0.
f' CLU 0. 0. . 0. 0. 1 0.66 0. 0. 0.

:XBAR CLL 0. 0. 0. O. 0. 0.51 0. 0. 0.
:XBAR . 0 . 0. 1 . 0. 0.76 0. 0. 0.
: XbAIR CLU 0. 0. 0. 0. 0. 1.33 . 0. 0.

-- I---- - -+------------·--+- --- -- ------ - ----- ------------ ·- ----------- -+------------t+-----·- -· ----·- ------------- -- -- +

57 20N 2 2 4 1 0 1 4
P CLL 0. 0, 0. 1 0. . 0. 0. .0 0.

;P 0. 0, 0. 0.50 0.50 0. 1.00 0. 0.
P CLU 0. 0, 0. 0. 0. 0.60 0. 0. 0.
:XAR CLL 0. . 0. 0. 0. 0. O. 0. 0.
XBAR 0. 0. 0. 1 0. 0. 0. O. 0. 0.
XBAR CLU 0. 0. 0. ' 0. . 0. 0. 0, 0.

------------------+-----------+------+- ------ +----------- ----------- ----------------------+-----------------------+
57 10 :N 0 0 1 0 5 2 0 1 0 0

:F CLL 0. 0. I 0. 0.50 0. 0. 0. 0. 0.
FP 0. , . 1.00 1.00 0 . . 0. O. 0.
:P CLU I O. 0. 0. 1.00 0, . . . G.
XBAR CLL 0. 0. 0. 1.52 0. 0. 0. 0. 0.
XBAR 0 . 0. 0. 2.44 0. 0. 0. O. 0.
XAR CLU 0. 0. 0. 5.13 0. 0. 0 0. O. .

-------- --- ----------------- ·----- --- ----------------------- --------- -------------------------------------------- +
57 0 N 0 9 4 10 0 2 1 1 0

F CLL 0. 0.40 0 .06 0.00 0. 0. 0. 0.
P 0 0.78 0 .50 0.10 0. 0.50 1.00 0. 0.
P CLU 0. 0.98 0.94 0.46 0. 0. . 0, 0.

:XBAR CLL 0 1.63 0. 0. O. O. O. 0. 0.
:XBAR 0, 2.94 0. 0. 0. 0. 0. 0. 0.
XXBAR CLU 0. 8.65 0. 0. 0. 0. 0.1 0. 0.

--. I-- -------. ---.-.... .4- -...... ............ ..... .... ..... ....... +-.............. ......... .... ... . --.- --. ----..- --- ..-

'-



I 1.' I I.I .L J •l i ..

LAT 153 40 153 20 153 0 152 40 152 20 152 0 151 40 151 20 151 0
-------------- +------------+------------+------------+------------+------------+------------+---------+--- -- +----------+

56 50 :N 0 4 7 3 0 4 1 1 0
IP CLL 0. 0.01 0.17 0.01 0. 0.40 0. 0. 0.
IP 0. 0.25 0.57 0.33 0. 1.00 0. 1.00 0.
IP CLU 0. 0.82 0.90 0.92 0. 1.00 0. 0. 0.

XBAR CLL 0. 0. 0.75 0. 0. 0,85 0. O. O.
XBAR 0. 0. 1.13 0. 0. 1.54 0. 0. 0.
XBAR CLU 0. I 0. 2.02 0. . 4.68 0. . 0.

---- +---·------·-+---+------------+------+- -----+- ------ ·-+- -----------+-------------+----4 ------- +---·--------9---4-·------------
56 40 N 3 3 2 I0 1 1 0 0 0

PF CLL 0.01 0. 0. 0. . , 0. 0. 0. 0.
P 0.33 0. 0.50 0. 1.00 1.00 0. . 0.
P CLU 0.92 I 0.70 0. 0. 0. 0. 0. 0. 0.
XDAR CLL 0. 0. 0. 0,. 0. 0. 0. 0 . 01
XBAR 0. 0. 0. 0. 0. .. 1 0 0 I 0. 0.
XBAR CLU 0. 0. 0. 0. 0. 0 . . 0. 0.

----- -+---_.--- ------------- +----------------------------------+------------- -- ----- +------------+----------- ------------
56 30 N 2 2 1 0 2 2 1 1 1 0 0

IP CLL 0. 01 . O0. 0 I 0. 0. . 0. 0.
I: 0.50 1.00 1.00 0. 1,00 1.00 0. 0. 0.
P CLU 0. 0. 0. 10. I 0. 0. 0. 0. .
XPAR CLL 0. 0 . 0. 0I , 0. 0. : 0 0. 0.
XBAR 0. 0. 0. 0 0. O. . 0 0.
XDALiR CLU 0. I 0. 0. 0. 0. 0. . 0. 0.

------------- ----------------------------+------------- +--------------+---------+--- -------------- +-------------+---------+--
56 20 N 5 0 0 N 5 1 1 1 0 2

: CLL 0.01 0. 0. 0. 0. 0. 0. O. O.
IP 0.20 0. 0, . , 1.00 0. 1.00 0. O.

P CLU 0.73 0. O. O. 0 O. I. . 0. 0.
XDrA• CLL 0. 0,. 0. O. 0. 0 0. . O. 0.
XBDR 0. 0 . I . I 0. 0. 0. 0. 0. 0.
XBAR CLU 0. 0 . 0.,. . 0. 0. . 0. 0.

-- -- ----- -+-----.----+-------------+------.-------------- -------------------- ------ +------------------------ +
56 10 lN 0 I 2 0 00 0 0 0 0

P CLL * 0. O. . 0. O. . O. O. . 0.
:F 0. 1.00 0. 0. 0. 0. 0. 0. 0.

P CLUJ 0. 0. 0. 1 0. 0. 0. 0 . 0. 0.
XBAR CLL 0. 0 . 0 0. 0 . . 0. O. 0.
XBAR 0 0 0 0 . 0. 0. 0 0. 0. 0.
XiAR CLU 0. 0. 0. 0. 0. 1 . 0. 0. 0.

----- --- --- +--------+------ ------- + -- ----- --------------- -------------------------
56 0 N 3 1 1 2 1 0 0 1 0 0 1

:P CLL 0.01 0 . 0 . O. 0, : . 0. 0 . 0.
IP 0.33 0. 0.50 1.00 0. 1 0. . 0. 0.

P CLU 0.92 0. 0. 0. O. 1 0. 0. O. 0.
XBiAR CLL 0. 0. 0. . 0. 0. 0. 0. 0.

IXBAR 0. 0. . . 0. . 0. . I 0. 0.
IXAR CLU 0. 0. 0. I . 0. 0 . 0. 0. 0.

-_U---------- ------.---- ----------- I---------------- -------------------- ------ -- ----- -----------

oo



L N G I T U D E
LAT 153 40 153 20 153 0 1 152 40 152 20 152 0 151 40 1 151 20 151 0
------ +----------------------+------------+------------+-----------------------+-----------+-----------+----------------------+
55 50 N 2 0 0 1 0 0 0 1 2

P CLL 0. 0. 0. 0. 0. 0. 0. 0. 0.
P 0. 0. 0. O. 0. 0. 0. 0. 0.
P CLU 0. 0. 0. 0. 0. 0. 0. 0. 0.
XBAR CLL 0. 0. 0. 0. 0. 0. 0. 0. 0.

:XBAR 0. 0. 0 0. O. 0. o. O. .0.
:XBAR CLU 1 0. 0. 0. 0. . 0. 0. 0. 0.
S------ -.-------------- +-----------.---------- ----- ----- ------+----++- --------------------- +--.--------+-----------+

55 40 N 2 2 0 0 0 0 1 0 0
IP CLL 0. 0. 0. 0. 0. 0. 0. 0.
P 0. .50 0. 0. 0. 0. 0. 0. 0.
:P CLU 0. . 0. 0. 0. 0 0. 0. 0.
:XBAR CLL 0. 0. . 0. 0. 0. 1 0. 0. 0.

XBPAR 0. 0. 0. 0. 0. 0. 0. 0. 0.
XBAR CLU 0. 0. 0. 0. 0. 0. 0. 0. 0.

-------------------------------------------------- +--------------+------------ ------------------------------------------
55 30 N 1 I 0 0 0 1 2 0 0 0

P CLL 0. 0. O 0, 0. 0. 0. 0. 0 0. 0.
1: 0. 0. 0. 0. 0. O. 0. 0. 0.
P CLU 0. O. : 0. 0. 0. O. 0. 0. 0.
XBAR CLL 0. 0I 0. 0. 0. 0. 0. 0. 0.
IXDAR 0. 0. 0. 0. 0. 0, 0. 0. 0.

XBAR% CL..U I 0. 0. 0. . 0. 0. 0. 0.
-..-------...-..------- +.-. ------ +.--------.---------+----------+----.----+------------+---- -- +-----------+-------------+
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Table 5. Confidence limits on the density of murres by 20-km blocks in the vicinity
of Kodiak. See Table 3 for definitions of symbols.
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Table 6. Confidence limits on the density of Tufted Puffins by 20-km blocks in the
vicinity of Kodiak. See Table 3 for definitions of symbols.
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Table 7. Confidence limits on the density of shearwaters by 20-km blocks in the
vicinity of Kodiak. See Table 3 for definitions of symbols.
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I. Summary of Objectives, Conclusions and Implications

Shorebirds (sandpipers, plovers, and their relatives) are a

major and important component of the Alaskan arctic avifauna. Prior

to 1975, shorebird work in the Arctic had concentrated on events on

the tundra, where these birds nest, and had largely been confined to

the brief breeding period. In this study we have documented seasonal,

and occasionally very heavy, use of littoral (shoreline) habitats by

shorebirds and other birds in the Arctic.

The ultimate objective of Research Unit #172 is the assessment

of the degree and nature of dependence of shorebird species on arctic

habitats which are potentially susceptible to perturbation from

offshore oil development activities. Within this objective, we have

identified critical habitats, critical trophic processes, and critical

areas of the Beaufort and Chukchi coasts, and we are estimating the

relative susceptibilities of each shorebird species to potential

disturbances. Efforts in 1979 focused primarily on this last objective

and on final analysis of previous years' data.

For most topics, covered in previous annual reports, the final

round of synthesis is not ready for inclusion here. Late notification

of contract renewal and time-consuming problems with data entry equip-

ment and software have delayed these efforts. Results for 1979 include

brief observations of a markedly different distribution of littoral

zone shorebird activity at Barrow compared with the four preceding

years. Juvenile phalaropes, and to some extent other shorebirds, gulls,

and terns, were less common along gravel shorelines in 1979. Instead,

phalaropes were more common in Middle Salt Lagoon than in previous

years, an apparent shift to exploit the high densities of small

calanoid copepods in that lagoon. Along outer shores, marine zooplank-

ton appeared to be relatively scarce, although no quantitative data

are available. Thus, 1979 extended our appreciation of the variability

in this system between years, and provided a good example of the

flexibility of phalaropes under altered resource conditions.

For many bird species in some coastal areas we can now predict

(for a hypothetical oil spill) the rate of encounter, on an area basis,

of birds and oil. However, this is only part of the answer needed,

since birds may affect the consequences of encounters by their

subsequent behavior. A limited series of choice experiments, using

shallow pans containing brine shrimp in water, suggested that naive

juvenile Red Phalaropes did not distinguish between oiled and clear

surfaces for foraging before they had any experience with the oil.

However, upon contact they have a fairly consistent and very quick

response to avoid the oil, and subsequently within the same trial

period they can and do distinguish between oiled and clear surfaces,

selecting clear surfaces. This suggests that through behavioral

responses, Red Phalaropes may reduce the impact of small coastal oil

spills. However, the outcome of even this brief learning exposure on

survival will depend on the type and thickness of the oil film, the

degree of contact, the accompanying stress due to environmental factors,

and the physiological State of the bird. Effects of these factors are

unknown.
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II. Introduction

Shorebirds (Charadriiformes: Charadrii; Sandpipers, plovers
and their close relatives) constitute a major and prominent segment of
the avifauna of the Beaufort and Chukchi coasts of arctic Alaska
(Bailey 1948; Gabrielson and Lincoln 1959; Pitelka 1974; Table 1).
All of these 27 species, which occur regularly in the Arctic during
summer months, spend their winters in temperate and tropical regions
of both northern and southern hemispheres. As a group, they are an
international resource, with individual species dependent in varying
degrees on summer conditions along the Alaskan arctic coast.

Prior to 1975, considerable effort had been expended on studies
of the ecology of tundra nesting shorebirds near Barrow, Alaska (see
Connors and Risebrough 1977 for references). These studies dealt
almost exclusively with conditions on the upland tundra, primarily
during the short arctic breeding season. It had been noted, at Barrow
and elsewhere in the Arctic, that densities of several species of
shorebirds increase near the shoreline as the summer progresses,
resulting in a net increase in use of littoral habitats (Holmes 1966;
Bengtson 1970). This movement begins with non-breeders and is
augmented progressively by a shoreward movement of local and also
inland birds, especially after the young have fledged. However, the
importance of this habitat shift in the breeding cycle of arctic shore-
birds had not been adequately evaluated.

This study is attempting to provide the detailed and quantita-
tive information necessary to assess the dependence of shorebirds and
other species on littoral habitats along the Alaskan arctic coast. We
wish to determine the relative susceptibilities of different species to
potential impacts of oil development, and to identify sensitive
species, habitats, areas, and periods to aid in OCSEAP development
decisions. We are addressing several aspects of shorebird ecology
essential to evaluating the significance of the littoral zone for
shorebirds, gulls, and terns: seasonal occurrence of these birds by
species, age, and sex, in different habitats; trophic relationships of
shorebirds and other birds feeding in littoral habitas, and variabil-
ity in foraging habitat preferences; and behavioral patterns and
other aspects of littoral zone use by shorebirds, gulls, and terns.
Further, we are using habitats already subjected to development
alterations, chiefly at Prudhoe Bay, to assess the probable effects of
disturbances associated with the development of offshore oilfields.

The relevance of this investigation to problems of coastal
petroleum development is clear. To the extent that shorebirds and
other birds utilize and depend upon shore and nearshore habitats, any
perturbation of these habitats can affect them. Use of littoral
habitats in the Arctic appears to be heaviest by juveniles moving from
inland nesting areas to the coast in late summer, prior to their long-
distance migrations. Since post-fledging mortality of juveniles is a
significant factor in determining reproductive success, alteration of
required habitat conditions for these birds could affect population
levels over wide areas.
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Table 1. Shorebird species occurring regularly along the Beaufort and
Chukchi coasts of Alaska (from Connors et al., 1979).
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Most of the efforts within this project have contributed to
predicting the incidence of encounters by shorebirds with a hypothe-
tical oil spill in a particular habitat at arctic coastal sites. This
is only the first order answer to the question of effects of the spill.
Second order effects, mainly through trophic dependencies, are also
being addressed, and sublethal effects must be considered, since these
may affect fitness and eventual reproduction. In addition, the
severity of the first order effect (oil contact) may be altered by the
behavior of individual birds confronted by the oil spill. For example,
waterfowl may be attracted to an oil spill on the ice, increasing the
frequency of contact over that which would be calculated based on the
area of the oil spill and the density and distribution of birds.
Alternatively, birds may avoid spilled oil, thereby decreasing their
susceptibility in the presence of a spill. In 1979 we began experi-
ments to determine the responses of juvenile Red Phalaropes to the
presence of oil on water.

III. Current State of Knowledge

Available background information prior to RU #172 is referred
to in the introductory paragraphs. Conclusions of previous seasons of
field work by this RU are reported in earlier annual reports. Briefly:
we now have a good understanding of many shorebird habitat use patterns,
seasonal movements, distributions, and relative susceptibilities near
Prudhoe Bay, Barrow, the northern Chukchi and parts of Hope Basin. Our
appreciation of trophic relationships in these areas has improved, but
significant questions remain. And we now have estimates of the
magnitude of effects of some habitat disturbances associated with
development, but lack the information necessary to estimate the effects
of spilled oil disturbances.

IV. Study Area

Field activities in 1979 were conducted briefly at the Naval
Arctic Research Laboratory, Barrow, Alaska (71°17'N, 156°46'W) from
3-30 August.

V. Methods

Much of our recent effort has been devoted to data entry with
the new Texas Instruments terminal. Several problems have been over-
come, but other analysis has stalled awaiting these solutions.

While at Barrow observing the distribution of shorebirds on
shoreline transects established during previous summers, we performed
two experiments with juvenile Red Phalaropes. We wished to test whether
phalaropes can distinguish between oiled and clear water surfaces on
potential foraging sites, and what their responses will be if they can
distinguish oil on water.
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We constructed a cylindrical pen of hardware cloth (1.9 cm

mesh), 1.5 meter diameter, 1.4 meter height, wrapped with black plastic

to a height of .6 meters to isolate birds from visual distractions.

Within this pen, we placed a continuous ring of 8 identical shallow

galvanized metal pans, each 40 cm inner diameter, 9 cm depth. A

central plywood disc or table (80 cm in diameter) rested on all 8 pans,

but left most of each pan uncovered. A bird standing on the center

table has a choice of entering any of the pans which form a symmetrical

ring around the circumference of the table.

During the experiments, all pans contained seawater to a depth

of 7 cm, and equal densities of live brine shrimp, Artemia franciscana,

(1.3 ml drained brine shrimp per pan, equal to approximately 150 prey

items).

Juvenile Red Phalaropes were acclimated to the experimental

setup for 2 to 3 hours with water containing prey, but with no oil.

This acclimation period was necessary because the initial response of

wild birds introduced to the cage often entailed fluttering escape

attempts which resulted in the birds falling into pans. We wished to

observe choices by the birds, not accidents.

For choice experiments, we placed a thin film of oil on 4 pans

alternating with 4 clear pans around the circumference of the table.

All pans contained equal amounts of water and prey. Oiled pans

contained 10 ml of a 1:1 mixture of Prudhoe crude oil and diesel fuel

(JPR-5). This formed an irregular surface film of small patches and

spots of a medium brown semitransparent film, covering approximately

60% of the surface. To our eyes, the oiled and clear pans appeared

distinctly different. Many of the moving prey could be readily seen

in both clear and oiled pans. However, prey were more easily seen by

us in clear pans.

To initiate an experiment, the bird was placed under a small

box in the center of the table. The box was hoisted smoothly to the

top of the cage by remote control, releasing the bird in the center of

the table to choose a foraging pan. Two observers sat inside a nearby

laboratory above the cage, recording movements, behavior, and sequence

and duration of choices for a trial period of 15 minutes per bird.

The behavior of most birds, entailing a period of inspection of several

pans from the table edge before entering any pan, leads us to conclude

that the birds were in some way choosing foraging pans based on the

results of that initial inspection. The inspection period often lasted

several minutes and included visual inspection of many or all pans.

Choices were scored when a bird entered a pan directly from the table,

and duration of foraging periods was timed until the bird left the pan.

Until the end of the 15 minute trial period, subsequent entries were

scored as sequential choices.

In a second experiment, phalaropes previously acclimated to

swimming and foraging in a 15 gallon glass aquarium (rectangular, 30 cm

x 60 cm x 8 cm depth of seawater) were placed singly in the aquarium

containing .9 ml of drained brine shrimp (approximately 100 prey).

99



Behavior of each bird was timed for 60 seconds, in the absence of oil

and in the presence of very thin films (1.1 pm and 2.8 µm) of the 1:1

mixture of crude oil and diesel fuel.

VI and VII. Results and Discussion

The initial results of the choice experiment are presented in

Figure 1, comparing the number of choices made for clean pans and for

oiled pans as a function of the sequence number of the choice. Of 12

birds making choices, all 12 made a first choice, 6 of them for oiled

pans and 6 of them for clear pans. Only 10 of them made a second

choice, 8 made third choices, and so forth, with only one bird making

a twelfth choice. There is no suggestion of any discrimination in

that first choice; birds were as likely to choose oiled as clear pans.

Bur on subsequent choices, behavior changed. After the second round

of choices, birds were able to make a distinction and were opting for

clear pans rather than oiled. Of the last 33 choices, only 2 were for

oiled pans. The birds seem to have learned something of the effects

of the oil very quickly. They apparently can make the distinction and

do learn to avoid the oil.

Figure 2 addresses a possible alternative explanation for these

results: that any birds entering the oil on the first or second choice

might be so damaged by the oil that they failed to make any subsequent

choices, and that all later choices were made by birds who chose clear

pans consistently. This explanation does not apply. Figure 2 is a

comparison of the total number of choices made by all of the 12

individuals split up into two groups depending on whether they chose

oil or clear on the first choice. It demonstrates that birds choosing

oil initially did continue to make subsequent choices; most of these

choices were for clear pans.

The duration of foraging periods also differed between oiled

and clear pans, as indicated in Figure 3. The frequency histograms

contrast markedly. A Mann-Whitney comparison of the duration of

foraging periods on oiled vs. clear is significant (p < .01). The

median duration on clear pans was 33 seconds, compared with a median

time of only 5 seconds on oiled pans, an indication that once the birds

get on the oil, they quickly respond to something and on average get

out early.

The aquarium experiments support this conclusion. Phalarope

behavior was recorded as foraging, resting, and escape behavior. This

latter category includes swimming hard against the side of the

aquarium, swimming rapidly from one side of the aquarium to the other,

and occasionally attempting to fly. The percent of time spent by

phalaropes in these escape behaviors varied widely, but increased

strongly with increasing oil film thickness (Figure 4). In the

presence of even these extremely thin oil films, the birds quickly

sensed the difference and responded by trying to avoid the oil.
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Figure 1. COMPARISON OF BIRDS CHOOSING OILED
VERSUS CLEAR SURFACES



Figure 2. Number of total choices made by phalaropes after

initial choices for oiled or clear pans.
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Figure 3. FREQUENCY OF SWIMMING PERIODS OF DIFFERENT

DURATIONS,OILED VERSUS CLEAR SURFACES
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Thickness of oil film
Figure 4. Escape response of Red Phalaropes in the presence of thin oil films.



What is the relevance of these results to OCSEAP? Admittedly
these experiments present artificial situations and small sample sizes.
Nevertheless, the statistical tests take into account the small sample
sizes and judge the results significant. Naive juvenile Red Phalaropes
apparently do not distinguish between oiled and clear surfaces for

foraging before they have any experience with the oil. However, upon
contact they have a fairly consistent and very quick response to try

to get away from the oil, and subsequently they can and do distinguish

between clear and oiled surfaces, and they avoid the oiled surfaces.

This suggests that phalaropes may reduce the impact of an oil spill by

behavioral adjustments after a brief learning period, but some
questions remain.

For one thing, the bird can only avoid the oil if it has some
alternative. In a very large, widespread, thick spill, the birds may
not have nearby alternate choices of clean water. We have not tested
whether they will fly long distances along the coast to avoid an
extensive continuous spill. We suspect, however, that they will try
to avoid small slicks if they have a clean nearby alternative, as
might be the case in a small or patchy, broken-up oil slick.

The other critical question which remains is whether a bird
after contact with oil for 5 seconds can be saved by subsequent
behavior. Is that already too late? Within our experiment, we cleaned
most of the birds after oil contact. Five seconds on one of the small
pans was enough time to. pick up a considerable amount of oil. On
three of the individuals who had been in very briefly we did not do any

cleaning. We merely returned them to their wire holding cage, outside
at Barrow. They had plenty of food but may well have been under other
stresses due to captivity. In each case these birds had, within a
matter of a few hours, reworked all their plumage and had changed from
wet, sticky smears on their underparts to a dry and very uniform buffy
color on all the plumage. The feathers were in good fluffy condition
so the birds were probably able to control their temperature while out

of the water. In experiments within the next few days these birds
appeared able to swim reasonably well, so they had their plumage back

in apparently functional shape, although the buffy color betrayed the

lingering presence of oil residue on the feathers.

Whether a bird in the wild after this kind of brief exposure
to a thin film could regain a healthy condition will depend on a wide

variety of factors. Survival will depend on the type and thickness of

the oil film, degree of contact, stress due to environmental factors -
weather and foraging conditions - and the physiological state of the

bird. We are presently unable to assess this. However, our guess now
is that in many circumstances, phalaropes with this brief exposure (5

seconds or less to a thin film) would have a good chance of recovery
and survival. We are gathering information from other researchers and

observers which may shed light on this question.
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VIII. Conclusions

1. The general pattern of seasonal habitat use entailing a late summer
shift to littoral zone habitats exhibited by most shorebird species
at Barrow in previous years of this study were seen in 1979, but to
a lesser degree for several important species. In particular, Red
Phalaropes, Arctic Terns, Sabine's Gulls, and Sanderlings occurred
in much lower densities along Barrow Spit in August. This may
have been a response to low zooplankton densities. During a very
local die-off of euphausiids at one site, densities of shorebirds
were temporarily elevated. Densities of phalaropes were higher
than normal in Middle Salt Lagoon, where copepod densities were
high in 1979. The birds exhibited a flexible, opportunistic
response to variable prey conditions.

2. From juvenile Red Phalarope responses to thin oil films in foraging
experiments, we conclude that these birds probably will not avoid
oil slicks in their initial encounters with oil on water, but that
they will respond quickly after contact to attempt to escape and
avoid the oil. We do not know how long this rapid learning will
persist, nor how severe the effects of the initial contact will be.

IX. Needs for Further Study

After five seasons of OCS work, we now have a substantial
outline of the seasonality of shorebird events in the littoral zone of
much of the Beaufort and Chukchi coasts. Geographically, areas in the
eastern Beaufort and parts of Kotzebue Sound retain the largest
question marks. Trophically, we have only a rough understanding of the

dependencies of different species in different regions. We know that
some species are quite flexible in their responses to changing prey
conditions; a better appreciation of this flexibility for key species
is required if we are to predict any indirect effects of oil pollution

through changes in prey conditions.

For some species and locations we can now make valuable
estimates of the probabilities of encounters between birds and a

hypothetical oil spill. In most cases, however, we cannot predict the

behavior of birds confronted by the oil spill, and this step is
critical to evaluating the eventual impact. Our experiments with Red
Phalaropes have provided a first step for one important species, but
many relevant questions remain.

X. Summary of January-March Quarter

1. Field Schedule.

No field activities during this quarter.
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2. Scientific party.

Peter G. Connors, University of California, Bodega Marine
Laboratory, research coordinator.

Kimberly Smith, Bodega Marine Laboratory, postdoctoral research
ecologist.

Carolyn S. Connors, Bodega Marine Laboratory, research assistant.

3. Methods.

Laboratory analysis:

(1) Checking of all 1976 and 1977 digitized data

(2) Partial coding and entry of 1978 data

(3) Preparation of habitat data for analysis

(4) Continued analysis of 1978 and 1979 data. See this Annual

Report.

4. Sample localities.

None

5. Data analyzed

1979 experimental results and field observations
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I. Summary of objectives, conclusions and implications with regard
to OCS oil and gas development

As part of the environmental assessment of the outer continental
shelf of Alaska the distribution, abundance and feeding ecology of
seabirds associated with pack ice are being studied. An attempt is
being made to determine the critical species and habitats associated
with the pack ice.

Limited fieldwork was conducted in the past year from June to
September at Cooper Island in the western Beaufort Sea. Analysis
of Beaufort Sea data gathered in past years was the primary office
activity. This report includes preliminary findings of the 1979
field season on Cooper Island and a preliminary analysis of Norton
Sound coastal bird habitiats.

Observations on Cooper Island showed that 1979 was a year
when early ice breakup meant that no ice associated zooplankton was
present near the island during the late summer migration. In previous
years a pagophilic or other type of zooplankton buildup in the
littoral zone wasa major food source for migrating seabirds. Certain
species were able to utilize patchy, short-lived food sources and
remained in the Cooper Island area spending much of their time roosting.
Other species were not seen in their usual numbers and they apparently
were feeding in other areas. Birds in the western Beaufort will
be more sensitive to human disturbance in a year like 1979 than in
years of abundant prey, such as 1976. Because food was not evenly
distributed in 1979 birds had to concentrate in areas where prey was
present. The areas where the food is present thus becomes a critical
habitat where human disturbance could impact large numbers of birds.
Unfortunately the appearance of the food patches in time and space
is not predictable. 1979 observations also showed that the PLover
Islands are important roosting areas even when birds are not attracted
by abundant prey in the littoral zone. Thus human activity on the islands
could negatively impact birds even if no disturbance to the marine
system takes place.

A preliminary breakdown of Norton Sound coastal habitats indicates
that a great diversity is present with little of the homogeneity present
in the arctic. This indicates that a given section of coast will contain a
variety of habitats that will vary greatly in the number of birds they

support. This diversity should facilitate the determination of critcal
habitats based on 1980 fieldwork.
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II. Introduction

A. General nature and scope of bird/ice studies

Sea ice represents a unique marine habitat. Acting as a barrier
between the air and water, it has a wide range of effects on sea-
birds. Sea ice creates a dynamic environment that can both in-
crease and decrease bird numbers. Ways in which sea ice decreases
seabird numbers include:

1. Decreasing the amount of open water available for feeding
and roosting.

2. Lowering primary productivity in the water column by decreas-
ing the depth of the euphotic zone and preventing wind mixing.

3. Reducing benthic prey by scouring the bottom in shallow water.

Ways in which sea ice can enhance bird numbers include:

1. Providing a roosting space for species that normally roost
on solid substrates.

2. Providing a matrix for an in-ice phytoplankton bloom.
3. In areas of multi-year ice, providing a substrate for an under-

ice community of zooplankton and fish.
4. Decreasing wind speeds and sea surface disturbances in the im-

mediate vicinity of ice.

B. Specific objectives

The specific objectives of this study are:

1. To determine the distribution and abundance of seabirds found
in the open water south of the pack ice, at the ice edge and
in the pack ice. Densities in the pack ice are analysed with
regard to ice type, ice cover and distance from ice edge.

2. To determine the role that pack ice plays in the yearly cycles
of seabirds and identify those species that are most depen-
dent on the pack ice environment.

3. To determine the primary prey species consumed by seabirds
associated with the pack ice.

C. Relevance to problems of petroleum development

The ice environment of the Bering, Chukchi and Beaufort Seas
will present unique problems to those involved in the exploitation
of oil and gas reserves. The dynamic aspects of pack ice and the
severe temperatures associated with it increase the chances of
mechanical and human error causing incidents which could prove
harmful to biological systems. In the pack ice the biological
systems that will be impacted by such incidents could be expected
to be less resilient than those in areas further south. This is
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due both to the slow rate of biodegration of oil in Arctic waters
and the low species diversity of biological systems in the Arctic.

Birds found in and next to the pack ice can be expected to be
severely impacted by oil spills and other perturbations associa-
ted with oil and gas exploitation. Birds are typically one of
the most obvious and immediate victims of oil spills. Direct
mortality is caused by oil fouling feathers, resulting in loss
of insulation, stress and possible ingestion of oil. More subtle
effects are caused by the impacts of oil on the lower levels of
trophic webs. Seabirds are at the terminal end of the marine
food chain and thus are sensitive to any changes that occur at
lower levels. Oil spilled in the pack ice will spread out in
areas of open water such as leads and polynas. Because these are
the areas where birds are concentrated in the ice, the chances of
birds coming in contact with spilled oil are greater in the ice
than in open water.

The data obtained through this research unit are applicable to
problems of petroleum development in a number of ways. Areas that
support high densities of birds can be designated as critical
areas so that little or no human disturbance will occur in the
area. Alternatively, human activity can be planned so that it
occurs at a time when bird use of the area is low. Because of the
dynamic nature of the pack ice, critical areas and the times when
they are critical vary greatly. Unlike delineating critical areas
on or near the mainland where specific geographical areas can be
described, critical areas in the pack ice are frequently defined
in terms of ice cover, distance to shelfbreak, water temperature,
etc. These factors are constantly changing during ice formation
and deformation. Thus the designation of critical areas and
species has to develop slowly and requires a large data base.

This project will provide a pre-development data base on bird
distribution and abundance in relation to these parameters. Thus
specific questions that government or industry seeks to address
can be answered by using the data set. Ultimately it is hoped
that future studies will be able to compare their data with that
of this research unit so that the effects of petroleum develop-
ment can be quantified.

D. General nature and scope of Norton Sound habitat study

In addition to the primary work on bird-ice relationships, a
coastal habitat survey is being conducted in the spring, summer
and fall of 1980. This will consist of a systematic survey of
coastal migratory bird habitats in Norton Sound with special em-
phasis on critical, sensitive and/or susceptible biological
habitats. A preliminary presentation of habitats based on physio-
graphic features is included in this report.
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III. Current state of knowledge

Previous studies that attempted to correlate ice with bird distri-
bution are few. Frame (1973) reported on bird observations in the
Beaufort Sea in summer. He only counted followers, however. Be-
cause followers in the Beaufort are directly related to the type of
ice-breaking being done, his observations do not provide accurate
estimates of densities. Watson and Divoky (1972) present informa-
tion on birds next to and south of the pack ice in the Chukchi Sea
in September and October. Irving et al. (1970) presented general
information on birds at the Bering Sea ice edge in March.

Published accounts of pelagic observations in and next to the ice

that do not deal specifically with ice in relation to bird distribu-
tion include Watson and Divoky's (1974) observations in the Beau-
fort and Jacque's (1930), Nelson's (1883) and Swartz's (1967) obser-
vations in the Chukchi. Unpublished pelagic observations deep in
the Bering Sea pack ice were made by Divoky in March 1973.

The feeding habits of birds in and next to the pack ice are poorly
known. The only applicable studies are those of Watson and Divoky

(1972) and Divoky (1976) who report on prey items and feeding beha-
vior of birds at the Chukchi ice edge in September.

IV. Study areas

The three seas covered by this project differ greatly in their
amount and type of ice cover and their importance to seabirds. The
following is a discussion of the marine and ice environment in each
of these areas.

Bering Sea. Ice begins to cover the northern Bering Sea in late
November. Ice coverage is at a maximum in February and March when
the southern edge of the ice is usually found near the edge of the
continental shelf. Decomposition of the pack ice begins in late

April and continues until mid-June. This period (approximately six
months) of ice cover is quite short compared to the Chukchi and Beau-
fort seas where some ice is present throughout the year. Because
almost all of the ice in the Bering Sea is first year ice, it lacks
the extensive keels and pressure ridges found on ice in the Arctic.
While the Bering Sea ice supports an in-ice phytoplankton bloom (McRoy
and Goering 1974), it is not known to have an under-ice fauna asso-
ciated with its underside as does the ice in the northern Chukchi and
Beaufort.

The Bering Sea ice "front" refers to the area of loose ice south

of the more consolidated pack. It is composed primarily of bands of

ice pans. Large floes are prevented from forming by swells on the

open water to the south. When the wind is from the south the front

is compacted against the main pack ice in a narrow band. When the
wind is from the north the front becomes wider and more diffuse. In
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spring primary productivity is high in the water column under the ice
front. At the same time productivity in the water column under the
consolidated pack and south of the ice front is low (McRoy and Goer-
ing 1974). For this reason the ice front is an important biological
area supporting large numbers of birds and mammals (Fay 1974).

Another feature of the Bering Sea ice pack of importance to birds
is the open water associated with the islands found in the pack ice.
These areas of open water (polynyi) are formed by the northerly winds
which concentrate ice on the north side of islands and move ice away
from the southern sides. These polynyi act as refugia deep in the
pack ice.

The Bering Sea differs from the two Arctic seas studied by this
project in that it has a high level of biological productivity. This
is demonstrated by the large fishery the Bering Sea supports and by
the large number of breeding and non-breeding birds present in summer.

Chukchi Sea. Ice covers the Chukchi Sea from November to May and
coverage is almost complete during this period. Exceptions are the
area of broken ice in the Bering Strait, a polynya associated with
the shoreline northwest of Point Barrow. In late May the ice in the
southern Chukchi Sea begins to decompose and most of the area south
of Cape Lisburne is ice-free by July. The edge of the Arctic pack
ice is present in the northern Chukchi throughout the summer, occur-
ring anywhere between 700 and 720 N.

The ice in the Chukchi Sea apparently supports an in-ice algae
bloom similar to those found in the Bering and Beaufort seas. The
multi-year ice in the Chukchi is known to support an under-ice fauna
of zooplankton and arctic cod. The underside of multi-year ice has
numerous keels and pockets which create a large surface area. Am-
phipods are known to concentrate on the ice underside, presumably
obtaining food from the plankton blooms occurring in and on the under-
side of ice (Mohr and Geiger 1968; MacGintie 1955). Arctic cod prey
on the amphipods and other zooplankton found next to the ice. The
underside of multi-year ice is thus similar to a reef in that it has
fish and invertebrate populations associated with a substrate. Little
is known about this community. It is present in the spring and summer
but little is known about the winter situation. This will no longer
be the case after OCSEAP's winter studies in the Beaufort Sea.

The water flowing north through the Bering Strait is a major influ-
ence on the Chukchi Sea. The water is warmer than Arctic waters and
is the main reason for the rapid decomposition of ice in the southern
Chukchi Sea. This water also supports high levels of primary produc-
tivity in summer (McRoy et al. 1972) and makes the southern portion on
the Chukchi Sea the most biologically productive waters in the Arctic
Ocean off Alaska.
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Beaufort Sea. Ice covers much of the Beaufort Sea for almost twelve
months of the year. The amount of open water present in the summer is
dependent on wind and weather conditions. Adjacent to the coast strips
of open water are present from approximately June to October; their
width is dependent on the wind, with south winds moving the ice off-
shore and north winds pushing the ice inshore. The pack ice present
in the northern Chukchi and Beaufort seas in summer contains much
open water between ice floes. Thus even in areas deep in the perma-
nent pack ice there is open water available to birds in summer.

The Beaufort Sea supports an in-ice plankton bloom followed by a
bloom in the open water. The Beaufort Sea is characteristic of arctic
waters with productivity being reduced due to the lack of upwelling or
mixing. Because of this the Beaufort is the least biologically pro-
ductive of the three seas studied by this project.
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V. Sources, methods and rationale of data collection

Field work during the last year was limited to a summer field camp
on Cooper Island (30 km east of Pt. Barrow) in the Beaufort Sea. The
following data gathering methods were used.

A. Breeding birds

The chronology, hatching success, fledging success and growth rates
of Arctic Terns (Sterna paradisaea) and Black Guillemots (Cepphus
grylle) breeding on Cooper Island were studied in order to compare
1979 with previous years and examine how ice conditions affect these
parameters. Chicks were weighed and measured every other day after
hatching until fledging. All tern chicks were banded with USFWS bands.
Guillemot chicks were color banded in addition to the USFWS band.
Adult Black Guillemots were captured at the nest and banded with USFWS
bands and color bands in order to allow recognition of individual birds.

Nest watches were conducted at Black Guillemot and Arctic Tern sites
from a blind in the breeding colony. Information recorded included
time of departure and arrival at nest sites and type and size of prey
returned to nests. Blind watches lasted from 2 to 8 hours/day.

B. Shoreline transects

The north and south shores of Cooper Island were divided into six
transects. These transects were walked every other day. The species,
number, age, sex, plumage, behavior, flight direction and habitat of
all birds were recorded. The number of birds sighted by species per
km walked was computed. Environmental data collected during each tran-
sect included weather and ice conditions.

C. Plankton tows

Plankton tows were conducted every other day at six locations
around the island;surface and bottom tows were taken at each site.
Zooplankton organisms were identified and measured. Numbers of indivi-
duals by species per m³ of water were computed.

Whenever feeding birds were observed an attempt was made to locate
and identify prey organisms.

VI. Results

A. Beaufort Sea

The Beaufort Sea Final Report is due at the end of the 1980 calendar
year. All Beaufort Sea data files gathered by R.U. 196 and R.U. 3/4
will be included in the report. Validation of all Beaufort Sea data
files is currently being completed using the Texas Instrument 771 and
programs prepared by the Data Projects Group of the University of
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Rhode Island (R.U. 527). Once validation is complete R.U. 527 will
run a series of programs on the data, which will allow the determi-
nation of which oceanographic and habitat features are most impor-
tant in determining the distribution and abundance of Beaufort Sea
seabirds. The final report will include sections on:

1. Mainland habitats adjacent to marine waters
2. Littoral and inshore habitats
3. Offshore distribution
4. Migration
5. Trophic relationships

Because of the preparation for the final report no data is being
presented in this report, except for some preliminary statements on
the 1979 Cooper Island work.

B. Cooper Island

1. Breeding chronology

The four species that nested on Cooper Island in 1979 were
Arctic Tern (Sterna paradisaea), Black Guillemot (Cepphus grylle),
Oldsquaw (Clangula hyemalis), and Snow Bunting (Plectrophenax
nivalis).

All species began breeding activities in June. Egg-laying
commenced in mid- to late June. Most breeding acitvity was com-
pleted in August but late Arctic Tern and Black Guillemot chicks
did not fledge until early to mid-September.

The bulk of Arctic Tern egg laying in 1978 and 1979 occurred
in late June and early July similar to previous years. In 1979,
however, Arctic Fox (Alopex lagopus) consumed a total of 20 Arc-
tic Tern eggs (26 percent of all eggs) from 14 nests (34 percent
of all nests) from 29 June to 11 July. Fox predation appeared
responsible for the much longer laying period of 1979 with the
last egg laid on 23 July. This is the latest tern laying date
for Cooper Island. Apparent relaying by Arctic Tern adults caused
a greatly staggered breeding season with a second and smaller peak
later in each of the three activities, laying, hatching and fledg-
ing (Fig. 2). There was, therefore, much overlap in time within
laying, hatching, and fledging unlike any of the previous years
(1975-78); 43 percent of surviving chicks had fledged by the last
hatching date in 1979. In 1978 there was no arctic fox predation
and the chronology of breeding was earlier than past years with
well-defined peaks in laying, hatching and fledging.

Eight Black Guillemot nests had been dug out prior to our arri-
val in 1979, also apparently the work of arctic fox. No predation
of Black Guillemot nests was observed after our arrival in 1979
nor any time in 1978. Breeding data of the Black Guillemot colony
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for all years 1975-79 will be presented in the Beaufort Sea Final
Report. Banding activities in 1979 allowed color-marking of all
breeding Black Guillemots on Cooper Island.

There was one Snow Bunting nest in 1978 and three Snow Bunting
nests in 1979 with fledging of young completed by late August in
both years.

2. Breeding success

Arctic Tern breeding success was good in 1978 and fair in 1979
(Table 4). Mortality of young chicks < 1 week old was similar
in 1978 and 1979 (Table 5); however the majority of young chick
mortality occurred during mid- to late July in 1978 and from early
August on in 1979. This difference is partially explained by the
extended laying period in 1979 causing young chicks to hatch dur-
ing an open water period when ice-associated prey is less avail-
able. 1978 and 1979 were both light ice years, expecially com-
pared to 1976 (Fig. 3). Causes of chick mortality in 1978 have
not fully been examined, but it appears that lack of prey organ-
isms resulted in death of older chicks during open water. Severe
drops in chick growth rates in 1979 after strong winds blew the ice
far offshore indicated Arctic Tern reliance on ice associated prey
for successful breeding. Mortality would probably have been much
more severe if a zooplankton washup of euphausiids (Thysanoessa
raschii) had not occurred in early August which Arctic Tern parents
fed to chicks.

Black Guillemot breeding success for the years 1975-79 will be
presented in the Final Report.

3. Habitat use

Shoreline transects on Cooper Island in 1979 provided interesting
comparisons with data from previous years. Complete presentation
and analysis of this data will appear in the R. U. 196 Beaufort Sea
Final Report. The principal findings of our 1979 Cooper Island work
are summarized here.

In 1979 shorefast ice breakup and drifting pack ice periods began
near the same time as 1977 and 1978. The 1976 dates of breakup and
drifting ice were much later due to the heavy ice winter of 1975.
The drifting ice period of 1979 was characterized by very little
multi-year ice and the earliest removal of all ice from the island
and nearshore waters.

Densities and activities of all plankton-eating species were
affected by the lack of a major drifting ice period. The ice-asso-
ciated zooplankton usually provides an important food source for mi-
grating phalaropes, tern and other species. The lack of pagophilic
zooplankters or an open water substitute (such as Sagitta) was re-
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flected in a number of ways. There were virtually no feeding flocks
near the island except during an euphausiid (Thysanoessa raschii)
washup on the south shore 7-10 August. An average of 300 birds/km
were present during this time, comprising the only significant flocks
of feeding birds in 1979. Bird use of the habitat during peak mi-

gration was chiefly as a roosting area as opposed to feeding. A
summary of how the ice conditions affected the numerically impor-
tant species of Cooper Island is presented below.

1) Oldsquaw: Oldsquaw densities were high in late July when
flocks of males are present in the moats and leads around the island.
In the third week of July Oldsquaw densities were the highest of
any of the past four years for the period of ice breakup. This
early peak may be correlated with high concentrations of mysids
(Mysis sp.) which were more abundant during the 1979 breakup period
than in previous years. Oldsquaw numbers remained high for the rest
of the summer with totals usually higher than previous years.

2) Red Phalaropes (Phalaropus fulicarus): No large shoreline
flocks of phalaropes were seen at Cooper. Such flocks are usually
found at Cooper with as many as 1000 birds per km being present.
In 1979 densities were rarely over 100 birds per km, and phala-
ropes were seen feeding on copepods in ponds on the island rather
than in the littoral zone. This was also observed by Peter Con-
nors at Barrow (R.U. 172). During a mild storm dead juvenile pha-
laropes were found at a number of points on the island. Examina-
tion indicated that the mortality was due to starvaton. Only dur-
ing the euphausiid wash up were actively feeding flocks of phala-
ropes seen in the littoral zone.

3) Arctic Terns: Arctic Terns at Cooper Island usually feed
predominantly on Arctic cod (Boreogadus saida) with zooplankton
constituting a smaller but sometimes substantial part of the diet.

In 1979, however, invertebrates constituted less than 1 per cent

of all food items brought to chicks. In addition no zooplankton
feeding flocks of parent terns were observed during the breakup
period. In past years feeding flocks are frequently seen during
breakup feeding on amphipods. The relatively high breeding suc-
cess of terns in 1979 does not demonstrate that a lack of zooplank-
ton hurt breeding success. However, the euphausiid washup played
a major role in providing food when tern chicks were dropping in
weight. It appears that even though terns were affected by low
zooplankton densities around the island, their ability to obtain
arctic cod on a regular basis kept their breeding success high.

The early part of the Arctic Tern migration was characterized
by their non-stop movement past the island. During the euphausiid
washup densities of terns reached 40 birds/km as compared to 160/km
during the same time in 1976. 250 Arctic Terns were observed in a
mixed feeding flock which included Glaucous Gulls (Larus hyperboreus)
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and Sabine's Gulls (Xema sabinii) on 12 August behind Sanigurak Is-
land, 9 km east of Cooper. The source of prey was a large school
of arctic cod, which has not previously been observed behind the
barrier islands. This occurrence seemed similar to the large move-
ment of cod through Simpson Lagoon in 1978. East-west movement of
Arctic Terns on Cooper Island was observed during this time indi-
cating breeding bird and migrant utilization of zooplankton patches.
From 18 August to 25 August numbers of Arctic Terns on the island
built up to 10,000 birds, the largest concentration of terns ob-
served in any year. The major activity was roosting, predominantly
on the south side with very little feeding observed. These large
numbers occurred during a time when the building up of fat reserves
for the long distance migrants can be of critical importance.

The lack of a food resource in inshore waters was further il-
lustrated by the very low numbers of Black-legged Kittiwakes
(Rissa tridactyla) near the island. The Kittiwake is an offshore
species which typically comes inshore to feed only when nearshore
zooplankton densities are at a peak.

4) Black Guillemots: Black Guillemots at Cooper Island feed
almost entirely on fish and thus the low zooplankton densities did
not directly affect them. The lack of ice, however, meant that their
usual prey item, arctic cod, was not as available as in years with
more ice.

In previous years prey brought to chicks by parent Black
Guillemots consisted almost entirely of arctic cod. In 1979, how-
ever, much of the prey brought to chicks consisted of sculpin (Myox-
ocephalus sp.) and other benthic fish. This indicates that the
guillemots turned to a benthic food source when their usual under-
ice or mid-water prey was not present. Analysis of data on food
brought to chicks and chick growth rates will reveal how this shift
affected the birds.

5) Sabine's Gull: Sabine's Gulls were present in very low
numbers through the summer. In previous years densities reached
80 birds/km in 1976 and 1978 during the peak migration (mid to late
August). The highest densities for 1979 (7 birds/km) occurred only
during the euphausiid washup and on 26 August. 75 Sabine's Gulls
were observed in the feeding flock behind Sanigurak Island.
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C. Norton Sound Habitat Mapping

Significant operations during the first quarter of 1980:

I. Designing the sampling scheme
II. Logistical planning

III. Hiring of field personnel
IV. Preliminary habitat mapping

I. Sampling Scheme

Our sampling intent is to describe the magnitude and variation of
coastal habitat use by birds during the 1980 season. The main approach
is to select six representative sites from Wales to the Yukon delta and
census portions of these on foot at least once per month from late May
through October. A preliminary choice of sites is shown in Figure 1.
These censuses will allow a comparison of abundance and variation
between habitats, coastal sections, and sampling periods.

We will make similar surveys on Safety Sound, 25 km east of Nome,
on a twice weekly basis. This will enable us to evaluate short term
variability that will go undetected at the less frequently visited sites.
We will also use a small boat (Zodiac raft) in Safety Sound and other
protected waters to survey areas inaccessible on foot.

Aerial surveys will be flown once to twice per month. These will
cover most of the coast and selected open water areas (lease tracts) to
monitor large scale variations in bird use of habitats not encountered
on the foot surveys.

Offshore zones will be surveyed via research vessels when available
and appropriate. Currently, we plan to census transects from the USCG
ice breaker Polar Star in May and June. Ship helicopters may be used to
visit the isolated shorelines of St. Lawrence and Stuart Islands.

II. Logistical Planning

Olson's Air Service in Golovin and Munz Commercial from Nome will
be used extensively for survey flights and personnel transport, respectively.
A vehicle has been requested for use in Nome and a search is underway for
housing there.

III. Hiring of Field Personnel

A maximum of seven biologists will be employed from mid May to
early October.
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IV. Preliminary Habitat Mapping

A. Shoreline habitats- lengths and percent frequencies.

Eleven different habitat types were identified using physiographic
data from the USGS 15 minute topographic map series and using vegetation
information from the Northwest Regional Profile atlas (AEIDC, Anchorage).
These are:

1) Sea beach backed by high ground or cliffs
2) Sea beach backed by marsh/wet tundra
3) Sea beach backed by upland tundra, brush, or forest
4) Seaward beach on a spit
5) Lagoon or bay beach on a spit (facing the protected water)
6) Mainland beach on a lagoon or bay, backed by high ground
7) Mainland beach on a lagoon or bay, backed by marsh/wet tundra
8) Mainland beach on a lagoon or bay, backed by upland tundra, brush,

or forest

9) Spits or bars in protected waters
10) River delta

11) River mouth

Shoreline lengths of these were measured and are summarized in Table 1.
These are grouped into eight coastal sections as shown in Figure 1. With
the exception of the Yukon delta, all of these sections will be visited
on foot to allow elaboration and refinement of the habitat classifications.

B. Significant wetland habitats.

Table 2 lists surface areas of habitats that are considered to be
of particular importance to coastal birds. These are marsh/wet tundra,
river deltas, lagoons and bays, and mud flats. Upland sites are generally
less useful to water oriented birds for nesting, feeding and roosting.

C. Seabird colonies.

A few large and many small seabird colonies occurring in Norton Sound
have been studied by the OCSEAP program during the past four years. Table 3
summarizes known breeding populations for those with more than 100 birds
(source: Catalog of Alaskan Seabird Colonies, U.S. Fish and Wildlife Service,
Anchorage, 1978).

D. Predicted and known bird use of habitats, discussed by section.

The following narrative is due in large part to input provided by
William Drury, College of the Atlantic.

Section A- Cape Prince of Wales to Cape Douglas

Steep shores dominate the open coast offering a few nesting sites for
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cormorants, gulls, and puffins. On the east end of this section there is a
tiered system of shallow protected waters including Brevig Lagoon, Port
Clarence, Grantley Harbor, and Imuruk Basin. Large areas of marsh-like
wet tundra border the northern end of Imuruk Basin and the south side of
Port Clarence. These may serve as waterfowl nesting and/or migration
stopover sites. Cape Riley has nesting cormorants, gulls, and puffins
while Pt. Spencer is a concentration site for shorebirds, gulls, and ducks.

Section B- Cape Douglas to Cape Nome

This shore offers small protected lagoons and areas of upland tundra
dotted with lakes and drained by numerous small streams. Many loons, pintails,
geese, swans, and shorebirds nest here, while migrants probably use the
enclosed waters immediately behind the beach. Coastal outcrops in this area
are frequented by eiders and other sea ducks feeding near shore.

Offshore, King and Sledge Islands support major seabird colonies with
approximately 250,000 and 5,000 birds each, respectively.

Section C- Cape Nome to Rocky Point

Safety Sound is the dominant feature of the east end of this section
with marsh areas on the north side and islets behind the barrier beach
strip with Aleutian and Arctic Tern colonies. The steep ground from Topkok
Head to Rocky Point has seabird cliffs at Topkok, Bluff, Square Rock, and
a few sites on the Rocky Point peninsula.

Section D- Golovin Bay and Lagoon

Golovin Lagoon has extensive mud flats and delta on the northwest end
with prime waterfowl nesting habitat; also a likely place for seasonal
shorebird concentrations.

Section E- Cape Darby to Cape Denbeigh

Norton Bay is bordered by steep slopes with seabird cliffs on the two
capes. There are extensive marshes, deltas, and tidal flats at the mouths
of several rivers, including the Kwik, Koyuk, and Inglutalik. These are
productive for waterfowl and shorebirds.

Section F- Cape Denbeigh to Stebbins including Stuart Island

The wet tundra behind Cape Denbeigh was found to have remarkably low
populations of waterfowl (Drury). The Unalakleet delta is potentially
productive while the beach to the south and west is narrow and backed by
slumping bluffs, tree bordered streams, and occassional cliff outcrops.
These small points of land often have minor colonies of cormorants, gulls,
and puffins. Besboro Island has nesting puffins and cormorants, Egg Island
hasmurres, kittiwakes, puffins, and Parakeet Auklets, while the islands near
St. Michael have mostly puffins.

Stuart Island offers some waterfowl and crane habitat plus some puffin
occupied outcrops on the west end.
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Section G- Stebbins to Apoon Mouth (Pastol Bay)

The extensive wet tundra to the southwest of Stebbins is likely to
support large populations of nesting waterfowl and shorebirds.

Section H- Yukon delta

The Clarence Rhode National Wildlife Refuge is a major waterfowl and
shorebird nesting area with more than 3,000 square kilometers of prime
habitat. The coast of the delta is relatively inaccessible and outside
of this project's realm.
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Major Milestones: Reporting, data management and other significant

contractual requirements; periods of field work; workshops; etc.



VII. Discussion

The 1979 field season on Cooper Island was perhaps the most valuable,
since it demonstrated how a severe food shortage can affect bird densities
and behavior. We now know that when the typical littoral zooplankters are
found in low numbers some shoreline migrants still gather in the Plover Is-
lands in large numbers and move both east and west searching for food.
Past studies by R.U. 196 and R.U. 314 have shown the Plovers to be an im-
portant area of concentration for a number of species prior to their south-
ward migration. The die-off of phalaropes due to starvation and the fact
that terns roosted rather than fed around the island indicates that these
species were unable to find prey. This could have major implications in
migration energy budgets, since these species typically put on weight
prior to migration. The occurrence of patchy food sources, such as the
euphausiid washup and large arctic cod school in Elson Lagoon, provided
major but short-lived feeding opportunities. We do not yet know what
causes the die-offs of euphausiids at Pt. Barrow and the Plover Islands.
We have observed them in 1976 and 1979, and both times they were completely
consumed by migrant birds in a few days. Further information on euphau-
siids in the western Beaufort Sea would prove valuable.

Unfortunately no Beaufort Sea cruise was conducted in 1979. In past
years bird densities in the offshore Beaufort have been found to be ex-
tremely low and densities in nearshore waters moderate to high. In 1979
the lack of zooplankton in nearshore waters may have meant that densities
offshore were higher. An example of a pelagic species that typically
moves to the nearshore Beaufort to feed on zooplankton is the Black-legged
Kittiwake. In 1979 the species apparently stayed offshore, since only
scattered individuals were seen at Cooper.

VIII. Conclusions

Only very tentative conclusions can be drawn from the preliminary anal-
ysis of 1979 Cooper Island data. Perhaps the most important observation is
that in years when zooplankton are not evenly distributed in the littoral
zone, birds must turn to food sources that are patchy in nature. This means
that the sensitivity of the food source to impacts from man's activities is
increased due to their short duration and limited geographic distribution.
Thus an oil spill or similar occurrence in a year similar to 1979 could have
a much greater impact than in other years.
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IX. Summary of Fourth Quarter Operations

A. Work completed

Office work was conducted on data gathered in previous years.
The TI 777 was delivered from Bodega Bay and validation of R.U. 196
data began. Divoky traveled to the University of Rhode Island to
discuss data outputs with personnel of R.U. 527. The visit resulted
in a listing of analyses that will be done by URI as soon as valida-
tion is complete.

B. Meetings attended

Pacific Seabird Group 23-26 January 1980

Data Processing Meeting 28-30 January 1980

C. Papers or lectures presented

Pacific Seabird Group Meeting:

Murres and prey patches in the Bering Sea by Doug Woodby.

Organochlorine residues in eggs of Alaskan seabirds by Harry
Ohlendorf, James C. Bartonek, George J. Divoky and Erwin E. Klass.

Post-breeding migration of Arctic Terns in Northwestern Alaska
by Robert Boekelheide and George J. Divoky.

University of California at Santa Cruz - Marine Studies Seminar:

Birds of the Arctic pack ice by George J. Divoky.

D. Papers submitted for publication

Horned Puffins associated with Black Guillemot breeding colonies
in northern Alaska by G.J. Divoky and T.L. McElroy.
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Table 1. Shoreline lengths (km) and percent frequencies of 11 coastal
habitats in Norton Sound.
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Table 2. Surface areas (km2) of significant coastal habitats in
Norton Sound.
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Table 3. Seabird colonies in Norton Sound and adjacent waters (only
those with more than 100 birds per site are listed; in clockwise order
around the sound beginning at Wales).
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Table 4. Arctic Tern breeding success on Cooper Island 1975-1979.



Table 5. Age of Arctic Tern chicks at death, Cooper Island 1975-1979.
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Figure 1. Foot survey sites and coastal sections, Norton Sound coastal bird habitat project.



Figure 2. Breeding chronology of Arctic Terns on Cooper
Island 1975-1979. Laying , hatching -[square], fledging =0.
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Figure 3. Ice coverage in oktas (eighths) on north and south sides ofCooper Island 1976-1979.
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period at Bluff in 1979 (data from Stakes 10 and 15 combined).

13 Kittiwakes: Diurnal variation in numbers at Bluff in 1979 240
(data from Stakes 10 and 15 combined).

14 Kittiwakes: Hatching phenology at Bluff and Cape Thompson 243
(see text).
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS

WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

A. Objectives

The primary objective of this study is to use the census data for
colonial seabirds breeding at Cape Thompson, Alaska, in evaluating the
suitability of various census techniques in effectively tracking numeric
changes in seabird populations. Secondly we will examine the historical
data for trends in population numbers of murres (Uria aalge and U.
Zomvia) and Black-legged Kittiwakes (Rissa tridactyla) at the Cape
Thompson colonies. Concommitently, we will analyze sources of variation
in the census results, including diurnal, daily, and seasonal variation
in attendance patterns of the birds at the colonies, and observer variability
in the census estimates. Finally we present data on productivity of
murres and kittiwakes and examine the relationships between annual
variations in numbers and productivity.

B. Conclusions

Considerable diurnal, daily and seasonal variability in the attendance
patterns of murres dictates repeated counts at selected areas if long-
term changes in numbers are to be tracked effectively. Because the
long-term changes in murre population numbers at Cape Thompson have
varied spatially in magnitude, both within and among colonies, the most
effective sampling designs will be those which insure broad coverage of
different cliff types and exposures. At Cape Thompson systematic sampling
of the larger colonies and complete censuses of the smaller colonies
will be appropriate. Counts should be made on several days during the
chick period, and successive counts should be conducted at approximately
the same time of day as earlier counts. Two or more observers should
conduct the counts independently. At selected areas photographs taken
simultaneously with the counts will permit evaluation of observer bias
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in comparing results among years. These conclusions also apply to kittiwakes,

but the observer source of variability is of lesser magnitude.

At Cape Thompson murre numbers have declined markedly since 1960

and the decline has continued in recent years. The magnitude of the

decline has varied both within and among colonies, being greatest at

Colony 5, the largest colony in 1960. Kittiwake numbers have also

varied considerably but, in contrast, demonstrate no trend. Numbers in

1960 and 1979 were much higher than in 1976 or 1977.

Kittiwake productivity was high in 1979 at Cape Thompson. Data

from Cape Lisburne and Bluff indicate that productivity has varied

greatly in recent years but in parallel at all three locations. Productivity

has fluctuated in parallel with numbers. Fewer kittiwakes occupy sites

at the colony and attendance is more sporadic in years of low productivity

than in years when conditions are especially conducive for reproduction.

C. Implications with Respect to OCS Oil and Gas Development

Murres and kittiwakes can be viewed as integrators of marine food

webs because they occupy top trophic positions. Differences among

Thick-billed Murres (Uria lomvia), Common Murres (u. aalge), and Black-

legged kittiwakes in foraging techniques reflect different methods and

capabilities of exploiting major food sources, e.g. Sand Launce (Ammodytes

hexapterus). Such exploitation represents a sampling of lower trophic

levels which has defied scientific sampling methodologies.

Availability of prey species within foraging range of the breeding

colonies is reflected in population parameters of the seabirds that can

be measured with relative ease. Kittiwakes feed at the water surface.

They are buoyant but slow-speed flyers and thus must forage in the

vicinity of the breeding colony if they are to maintain a site there.

Consequently numbers and productivity of kittiwakes reflect near-surface

foraging conditions nearby the colony. Murres, in contrast, are high-
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speed flyers, foraging at great distances from the colonies, and feed at

considerable depths in the water column. Thus, they have a far greater

three-dimensional foraging range than do kittiwakes. The number of

murres occupying sites at the colonies may be less dependent on foraging

conditions, but productivity does appear dependent on the timely appearance

of a suite of invertebrate and fish prey as the breeding season progresses.

Studies of changes in numbers and productivity of easily studied,

piscivorous seabirds will provide the most suitable window into the

ecosystems-wide consequences of petroleum-related and other human activities.
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II. INTRODUCTION

A. General Nature and Scope of Study

In the past several years enumeration of breeding seabird populations

has been an important focus of studies in the Outer Continental Shelf

Environmental Assessment Program (OCSEAP). Because of their sheer

abundance, seabirds must certainly play a vital role in the marine

ecosystems they inhabit. They are particularly vulnerable to oil pollution

(e.g. Bourne 1976). Exploration and development of oil reserves are

planned in many regions of seabird abundance. If the effect of oil-

related activities is to be adequately assessed, it is important not

only to enumerate breeding populations but also to quantify annual and

long-term variability in population numbers to establish an adequate

baseline for those populations prior to oil exploration and development.

Before OCSEAP, few seabird colonies in Alaska had been studied even

cursorially and only those at Cape Thompson had been studied in detail.

Swartz's (1966) studies at Cape Thompson from 1959-1961 and OCSEAP studies

from 1976 to present (Springer and Roseneau 1977, 1978, Springer et al.

1979, present study) provide the most extensive data base for quantifying

and evaluating annual and longer-term variations in numbers of murres

and kittiwakes, two of the most abundant seabird taxa in Alaska (see

Sowls et al. 1978) and the world. In the present study we exploit and

extend the historical data base in evaluating census results and in

delineating field routines which will be most effective in tracking

future population changes. Supplementary studies at the Cape Lisburne

and Bluff colonies provide a comparative but shorter-term data base.

In recent years there have been numerous studies of murre numbers

(e.g. Nettleship 1976, Lloyd 1975, Birkhead and Ashcroft 1975, Birkhead

1978a) and kittiwake numbers (e.g. Hodges 1977). Yet despite the proliferation

of such studies there is still little information on the accuracy with
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which fluctuations on small areas within colonies reflect colony-wide

fluctuations in numbers. Such information is necessary in designing

effective sampling routines for large colonies where entire censuses are

impractical, if not impossible. In the present study we focus on spatial

variation in the degree of numeric change in the murre populations at

the Cape Thompson colonies.

Our studies of the reproductive success of murres and kittiwakes

augment the census efforts and considerably increase our ability to view

these taxa as indicators of short-term and long-term variability in

marine ecosystems.

B. Specific Objectives

1. To census the murres and kittiwakes at the Cape Thompson and

Bluff colonies.

2. To quantify diurnal, daily, and seasonal variability in attendance

patterns of murres and kittiwakes at the Cape Thompson and

Bluff colonies.

3. To examine the historical data base at Cape Thompson for

spatial variation in the degree of numeric change of murres

and kittiwakes.

4. To recommend a sampling design to effectively track annual and

longer-term variations in numbers of murres and kittiwakes.

5. To determine breeding phenology and quantify productivity of

kittiwakes at Cape Thompson, Cape Lisburne and Bluff.

6. To examine the relationships of numbers and productivity of

kittiwakes at Cape Thompson, Cape Lisburne and Bluff.
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C. Relevance to the Problems of Oil Development

This study is an extension of the OCSEAP baseline natural history
studies of seabirds as it evaluates the suitability of the present data

base in the assessment of long-term population trends. It thus provides
a measure of the adequacy of the data base being generated within OCSEAP
in assessing the effects of oil exploration and development.

Together with previous studies at Cape Thompson and Cape Lisburne

(Springer and Roseneau 1977, 1978, Springer et al. 1979) and Bluff

(Drury 1977, 1978, Ramsdell and Drury 1979), the present study permits
quantification of annual variation in numbers and productivity of murres
and kittiwakes. Unless such pre-development variation is quantified,

there will be no basis for testing the effects of oil development on
these abundant, and ecologically important, species.

Seabirds occupy top positions in marine food webs and thus integrate

many components of the systems in the northern Bering Sea and Chukchi Sea

ecosystem that have not been studied and indeed defy known sampling

techniques. Thus the seabirds provide a finger on the pulse of ecosystem

function and would indicate alteration of that function by oil-related

activities.

Each of the three colonies we have studied is near a proposed lease
area. Springer et al. (1979) and Ramsdell and Drury (1979) further
elaborate on the relevance of the studies of seabirds at Cape Thompson,

Cape Lisburne and Bluff to plans for oil development in the Hope Basin,
Chukchi Sea, and Norton Sound, respectively.
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III. CURRENT STATE OF KNOWLEDGE

Field efforts in this study from 1976 through 1979 have extended
and amplified the data base established in previous studies at Cape
Thompson (Swartz 1966, Springer and Roseneau 1977, 1978, Springer et al.
1979), Cape Lisburne (Springer and Roseneau 1977, 1978, Springer et aZ.
1979), and Bluff (Drury 1977, 1978, Ramsdell and Drury 1979). Other
studies of seabirds in OCSEAP (e.g., Searing 1977, Hunt 1978) are also
relevant.

Studies of small colonies of Common Murres (e.g. Birkhead and
Ashcroft 1975, Birkhead 1978a, Lloyd 1975) and Black-legged Kittiwakes
(e.g. Coulson 1968, Hodges 1977) in the British Isles have provided
considerable insight on numbers and productivity of these two species.
Other relevant studies are cited throughout the report as appropriate
and are listed in Section XI, Part A.
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IV. STUDY AREA

The five distinct seabird colonies in the vicinity of Cape Thompson,

Alaska, comprise about 6.8 km of the 11.4 km of coastline between the
north end of Imnakpak Cliff and Crowbill Point (Figure 1). Colony

designations in the text correspond with those shown on Figure 1.

Detailed environmental information for the Cape Thompson region can be

found in Wilimovsky and Wolfe (1966). Swartz (1966) and Springer and

Roseneau (1977, 1978) have discussed the seabird habitat.

Here we provide additional detail about the characteristics of the

cliffs utilized by seabirds. The five colonies occur on the higher,

more stable cliffs and are separated from each other by topographic

discontinuities of low relief and softer rock. Heights of the colonies

vary considerably. Virtually all of Colony 5 rises to heights of about

200 m asl as does Agate Rock, part of Colony 3. The maximum elevations

elsewhere are rarely more than 100 m asl.

Campbell (1966) reviewed the complex geological history of the Cape

Thompson vicinity. The cliffs are of marine sedimentary origin and

Mississippian Age. There has been extensive folding as well as thrusting.

Colonies 1 and 2 are exposures of a thick gray, fine to medium crystalline

dolomitic sequence of late Mississippian Age, which has a very blocky

appearance (Campbell 1966:65). Many surface cracks are nearly vertical

on Colony 1, where "ledges that will safely accomodate an egg are

relatively scarce" (Swartz 1966:663). Surface cracks at Colony 2 are

often nearly horizontal. The blocky nature of the rock at Colony 2

provides occasional wide, as well as numerous narrow, ledges for breeding

murres and kittiwakes.

Colonies 3, 4 and 5 are generally composed of older and more loosely

bedded limestones and shales of Early to Late Mississippian Age. Portions

of Colony 3 and all of Colony 5 are exposures of the upper portion of
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FIGURE 1. Seabird colonies in the vicinity of Cape Thompson, Alaska. Contour interval = 250 ft. Nostippling, less than 250 ft.; light stippling, between 250 and 500 ft.; moderate stippling,between 500 and 750 ft.; heavy stippling, greater than 750 ft.



the formation and consist of thin- to medium-bedded limestones and thin-

bedded silty shales (Campbell 1966). Thus, these cliffs are softer and

more complexly fragmented than those of Colonies 1 and 2, providing a

variety of small ledges for breeding seabirds.

The western portion of Colony 3 and much of Colony 4 consist of an

80 m thick layer of light gray, thickly-bedded limestone (Campbell

1966:63) that offers to breeding seabirds ledge configurations that are

similar to those in Colony 2. Underlying silty clay shales which form a

series of narrow horizontal breeding ledges characterize the eastern

portion of Colony 4.

Here we also report data collected on the seabird colonies at Cape

Lisburne and Bluff, Alaska. These colonies have been described by

Springer and Roseneau (1978) and Drury (1977), respectively.
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V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

A. Data Collection

Field efforts during 1979 began on 1 July and continued until 21

August at Cape Thompson. Two members of the field crew visited Cape

Lisburne between 18 and 24 July and again between 14 and 20 August. The

field effort at Bluff started on 19 July and continued through 10 August.

Murres and kittiwakes were collected at varying intervals during

the summer at Cape Thompson and during the two visits to Cape Lisburne.

Data on weights, breeding condition and fat condition were obtained at

the time of collection and the stomach contents were preserved in 70%

ethanol. These samples are now being analyzed and will be discussed in

the Final Report.

In 1979 we conducted a complete census of murres and kittiwakes at

Cape Thompson. Comparisons of the 1979 census data with those collected

previously are the focus of this report. We obtained the 1960, 1976,

and 1977 census data for both murres and kittiwakes from the original

field notes. Counts of portions of the colonies were made in 1961 for

murres and kittiwakes, and in 1978 for kittiwakes only. Although Thick-

billed Murres and Common Murres inhabit the cliff faces in varying

proportions throughout the colonies (Swartz 1966), differentiation to

the species level has not been possible during the censuses and the two

species have been counted together.

In conducting their counts of murres and kittiwakes in 1960 and

1961, Swartz and his assistants subdivided the 5 colonies into plots to

facilitate counting. They generally defined plot boundaries by geomorphic

features, such as cracks and deep ravines, and recorded the boundaries

on photographs (Swartz, unpublished data). In subsequent censuses the

field crews, aided by these photographs, were generally able to record
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numbers in accord with Swartz's plot designations. However, several

minor and two major discrepancies did occur during subsequent counts.

The two principal deviations from the original system were (1) the 1976

census of both murres and kittiwakes at Colony 5, and (2) the 1977

census of kittiwakes at Colonies 2, 3, and 4, when field crews used new

boundaries. In addition, in those instances where boundaries were

difficult to discern from photographs, adjacent plots were counted as a

single unit.

In 1977 and 1979 we counted murres at Colony 5 so that these counts

could be compared to both the 1960 and 1976 counts on a plot-by-plot

basis. The 1976 and 1960 plots at Colony 5 lacked common boundaries.

Consequently, it is possible to compare the counts of murres on a plot-

by-plot basis in those 2 years for Colonies 1 through 4 only.

Many plot boundaries delineated in the 1977 kittiwake counts at

Colonies 1 through 4 were identical to those defined in 1960. Consequently

adjacent plots were amalgamated until a common boundary was reached,

permitting intracolony comparisons of counts. Due to such amalgamations

of adjacent plots, and because plot notations varied among years in

several instances, plot designations have been standardized in this

report. For those plots with variable notation, equivalencies and the

notations used here are listed in the Appendix.

The method of censusing kittiwakes varied among years. In 1960 and

1961 Swartz (1966) counted the number of nests and then doubled the

results to obtain an estimate of the size of the breeding population.

In 1976 most kittiwakes failed to breed (Springer and Roseneau 1977).

Consequently, counts made in that year, and also those made in 1977,

were of individuals in adult plumage on the cliffs at the time of the

count. Because of the variable presence of off-duty mates and nonbreeders

on the cliffs there is no suitable way to compare the 1976 and 1977 data

with those of 1960 and 1961. In 1979 we counted both individuals and

nests to permit comparisons with all other years.
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The actual techniques of counting murres and kittiwakes were similar

but not identical among the censuses. Typically 2 or 3 observers counted

with the aid of binoculars from a small boat anchored offshore. However,

in 1960 the field crew counted many of the plots at higher elevations in

Colony 5 from land, looking down at the ledges from the top of the colony.

In 1976 and 1977 these, like all other plots, were counted from a boat

anchored offshore. In 1979 we counted some of these plots from both

perspectives to assess similarity of the 2 methods.

Usually observers have estimated numbers by tens, intermittently

actually counting 10 individuals (or nests) to maintain accuracy and

precision. In 1960 and 1976, however, all boat-based counts of murres

at Colony 5 were in increments of 100 rather than 10. The available

data do not permit evaluation of the accuracy of estimating by hundreds

rather than tens. If the simultaneous counts by two or three observers

are considered as independent estimates of numbers, then the variability

between or among the counts is a measure of the precision of those

counts. We examine the relative precision of the two counting techniques

by comparisons of the coefficients of variation associated with each

plot count (see below).

We also conducted counts at 2 hour intervals through a 24-hour

period on several occasions at selected areas of Colonies 2, 4 and 5

during 1979. These data are used in this report to examine patterns of

diurnal changes in numbers and spatial synchrony in such changes. Two

such counts also coincide with the actual census counts so that the

effect of diurnal variation in attendance patterns could be addressed in

examining the census results.

In 1979 we counted murres on several plots throughout the colonies

several times during the breeding season. We counted murres on all

plots in Colony 1 on 6 occasions, including the date when Colonies 3, 4

and 5 were censused. We censused murres at Colony 4 a second time

several days after the complete census of the colonies. These data
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permit evaluation of daily (day-to-day) and seasonal changes in numbers
of murres on the cliffs.

In 1979 we examined kittiwake nests at varying intervals at Cape

Thompson. For each nest we recorded dimensions and weights of the eggs,
clutch size, hatching success, weights of nestling and fledging success
as possible. The visits to Bluff and Cape Lisburne were timed to provide
data on brood sizes, growth rates of nestlings, and fledging success

only. At all 3 localities we visited the nests and weighed the nestlings

several times to provide estimates of growth rates.

The field crew at Cape Lisburne counted murres on 15 August on 10

of the 75 plots. Counting techniques there were comparable to those at

Cape Thompson.

At Bluff two observers censused the entire colony on three occasions.

One observer counted murres and the other counted kittiwakes. Thus, no
measure of observer variability is available from these counts. Also,

observers counted from a boat moving slowly past the cliffs rather than

anchoring at each plot. In previous years, field crews estimated the
numbers of murres flushing in response to the passing boat (Ramsdell and
Drury 1979). In 1979 we attempted to minimize this effect by passing

very slowly below the cliffs, and relatively few murres flushed. Numbers

flushing were estimated and are included in the census totals. In

contrast field crews at Cape Thompson and Cape Lisburne have simply

waited to start counting at a particular plot until murres that flush

have returned to the cliffs. This procedure has typically necessitated

a wait of several minutes only.

B. Data Analysis

Census

We first computed basic statistics, including the mean and coefficient

of variation, of the counts on each plot in each year. Using the mean
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as a summary statistic of the counts of two to several observers implies

that each observer's count is an equally valid estimate of actual numbers.

We made no formulation of personal handicaps, having no basis for determining

which observers were estimating numbers most accurately. Photodocumentation

of actual numbers, which we lack, would be necessary for the evaluation

of discrepancies among observers in their counts and the subsequent

assignment of handicaps. Except on small, easily viewed plots, the

numbers obtained by each observer should be considered estimates of

actual numbers, rather than true counts. In the context of this report,

and in most reported censuses, the term count is used loosely, synonymously

with estimate. The coefficient of variation is a direct measure of the

agreement between (among) observers simultaneously counting a particular

plot and is thus indicative of the difficulty experienced in counting

that plot in those conditions.

We next evaluated numeric change among years by ranking the means

in each of the years (treatments) on each plot (block) and then conducting

a Friedman's Test (e.g. Conover 1971) for each colony. This analysis

represents a statistical comparison of the census results among years

for each colony and provides an initial evaluation of the similarity

among colonies in relative numbers.

We also examined spatial patterns of yearly variation in numbers of

murres and kittiwakes using correlation analysis. First, data from each

census plot were expressed as points on a bivariate scatter diagram, the

mean number counted in one year being the first variable, that in a

subsequent year being the second variable. A bivariate diagram was

generated for each possible pair-wise combination of years.

Then we conducted correlation analyses for each pair-wise comparison,

computing the correlation coefficient, the first eigenvector (the slope

of the principal axis), 95 percent confidence limits for the first

eigenvector, and the equation for the principal axis (see Sokal and

Rohlf 1969:526-532). The procedure for calculating the principal axis
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of the correlation equation is similar to that in linear regression, but
it minimizes the sum of squares of deviations from the principal axis
rather than independent variable. It is appropriate for establishing
the degree and nature of association between 2 variables (Sokal and
Rohlf 1969:495-498).

The slope of the principal axis describes the trend in numbers

between years. For example, if relative numbers in year 2 were 75
percent of those in year 1, the slope should equal 0.75. Thus, in this

report, the slope is an expression of relative numbers in the 2 years,
expressed as a proportion of the number in the earlier year.

Inserting the observed total of numbers of adults (or nests) counted

in the earlier year into the correlation equation produces a mean
estimate of total numbers in the later year. The 95 percent confidence

boundaries for the slope can be used in the equation to bracket the mean

estimate. If changes on individual plots reflect the overall changes,

these estimates will bracket the observed change.

As a further test of how well the correlation equation reflected

the observed overall change in numbers, we also computed correlation

statistics for the relationship between numbers in the later year,

expressed as a proportion of numbers in the earlier year, and the mean

number in the earlier year for all plots. A significant correlation

would show that the degree of numeric change was nonrandomly related to

initial numbers, e.g. greater declines on plots with high numbers than

on plots with low numbers in the earlier year would result in a negative

correlation in this analysis. This analysis provides further insight

into how well numeric changes on plots reflect the overall observed

changes in numbers in the Cape Thompson colonies.

To test overall differences in numeric change among colonies at

Cape Thompson, we first transformed averaged totals in 1976, 1977 and
1979 into percentages of the averaged 1960 total for each colony. For
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each of those three years we ranked the percentage values among colonies

and conducted a Friedman Test, considering years as blocks and colonies

as treatments. This procedure allowed a test of the null hypothesis

that overall changes since 1960 were similar among colonies.

To analyze the effect of intracolony variation on the degree of

numeric change at Cape Thompson, we first standardized the 1976, 1977

and 1979 counts among plots by dividing each averaged count by the 1960

averaged count for each plot. We defined peripheral plots as those

plots either on the geographic edge of a colony or not contiguous with

any other plot on that colony. We tallied the values for peripheral

plots by quartile in relation to the distribution of values for all

plots in each colony and then combined the tallies for the three years,

1976, 1977 and 1979. We then analyzed how accurately (Quartile Test,

Median Test) and how precisely (Extreme vs. Central Quartiles) changes

on peripheral plots reflected the overall changes within colonies. We

also conducted a Chi Square Goodness of Fit Test to examine any differences

among colonies.

To examine differences in relative numbers at high elevation plots

and low elevation plots at Colony 5 we compared the 1979 counts, stan-

dardized in relation to the 1960 counts, on the two sets of plots. For

this analysis we defined upper plots as those with the upper boundary at

the top of the cliff and the lower boundary at or above the altitudinal

midpoint of the cliff. Lower plots are those with the lower boundary at

the base of the cliffs. We computed the Mann-Whitney Test Statistic,

testing the null hypothesis that the standardized means for upper and

lower plots were equivalent.

As noted earlier, we interpret the variation between observers

counting simultaneously as a measure of the difficulty in counting a

particular plot under those conditions. We therefore evaluated the null

hypothesis that boat-based counts of upper plots were made with the same

degree of precision as those of lower plots by comparing the distri-
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bution of the coefficients of variation for the two sets of plots. We

used the data from 1977 and 1979 to make two independent tests of this

hypothesis using the Mann-Whitney Test.

At Colony 5 some of the upper plots on the main cliff face have

been counted from a boat in 1960 as well as in later years. Those upper

plots on invaginations of the cliff face and visible from prominences at

the top of the colony were counted from land in 1960, and some of these

were counted from land in 1979. Comparing 1979 numbers, expressed as

percentages of the 1960 numbers, on plots counted from land in both

years and on plots counted from the sea in both years permits evaluation

of the null hypothesis that the degree of change in murre numbers between

1960 and 1979 on the main cliff face and in the ravines was equivalent.

We used a Mann-Whitney Test of this hypothesis.

Birkhead and Ashcroft (1975) computed the correlation between

annual variation in murre numbers on selected areas at Skomer Island and

overall variation there. They found significant positive correlations

and concluded that annual variation on each area they selected did

accurately reflect variation on the entire island. However, the correlation

coefficient itself is only a measure of association, and it is the slope

of the correlation equation that provides a measure of similarity in

trends. We have extended Birkhead and Ashcroft's approach by computing

the slope of the correlation equation, as well as the correlation

coefficient, in our analyses of daily synchrony in numbers within the

Cape Thompson colonies in 1979 (see Sokal and Rohlf 1969).

To analyze the data from the 24-hour counts at Cape Thompson we

first rounded the starting time of each count to the nearest hour and

then computed a correlation matrix among areas of counts during the same

24-hour period. Since the counts were conducted every 2 hours, there

should have been 12 simultaneous counts at each area. However, we

frequently were unable to count some of the areas at the appropriate

time, e.g. because of dense fog, and consequently there are a number of
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gaps in the data base. We have included correlation coefficients for

particular pair-wise comparisons of areas only if a minimum of 6 counts

were made simultaneously. During the actual census, on 7-8 August, the

counts were made hourly while the census was being conducted, resulting

in more than 12 simultaneous counts at several plots on those dates. We

tallied the number of significant correlation coefficients and compared

the result to the number expected by chance if the null hypothesis of a

no correlation were always true.

At Bluff we counted two portions of the colony repeatedly from 21

July to 6 August, including 3 periods of counts every 2 hours lasting

26, 34 and 26 hours. We counted at 1500 h on 12 of those days and

1700 h on 15 days during that period. The counts provide a data base

for assessing daily and diurnal variation in numbers of murres and

kittiwakes at Bluff. These and all other times in this report are

Bering Daylight Time (BDT). We made these counts from Stakes 10 and 15

(see ramsdell Drury 1979), dividing those portions of the cliff face

into 3 and 2 areas, respectively. As the two observers (F and J) synchronized

their efforts, the counts were simultaneous at the 5 areas, permitting

assessment of spatio-temporal variation in numbers on the cliffs.

In evaluating observer differences in counts of murres we have

adhered to, and extended, the notation for observers used in earlier

annual reports. As used in this report and applied to the field crews

in 1979, the notations are

CODE Name

B D. Johnson

C A.M. Springer

E D.G. Roseneau

F E.C. Murphy

H M.I. (Johnson) Springer

I W. Walker

J A. Watson
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Productivity

The data on kittiwake breeding phenology were tabulated and compared

to those in earlier years. In addition to reporting earliest hatching

dates for each locality-year sample we estimated the distribution of

hatching dates for nestlings weighed in each sample. We used the following

equations to derive the estimate for each nestling:

(1) Age (in days) = Weight1 - 35 g)/ [(Weight2 - Weight1)/

(Date 2 - Datel)]

(2) Hatching Date = Date1 - Age where

Weight 1 was the weight on the day, Date1 when the

nestling was first measured, and

Weight 2 was the weight on the day, Date2 , when the

nestling was measured the second time.

We have used 35 g as the estimate of hatching weight and have

assumed in the calculation that the growth rate between the first two

measurements was equal to that between hatching and the first measurement.

Maunder and Threlfall's (1972) detailed studies of growth rates and our

own data indicate that this assumption is appropriate until nestlings

are about three weeks old, as growth rates are nearly linear from hatching

to that age. We performed the calculation only for nestlings which were

alive at the end of our observations and only if two measurements were

made within 20 days of the estimated hatching date.

In 1978 Drury (Ramsdell and Drury 1979) recorded actual hatching

dates during detailed observations of nests and also weighed a small

sample of nestlings. We have compared the distribution of estimated

hatching dates of those nestlings with the observed distribution at the

kittiwake stakes (see Ramsdell and Drury 1979) as a check on the validity

of this technique.
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The data on kittiwake productivity were tabulated and compared to
those in other years. In 1977 and again in 1979 we checked kittiwake

nests at Cape Thompson in 3 areas, using a 5 m ladder for access from
the beach below. In addition to gathering data on the nests within

reach from the ladder ("Lower" nests), we visually examined nests up to
several meters above the reach of the ladder ("Upper" nests) using a
convex mirror on a 3 m pole. As upper nests were somewhat more centrally
located than lower nests, we compared reproductive output in upper and
lower nests to investigate any differences in reproductive output in
central vs. peripheral nests as reported by Coulson (1968) at a colony
in the British Isles.

At the time of hatching we were often unable to distinguish between

egg and nestling loss if any reduction in nest contents occurred, e.g.
if we found a clutch of 2 eggs on 1 visit and a single nestling on the
next visit there was no way to determine the fate of the second individual.

We frequently found unhatched eggs in nests long after hatching should

have occurred and only rarely found dead nestlings. We have assumed in
our calculations of hatching success that any change in nest contents
from 2 eggs to 1 nestling or 1 egg, or from 1 egg to zero nestlings or zero
eggs between our visits during the hatching period represented successful
hatching but subsequent nestling death.

At all 3 localities we completed the field work before fledging of
kittiwakes actually started and have assumed in our estimates of fledging
success that any nestlings weighing 300 g or more on the last visit, or
in plumage class 3 or 4 (see Ramsdell and Drury 1979), did eventually
fledge. We calculated average daily weight gains for nestlings weighed
two or more times between hatching and 300 g, using only the two extreme
measurements within that range to make the calculation.

Preliminary analysis indicated that growth rates of most nestlings
remained linear through 350 g. If a nestling was weighed only once when
less than 300 g but was also weighed when between 300 g and 350 g we
computed average daily weight gain. We included this value in the
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analysis only if data were unavailable for that nestling in the hatching

to 300 g range and only if this weight gain exceeded the weight gain of

the slowest growing nestling in the hatching to 300 g range. At Cape

Lisburne in 1979, no nestlings were weighed twice when less than 350 g.

On the first visit in late July many eggs were pipping; on the return

visit in mid-August most nestlings weighed were over 350 g. We computed

daily growth rates for Cape Lisburne in 1979 by (1) assuming the egg

hatched the day after it was found pipping (see Maunder and Threlfall

1972:804), (2) assigning a weight of 35 g for hatching weight and (3)

computing the daily weight gain between the presumed hatching day and

the day the nestling was first measured about 3 weeks later. Our preliminary

analyses and other accounts (e.g. Maunder and Threlfall 1972) of weight

gains suggest that daily weight gains typically decline soon after

nestlings reach 350 g; therefore, the 1979 Cape Lisburne data on average

weight gains are not truly comparable with those from the other samples

analyzed here.
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VI. RESULTS

A. Murres

Censuses at Cape Thompson

Table 1 summarizes the census results for the 4 years when complete

censuses were conducted. The census totals indicate a decline in numbers

from 1960 to 1979, particularly at Colony 5, where numbers declined in

each successive census. Although fewer murres have been counted at

Colonies 1 through 4 in recent years than in 1960, there has been no

trend among recent years. The 1977 figures are greater than either the

1976 or 1979 totals at those colonies. The continued significant decline

at Colony 5 and the less marked declines at the other colonies suggest

that factors responsible for changes in numbers either differ among

colonies or have simply resulted in spatial consolidation of the murres

at Colonies 1-4 as overall numbers have declined.

The census results suggest that total numbers of murres have

declined at an annual rate of about 5% from 1976 to 1979. The average

annual rate of decline between 1960 and 1976 was 3% (see Figure 2),

suggesting that the rate of decline has increased over the past several

years. While we recognize that there are several major sources of

variability in the number of murres on the cliff faces within a breeding

season, as will be discussed below, such variability is typically

random and equally implicated in every census. Thus, the statement that

murre numbers have apparently declined at a rate of several percent each

year and that the rate of decline may have accelerated in recent years,

is the best working hypothesis at the present time.

As noted earlier, 18 of the upper plots at Colony 5 were counted

from the top of the colony in 1960, but from a boat at sea in later

years. In 1979 we evaluated the possible bias induced by these different
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TABLE 1. Murres: Summary of census results at Cape Thompson, Alaska.
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FIGURE 2. Murres: Numbers counted at Cape Thompson in
years when complete censuses have been conducted.
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techniques by simultaneous counts by boat-based and land-based observers
at 8 of these plots. On all 8 plots, land-based counts were higher than
boat-based counts, a highly unlikely result if the two techniques were
comparable (Binomial Test, n=8, y=O, p*=0.5, p=0.0078). Summing the
counts, averaged among observers for each plot, results in totals of
8355 murres counted from above and 4379 murres counted from the boat.
Thus, the boat-based counts totalled only 52% of the land-based counts.
These plots are about 150-200 m above sea level. Clearly counts from a
boat underestimate the numbers of murres on high elevation plots.
Apparently substantial numbers of murres are obscured from view, even
though the cliff faces appear quite visible to boat-based observers. As
there are differences in the effectiveness of the two counting techniques,
only those counts using the same technique will be compared in the
following analyses.

The difference in effectiveness of the two techniques indicates
that census results for Colony 5 in the different years are not strictly
comparable. Table 2 shows relative numbers on those plots counted in
the same manner. Again these figures substantiate those shown in Table 1.

We used a Friedman's Test to evaluate the null hypothesis that
rankings of the plot counts did not vary among years, i.e. that there
are no year to year differences in numbers of murres counted when censuses
are compared on a plot-by-plot basis. At all colonies except Colony 4
the test statistic was highly significant (Table 3), indicating significant
difference among years. Table 3 also shows that on most plots numbers

were highest in 1960, as shown by the sums of ranks and the average

rankings. At Colonies 1 and 5 numbers on every plot were higher in 1960
than in any other year. Thus, the changes analyzed on a plot-by-plot

basis qualitatively reflect the overall change for each colony.

Correlation analysis provided a quantitative measure of the consistency

with which changes on individual plots reflected overall changes between
years. Table 4 summarizes all pair-wise comparisons. Figure 3 depicts
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TABLE 2. Murres: Relative numbers (percentages) counted at Colony 5

on plots using the same techniques.
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TABLE 3. Murres: Summary of the Friedman's Test results evaluatina differences among years.



TABLE 4. Murres: Results of the correlation analyses comparing census data, based on plnt counts.



TABLE 4 (cont.).



FIGURE 3. Murres: Comparisons of numbers counted in 1960 and 1979 at the 5 Cape Thompson colonies. Each symbolrepresents a plot within the appropriate colony.



the relationships between numbers in 1960 and 1979 for the 98 plots

counted by the same technique in both years. In general, the slope of

the correlation equation does reflect the relative total numbers within

colonies. However, the correlation equation underestimated the 1979

numbers relative to the 1960 numbers at both Colonies 3 and 5, and

relative to the 1976 numbers at Colony 5 (Figure 4). Combining all

colonies in the analysis generally resulted in an underestimate of

numbers. For example, on the 98 plots counted by the same technique in

1960 and 1979, the field crews counted 242,285 murres in 1960 and 114,542

murres in 1979. The 1979 total was thus 47% of the 1960 total. Yet the

percentage predicted by the correlation equation, i.e. the slope of the

principal axis, was only 36% and the 95% confidence limits for the slope

did not bracket the observed total (Table 4, Figure 4).

For both Colonies 3 and 5 Figure 3 suggests that relative numbers

of murres in 1979 were higher on plots where comparatively few murres

were counted in 1960 than on plots where high numbers were counted in

1960, i.e. declines on some of the plots where high counts were made in

1960 were perhaps disproportionately great. To quantify any trend

between initial numbers and relative numbers in later years we again

computed correlation statistics, in this instance using (1) actual

numbers counted in the earlier year and (2) relative numbers in the

later year as the two variables in the analysis.

The results of these correlation analyses are listed in Table 5.

All the correlation coefficients at Colonies 2 and 4 were negative;

three were significantly so. Four of the five correlations for Colony 5

were significantly negative, indicating that the declines there have

been most marked on plots where high numbers were counted initially.

Although the correlation coefficients themselves were often negative

and sometimes significant, there was very little apparent slope to the

correlation line and the 95% confidence limits for the slope usually

179



FIGURE 4. Murres: Numbers in recent years relative to those in 1960, based on correlation analysesof plot counts (see text).



TABLE 5. Murres: Results of the correlation analyses of initial numbers/plot and subsequent relative numbers/plot.



bracketed zero (see Table 5). These results suggest that although

declines on plots where numbers were initially great were in some instances

particularly marked, these influenced the correlation equation surprisingly

little. Thus, these analyses do not fully account for the discrepancies

between predicted totals and actual counts in Table 4.

The results of the correlation analyses suggested that there might

be a curvilinear relationship between initial numbers of murres and

subsequent numbers, such that changes (declines) were comparatively

great on those areas where numbers were initially highest. Sokal and

Rohlf (1969) suggest methods of testing for curvilinearity and trans-

forming curvilinear relationships into linear ones. We attempted a

series of transformations, including power and logarithmic transforma-

tions of numbers counted in the first year of each comparison, but found

no procedure which increased the proportion of the variance of the

counts in the second year explained by the correlation model, i.e. no

transformation resulted in a better model than the linear model.

There are several possible explanations as to why the correlation

equations sometimes underestimate observed numbers in the later year.

Figure 3 demonstrates that the variance of the counts in the second year

increases with the magnitude of the counts in the first year--a violation

of an underlying assumption in the correlation model (see Sokal and

Rohlf 1969:410). We are presently conducting these correlation anaylses

on logarithmically transformed data to negate this effect. The results

of these analyses will be incorporated in the Final Report.

Secondly, inserting the observed total count from the first year in

the correlation equation to estimate the total number of murres in the

second year involves extending the line of the correlation equation well

beyond the range of values on which it is based. Furthermore, the

confidence limits for the slope are only approximate unless the sample

size is large (Sokal and Rohlf 1969:532). All of these effects suggest

that the actual confidence limits for the slope are likely much wider
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than indicated here.

Spatial Variation in Numeric Change at the Cape Thompson Colonies

As noted in the previous section, numbers of murres have declined

more markedly at Colony 5 than at the other four colonies since 1960.
Colony 5 is the only colony where numbers have been lower on each

successive census. Figures 2 and 4 graphically indicate that numeric

changes have varied considerably among colonies. This conclusion is

apparently substantiated by the Friedman's Test (Table 6) which indicates

significant differences among colonies in numbers of murres counted in

recent years relative to the 1960 totals for each colony. However, in

this analysis, all 3 blocks (years) are partially dependent on the 1960

data and are thus not truly independent.

For all pairwise comparisons between years Table 7 summarizes the

data on relative numbers on peripheral plots in comparison to the distribution

of values for all plots at each colony. Overall, the Goodness of Fit

tests indicated that the trends in numbers on peripheral plots reflected

the overall pattern of numeric change within colonies but were more

likely to be towards one extreme or the other of the distribution of

values. Thus, peripheral plots apparently provided an accurate (unbiased)

but imprecise measure of numeric change.

Yet comparing the numbers of values above and below the median for

each colony in Table 7 indicates significant variation among colonies

(X2=15.758, v=4, P < 0.005). For example, at Colony 1, relative numbers

on 10 of the 11 peripheral plots fell below the median value for all

plots at that colony, while only 2 of the 12 values for peripheral plots

at Colony 4 were below that colony's median. Numbers on the two peripheral

plots at Colony 1 were low in 1960 and no murres were seen on those

plots in the 1979 census. On the other hand, numbers increased threefold

between 1960 and 1979 at one of the Colony 3 peripheral plots. Thus,
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TABLE 6. Murres: Friedman's Test of colony differences in numeric change.
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TABLE 7. Murres: Relative numbers of peripheral plots 1 , tallied

by quartiles for each colony (see text).
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numbers on peripheral plots not only fluctuated more markedly than on

central plots, but, at a particular colony, they may have fluctuated in

a different pattern than did overall numbers. Qualitatively, peripheral

plots at Cape Thompson are typically small in area and contain relatively

few murres in comparison with centrally located plots within colonies.

The counts at Colony 5, as percentages of the counts in 1960, in

1979, were similar on upper and lower plots (Mann-Whitney Test, n=13,

m=15, T=67, P > 0.10). We also conducted the Siegel-Tukey Test for

inequality of variance (see Conover 1971: 230) and found no evidence

that variance of the 1979:1960 ratios differed between upper and lower

plots (n=13, m=15, T=113, P > 0.20). Therefore, numeric change within

Colony 5 showed no pattern in relation to elevation.

We utilized the coefficient of variation values to compare the

precision of boat-based counts of upper and lower plots. The Mann-

Whitney Tests using the 1977 and 1979 samples independently provided no

evidence that upper plots were counted with less precision (n=13, m=24,

T=154.5, P > 0.20; n=13, m=23, T=143, P > 0.20, respectively). Although

boat-based observers underestimated numbers of murres on upper plots, as

previously discussed, the precision of their estimates on upper and

lower plots was comparable. Thus, the boat-based counts of upper plots

are inaccurate (biased) but no less precise than counts of lower plots.

Because the decline in numbers counted at Colony 5 has been dramatic

and has continued over the past several years we further examined

spatial variation in degree of the numeric change within Colony 5.

Figure 5 shows numbers in 1979, expressed as percentages of numbers in

1960, in relation to location within the colony. While the decline in

numbers was greatest at plot JJ, a central plot, and least at RR, a

peripheral plot, there is no distinct trend to the pattern of change

from one end of the colony to the other or from the periphery to the

center. In addition, we calculated a Spearman's rank correlation coefficient,

pairing each lower plot with the corresponding upper plot(s); the
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FIGURE 5. Murres: Numbers in 1979 relative to those in 1960 at Colony
5, Cape Thompson. An "X" denotes a region of the colony
where a plot encompasses the entire vertical extent of the
cliffs.



correlation was not significant (n=8, r=0.143, P > 0.10).

Comparing the degree of numeric change on the main cliff face and

in the ravines of the upper portion of Colony 5 revealed that declines

between 1960 and 1979 were more dramatic in the ravines (Mann-Whitney

Test, n=6, m=9, P < 0.05). Thus the magnitude of the decline at

Colony 5 did not vary with elevation or in relation to location, but did
apparently vary in relation to some detail in the cliff structure.

At the other four colonies, plots typically spanned the vertical

extent of the cliffs, precluding any evaluation of the relationship

between numeric change and elevation. We did examine effects of location,

tallying the number of plots on which percentage declines were greater

than the median decline between 1960 and 1979. On the upcoast and

downcoast halves of each colony we found a location effect at Colony 2

only (Median Test, T=9.529, v=l, P < 0.005). On plots Al through Q, the

1979 counts totalled 51.6% of the 1960 counts; on plots R through HI the

1979 counts totalled 77.5% of the 1960 counts. Thus the declines were

greater on the downcoast half than on the upcoast half of Colony 2.

Seasonal Variation in Attendance Patterns at the Cape Thompson Colonies

Several studies, e.g. Lloyd (1975) and Birkhead (1978a), have

addressed daily and seasonal variation in attendance patterns of murres

at breeding colonies. Nettleship (1976:20) recommended that censuses of
murres be conducted during the last half of the incubation period. His

recommendation agrees with Birkhead's (1978a) findings that numbers of

Common Murres on Skomer Island in the British Isles were highest and

varied least from day to day late in the incubation period (from the day

the first eggs were laid to the day the first eggs hatched) and then

declined through the chick period. However, Lloyd (1975) documented the

highest numbers and least daily variability during the chick period (day

first eggs hatched to the day first chicks left the cliffs) at another

small Common Murre colony, Handa Island, in the British Isles. Although
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these studies both indicate synchony between the seasonal peak in numbers

and the least daily variability, the timing of the peak in relation to

breeding phenology varies between the studies. Nevertheless, these

studies do demonstrate that daily and seasonal variation in attendance

patterns must be considered in conducting counts and evaluating census

results.

Table 8 shows the timing of the census in relation to breeding

phenology at Cape Thompson during each year when a complete census has

been conducted. All counts have been made between mid-incubation and

the first sea-going. Although one chick was seen on the water during

the 7 August census in 1979, that was the only chick seen by either team

during the entire 11-hour period each team was anchored at various

points along the colonies that day. As no additional chicks were seen

on the water until 11 August, we have reported 11 August as the date of

first sea-going. In 1960, most plots were counted during the incubation

period; only Colony 5 was counted completely during the chick period.

Thus, the 1960 census dates do contrast with those in later years at

the first four colonies, but not at Colony 5. Thus, the seasonal

discrepancies among censuses were least at Colony 5, where the greatest

changes in numbers have been noted.

In 1979 we counted all the plots at Colony 1 four times in addition

to the census on 7 August. We also counted various other areas in the

other four colonies one or more additional times. We have used the

repeated counts to examine daily and seasonal variation in murre numbers.

Table 9 shows all counts of Colony 1 that have been made since 1960.

Swartz (1966) commented on the great variation between counts taken on

different days at this colony. Discrepancies between counts in 1961

were extreme: the average of the two counts on 3 August was 227% of

the count on 25 July. Similarly in 1979, the high count (15 August)

was 190% of the low count (7 July). The 1979 counts were not significantly

lower than the 1961 counts (Mann-Whitney two-tailed test, n=3, m=5,

T=14, P=0.10), but none of the 1979 counts approach the 1960 count of
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TABLE 8. Murres: Dates of censuses in relation to breeding phenoloqy.
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TABLE 9. Murres: Counts 1 at Colony 1, 1960-1979.
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Colony 1.

Swartz (1966) suggested that Colony 1 "is composed to a large

extent of non-incubating birds" (p. 663), noting that there are relatively

few ledges that will safely accommodate an egg. Therefore, there may

be relatively high numbers of non-breeding birds at this colony in

comparison to the other colonies.

In addition to the census results shown in Table 1, Colony 4 was

censused completely in 1961, and we conducted a second complete census

there in 1979. On 22 July 1961, two observers estimated that 6,445

murres were present there (Swartz, unpublished data). On 14 August

1979, the average total obtained by 3 observers was 6,841 murres, 25%

more than on 7 August 1979. The 1961 total was lower than either the

1976 or the 1977 totals (see Table 1) and only 4.7% higher than the

average of the 7 August and 14 August 1979 counts. The 1960 census

total for Colony 4 was 59% higher than the 7 August 1979 census and

35% higher than the 1961 count. Although numbers in recent years at

Colony 4 have been lower than in 1960, the 1979 counts bracketed the

1961 count, indicating that there have been no distinct long-term trends

in numbers there.

Our repeated counts on selected areas in 1979 also show the magnitude

of daily variation in numbers (see Table 10). On the three plots at

Colony 2 that we counted on six other occasions, the census total was

lower than four of those counts. The totals on the two counts during

the incubation period (10 and 18 July) were comparable to the census

count. Although the two counts during the chick period bracketed the

census count, they demonstrate that the range of daily variation was

great: the count on 1 August totalled 50% more than that on 5 August.

This range is comparable to that reported by Lloyd (1975:509) for Common

Murres. The counts made on these plots after the first chicks left the

ledges indicate that numbers were higher on some days during the chick-

jumping period than earlier in the season.
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TABLE 10. Murres: Comparisons of counts at selected plots, 1960-1979.



At plot 3-S numbers were lower on the census day than on six other

days that plot was counted in 1979. Alsodaily variation was greater on
this plot than on the three plots on Colony 2 just discussed: the high
count on 1 August was more than double the count during the census.
This plot forms the northwest end of Colony 3. Like Colony 1, perhaps
it is used by non-breeding birds to a greater extent than more centrally
located plots within the colony, resulting in greater daily variation in
numbers.

At Colony 4 both the total recount and recounts on selected plots
were about 25% higher than the census results; both of these estimates
were made once sea-going of chicks began. The recount of four plots on
Colony 5 on 11 August, when sea-going began, was 54% higher than the

census total for those plots.

Except at Colony 2, which was censused one day after the other
colonies, the census results were lower than counts on other days from
late incubation through the first several days of sea-going. The discrepancy
between the census results and recounts of the four plots at Colony 5
was higher than for central plots on other colonies. Yet comparing 1979
recounts to the 1960 census results on the same areas, recount totals on
the four Colony 5 plots were only 43% of 1960 totals on those plots.
This figure is lower than those for all other recounted areas. Additionally,
only on plot 3-S did any 1979 count exceed the 1960 result. This plot
is one of the few plots where numbers increased between 1960 and 1976
and again in 1977. Thus, the recounts support the conclusion based on
the census results that numbers have declined on all colonies since 1960
and the decline has been most marked at Colony 5, even though the census
of Colonies 1, 3, 4 and 5 was conducted on a day of relatively low
numbers during the 1979 season.

In addition to the recounts of various census plots we examined the
counts on the census dates at 24-hour counting areas in relation to
counts made at those same areas earlier in 1979 (Table 11). Dates of
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TABLE 11. Murres: Counts on 24-hour Count Areas in 19791



the previous counts correspond to early, mid- and late incubation, just

prior to hatching. The counts of these areas during the census were

comparable to those made just before hatching and were higher than those

made earlier during incubation.

The 24-hour counting areas are upper portions of Colonies 4 and 5.

These results suggest that numbers there may not have followed the same

day-to-day trends as numbers on the census plots, i.e. daily variation

in numbers may not be synchronous among areas within and among colonies.

Lack of daily synchrony among areas within a colony is reflected in

the Colony 5 recounts. For example, numbers relative to the census

counts ranged from 97% to 206% of the census results among the four

plots. Lack of daily synchrony among plots in attendance patterns of

murres has an important implication-in evaluating census results: the

greater the heterogeneity among plots in relative numbers between counts,

the greater the masking of daily variability when counts are conducted

over large portions of the colonies.

To further examine spatial synchrony in daily variation in murre

numbers at Cape Thompson in 1979, we used correlation analysis on two

sets of repeated counts: the Colony 1 counts (Table 9) and the counts of

the seven randomly selected plots (see Table 12). Table 13 shows that

numbers on particular plots have been positively and sometimes significantly

correlated with the total numbers. Yet the slope of the relationship

has varied among plots, and, on some plots, changes have not closely

reflected the overall changes, i.e. the slope of the correlation equation

differs significantly from a value of one. These correlation analyses

further demonstrate that (1) there was lack of tight synchrony in daily

fluctuations of numbers among plots, as evidenced by insignificant

correlation coefficients, and (2) the daily fluctuations in numbers were

of considerably different magnitude on different plots.

Due to the magnitude of the daily variation within a season, we
considered the likelihood that counts in 1960 were made on days when
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TABLE 12. Murres: Counts at randomly selected plots at colonies 2 through 5 in 1979.



TABLE 13. Murres: Correlation between numbers/plots and total

numbers on plots counted repeatedly in 1979.1
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murre cliff attendance was at the upper extreme of the range of daily

variability. Because it took field crews three or four days in 1960 to

complete the census of each colony, except Colony 1, we considered it

unlikely that each of those days coincided with a peak in attendance.

Each colony was censused completely during a single day in 1979. We

could thus test the null hypothesis that relative numbers (percentage

values) on the plots in 1979 were unrelated to the day of the count in

1960. We used a Kruskal-Wallis Test (e.g. Conover 1971:257) and found

no significant differences in the percentage values in relation to the

day of the 1960 count (Colony 2: T=6.455, v=3, 0.1 > P > 0.05; Colony 3:

T=0.104, v=2, P > 0.25; Colony 4: T=0.214, v=2, P > 0.25; Colony 5:

T=1.349, v=3, P > 0.25). In addition, because all colonies except

Colony 3 were counted on the same date in 1979, it is highly unlikely

that daily or seasonal variation is implicated in the among-colony

differences in the magnitude of the decline in murre numbers between

1960 and 1979.

Diurnal Variation in the Attendance Patterns at the Cape Thompson Colonies

Several studies (e.g. Swartz 1966, Lloyd 1975, Birkhead 1978a) have

documented marked diurnal fluctuations in numbers of murres on the

cliffs by periodic counts of selected ledges throughout a 24-hour period.

Lloyd (1975) found a single late morning peak in attendance at Skokholm

Island in the British Isles. Birkhead (1978a) documented relatively low

numbers early and late in the day and high, fairly constant, numbers

throughout the middle of the day at Skomer Island. Studies elsewhere in

Alaska (e.g. Drury 1978) suggest that there are two peaks in attendance

each day, generally at about 0800 and 2000 hours. Swartz (1966:659-660)

found a similar pattern at Cape Thompson. Diurnal variability in attendance

is clearly of sufficient magnitude that it should be considered in

detail in evaluating the census results.

Figure 6 shows the time of day each census was conducted at Cape

Thompson. There was no overlap in the timing of censuses at Colony 1

among years. Counts of other colonies were typically in mid-afternoon

through early evening, and the timing of those in recent years generally
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FIGURE 6. Murres: Time of day of census (Bering Daylight Time).
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overlapped the 1960 counts to some extent.

In 1979 we conducted counts on selected areas to determine patterns
of diurnal fluctuation in attendance not only during the census but also

during three 24-hour periods during the incubation period (see Figure
7). The fluctuations in numbers tended to follow the general pattern
found in previous years at Cape Thompson (Swartz 1966, Springer and
Roseneau 1977, 1978), showing a morning and evening peak. However,

there was considerable variation and departures from the general pattern

were frequent. Most notably, numbers peaked during the afternoon and

evening, while the census counts were being conducted, on the day of the

census of Colonies 1, 3, 4 and 5 (see Figure 8). The census of Colony 2

also coincided with a diurnal peak in numbers on the following day
(Figure 9).

Correlations between counts of different areas during the same
period are listed in Table 14. In addition to these counts, two areas

were counted at Colony 2 on 8 and 9 August in conjunction with the

census there (n=12, r=0.80, P < 0.05). Twenty-four of the 81 total

bivariate correlations were positive and significantly (P < 0.05)
different from zero. By chance only 4 (5%) of the 81 correlations would

be significant. This number of significant correlations is highly

unlikely if the null hypothesis of zero correlation were always true

(Goodness of Fit X =103.44, v=l, P < 0.001).. Thus, there was some

degree of synchrony among areas in diurnal fluctuations in numbers, yet

the large number of insignificant correlations demonstrates that the

synchrony was not very tight. While none of the correlations between

areas at Colony 2 and Colony 4 were highly positive and significant,

there was not a clear pattern of increasing synchrony with increased

proximity: of the 57 correlations between areas of the same colony 15

(26%) were significant; 9 of the 24 (37.5%) correlations between areas

of different colonies were significant.

Lack of diurnal synchrony among areas even within colonies has two
implications in evaluation of the census results because diurnal trends
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FIGURE 7. Murres: Diurnal variation in numbers at selected areas of the Cape Thompson Colonies. A early



FIGURE 7. Continued. B. Mid-incubation.



FIGURE 7. Continued. C. Late incubation.



FIGURE 8. Murres: Diurnal variation in numbers at selected areas at Colonies 4 and 5, Cape
Thompson, during the census of colonies 1, 3, 4 and 5. Inset: Mean (triangle),
one standard deviation (bar) and range (bracket) of the census times for colonies 3,
4 and 5, based on data for each plot.



FIGURE 9. Murres: Diurnal variation in numbers at selected areas at Colony 2, Cape Thompson,
during the census of that colony. Inset: Mean (triangle), one standard deviation
(bar) and range (bracket) of the census times, based on data for each plot.



TABLE 14. Murres: Correlation matrices for diurnal attendance patterns at Cape

Thompson in 1979.



TABLE 14 (cont.)



TABLE 14 (cont,)



in numbers are frequently out of phase among areas. First, colony-wide
counts will mask diurnal variations to the extent fluctuations on different
areas are out of phase. Secondly, counts on selected areas may be
unrepresentative of overall trends on the plots being censused. Consequently,
compensating overall numbers on the basis of trends on such areas to
mitigate the effects of diurnal variation (e.g. Swartz 1966) may be
inappropropriate. The best way to minimize the effect of diurnal
variation in attendance patterns is to conduct censuses at the same time
of day that previous counts have been made.

Observer Variability in Counts at the Cape Thompson Colonies

Swartz (1966) noted that discrepancies between the counts of experienced
observers tend to be low: e.g. total counts of two observers in 1960
deviated only 0.5% from the mean of their counts. However, Swartz also
suggested that, "the seeming objectivity of such analyses may be in some
measure illusory in that subtle adjustments certainly take place through
conversations between observers living and working together" (p. 661).

In censuses at Cape Thompson in recent years, counts of observers
have also shown close agreement. In 1976, counts of various observers
deviated between 1.7% and 7.2% from the mean of the counts. In 1977,
two observers (E and F) counted all of the colonies together and their
total counts deviated only 0.4% from the mean of their totals. In 1979,
two teams of two observers each counted different portions of each
colony, except Colony 1, which was counted repeatedly by various teams
of observers. Within each team, observer counts were equivalent; total
counts of observers in Team A (Observers C and H) and Team B (Observers
E and I) deviated 1.2% and 0.3% from the respective means of their
counts. Thus, the variation between (among) observers counting as a
team has been low in recent years as well as during Swartz's (1966)
field studies.

During all censuses at Cape Thompson observers have typically
compared their results after completing the count of each plot as a
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check to insure that each observer scanned the cliffs effectively,

covering all of the ledges but not duplicating areas already covered.

The problem of an effective counting pattern is particularly acute on

the larger plots but is lessened with experience. With practice,

observers improve their ability to determine an effective pattern of

counting murres on plots viewed for the first time. In 1979 we conducted

some recounts without comparing results after completion of each count.

In the recount of Colony 4 the totals of the two observers of Team B

deviated 6.6% from the mean of their counts compared to 2.4% during

their census of the same plots. The total count of a third observer

(F), who had not counted with Team B during the census, was 15% lower

than the mean of their counts. In the two mid-August counts of Colony

1, Observer E and Observer F counted without comparing notes, and their

counts deviated 3.9% and 2.5% from the mean of their counts. Observer

F's total was lower than Observer E's total on 15 August and higher on

18 August. On the 16 August count of the Randomly Selected Plots, their

individual totals deviated 1.4% from the mean. These results suggest

that counts conducted by experienced observers without comparing notes

are more variable but, overall, provide similar estimates of total

numbers, as the tendency of one observer to count higher or lower than

others was not consistent.

A more effective method of evaluating variability of independent

counts and comparability of the counts of different observers would be

to compare simultaneous counts of the same plots by observers of the two

teams who had been counting different plots independently. We were

unable to conduct extensive comparisons, but the two teams did count two

plots simultaneously during the 7 August census and two others during

recounts on 11 August (Table 15). The discrepancies on the two plots

counted simultaneously on 7 August were between observers and within

teams, but those for the two plots counted on 11 August were primarily

between teams. Sunset on 11 August at Ogotoruk Creek is 2109 h (BDT)

(Allen and Weedfall 1966:27); the recounts on that date were made after

the sun had set. The large discrepancies among observers on those
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TABLE 15. Murres: Comparisons of simultaneous counts of all observers who counted the 1979 census.



recounts may be due to the poor light conditions at the time of their

counts.

Although the previous analyses on observer variability suggest that
observer variability has not been a major factor in differences in
counts of murres among years, the evaluation of observer variability

could be improved considerably. Observers, once experienced, should

not compare their counts during the census. Confidentiality of the

results will increase the independence of the counts by different observers.
In 1979 we would have been able to evaluate independence of counts and

comparability of results far more effectively if both teams had counted

several more plots simultaneously.

One final aspect of observer variation relates to the estimation

technique itself. In 1976 observers estimated numbers of murres at

Colony 5 in increments of 100, while in 1977 and 1979 estimates were

made in increments of ten on the same plots. Variability among observers

was much higher in 1976 than in 1977 and 1979 [Friedman's Test on

Coefficients of Variation, b=ll, k=3, T=10.864, v=2, P < 0.005; Multiple
Comparison Procedure (see Hollander and Wolfe 1973), R 1976 = 33,

R 1977 = 14.5, R 1979 = 18.5, 1976 vs. 1977: P < 0.008, 1976: P < 0.008,

1977 vs. 1979: P > 0.05], suggesting that estimation by hundreds gives a

more variable estimate of numbers of murres. Yet overall variation

among observers was generally higher in 1976 than in other years, so

that the above difference may simply mirror the higher variability

within the field crew in that year. As in our evaluation of other

aspects of observer differences, the available data do not readily

permit evaluation of the effects of the technique in relation to the

census results. Although we have not demonstrated and quantified such

effects they may have influenced the census figures to some extent.

Counts of the Cape Lisburne Colony

In 1976 and 1977 complete censuses of murres were conducted at the

Cape Lisburne Colony (Springer and Roseneau 1977, 1978). Partial counts
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in 1978 and 1979, together with comparable results in previous years,

are shown in Table 15. Observer C has counted murres there in all 4

years. His lowest count (1978) was 89% of his highest count (1979).

Overall, the discrepancies among years are slight in relation to the

magnitude of variation in attendance patterns within years. There is no
evidence of any trends in numbers over the four year period.

Counts of the Bluff Colony

Drury (1977, 1978) and Ramsdell and Drury (1979) have summarized

the census efforts of Common Murres at Bluff in previous years. In 1979

one observer (Observer F) counted murres there on three occasions (Table

16). Two of these counts were during the chick period. The third count

on 9 August occurred several days after the first sea-going of chicks (3

August). The averages of the 1979 counts and of those also conducted

between mid-July and mid-August in previous years are listed in Table 17.

The counts at Bluff have been made from a boat moving slowly past

the colony, and observers have typically counted murres flushed from the

cliffs by the boat as well as murres remaining on the ledges. This

procedure differs from that of the sea-based counts at Cape Thompson and

Cape Lisburne, where observers anchored the boat offshore in front of

each plot and waited for any birds that flushed to return to the ledges

before starting the count. We cannot compare the effectiveness of the

two procedures. Certainly estimates of numbers flushing are less

precise than the counts of murres on the ledges, and estimates from a

moving boat may be more variable than from a stationary boat.

Table 18 shows a decline in the average number of murres counted in

successive years at Bluff. Comparison of the ranks of the average

values in successive years demonstrates the negative trend (Spearman's

Rank Correlation, n=5, r=1.0, P < 0.01). None of the three 1979 counts

exceeded the 1975 or 1976 counts. We conducted an Analysis of Variance,

grouping the counts by year, for years with two or more counts in mid-

summer. The results of the ANOVA do not demonstrate any differences

among the years 1976 to 1979 (F3,6=2.086, P=0.204). Thus, while the
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TABLE 16. Murres: Counts at the Cape Lisburne Colony, 1976-1979.
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TABLE 16 (cont.).
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TABLE 17. Murres: Counts of the Bluff Colony in 1979.



TABLE 18. Murres: Counts of the Bluff Colony between mid-July and

mid-August, 1975-1979.
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general downward trend in average numbers has continued in recent years,

variability among counts within each season has been sufficiently high

to make that trend insignificant.

Although the repeated counts at Bluff permit statistical compari-

sons of total numbers among years, many more counts each year would be

necessary to detect differences among annual means. Sokal and Rohlf

(1969:247) provide a technique for determining the sample size needed to

detect differences between means, but it is also appropriate to consider

the ways in which variability of counts within a season can be reduced.

Conducting successive counts at the same time of day and anchoring the

boat offshore, at least when counting the more difficult plots, would

probably reduce the variability considerably.

Combined counts from Stakes 10 and 15 on successive days in mid-

afternoon throughout much of the chick period varied between 67% and 88%

at 1500 h and between 70% and 95% at 1700 h of the maximum counts of

2639 murres recorded at 1900 h on 27 July. Thus, numbers during the

chick period ranged as high as 31% at 1500 h and 37% at 1700 h greater

than the minimum count at those hours. Figure 10 shows that numbers on

the cliff in mid-afternoon rose to a peak on 25 July and then declined

until after sea-going had already begun (see below).

We also combined the counts at Stakes 10 and 15 to assess diurnal

patterns in cliff attendance at Bluff in 1979. Numbers typically peaked

in the early morning and late evening (Figure 11), but, as at Cape

Thompson, there was considerable variation on this theme. These data

reinforce our contention that adequate monitoring of numbers entails

repeated counts to quantify daily variation and standardization by time

of day to minimize the influence of diurnal variation in census results.

At Bluff we cursorially examined the comparability of boat-based

counts and those made from the top of the cliffs. During the boat-based

census on 31 July, Observer F counted 1750 murres at Stakes 10 and 15 at
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FIGURE 10. Murres: Daily variation in numbers at Bluff (data from Stakes 10 and 15 combined).



FIGURE 11. Murres: Diurnal variation in numbers at Bluff in 1979 (data from Stakes 10 and 15 combined).



1900 h. Two hours earlier on that day 2295 murres were counted from

above at these 2 stakes. Although simultaneous land-based and boat-

based counts were not made, such a decline in numbers during that period

appears unlikely. Numbers actually increased between 1700 h and 1900 h

during the 3 24-hour counts. During the boat-based census on 7 August,

1280 murres were recorded at these 2 stakes. This figure is only 72% of

the lowest total recorded in the 60 land-based counts of Stakes 10 and

15 when 1970 murres were counted at 1500 h on 21 July. These data

further demonstrate that observers counting from boats below a colony

significantly underestimate actual numbers, even in areas where it

appears that all of the murres are visible.

Reproductive Phenology

We have not made a detailed study of the reproductive phenology of

murres at Cape Thompson, and here we simply summarize available infor-

mation on dates the first chicks hatched and the first chicks went to

sea. As these dates are extremes for each sample they are certainly

less representative of the sample than modal dates, which are only

available for a few of the locality-year samples.

Table 19 shows that phenology was advanced at Cape Thompson in 1979

relative to any other year and by more than two weeks compared to 1976.

Phenology at both Cape Thompson and Cape Lisburne was similar in 1978

and 1979. At Bluff both hatching and sea-going in 1979 began a few days

later than in 1978 and about two weeks earlier than in other previous

years.

Reproductive Output

Few data on murre reproductive success have been collected at Cape

Thompson and Cape Lisburne in recent years. At Bluff reproductive

output has been studied intensively at several study areas since 1976.

In 1979 we determined numbers of eggs and chicks at the same 7 areas

studied in detail in 1978. Stake 10 has been the most intensively
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TABLE 19. Murres: Summary of breeding phenology at Cape Thompson,

Cape Lisburne and Bluff.
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studied area since 1976. In 1976, only 5 chicks were successfully

reared there (Drury 1977); in 1977, 71 chicks hatched and 58 left

successfully (Drury 1978).

We found chicks on the study areas when we first arrived in 1979.

Ramsdell and Drury (1979) found that 40% of chick loss occurred within

five days of when they were first seen. Overall loss was 17% at Stake

10. In 1979, only 4 of the 97 (5%) chicks observed between 21 July and

9 August disappeared; 58 were alive but still on the cliffs when we

left. Of these, 39 were at least two weeks old and only 6 had not been

seen before 1 August. In Table 20 we have assumed that all chicks seen

alive on the last visit to an area later jumped. This assumption is

reasonable if chick mortality is confined primarily to the first few

days after hatching, but results in an overestimate of numbers jumping

to the extent that mortality of older chicks occurs on the ledges. As

our values of hatching success probably underestimated actual success

due to mortality of very young chicks before our observations began,

hatching success in 1979 probably equalled or exceeded that in 1978. In

comparison to 1978, murres also had equivalent or slightly better success

in rearing chicks to jumping age in 1979. Over the past 4 years, the

reproductive success of murres was poorest in 1976 and best in 1978 and

1979.

Numbers of Breeders and Nonbreeders

During the repeated counts of selected areas, adults on the stake

10 map area were counted on 49 occasions. Numbers ranged from 137 to

185, averaging 165 (standard deviation = 10.53). The total number of
attended eggs and/or chicks was 93, which is a minimum estimate of the

number of breeding pairs. Birkhead (1978a) and others have calculated

the ratio of breeding pairs to the number of individuals. This ratio

varied between 0.50 and 0.68, averaging 0.56, at stake 10 in 1979. To

the extent that eggs were lost and were not replaced and chicks were
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TABLE 20. Murres: Reproductive output at Bluff, 1978 and 1979.
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I
lost, this figure underestimates the number of breeding pairs. Drury
(1978) estimatedthat egg loss was about 15% during incubation. Assuming
no replacement of eggs lost before we started our field work at Bluff in
1979 and 15% loss during incubation, we can estimate that 109 breeding
pairs were present at Stake 10. Thus, on the average, about one-third
of the murres on Stake 10 were therefore nonbreeders or off-duty mates.

Hodges (19771 showed that kittiwake breeding pairs coordinate their
attendance patterns at the cliffs, i.e. although one of the mates is in
attendance constantly, rarely are both mates in attendance. Although
comparative data are lacking for murres, it is likely that murre pairs
similarly coordinate their attendance and foraging activities. Consequently,
the degree to which the number of indidivuals exceeds the number of eggs
laid is probably largely a measure of the number of nonbreeding murres.
We do not know if nonbreeding site-holders are sexually immature birds
in adult plumage or birds that failed in the very early stages of a
breeding attempt.

Swartz (1966:660) found no physiological nonbreeders in his extensive
collections of birds residing on the cliffs at Cape Thompson. Swartz's
data are somewhat in variance with the findings of Birkhead and Hudson
(1977) at Skomer. They found that three-year olds and four-year olds
spent time on the breeding ledges as well as in clubs (loitering areas)
at the base of the colonies. As few four-year olds and no three-year
olds bred, physiological nonbreeders do occupy the breeding ledges at
Skomer.

Some areas of the colony may contain greater proportions of nonbreeders
than do others. Among the five areas counted extensively from Stakes 10
and 15, the maximum numbers ranged between 132% and 280% of the minimum
numbers (see Table 21). As counts were always simultaneous (within 20
minutes) on all five areas, these differences reflect spatial variation
only. The results certainly indicate that nonbreeders were far more
abundant relative to breeders on the areas counted from Stake 15 than at
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TABLE 21. Murres: Maximum and minimum counts of five frequently counted
areas at Bluff, 1979.
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Stake 10. Although no studies have addressed spatial variation in
proportions of breeders and nonbreeders actually on the breeding ledges
in any detail, the variation appears to be high. Such variation will
affect comparability of census results to the degree that relative
numbers of breeders and nonbreeders vary diurnally, seasonally and
annually as well. Changes in the proportion of younger, nonbreeding age
classes would be reflected most dramatically on those areas of the
breeding ledges where they aggregate in high numbers. Identification of
such areas may provide a key technique for monitoring changes in recruitment
over time.

Numbers and Productivity

At Bluff there are now several years of data for both numbers of
murres and reproductive success. Comparing the number of chicks produced
at Stake 10 to the number of murres counted at the entire colony provides
an index of relationship between numbers and productivity. Comparing
Tables 18 and 20 shows that there has been an inverse correlation:
numbers were highest in 1976 when productivity was lowest, and lowest in
1979 when productivity was high.

We have considered two hypotheses to explain this relationship.

First, productivity could be density-dependent. However, Birkhead
(1977) showed convincingly that breeding success is higher where murres
are tightly packed in breeding aggregations than where murres breed at
lower densities; the likelihood of predation is lessened as density on
the ledges increases.

Alternatively, numbers and productivity may be causally unrelated.
Birkhead (1978a) documented very high site tenacity and seasonally
prolonged occupation of breeding sites by Common Murres at Skomer. In
conjunction with the data for Bluff, these findings suggest murre
attendance at the cliffs does not drop in those years that breeding
success is poor. Presumably foraging conditions within range of the
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colony are also poor in such years. Birkhead and Hudson (1977) showed

that adult mortality is confined primarily to the winter months and is

related primarily to foraging conditions as well as human activities.

Thus, productivity is determined by foraging conditions during the

breeding season, while numbers are determined primarily by conditions

during the winter months. As murres inhabiting colonies in the northern

Bering Sea and Chukchi Sea probably winter south of the seasonal pack

ice, and in the ice front zone in the southern Bering Sea (see Shuntov

1974, Divoky 1979), natality and mortality factors are spatially, as

well as temporally disjunct. We interpret the inverse correlation at

Bluff as a short-term artifact of two independent events: numbers have

declined in relation to possible directional changes in winter conditions

(see below) while productivity has fluctuated in relation to summer
foraging conditions, which have improved over the past several years.

Studies of numbers and productivity have not been of sufficient

duration to examine the relationship between varying natality rates and

subsequent recruitment into the adult population several years later.

Yet, because adult survivorship is typically high (e.g. Birkhead and

Hudson 1977) and maximum annual reproductive output of a breeding pair

is only one chick, population numbers are likely more sensitive to

changes in winter survivorship than to annual fluctuations in natality

rates (see Mertz 1971).

B. Kittiwakes

Census Results at Cape Thompson

The complete and partial counts of kittiwake nests between 1960 and
1979 are listed in Table 22. The only complete counts of nests at the
Cape Thompson colonies have been in 1960 and 1979. There have been no

kittiwakes on the Colony 1 cliffs in any year studies have been conducted.
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TABLE 22. Kittiwakes: Summary of nest counts at Cape Thompson, Alaska. 1
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In 1979 we counted fewer nests at Colonies 2, 4 and 5 than were counted
in 1960 but over a thousand more nests at Colony 3. Overall the total
number of nests counted in 1979 was 89% of the 1960 total. These figures
demonstrate high variability among the colonies in the relative numbers
of nests found in different years.

By expressing the partial and complete counts as percentages of the
1960 counts (see Table 22), the great magnitude of variability between
successive years becomes readily apparent. In 1961 the numbers of nests
were similar to the numbers found in 1960 at Colonies 2, 4 and 5, but
there were far more nests at Colony 3. The number of nests at Colony 4
increased by 71% between 1978 and 1979. In 1976 few nests were built
(Springer and Roseneau 1977) and no attempts at counting nests were made
in that year of in 1977.

In 1976 and 1977 observers counted individuals in adult plumage
rather than nests. In 1979 observers counted both nests and individuals.
At all four colonies more kittiwakes were counted in 1979 than in 1976
or 1977 (see Table 23). The ratio of adults to nests in 1979 was similar
among the colonies (Colony 2, 1.32; Colony 3, 1.14; Colony 4, 1.30;
Colony 5, 1.34). This ratio reflects the proportion of the adults that
are off-duty mates, adults which have failed to build nests, and non-
breeders of the cliffs, since active nests are always tended by one
member of the breeding pair. It is difficult to differentiate among

these three classes of adults in the counts however, because off-duty
mates, as well as non-breeders, are found in club, or loitering areas
(Hodges 1977:121). Yet the magnitude of the ratio, once corrected for
temporal variation within seasons, possibly does provide a quick index
of nest-building success of adults: it will be very high in years such
as 1976 when moderate numbers of individuals were counted on the cliffs
but few nests were completed. The ratio would be lowest in those years
where all adults do successfully build nests. It is thus a potential
indicator of foraging conditions at the time of nest building. We did
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TABLE 23. Kitti kes: Summary of censuses of adults at Cape Thompson,
Alaska.¹
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not assess daily or diurnal variation in kittiwake numbers at Cape
Thompson in 1979 and simply report the timing of the censuses of each
colony here (Table 24). We collected appropriate data to assess the
magnitude of such variation at Bluff only.

Numbers at Bluff

In 1979 three counts of individuals were conducted at Bluff. The
totals were similar (Table 25), providing a mean estimate of 9020 for
1979. Counts reported for previous years and the 1979 counts are summarized

in Table 26. Counts were also conducted by Drury's field crews in 1975
and 1976 but the actual totals have not been reported. Drury (1978)

concluded that numbers in 1977 were comparable to those in 1975 and
1976.

We compared the 1977, 1978 and 1979 counts in an ANOVA, grouping

the data by year. Although there is a significant difference among years
(f2,5=7.118, P=0.034), the variances are unequal (F max3,7= 13.190, P <
0.005). The 1979 counts appeared higher and were less variable then the
counts in either 1977 or 1978.

Drury (1978) documented substantial diurnal variation in numbers in
1977. In that year 24-hour counts during the nestling period demonstrated

that numbers were low in the very late evening and then increased through

the morning until peaking at about 2000 hour. In some instances the low
counts were less than 10% of the diurnal maximum counts (Drury 1978:536-

540). In contrast, Ramsdell and Drury (1979) documented low variability

in diurnal attendance patterns during the nestling period in 1978.

In 1979 we conducted counts of kittiwakes on five areas within the
Bluff Colony in conjunction with those of murres already discussed.

Figure 12 and Table 27 show that day-to-day variation in numbers during

the nestling period was very slight. Overall, numbers in mid-afternoon
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TABLE 24. Kittiwakes: Date and hour of the Cape Thompson counts of
individuals, 1976-1979.
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TABLE 25. Kittiwakes: Counts of individuals at Bluff in 1979.1
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TABLE 26. Kittiwakes: Counts of the Bluff Colony between mid-July andmid-August, 1977-1979.
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FIGURE 12. Kittiwakes: Daily variation in numbers during the nestling period at Bluff in 1979
(data from Stakes 10 and 15 combined).



TABLE 27. Kittiwakes: Daily variation in numbers on selected areas
at Bluff during the nestling period, 1979.
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fluctuated between 110 and 124 percent of the number of nests over the

17 day period.

Successive bi-hourly counts of kittiwakes for three periods are

shown in Figure 13. Numbers consistently peaked in the late evening and
were lower when light was sufficient to resume the counts the following

morning. Numbers were typically lowest in mid-day. Numbers of individuals

varied most at 0700 h, from 109 to 127 percent of the number of nests.

Maximum numbers exceeded minimum numbers by 29 percent on 27 July, the
greatest variation we observed in any 24-hour period. The kittiwake

diurnal fluctuations in 1979.showed a distinct and predictable pattern

of very small magnitude compared to those in 1976 and 1977 during the

same phase of reproduction. Diurnal fluctuations in 1979 were similar

to those reported by Ramsdell and Drury (1979) in 1978 during the nestling

period.

Breeding Phenology

Table 28 lists the dates nestlings were first found at Cape Thompson,

Cape Lisburne, and Bluff during Swartz's (1966) studies and in recent

years. Comparing the past four years, phenology has advanced by several

days in eac. successive year at all three localities. In 1979 hatching

occurred two weeks or more earlier than in 1976. Earliest hatching

dates for each colony may not reflect the pattern for the population

simply because they represent one endpoint in a range of dates over

which hatching occurred. We computed the estimated hatching dates for

nestlings weighed at Bluff in 1978. The median estimated hatching date

was 22 July, which corresponds to that which Ramsdell and Drury (1979)

present on the basis of detailed nest observations. Thus, our method of

estimating hatching dates provides a reliable means of reconstructing

hatching phenology for the remaining samples where such dates are unknown,

but where data on growth rates exist, e.g. the 1977 and 1979 Cape Thompson

samples and the 1979 Bluff sample.
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FIGURE 13. Kittiwakes: Diurnal variation in numbers at Bluffin 1979 (data from Stakes 10 and 15
combined).



TABLE 28. Kittiwakes: Breeding phenology, dates of first hatching.
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At Cape Thompson the median hatching date was about 1 week earlier

in 1979 than in 1977, and the hatching period lasted twice as long (4

weeks vs. 2 weeks, see Figure 14). At Bluff the median hatching date

was 15 July, 1 week earlier than that in 1978 and more than 2 weeks

earlier than in 1977 (see Drury 1978).

Although we lacked detailed data for hatching phenology at Cape

Lisburne in 1979, 26 nestlings were found on 23 July and 15 of 24 eggs

examined were pipped. Thus, that date represents a median value for

hatching dates, and the duration of hatching was apparently short. In

1977 hatching occurred 3 weeks later: the estimated median date based

on a sample of 20 nestlings was 15 August in that year.

Hatching has consistently occurred earlier at Bluff than at either

Cape Thompson or Cape Lisburne (Table 28, Figure 14) but the difference

appears to be less pronounced in years when phenology is advanced than

in years when it is delayed. Hatching at Cape Lisburne has typically

preceded that at Cape Thompson except in 1977, when median hatching

dates were 15 August and 4 August, respectively.

Reproductive Success

At all 3 localities, kittiwake fledging success was higher in 1979

than in any of the 3 previous years in those instances for which comparable

data are available (Table 29). At Cape Thompson, clutch sizes were

somewhat lower than in 1960 or 1961 but fledging success was equivalent

to that in 1960 and higher than in 1961.

Table 30 summarizes the data on reproductive output for the "upper"

and "lower" nests at each of the three study areas at Cape Thompson. We

tested for heterogeneity among the areas in the inter-relationships of

the various measures of reproductive output, using a Chi Square test of

row by column independence (see Conover 1971). The test statistic was
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FIGURE 14. Kittiwakes: Hatching phenology at Bluff and Cape Thompson
(see text).



TABLE 29. Kittiwakes: Reproductive Output.
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TABLE 30. Kittiwakes: Reproductive output at selected areas at
Cape Thompson, 1979.1
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insignificant (T=3.373, v=20, P > 0.25), indicating that the pattern of
reproductive output was similar for all 6 samples. Examining relative
numbers of 1 and 2 egg clutches, we also found no evidence of variation
among the 6 samples in clutch size only (T=7.686, v=5, P > 0.10).

There were no clutches of 3 eggs at Cape Thompson in 1979. Table
31 presents the data for 2 egg clutches, which comprised 53% of all
completed clutches there. We calculated that 2 eggs hatched in 87% of
those clutches, and both young fledged in 62% of the cases both eggs
hatched. Nestling survival was thus considerably higher in broods of 2
in 1979 than in 1977 at Cape Thompson (see Springer and Roseneau 1978).

Nests were checked too infrequently at Cape Lisburne in 1979 for
detailed evaluation of reproductive success. On 14 August, 18 nests
examined on the west-facing portion of the colony contained 22 nestlings.
On the north-facing portions, 48 nests were checked on 18 August, and
there contained a total of 68 nestlings. Because most nestlings weighed
more than 400 g, these figures suggest that 1.36 young fledged from
nests which were still active late in the nestling period.

In 1979 hatching at the Bluff colony was nearly complete when the
field crew arrived. On 19 July we counted 190 nestlings at Stakes 8,
10, 13 and 14, and only 9 additional nestlings were recorded on subsequent
visits. Thus, the estimates of hatching success are biased downward to
the extent eggs hatched but disappeared before 19 July. As we estimated
a median hatching date of 15 July at Bluff in 1979 on the basis of
nestling growth patterns and nestling disappearance typically occurs
within several days of hatching (e.g. Ramsdell and Drury 1979), our
estimates of hatching success are undoubtedly somewhat low. When we
last checked nests to weigh nestlings on 6 August, 46 of 52 nestlings
still alive weighed over 350 g and only 2 weighed less than 300 g.
Therefore, although the field crew departed before fledging actually
began, the last examination of nests provides a valid estimate of feldging
success.
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TABLE 31. Kittiwakes: Success of clutches of two eggs at Cape Thompson,1979.
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Reproductive output at Bluff in 1979 is summarized in Table 32. In
1978 Ramsdell and Drury (1979) counted a total of 210 nests at the map
areas of Stakes 8, 10, 13, 14 and 17, where we mapped 207 nests in 1979.
Although the average of the three counts of kittiwakes at Bluff was 1.36
times the average of three counts during the same period in 1978 (see
Table 26), few additional nests were counted on the map areas. Thus,
the increase in the overall census figures was not mirrored by a comparable
increase in numbers of nests in thoses areas sampled.

In 1978, 200 eggs hatched at Stakes 8, 10, 13 and 14; we estimated
that 199 eggs hatched at those 4 stakes in 1979. In contrast to similarities
between 1978 and 1979 in numbers of nests built and numbers of eggs
hatching at these stakes, fledging success was considerably higher in
1979. A total of 217 nestlings apparently fledged from these 4 stakes
and Stake 17 in 1979 (table 32), but only 164 nestlings fledged from the
same areas in 1978.

In 1978 both nestlings in broods of 2 lived to fledging age in only
13 nests. In 1979 both nestlings lived to fledging age in 43 instances.
Ramsdell and Drury (1979) showed that the probability of both nestlings
in broods of 2 surviving to fledging age was inversely correlated to the
interval between hatching of the eggs. Using the 1978 data, they calculated
that the probability that both nestlings would survive in 2-nestling
broods was 0.12 if the second egg hatched within 1 day of the first and
declined as the interval increased. Since hatching was virtually completed
by the time we arrived in 1979, we have no comparable data to evaluate
the effect of this interval on ultimate fledging success in 1979.
However, 2 nestlings fledged from 21% of the nests built in 1979--
certainly the probability of success of 2 nestling broods was considerably
greater than in 1978, even in comparison to success of broods where
hatching spanned less than a day in that year. Therefore the higher
success of 2-nestling broods in 1979 must have been related to factors
other than the hatching interval.
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TABLE 32. Kittiwakes: Reproductive output at selected areas at
Bluff, 1979.
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Kittiwakes: Growth Rates of Nestlings

Table 33 summarizes information gathered over the past 3'years at

the study sites. At Cape Thompson nestlings were weighed in 1977 and

1979 only. The mean daily weight gain of nestlings was 13.1 g in 1977

and 19.7 g in 1979. Thus, not only was breeding success much higher in

1979, but also growth rates were much higher.

Growth rates at Cape Lisburne probably were comparable to those at

Cape Thompson in 1979. Observers first visited nests on 23 July and

returned a second time on 14 August. Twenty-three of the nestlings

weighed on 14 August had not yet hatched on 23 July, 3 weeks earlier.

All but 6 of those 23 nestlings weighed over 400 g on 14 August. Thus,

nestlings attained peak weight levels in less than 3 weeks after hatching

at Cape Lisburne in 1979.

Daily growth rates at Bluff were higher in 1979 than in 1978 and

were comparable to those at Cape Thompson in 1979, averaging 20.2 g.

However, there was greater variability among the areas within the Bluff

Colony in 1979 than was evident there in 1978 or at Cape Thompson in

1979. Growth rates at Thumb Stack averaged only 17.5 g; in contrast

those at Golden Eagle Beach averaged 24.3 g.

At both Bluff and Cape Thompson growth rates have paralleled other

aspects of reproductive success of kittiwakes, i.e. in those years

clutch sizes and fledging success have been high, growth rates have also

been high. At Cape Lisburne growth rates have been comparatively high

even in years of modest reproductive success.

Kittiwakes: Population Numbers and Reproductive Success

At Cape Thompson breeding success and nestling growth rates have

been highest in those years numbers of individuals and/or nests have

been greatest. Numbers were high and similar in 1960 and 1979 (table

22); reproductive success was also comparatively high in those years
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TABLE 33. Kittiwakes: Daily growth rates of nestlings.
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(Table 29). Numbers were relatively low in 1976 and 1977. Breeding

success was virtually zero in 1976 and was lower in 1977 than in either

1960 or 1979. There are no data on nestling growth rates from Swartz's

(1966) studies. Nestling growth rates were much greater in 1979 than in

1977 at Cape Thompson (Table 33). Thus, growth rates, as well as breeding

success, have apparently fluctuated in parallel with numbers of kittiwakes

at the Cape Thompson colonies.

At Bluff a similar pattern has occurred. Numbers, breeding success

and nestling growth rates were higher in 1979 than in 1978. However,

numbers were lower in 1978 than in 1977 (Table 26) while reproductive

success was higher (Table 29). Thus, there is a generally positive, but

variable, relationship between numbers and productivity of kittiwakes at

Cape Thompson and Bluff.

Drury (1978) and Ramsdell and Drury (1979) noted that numbers of

kittiwakes fluctuated dramatically, both diurnally and daily, in 1976

and 1977, years of low reproductive success and fluctuated little in

1978, a year of moderate reporductive success. In 1979, high reproductive

success coincided with very low temporal variability in numbers (see

Figures 12 and 13). Springer and Roseneau (1977) noted that daily

variation in numbers of kittiwakes at the Cape Thompson colonies was

extremely high in 1976, the year of the reproductive failure. Apparently

fewer adults occupy breeding sites and those occupying sites do so more

sporadically in years when reproductive success is low. Hodges (1977)

has noted that successfully breeding kittiwakes coordinate their attendance

with their mate so that eggs and nestlings are constantly attended by at

least one member of the pair. Consequently, in those years when most

pairs nest successfully, temporal variation in numbers will be comparatively

low. As numbers are typically higher as well as less variable in years

of high productivity, apparently more adults occupy sites more consistently

at the colony such years than in years of low productivity.
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VII. AND VIII. DISCUSSION AND CONCLUSIONS

A. Monitoring Changes in Numbers

Complete censuses at colonies as large as those of murres at Cape

Thompson are time-consuming and may be an ineffective, if not impossible,

method of continued tracking of changes in numbers. Yet any sampling

design must either eliminate or at least quantify spatial, diurnal,

daily, seasonal and observer sources of variability before hypotheses

regarding changes in numbers can be tested effectively.

As the magnitude of the decline in murre numbers at Cape Thompson

has been greater at Colony 5 than at the other 4 colonies, inter-colony

variability must be addressed in any numeric monitoring. Sampling

efficiency could be increased by a stratified sampling design, the

choice of plots to be counted being random within each colony.

The magnitude of numeric change has also varied within the Cape

Thompson colonies. First, changes have been more variable on peripheral

than on central plots. Secondly, we have documented more substantial

declines on invaginations of the cliff face than on the main cliff face

along upper portions of Colony 5. Declines have also been greater on

the east half of Colony 2 than on the west half. At Cape Thompson,

systematic (e.g. every other plot) sampling within colonies would insure

more complete coverage of all cliff types and areas than would random

sampling within those colonies.

Although our highest counts of murres at selected sites at the Cape

Thompson colonies in 1979 generally occurred once chicks had begun to

jump from the cliffs, our counts were too infrequent to differentiate a

seasonal pattern of cliff attendance from daily variability in attendance.

Daily variability in attendance within any stage of reproduction, e.g.

the chick period, appeared high, and such variability would obscure any
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seasonal trends. Any effects of seasonal variation could be minimized

by timing counts similarly in relation to breeding phenology in each

year. Since the counts at Cape Thompson usually have been conducted in

the chick period, future counts there should be similarly timed to

negate effects of seasonal variation in attendance patterns. Lloyd

(1975) showed that daily variability in attendance of murres was lowest

during the chick period in her studies of seasonal variation in attendance

patterns.

Daily variability can be addressed only by repeated counts. At

Cape Thompson daily variability in attendance patterns of murres is of

sufficient magnitude that repeated counts of selected plots would be

more efficient than a single count of all plots. For example, counting

one-half or one-third of the plots at Colonies 2, 3 and 5 on two or

three occasions, respectively, during the chick period would permit a

better evaluation of numeric change at those colonies than would a

single count of all plots. Small colonies, such as Colonies 1 and 4,

could be counted completely on a comparable number of occasions.

Diurnal variability in attendance patterns, like seasonal variation,

can be minimized by timing successive counts similarly in relation to

time of day. If spatial variation within the colonies in diurnal patterns

of attendance is high, as at Cape Thompson in 1979, any diurnal compensation

of colony counts is precluded.

Observer variability may be high and can be addressed only if

counts are made simultaneously and independently. Observers should not

compare their results while the counts during any particular season are

still in progress. Swartz (1966) commented on the subtle, unintentional

adjustments observers may make following comparisons of their counts so

that their estimates are more similar than might be expected if such

estimates were truly independent.
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Complete overlap of some counts by several different observers

would provide several different, independent estimates of numbers and

would allow computation of mean and variance in total numbers for comparisons

among years. Photographs of selected areas taken at the time counts are
made would permit evaluation of observer bias and comparisons of such

bias among years.

At Cape Thompson we have not addressed the relationship of numbers

of murres in adult plumage to the actual breeding population in any

detail. The numbers of murres on the cliff face during a count include

not only adults incubating their egg or attending their chick but also

off-duty mates, adults which have failed to lay an egg or have lost

their egg or chick, and sub-adults. Other studies (e.g. Birkhead 1978a)

have addressed the census of these various classes of adult-plumage

murres. Such detail requires frequent and careful observation of selected

areas during egg-laying to map the position of each egg site and subsequent

repetitive counts of birds in adult plumage on those areas, which has

been beyond the scope of the studies at Cape Thompson.

Our data from both Cape Thompson and Bluff show that boat-based

counts are not comparable to land-based counts from the top of the

colonies. Although it may appear from the boat that all of the murres

are visible, boat-based counts are considerably lower than land-based

counts of the same areas. Consequently, observers should follow the

techniques of previous field crews of insure that results are comparable.

In comparing boat-based counts of murres, we have not considered

the effects of weather on attendance patterns (e.g. see Birkhead 1978a).

There is a fairly narrow window of wind and sea conditions in which

boat-based counts are even possible. Thus, by necessity, the weather

conditions during all boat-based counts are similar.

As land-based counts can be conducted in a greater variety of
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weather conditions, weather must be considered as a source of variability

in attendance patterns in comparisons of land-based counts. However,

land-based counts are clearly more accurate, i.e. they provide a better

estimate of actual numbers of the cliffs, than are boat-based counts.

Consequently land-based counts from above the cliffs should be conducted

wherever possible within the colonies. At Cape Thompson and Bluff we

have delineated both the observation site by a permanent marker and the

counting area by photographs for all land-based counting areas. Such

documentation is necessary to permit comparable counts in future years.

Our counts of kittiwakes show that temporal (diurnal, daily and

seasonal) variability in numbers varies in conjunction with productivity

and is very low in years of high reproductive success. Yet Drury (1977)

showed that diurnal variation in numbers may be extremely high in years

of complete nesting failure or low success. Consequently repeated

counts at the same time of day are necessary so that temporal variation

in attendance patterns can be quantified and successfully addressed in

comparison of census results.

Kittiwakes do not form such dense breeding aggregations on the

broader ledges as do murres. Consequently counting is much easier and

observer variability much lower. Complete censuses of kittiwakes at the

Cape Thompson colonies require much less time than do those of murres.

Therefore sampling, rather than repeated complete censuses, probably is

not necessary if field efforts are modestly time-constrained. If field

efforts are severely time-constrained a similar approach to a sampling

design -- stratifying by colony and systematic sampling within the

larger colonies -- would be appropriate as spatial variation in the

magnitude of change in kittiwake numbers within the Cape Thompson colonies

has been considerable.

Counts both of kittiwakes in adults plumage and of nests permit

documentations of the number of kittiwakes at least visiting the breeding

colony and of those actually intiating a breeding attempt each year,
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respectively. As such counts can be made simultaneously and provide
different insight into the status of the kittiwake population, both
should be made.

B. Annual Variation in Murre and Kittiwake Numbers

The results of the 1960, 1976, 1977 and 1979 censuses of murres at
Cape Thompson indicate a marked and continued decline in numbers in the
past 2 decades. At this time we can only speculate on the causes of the
decline.

First, the decline has not occurred uniformly either within or
among the 5 colonies, suggesting either (1) localized differences in
natality and survivorship within and among the colonies or (2) a consolidation
of the population in the most suitable breeding locations as the decline
has progressed.

Perhaps one of the murre species has declined but the other has
not. Swartz (1966) noted that Thick-billed Murres outnumbered Common
Murres most markedly at Colonies 1 and 5, and least at Colonies 2 and 4
in 1960. Generally the decline has been greatest at those colonies
predominated by thick-billed Murres, suggesting that perhaps numbers of
Thick-billed Murres have declined more dramatically than those of
Common Murres. We have not differentiated between the two species in
subsequent censuses. We could test the hypothesis that the decline is
related primarily to a reduction in Thick-billed Murre numbers by
differentiating between the 2 species in future land-based counts of the
upper plots of Colony 5 and comparing the results to Swartz's unpublished
counts of each species on those same plots. We have attempted to differentiate
between the 2 species during boat-based counts without success.

The censuses from Cape Lisburne and Bluff in recent years do not
show the same downward trend. There is no eveidence that numbers have
declined at Cape Lisburne between 1976 and 1979 where Thick-billed
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Murres predominate. 

severa l  years a t  B l u f f  where Connnon Murres v a s t l y  outnumber T h i c k - b i l l e d  

Murres (e.g. see Drury 1977).  

Numbers have apparent ly  dec l ined over t h e  pas t  

Consider ing t h e  2 species separa te ly  i t  appears u n l i k e l y  t h a t  t he re  

have been l o c a l i z e d  d i f fe rences  i n  n a t a l i t y  and s u r v i v o r s h i p  w i t h i n  the  

Cape Thompson co lon ies .  We have observed (unpubl ished data)  t h a t  

murres f rom va r ious  areas i n  t h e  co lon ies  f l o c k  together  when f l y i n g  o u t  
t o  fo rag ing  areas and t h a t  r e t u r n i n g  f l ocks  a re  comprised of  murres from 

d i f f e r e n t  areas. Consequently, f o r  e i t h e r  species, a l l  o f  t h e  murres a t  

t he  Cape Thompson co lon ies  a r e  s i m i l a r l y  a f fected by foraging c o n d i t i o n s  

d u r i n g  t h e  breeding season. As the  murres m ig ra te  t o  w i n t e r i n g  areas a t  

l e a s t  as f a r  south as t h e  i c e  f r o n t  zone a long the  con t inen ta l  s h e l f  

break i n  t h e  Ber ing  Sea, i t  i s  improbable t h a t  murres w i t h i n  the Cape 

Thompson co lon ies  cou ld  be d i f f e r e n t i a l l y  a f f e c t e d  by w i n t e r  cond i t i ons .  

Al though Bi rkhead (1976) showed t h a t  f i d e l i t y  of murres t o  breeding 

s i t e s  was h i g h  a t  h i s  s tudy s i t e s  a t  Skomer I s l a n d  i n  Wales, i t  i s  

poss ib le  t h a t  c o n s o l i d a t i o n  of t h e  popu la t i on  i n  the  most s u i t a b l e  

breeding l o c a t i o n s  has occurred as t h e  d e c l i n e  has progressed a t  Cape 

Thompson. As we noted e a r l i e r ,  t he  c l i f f  s t r u c t u r e  v a r i e s  cons iderab ly  

among t h e  co lon ies.  S i t e s  on t h e  comparat ive ly  fragmented and s o f t e r  

rock  o f  Colony 5 perhaps have been abandoned f o r  more favo rab le  s i t e s  a t  

o the r  co lon ies  as t h e  d e c l i n e  has progressed. 

Documentation o f  t h e  spec ies -spec i f i c  o r  s p a t i a l  p a t t e r n  o f  t h e  
d e c l i n e  would n o t  necessa r i l y  p rov ide  i n s i g h t  i n t o  t h e  f a c t o r s  a c t u a l l y  

respons ib le  f o r  t he  dec l i ne .  

subs tan t i a l  d i e - o f f  of Common Murres f o l l o w i n g  a severe storm a long t h e  

Alaska Penninsula. Such na tu ra l  ca tas t roph ic  events cou ld  induce 

subs tan t i a l  f l u c t u a t i o n s  i n  numbers over  time. 

B a i l e y  and Davenport (1972) documented a 

Also, human-related a c t i v i t i e s  cou ld  be imp l i ca ted  i n  t h e  dec l ines .  The 



murres breeding a t  Cape Thompson 1 i k e l y  w i n t e r  i n  the  Southern Ber ing  

Sea. Data on food h a b i t s  o f  murres i n  w i n t e r  a r e  sparse: o n l y  Divoky 

(1978) has prov ided l i m i t e d  i n fo rma t ion  of food h a b i t s  o f  murres i n  t h e  

southern Ber ing  Sea. 

was a ub iqu i tous  i t em i n  the  d i e t  o f  bo th  T h i c k - b i l l e d  Murres and Common 

Murres. Po l l ock  a l s o  c o n s t i t u t e  the  most impor tan t  s i n g l e  species 

f i s h e r y  i n  t h e  n o r t h  P a c i f i c  (e.g. Low 1979). 
be competing w i t h  murres f o r  t h i s  and o the r  f i s h  species (see Bakkala ct 
aZ. 1979) which a r e  key prey o f  the  murres. 

He found t h a t  Walleye Po l l ock  (Theragra chalcogrcvnma) , 

Consequently humans may 

Because t h e  prey  base o f  seabi rds i s  an i n t e r a c t i v e  predator-prey 

and compet i t ion  system i t  i s  q u i t e  complex and thus de f ies  at tempts a t  

p r e d i c t i v e  mode l l ing  (see May e t  a l . ) .  Only more d e t a i l e d  na tu ra l  

h i s t o r y  and popu la t i on  data w i l l  p rov ide  f u r t h e r  i n s i g h t  i n t o  such 
i n t e r - a c t i o n s  and increase our  a b i l i t y  t o  asc r ibe  cause and e f f e c t  

r e l a t i o n s h i p s  t o  eco log i ca l  changes once o i l  e x p l o r a t i o n  and development 

occurs i n  t h i s  reg ion .  

U n l i k e  t h e  murre popu la t ions  a t  Cape Thompson, and perhaps B lu f f ,  

k i t t i w a k e  popu la t i on  numbers have f l u c t u a t e d  w i th  no apparent t rend.  

F luc tua t i ons  between years have been s u f f i c i e n t l y  h igh  t h a t  i t  i s  u n l i k e l y  

t h a t  they r e f l e c t  ac tua l  changes i n  numbers o f  a d u l t s  i n  t h e  popu la t ion .  

I n  con junc t i on  w i t h  t h e  da ta  on p r o d u c t i v i t y ,  our  counts of k i t t i w a k e s  

suggest t h a t  r e l a t i v e l y  few a d u l t s  occupy s i t e s  a t  t he  c l i f f s ,  do so 
more sporadica l  l y  and have poor reproduc t ive  success i f  fo rag ing  cond i t i ons  

i n  t h e  v i c i n i t y  o f  t h e  co lony a r e  poor. 

I n  con t ras t ,  i f  fo rag ing  cond i t i ons  i n  the  v i c i n i t y  o f  t h e  co lony 

a r e  exce l l en t ,  numbers, rep roduc t i ve  ou tpu t  and n e s t l i n g  growth r a t e s  

a re  high. 

Cape Thompson and Cape Lisburne, b u t  we saw none a t  those co lon ies  i n  

1976 and 1977 -- t h e  younger age c lasses apparent ly  remain pe lag i c  i n  

years of poor fo rag ing  cond i t i ons  i n  t h e  v i c i n i t y  o f  t h e  colony. 

I n  1978 and 1979 we s igh ted  k i t t i w a k e s  i n  immature plumage a t  
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We speculate that the contrast between murres and kittiwakes is

related to differences both in morphology and in life history attributes.

Murres are high-speed flyers, achieving great thrust but little lift

with their high-speed wings. In contrast, kittiwakes are buoyant flyers,

achieving lift at the expense of thrust with their elliptical wings.

Kittiwakes occupying sites at breeding colonies thus tend to forage

relatively close to the colonies, while murres can, and typically do,

fly long distances to foraging areas.

Kittiwakes dip or plunge for foods near the water surface and do

not exploit foods more than about a meter deep in the water column (e.g.

Ashmole 1971). Murres are wing-propelled divers and are capable of

feeding at virtually any depth in the water column in the shallow continental

shelf areas (see Spring 1971). They thus have a much greater 3 dimensional

foraging range than do kittiwakes, enabling them to retain sites at

colonies even if foraging conditions nearby are poor.

The life history of murres indicates the vulnerability of their

populations to factors affecting adult survivorship. Murres are typically

long-lived and do not become mature until 5 or 6 years of age (Birkhead

and Hudson 1977). At best a breeding pair raises a single chick each

year. Mertz (1971) has shown that population numbers of the California

Condor (Gymnogyps californianus), which has similar life history attributes,

are particularly sensitive to change in adult survivorship. Any factor,

e.g. from commercial fisheries or oil development, which shifts ecosystem

equilibria will have destabilizing and potentially severe effects on

seabirds and marine mammals (May et al. 1979) and the consequence for

long-lived, low fecundity species may be particularly severe.

Kittiwakes exploit many of the same prey species as do murres (e.g.

Swartz 1966, Springer and Roseneau 1977, 1978), but have different life

history attributes. They mature more rapidly, at 3 or 4 years of age,

have relatively low adult survivorship (see Coulson and Wooler 1976),

and variable, but potentially, high fecundity. Consequently their
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populations will likely show greater short-term sensitivity but long

term resilience to environmental alterations caused by oil development

than will murre populations.
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IX. NEEDS FOR FURTHER STUDY

We have documented a decline in murre numbers at Cape Thompson

since colonies there were first censused in 1960. Declines may have

occurred elsewhere as well, e.g. Bluff and also St. Lawrence Island (See

Searing 1977). Unfortunately the studies within OCSEAP have spanned

several years at most, precluding any conclusions on the long-term, pre-

development status of murre populations in Alaska.

There is a clear need for continued census efforts at Cape Thompson

and Bluff and renewed efforts at St. Lawrence Island. Study of numeric

trends at several geographically dispersed locations will permit evaluation

of the geographic extent of any trends. As various localities differ in

relative composition of Thick-billed Murres and Common Murres, attention

can also be focused on numeric trends of each species. In conjunction

with census efforts, we recommend establishment of permanent plots in

mixed species colonies so that relative proportions of the 2 species can

be monitored effectively over time. At Cape Thompson, the 2 species

could be differentiated on the upper plots at Colony 5 and the ratios

could then be compared to those found in 1960 (Swartz, unpublished data)

to evaluate the relative changes in Thick-billed Murre and Common Murre

numbers there.

Interdisciplinary studies designed to explain physical and biological

oceanography from the perspective of seabirds would be highly productive.

Such studies should be well integrated and should be conducted within

regions which are reasonably self-contained ecologically. The northern

Bering Sea and Chukchi Sea form such a unit. We suggest the next logical

phase of OCSEAP would be to initiate such work in this region.

Unfortunately, winter studies of seabird trophic relationships have

been neglected. Such studies would be logistically difficult but could

contribute valuable information on the winter ecology of pelagic ecosystems.

As we have discussed in the previous section, commercial fisheries
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activities could possibly be implicated in the decline of murre numbers
at Cape Thompson. Without basic natural history data in winter we
cannot assess the role of human activities in future development trends
of seabirds.

Research on marine fishes in Alaska has centered on species of
commercial importance. Very few data have been reported on the natural
history of other species, e.g. Sand Lance, Arctic Cod (Boregadus saida),
Saffron Cod (Eleginus gracilis) and sculpins (Cottidae), which play key
roles in the trophic dynamics of the northern Bering Sea and Chukchi
Sea. Our analyses of food habits of kittiwakes (Springer and Roseneau
1977, 1978, Springer et al. 1979, in progress) show that Sand Lance play
a key role in the reproductive success of kittiwakes in Norton Sound and
in the Chukchi Sea.

As we begin to integrate our studies of population numbers, productivity
and trophic relationships of murres and kittiwakes we are becoming
firmly convinced that seabirds are ideal indicators of variations in
physical and biological processes in regional marine ecosystems. Seabirds
are highly visible and thus easily studied. Because they typically
occupy apex positions in marine food webs, they are highly sensitive to
ecological changes. Their numbers, breeding phenology and reproductive
success reflect seasonal and annual fluxes in community structure and
stability. Their food habits and feeding areas serve to identify and
describe the various communities in which they participate. No other
marine studies can provide the details of marine systems as efficiently,
economically and thoroughly as can those of seabirds.
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X. SUMMARY OF JANUARY - MARCH QUARTER

The only time devoted to RU 460 during this quarter was in report

preparation.
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APPENDIX

Comparison of Plot lotations used in various censuses and in this report.1
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I. Summary of Objectives, Conclusions and Implications with Respect toOCS Oil and Gas Development

The objective of this study was to determine the primary produc-tivity, plant pigments, zooplankton standing stock and related hydrographicfeatures in the northern Bering Sea at a time when conventional researchvessels cannot penetrate the area because of ice conditions.

The ice edge in spring is a region of intense biological activity. Birdsand mammals congregate there because of the availability of food. A phyto-plankton bloom occurs that supplies food to the primary consumers.

Information concerning this critical habitat is important and necessarybefore industrial development occurs.

II. Introduction

A. General Nature and Scope of Study

The April-May 1979 cruise of CGC Polar Sea provided OCSEAPscientists the opportunity to study the hydrography, microbiology, plankton,and benthos in the Norton Sound lease area at a time when conventionalresearch vessels cannot work the area because of ice conditions. OCSEAPstudies emphasized the lower end of the marine food web, microbiology andplankton, with special attention being given to the ice edge area.

B. Specific Objectives
The specific objective of RU 359 was to determine theprimary productivity, plant pigments, zooplankton standing stock, andrelated hydrographic features in the northern Bering Sea in April.

C. Relevance to Petroleum Development

The Draft Environmental Impact Statement for the NortonBasin is due in June 1981 (OCSEAP 1979). Little information is availableconcerning the planktonic community of this region at any season, butespecially during the time when ice covers the area. The time in late April-early May when the ice is beginning to breakup is one of intense biologicalactivity and is therefore critical to the overall ecology of the Bering Sea.

III. Current State of Knowledge

Cooney (1976 in 1978b) has provided an extensive bibliographyconcerning available information about the zooplankton community in theBering Sea. Much of the information has been summarized in Hood and Kelley(1974) and Hood and Takenouti (1975). Japanese efforts during hydrographicand high sea fishery surveys from 1956 to 1970 have provided most of therecent descriptive information on the pelagic community.

Many references to Bering Sea plankton communities are concerned withthe southern Bering Sea and especially the area along the shelfbreak (McRoy
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et al. 1972; McRoy and Goering 1974, 1976; Goering and Iverson 1978; Cooney
et al. 1978; Alexander and Cooney 1979), although McRoy et al. (1972) includeda few winter stations from the Navarin Basin area; McRoy and Goering (1974)
show several winter stations near the eastern end of St. Lawrence Island, andAlexander and Cooney (1979) did a survey of chlorophyll a in ice algae in
Norton Sound. Motoda and Minoda (1974) reviewed summer studies on phyto-
and zooplankton species and standing stocks, primary productivity and plant
pigments, and zooplankton biomass in the whole Bering Sea.

Taniguchi et al. (1976) described the vertical distribution of phyto-
plankton during May and June in the southern Bering Sea, while Saito andTaniguchi (1978) studied the phytoplankton community In the seasonally ice-covered areas from the northern Bering to the northern Chukchi seas.

Alexander and Cooney (1979) reviewed previous phytoplankton studies in
the Bering Sea with regard to species present and their distribution. These
authors applied numerical analysis techniques to their data, collected at
discrete depths and at all seasons except mid-winter.

IV. Study Area

The study area and station locations are given in Fig. 1.

V. Sources, Methods, and Rationale of Data Collection

Water samples were collected with 5 l Niskin bottles (General
Oceanics Inc., Miami, FL.) equipped with reversing thermometers belonging
to the U.S. Coast Guard. Samples were collected from 6 or 8 depths spaced
throughout the water column with the bottom bottle placed as close to the
sea bed as possible. Portions of each water sample were processed for
salinity, nutrient concentrations, primary productivity, plant pigments, and
phytoplankton standing stock.

Primary productivity experiments were run in 60 ml glass reagent bottles
with 2 light and 1 dark bottle per depth. Each bottle was inoculated with2 ml NaHIC0 3. The dark bottle was wrapped in aluminum foil and all bottles
were incubate for 3 to 4 hr under ambient light conditions in an incubator
located on the fantail. Low temperature was maintained by constantly running
seawater through the system. Light was measured at the beginning and end ofincubation period with a Gossen Super Pilot photographic light meter.
Following incubation, the samples were filtered onto 25 mm 0.45 µm Milliporefilters, rinsed with a few ml 0.1 N HC1 and a few ml of filtered seawater,
and were placed in vials for return to Seattle. Radioactive uptake wasmeasured using liquid scintillation techniques in a Packard Tri-Carb
Scintillation spectrometer using Aquasol (New England Nuclear, Boston, MA.)as the scintillation cocktail.

Carbon uptake was calculated using the equation

279



Fig. 1. Station locations, Bring and Chukchi seas, CGC Polar Sea,17 Apr - 6 May 1979.



[FORMULA]

where L = light bottle disintegrations per minute; D = dark bottle disinte-
gration per minute; W = carbonate carbon present in the water; 1.05 =
isotope factor for 14C; R = activity of the 14C added to each sample; T =
incubation time (Strickland and Parsons 1968).

Plant pigment samples, usually 2 l, were filtered through 47 mm 0.40 µm
Millipore filters with a few drops of saturated MgCO 3 solution added near
the end of the filtration. The filters and filter towers were rinsed with a
few ml filtered seawater and the filters were folded into quarters, placed
in glassine envelopes, and frozen.

Samples were analyzed by grinding the filters in 90% acelene with
Teflon tissue grinder. The samples were centrifuged ca. 30 min, and the
extract was analyzed with a Turner Model 111 fluorometer.

Chlorophyll a and phaeopigments were calculated using the equations
F /F

o a
max (K ) (F - F)

[FORMULA]

[FORMULA]

where F = fluorometer reading before acidification; F = fluorometer
reading after acidification; K = fluorometer door calibration factor;
F /F = acid ration; Vol filtered = volume of sample filtered.o a

max

Nutrient samples were taken from the plant pigment filtrate. About
500 ml of the pigment sample were filtered to wash the Millipore filter and
that water was thrown out. The nutrient sample was taken from the next
quantity of water filtered and before the MgCO 3 was added. The nutrient
samples were poured into 125 ml polyethylene bottles and frozen. Nitrate,
nitrite, ammonia, phosphate, and silicate concentrations were determined
at the Department of Oceanography, University of Washington, Chemistry
Laboratory, using autoanalyzer techniques.

Most of the salinity samples were analyzed and the results calculated
on board using a Bissett Berman induction salinometer and standard seawater.
A few samples were analyzed by the Chemistry Laboratory in the Department of
Oceanography.

Phytoplankton standing stock samples were preserved with 4 - 5 ml 4%
formaldehyde buffered with sodium acetate. None of these samples has been
analyzed.
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Temperatures were taken with reversing thermometers attached to the
Niskin bottles. Temperatures were sent to the Coast Guard Oceanographic
Unit, Washington, D.C., for correction using Coast Guard-determined
calibration factors for the thermometers.

Secchi disc depths were determined at all stations using a 30 cm
diameter Secchi disc lowered on a hand line.

Zooplankton samples were collected with bongo or ring nets depending
on ice conditions. When ice was present, a 0.75 m ring net with a mesh
size of 308 µm, was lowered to the bottom and vertically hauled to the
surface while the ship was stopped on station. The net was deployed at
50 m/min and retrieved at 20 m/min.

When enough open water was present, 60 cm diameter bongo nets with
mesh sizes of 335 pm and 500 µm, were used to take oblique tows. Flow
meters (TSK, Model 313, InterOcean System, Inc., San Diego, CA.) were
mounted in the mouths of each net to determine the amount of water filtered.
The nets were deployed at 50 m/min and retrieved at 20 m/min. Ship speed
varied from 1.5 to 3 kt to maintain a 450 wire angle. At shallow stations
the net was lowered to within 10 m of the bottom and at deep stations to
200 m.

All nets were washed down with seawater. The samples were concentrated
in the net collection cup by gently swirling to remove excess water. The
samples were put in labeled 250 ml or 500 ml jars and preserved with 37%
formaldehyde buffered with sodium acetate and sodium borate.

Acoustic surveys were conducted using a Ross 200A Fine Line Echo-
sounder system operating with a frequency of 105 kHz. A 10° transducer
mounted in a 0.6 m V-Fin depressor was lowered to just beneath the water
surface when the ship was stopped on station. The incoming signal was
recorded on a paper chart and on magnetic tape for later analysis.

Zooplankton samples collected with the 0.75 m ring net and 500 µm mesh
bongo net have been analyzed. Large and rare organisms were first sorted
from the whole sample, counted and placed in vials by taxonomic category.
The remaining sample was split in a Folsom plankton splitter until
approximately 100 specimens of the most abundant taxonomic category remained.
A few samples contained large number of several different taxonomic
categories and these samples were split before any organisms were removed.
The individual splits of the sample were then sorted and rough counted by
taxonomic category until at least 100 of each category or the total number
of organism in the whole sample was counted. A set of voucher specimens
was made by the three sorters working on the samples.

The number of animals per 1000 m3 was calculated using the equation

No per 1000 m 3 = 1000 m3 (no. organisms counted)
Vol water filtered

For the 0.75 m ring net the volume of water filtered is calculated from
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Vol water filtered (m3) = [pi]r² x D

where r = radius of the net ring; D = depth of the tow.

For the 60 cm bongo net, the volume of water filtered was calculated

from

Vol water filtered (m³) =mouth area
Vol water filtered () = ara x meters/revolution x revolutions

of frame

where meters/revolution is taken from the flowmeter calibration curve and

revolutions is taken from the flowmeter.

VI. Results

Temperature, salinity, plant pigment concentrations, and

primary productivity data are given in Table 1 and vertical profiles are

shown in Fig. 2. Primary productivity ranged from 0.12 mg C m-³ hr-¹ on

the surface at station 2 to 17.16 mg C m-
3 hr-1 at 12 m at station 12 in

the northern Bering Sea. In the southern Bering Sea and south of the

Alaska Peninsula, primary productivity ranged from 0.08 mg C m-3 
hr-1 at

station 26-60, to 14.05 mg C m-
3 hr- 1 at station 23-20. In Shelikof Strait,

primary productivity ranged from 3.49 mg C m-
3 hr-1 at station 27-50 to

22.33 mg C m-3 hr- 1 at station 28-00.

Chlorophyll a ranged from 0.13 mg m- 3 at station 15-00 to 12.00 mg m-3

at station 12-12 in the northern Bering Sea. In the southern Bering Sea

south of the Pribilof Islands and south of the Alaska Peninsula, chloro-

phyll a ranged from 0.24 mg m-
3 at station 20-40 and 50 m to 4.00 mg m-

3 at

station 23-00. At the Shelikof Strait stations, chlorophyll a ranged from

1.25 mg m- 3 at 27-50 to 4.8 mg m-
3 at station 28-20.

Nutrient concentrations (nitrate, nitrite, ammonia, phosphate, and

silicate) are listed in Table 2.

Table 3 lists zooplankton taxa and numbers of animals per 1000 m3

found in bongo and ring net hauls. One hundred forty-two (142) categories

of organisms were identified. Of these, 75 were identified to species;

the other 67 categories were identified to genus or other higher taxonomic

rank and included larval stages and eggs.

Calanoid copepods, the chaetognath Sagitta elegans, and amphipods were

present at all stations. The hydromedusa Aglantha digitale, and crustacean

eggs were present in the majority of samples. Samples from stations 21 to

23, 25 and 26 contained Eukrohnia hamata and Sagitta elegans. Clione

limacina was the most abundant pteropod from northern stations, while

Limacina helicina was the most abundant pteropod from southern stations.

The euphausid Thysanoessa raschii was present only in samples from the

northern stations, while T. spinifera and Euphausia pacifica were 
only

collected from southern stations. Thysanoessa inermis and T. longipes were

present in samples from both areas. Euphausid larvae were present at

stations 22 through 28. Crab larvae were present at all stations except

1, 5, 7, and 8, and were very abundant at station 19 near St Paul Island.
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Table 1. Summary of station locations, hydrography, ice cover, chlorophyll a and phaeopigment concen-
trations, and primary productivity, CGC Polar Sea cruise, Bering Sea, 17 Apr - 6 May 1979.
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Fig. 2. Depth profiles of temperature-salinity and chlorophyll a-pri-

mary productivity in the Bering Sea and Shelikof Strait, 17 Apr-6 May 1979.

Salinity (‰) --- ; temperature (°C) _; primary productivity

(mg C m-³ hr-¹) --- ; chlorophyll [alpha] (mg m-³)
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Fig. 2. (continued)
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Fig. 2 (continued)
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Fig. 2. (continued)
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Fig. 2. (continued)
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Fig. 2. (continued)
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Table 2. Hydrographic data, CGC Polar Sea cruise, Bering Sea, 17 Apr - 6 May 1979.
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Table 3. Abundance (number per 1000 m3) of zooplankton taxa found in net hauls from the Bering and

Chukchi seas, north Pacific Ocean, and Shelikof Strait, CGC Polar Sea, 17 Apr - 6 May 1979. Samples were

collected with bongo nets, mesh size 505 pm, except where indicated. Where no number is present, no animals

were found.
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Other organisms present at various stations were shrimp larvae, fish eggs and

larvae, barnacle nauplii, cyprid larvae, ostracods, polychaetes and their

larvae, nematodes, cephalopods, echinoderm larvae, mysids, cumacea, isopods,

cnidarians, ctenophores, foraminiferans, radiolarians, and a few unidentified

organisms.

At stations 6 to 10 in Bering Strait, calanoid copepods were the most

abundant organisms followed by Sagitta elegans. At stations between St.

Lawrence Island and Nome (stations 1 through 5, 12 through 14, and 17),

Sagitta elegans was the most abundant organism except at stations 1, 5, 13,

and 17 taken with the 0.75 m ring net, where calanoid copepods were the

most abundant. The most abundant organism at station 16 off the northwest

end and station 15 north of St. Lawrence Island was Sagitta elegans, while

at station 18 off the east end of St. Lawrence Island, calanoid copepods

and Sagitta elegans were equally abundant. At station 19 near St. Paul

Island, calanoid copepods and crab larvae were dominant. The samples

collected at stations 20 and 22 on the shelfbreak contained mostly calanoid

copepods, along with a large number of amphipods at station 22. Calanoid

copepods were also the most abundant organisms in samples from stations

21 off the shelf, 23 and 24 on the west end of Unimak Pass, and 25 through

28 east of Unimak Pass.

VII. Discussion

Nearly all reports of chlorophyll a and primary productivity

measurements fro the Bering Sea are for the area south of St. Lawrence

Island (Holmes 1958; Kawamura 1963; McAlister et al. 1968; Taniguchi 1969;

Taguchi 1972; McRoy et al. 1972; Alexander and Cooney 1979) and were made

during the summer, except for McRoy et al. (1972) who also worked in winter

and Alexander and Cooney (1979) who worked all year except for midwinter.

Alexander and Cooney (1979) also measured chlorophyll a concentrations in

sea ice near Nome in spring. McRoy eb al. (1972) give an integrated value of

carbon fixed for one station in Bering Strait during June of 4.1 g C m- 2 day-¹

one of the highest values measured any where in the world ocean.

Motoda and Minoda (1974) summarized the rates of primary productivity

for the area south of St. Lawrence Island. In summer, primary productivity

in surface waters ranged from 0.8 mg C m-
3 hr-1 in the western region to

3 mg C m-3 hr 1 in the southern shelf area. Spring values from the Polar

Sea data ranged from 0.12 to 12.27 mg C m-3 hr-¹ at the surface and from

0.28 to 17.16 mg C m-3 hr-1 at the depth of greatest carbon uptake, usually

at 15 to 20 m.

There appears to be no correlation between the presence of ice and high

levels of primary productivity in the northern Bering Sea (Table 4). High

and low primary productivity occurred at stations with no ice cover and

with 8 oktas (100%) ice cover, although the highest integrated productivity

occurred at station 12 with no ice cover.

Nutrient depletion was evident only at station 2 and perhaps at station

10 where nitrate concentrations were < 1.4 pg at l-1 and phosphate concen-

trations were < 1 µg at l-¹
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fable 4. Comparison between ice cover and primary productivity in the

northern Bering Sea, 19-30 April 1979.
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At the southern Bering Sea, Gulf of Alaska, and Shelikof Strait stations,
carbon uptake was extremely variable while nutrient concentrations were

always high.

Phytoplankton standing stock samples have not been analyzed for this
cruise. Possible species differences between areas or health conditions of

the cells may help to explain some of the differences between stations.

In the southeastern Bering Sea, Cooney (Alexander and Cooney 1979)
divided the research area into regimes based on depth and found general
distributions of zooplankton corresponding with these regimes. Table 5

lists taxa from the Polar Sea cruise based on geographic area and, to some

extent, on depth.

It is difficult to compare the Polar Sea data with that of Cooney
because he worked only in the southeastern Bering Sea and had samples from

several cruises spread over several seasons, whereas the Polar Sea samples
are primarily from the area north of St. Lawrence Island and are from only
one cruise. The Polar Sea southern shelf area, < 200 m, corresponds most
closely to Cooney's central shelf regime, and southern area > 200 m to his
outer shelf regime. Only Sagitta elegans was numerically important in the
central shelf - southern shelf area of both studies and no species were
common in the outer shelf - southern area > 200 m areas. Only the copepods
have not been identified to species for the Polar Sea samples and there

might be some species overlap between the two studies in this large and
numerically important group.

There is a discrepancy between this report and earlier RU 359 reports
with regard to mesh sizes of the nets used. Bongo net mesh sizes have been
reported to be 505 and 333 pm. Better measurement techniques now show that
the 505 µm is 500 µm and the 333 pm is 335 µm (Halstead, East Side Net Shop,

pers. comm.).

A problem occurred in trying to distinguish between two species of
Parathemisto (Amphipoda) that have been reported in the Bering Sea. Bowman

(1960) discusses methods of distinguishing between the species Parathemisto
pacifica and P. japonica and gives incomplete ranges for both. Parathemisto

japonica is reported to occur in the Okhotsk Sea, Sea of Japan, western
North Pacific off the east coasts of northern Japan and the southern Kuriles.
The extent of the eastward distribution is not known, but at some distance it

is replaced by P. pacifica, which includes the P. japonica reported in the
Bering Sea (Behning 1939; Bulycheva 1955; Vinogradov 1956). While Bowman
(1960) found it possible to distinguish a very young female P. japonica by
the fact that antenna 2 is longer than antenna 1, he also showed a very
young female specimen of P. pacifica in Fig. 3b with antenna 2 longer than
antenna 1.

Cooney (1978b) found P. japonica in Norton Sound and the southeastern
Bering Sea, but from the information presented here and in Table 6, all

Parathemisto in the 1979 Polar Sea collections were determined to be P.

pacifica.

340



Table 5. Distribution patterns of zooplankton in the Bering Sea based
on geographic area, 17 Apr - 6 May 1979.
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Table 6. Distinguishing characteristics of Parathemisto japonica and P. pacifica (after Bowman 1960).



VIII. Conclusions

It is difficult to reach conclusions concerning the phytoplankton

and primary productivity without knowing what species were present in the

samples. Productivity in the northern Bering Sea was apparently independent

of ice conditions and nutrient concentrations.

For the zooplankton, copepods were important at all stations, but
these have not been identified to species. Comparisons between the Polar
Sea samples and Cooney's (Alexander and Cooney 1979) Bering Sea regimes
is difficult without this copepod data.

Taxonomic problems have not been resolved with regard to some of the
major organisms in the area. This is true not only of the zooplankton
species discussed here, but also of the phytoplankton.

The study reported here is based on only one short cruise. Ice,
weather, and other factors in other years might show very different
conditions.

IX. Needs for Further Study

Additional cruises, especially in the northern Bering Sea, at
the same time and extending later into the spring-summer as the ice retreats,
would provide additional information concerning the plankton communities
during the critical time of ice breakup, including data on annual variability.

Studies of the ice algae, probably done with an ice corer and deck
incubation techniques because of the problems with doing in situ studies in
an area of constantly shifting ice, would provide information on the
importance of the ice community to the area. Many chlorophyll samples,
collected over a wide geographic area either with an ice corer or an in situ
technique (Don Schell, RU 537) would provide needed information on the
distribution and abundance of the ice algae.

X. Summary of Quarter's Activities

A. Laboratory Activities

Ananlysis of zooplankton samples was completed and the data
put into OCSEAP formats for submission to NODC.
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I. Summary of objectives, conclusions and implications with respect to
oil and gas development.

A. Objectives for 1979: Our objectives for the year are those of

our fiscal 1979 and 1980 proposals.

1. Continuation of the overall community survey of the Stefansson

Sound Boulder Patches.

2. Study the growth rate of Laminaria solidungula through the winter,

and initiate studies of growth of soft corals.

3. Determine sensitivity of epilithic organisms of the Stefansson

Sound kelp community to sedimentation and relate this to annual

cycles.

4. Investigate recolonization rates of denuded and new surfaces in

Stefansson Sound.

5. Define ecological interactions and physical parameters that may

be limiting in the kelp communities.

6. Complete investigations of food and energy sources of littoral

and inshore Beaufort Sea species.

7. Investigate metabolic activity of selected major species of the

nearshore and inshore environment during the winter.

8. Through experimental manipulation of environmental factors, de-

termine physiological responses and tolerances of key inverte-

brates.

9. Initiate investigations of the effects of Alaskan North Slope

crude oil on Beaufort Sea invertebtates, especially when under

the physiological stresses associated with winter conditions.

10. Assess the importance of detritus of terrestrial origin in

Arctic food chains through controlled feeding experiments.

11. Complete laboratory analysis of nearshore and inshore samples

collected in the Beaufort and Chukchi Seas since 1975.

12. Continue reporting data analyses from prior years.
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B. Conclusions. The objectives outlined above are dealt with in

separate, appended reports. Major conclusions from these appen-

dices are abstracted below.

1. The Stefansson Sound kelp community is dominated by the brown

alga, Laminaria solidungula. This plant completes over 90 per

cent of its annual linear growth during the winter, usually in

complete darkness under a turbid ice canopy. Growth of plants

exposed to light under a clean ice canopy, however, is even

greater, indicating photosynthesis is possible in the late

winter and spring.

2. The ability of these plants to grow in Stefansson Sound, re-

gardless of winter light conditions is noteworthy. Few if any

ice algae occur under turbid ice and thus little contribution

to primary productivity is made by the micro-algae in these

(turbid) areas. Macroalgae, however, are capable of photosyn-

thesis during the summer months despite low nutrient concentra-

tions in the seawater. The near guaranteed annual contribution

of these benthic algae with respect to total carbon input into

the arctic ecosystem is not yet known

3. Several species of amphipods, a polychaete worm and the arctic

cod inhabit the turbid ice canopy through the winter. Many of

the animals are in reproductive condition. They are seldom

found under clean, congelation ice or on the bottom in this area.

It is not known what role the turbid ice canopy plays in the life

cycle of these invertebrates. The large amount of oil within the

animals and their empty guts indicate they are not feeding, but

are living and producing gametes from stored food reserves.

4. Sedimentation in Stefansson Sound is highest during the fall and

late spring or early summer months. The sediments cover organ-

isms colonizing bare substrata and may slow the recolonization

process by smothering organisms or preventing settlement of new

areas.

5. Quantitative studies have revealed a rich faunal assemblage on

rock surfaces which, based on our current observations of re-

colonization, may have taken years to establish.
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6. Competition between established epilithic biota for space and

the high utilization of the benthic algae by epizoic animals

indicates that space is one of the most limiting resources in

this community.

7. On the seafloor, cores taken under boulders show a greater bio-

mass and diversity of biota than do cores taken between rocks.

This may be attributed to differences in grain size and sediment

compaction between the two areas. Sediments under rocks are

softer and less consolidated than between rocks. In addition,

sloughed off material from rock surfaces accumulates around the

boulders and cobbles contributing organic materials to the sedi-

ments found there.

8. Many of the arctic, shallow water, epibenthic invertebrate spe-

cies tested were found to survive well at both high and low

salinities. Generally, however, spontaneous activity ceased

(and ecological death occured) at salinities that actually may

be reached in the deeper parts of lagoons during late winter or

early spring. Results of physiological experiments were con-

sistent with the absence of Mysis species from lagoons during

the winter. The most salinity-tolerant species tested were the

amphipods, Boeckosimus affinis and Onisimus litoralis.

9. Metabolic activity of Mysis littoralis and Boeckosimus affinis,

both euryhaline species, shows a high independence of salintiy

within the tolerance range. The metabolism of Anonyx nugax,

the most stenohaline amphipod tested, was depressed at salini-

ties as low as 20%o or as high as 45‰.

10. Boeckosimus affinis has a greater survival (longer survival

time) during freezing than has Anonyx nugax.

11. Mysis littoralis is sensitive (depressed activity) at all sa-

linities to even light (50µl-l-¹) dispersions of North Slope

crude oil, and this sensitivity is enhanced by salinity stress.

The same depression of activity was noted in Boeckosimus affinis

and Anonyx nugax. Currently available results show that B.

affinis from Stefansson Sound (in the center of the area most
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likely for early development) are more sensitive to oil than are

those from Elson Lagoon, but this difference was not noted for

Mysis. Metabolic activity of all three species was altered

by exposure to light oil dispersions, and this effect was

heightened by salinity stress.

12. Detailed, species-specific analyses of nearshore and inshore

samples taken since 1975 and reported previously in generalities

much as abundance data by major groups have been initiated. The

contribution these data can make to life history and ecology

studies is illustrated in the treatment of two haustoriid am-

phipod species, Pontoporeia affinis and P. femorata in appen-

dix 3.

13. Infaunal benthos of the nearshore region of the Beaufort Sea

coast is low in diversity, biomass and number of organisms,

and probably is largely repopulated annually after the shore-

fast ice melts. Samples taken early in the open water season

will reflect this seasonal low in biota. Motile, epibenthic

crustaceans, however, are at least as abundant early in the

season and in the shallowest water as they are elsewhere. River

deltas are especially poor in both infaunal and epifaunal organ-

isms.

14. The amphipod, Gammarus setosus can in the laboratory ingest

and assimilate peat from eroded tundra vegetation, silty sedi-

ments, Laminaria fragments, and, by observation at least, a

variety of other kinds of organic matter of animal origin.

15. Fluxes of fresh water and of salt may be the primary mediators

of the development in arctic marshes of warm, concentrated

lakes.

C. Implications:

1. The Stefansson Sound kelp community in boulder patches widely

distributed in the area is a biologically unique element of

the Beaufort Sea environment that is located in a particularly

sensitive place: near the geographic center of the region most

likely to be developed first. The region not only contains
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species and associations that are rare or non-existent else-

where in the western Beaufort, it also has the highest biomass

of infaunal benthos currently known in the inshore region. The

relationship (if any) between these is unknown.

The epilithic community of the boulder patches is now be-

lieved to be slow to develop with a standing crop that is sev-

eral years old. Individually, the organisms are susceptible to

smothering by sedimentation which is naturally heavy in Stefans-

son Sound in late fall and early winter. Activities that might

add to this sediment load could be dangerous to the community.

Production in Stefansson Sound probably results primarily

from summer photosynthetic activity, possibly only of the macro-

algae, although linear growth occurs mainly during the winter.

This delay in utilization of energy reserves created in summer

may result from nutrient deficiencies at that time. Thus, in-

creased turbidity in summer might seriously affect production,

and interference with movement of nutrients in winter, possibly

the result of onshore flow of surface water, could impair growth.

The kelps which dominate the entire community and provide the

microhabitats for many of the other organisms are probably de-

pendent on continued reasonable clarity of water during the

summers and no interference with onshore flow in winter. De-

velopments in Stefansson Sound, therefore, should incorporate

measures to minimize contribution to turbidity and sediment load.

2. Many invertebrates of the shallow Beaufort Sea are sensitive to

Prudhoe Bay crude oil,and this sensitivity is enhanced by the

stresses imposed by winter conditions. At least initially,

drilling and other activities probably will be from artificial

islands or other structures that themselves minimize the likli-

hood of introducing petroleum directly to the water or beneath

ice. Many of those animals most stressed in the laboratory by

conditions likely to be encountered in winter, however, move

seaward as ice forms, and are not abundant in the inshore re-

gion during the winter. We do not believe that our results of

physiological and stress studies haveparticular implications

(other than customary precautions) for development of petroleum
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resources inside the barrier islands or, generally, in shallow

water where planned technology seems to minimize those risks we

find to be greatest. These findings, however, are more germane

to development in depths of water too great for island construc-

tion or where pack ice or other factors make seafloor operations

or drilling from platforms appear to be viable options. Since

the nearshore waters are repopulated annually by mysids and

other crustaceans that move offshore in winter, and since these

nearshore areas are the principal feeding sites of most arctic

fish, the region seaward of the shear ice zone becomes, in effect,

a seasonal extension of this trophically imporant region. Our

results point to the potential of transport of a winter effect

in the region at the shear zone to the nearshore feeding grounds

in summer.

3. Finally, our results further support the previously expressed

notion that creation of artificial islands in river deltas

probably has less effect on infaunal benthos than would the

same island elsewhere.

II. Introduction: The body of this report is in the form of 6 appended

sections. Each treats separately appropriate methods, results and

conclusions. The summary of conclusions given above is abstracted from

these appendices, but does not necessarily incorporate all findings of

the several projects.
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SUMMARY OF FOURTH QUARTER OPERATIONS

I. Field and Laboratory Activities.

A. Field work

1. Personnel

a. At NARL, Barrow: physiological investigations

(1) D. E. Schneider: February 18 to March 3
(2) James Hanes: January 1 to February 26, March 9 to

18, March 21 to 31
(3) Rick Yackley: January 1 to March 31
(4) Mark Childers: March 21 to 31

b. At Deadhorse and Stefansson Sound Dive Site

(1) K. H. Dunton: February 18 to March 9
(2) John Olson: February 18 to March 9
(3) Gene Cinkovich: February 18 to March 9
(4) James Hanes: February 26 to March 9

2. Field trip schedule

a. February 18: Dive team (all except James Hanes) arrives
at Deadhorse.

b. February 19: Prepare field equipment used to locate pinger
and prepare field camp (parcoll) for airlift to Stefansson
Sound. Travel by NOAA helicopter.

c. February 20-25: Locate DS-11 on February 20, cut dive hole
and install NARL parcoll between 21st and 25th. No heli-
copter support on February 22 and 23 due to high winds, fog
and low temperatures. Travel by NOAA helicopter.

d. February 26: Diving studies initiated; start arctic cod
sampling program for LGL on separate OCS contract funding.
James Hanes arrives from NARL in afternoon via commercial
jet. Travel by NOAA helicopter.

e. February 27 - March 7: Divers conduct benthic studies at
DS-11. No diving on March 2 due to bad weather. Over 45
dives completed during this period. Travel by ERA (212)
helicopter on March 5 and 6. Travel all other days by NOAA
(205) helicopter. Dismantle parcoll on March 7 (late after-
noon).

f. March 8: Retrieve parcoll and field equipment from DS-11
Repack and store parcoll in Deadhorse along with other NARL
equipment.

g. March 9: James Hanes returns to Barrow on NOAA helicopter
freight flight. Dunton, Cinkovich and Olson depart Dead-
horse for Bellingham in p.m.
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3. Laboratory experiments: During the fourth quarter activities

of the winter physiology group of RU-356 consisted of the fol-

lowing:

a. Quantitative measures of activity for Saduria entomon

and Anonyx nugax exposed to gradual salinity changes

were completed.

b. Salinity tolerance experiments were conducted on Mysis lit-

toralis and Anonyx nugax to fill in existing data gaps. The

results are presented in the 1980 annual report.

c. Salinity tolerance experiments were completed for the fol-

lowing new species: Pontoporeia femorata, Aceroides latipes,

Onisimus litoralis and Tryphosella schneideri. The results

of these experiments are presented in the 1980 annual report.

d. Salinity tolerance experiments are in progress for Pontopor-

eia femorata, Aceroides latipes and an as yet unidentified

anemone.

e. Metabolic rate measurements are in progress for the anemone

mentioned above and for the bivalve mollusc Liocyma fluctu-

osa.

f. Field activities have included installation and maintenance

of two dive huts, one near Plover Point in Elson Lagoon,

the other near NARL, and perfecting collecting methods for

benthic animals.

g. Data analysis and preparation of the annual report.
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B. Scientific Party (except as noted, all of Western Washington Uni-
versity).

1. A. C. Broad, Principal Investigator (not on salary to contract)

2. D. E. Schneider, Associate Investigator

3. K. H. Dunton, Associate Investigator

4. Helmut Koch, Laboratory Supervisor

5. James Hanes, Marine Technician

6. Mark Childers, Research Aide

7. Susan V. Schonberg, Research Aide (half time)

8. Richard Yackley, Research Aide

9. Jonathan Zehr, Research Aide (hourly wages)

10. Laboratory Assistants (hourly wages)

a. James Bock

b. Susan Burgdorff

c. Kara Cameron

d. Dawn Christman

e. Geoffrey Pounds

f. Russell Thorson

11. Work study students (no cost to contract)

a. Sandra Bohenstiehl

b. Gary Smith

12. Contracted services (not University employees)

a. Gene Cinkovitch, diver

b. John Olson, diver

C. Methods: see text of appropriate appended sections.

D. Sample locations: See appendices I and II.

E. Data collected and analyzed: See appendices I and II.

F. Milestone chart update: none required.

II. Results:

Table 1 is a modification of one presented earlier (September, 1979),

and gives the current status of analysis of all samples made by RU-356

from 1975 through 1978.

Other results are incorporated in appendices 1 to 4.
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TABLE 1. Status of littoral, nearshore and inshore samples collected by RU356 as of 3/15/80.



III. Estimate of funds expended.

Amount Amount Amount
Budgeted 1  Spent Remaining

Salary PI $ 72,563 $ 64,966 $ 7,597

Salaries, Associates 153,278 143,275 10,003

Salaries, other 283,269 244,810 38,459

Fringe 99,835 68,577 31,258

Travel & Freight 63,124 50.9403 12,184

PI Logistics 41,613 37,860 3,753

Supplies & Contracts 62,483 60,2183 2,265

Equipment 49,047 26,6693 22,378

Computer Costs 7,000 5,4413 1,559

Overhead 224,8062 175,532 49,274

Totals $1,057,018 $878,288 $178,730

1Includes original contract (1975) and modifications 1-11 (through
fiscal 1980).

2Western Washington University Controller's Office calculates allow-
able overhead at $217,435.

Total as of February 29, 1980.
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Ecology of the Stefansson Sound Kelp Community:

Preliminary Results of In Situ and Benthic Studies

K. H. Dunton and S. V. Schonberg

INTRODUCTION

In July, 1978 the first comprehensive survey of an arctic kelp com-

munity began in an area of Stefansson Sound known as the "boulder patch."

Discovered by marine geologists in 1971 and 1972 (Reimnitz and Ross, 1978),

it lay unexplored by biologists for several years. Following the geological

and biological investigations conducted by Reimnitz (RU-205) and Dunton

(RU-356) in the summer of 1978, much attention has been directed toward

this region.

The Stefansson Sound kelp community possesses the richest and most

diverse fauna found in the American Beaufort Sea. It also lies in the

center of a potentially rich oil and gas field. Our studies have been

directed at: (1) defining the biological community and its physical en-

vironments; (2) the dynamics of community development; (3) the productivity

of the benthic algae; and (4) determining the behavioral and growth re-

sponses of organisms to high levels of turbidity and unusually low light

levels. This report presents the results of these studies which are a

part of a major integrated winter science program of OCSEAP.

A preliminary survey of the boulder patch flora and fauna was completed

by Dunton and Schonberg (1979) through a major diving effort in Stefansson

Sound. Our current effort is directed toward a quantitative analysis of

the benthic biota. This includes sampling the epilithic community on the

boulders as well as the infaunal assemblage around and under them. We

find quantitative analyses of this type important for the purposes of

biological assessment and in the evaluation of community structure.

One of the most interesting studies in progress in Stefansson Sound

involves the pattern of growth employed by the kelp, Laminaria solidungula.

This plant is a perennial brown alga restricted mostly to the Arctic Ocean

(Kjellman, 1883) and is abundant on rocks in Stefansson Sound where it con-

stitutes 80 percent of the algal biomass of 1.8 to 3.3 kg/m2. Here it
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lives at a depth of 5 to 8 meters in relatively quiet waters protected

from serious and frequent ice gouging. Our interest in L. solidungula

is twofold: (1) it contributes an unknown quantity of dissolved and par-

ticulate organic matter to the nearshore environment; and (2) it is a

potentially valuable plant in monitoring studies since its growth pattern

is a reflection of several physical and chemical factors. Recently Broad

(1979) determined that the benthic biomass of animals collected in grab

samples was about six times greater inside Stefansson Sound-Leffingwell

Lagoon than outside the barrier islands. It is unknown what role benthic

algal productivity may play in this.

In addition to the results of algal productivity studies, the winter

sampling program led to the discovery of turbid ice, an unusual underwater

formation encountered at several locations in Stefansson Sound. This ap-

pears to be a widespread phenomenon with far reaching implications for bi-

ologists, marine geologists and ice physicists. The importance of turbid

ice to the biological environment is reflected in the abundance of biota

inhabiting this peculiar ice layer. These organisms include the arctic

cod and several species of normally epibenthic invertebrates, many gravid.

The formation of turbid ice also has a significant effect on total produc-

tivity in the benthic macro algae. Due to the reduction in light, growth

in Laminaria solidungula under turbid ice is reduced 50 per cent from that

of plants under clean ice (Dunton and Reimnitz, 1980).

Sedimentation during the fall and late spring is seen as an event that

may be detrimental to recolonization on denuded rock surfaces. Accumulated

sediments may smother existing organisms in newly colonized areas. Hydroids,

the predominant colonizers observed on denuded rock surfaces, are exposed

to accumulations of sediment which sometimes cover them completely. It is

not known how this silt affects their growth and the growth of filter feed-

ing organisms in Stefansson Sound. Preliminary results of these studies

are inconclusive due to the extremely slow rate of recolonization. New

comparative studies are now underway that include monitoring the behavior

of organisms, and the use of new experimental approaches to examine the

recolonization process.
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STUDY AREA

The Biological Environment

The Stefansson Sound boulder patch supports a well established kelp

community characterized by several species of red and brown algae, and a

diverse assortment of invertebrate life representing every major taxononic

group (Fig. 1.1). The most conspicuous and dominant member of the commun-

ity is the kelp, Laminaria solidungula which is circumpolar in distribution.

Two other kelp species, Laminaria saccharina and Alaria esculenta, appear

occasionally and together with L. solidungula form a brown algal over-

story. In areas where kelp cover is reduced or absent, another floral as-

semblage, typified by several species of filamentous and bladed red algae,

dominates. These species include Phycodrys rubens, Neodilsea integra,

Phyllophora truncata, Rhodomela subfusca and to a lesser extent, Odonthalia

dentata and Ahnfeltia plicata. These red algal species, along with Litho-

thamnium, a widespread encrusting red alga comprise a patchy algal under-

story. To a large degree, the diverse and rich assemblage of invertebrate

and vertebrate animals is dependent on the microhabitats and additional sub-

strate space afforded to them by the algal community.

Of the invertebrate phyla, the sponges and the cnidarians are the most

conspicuous. These include the sponges Phakettia cribrosa, and Choanites

lutkenii and the soft coral Eunephtyes rubiformis. Other common organisms

include seastars, hydroids, sea anenomes, sea squirts, nudibranchs, chitons

and bryozoans.

Dive Site 11

The major portion of the diving effort is conducted at Dive Site 11

(DS-11) in the Stefansson Sound boulder patch (70 19.25'N, 147° 35.1'W;

Fig. 1.2). The site is located between Foggy Island Bay to the south and

the McClure Islands to the north. The Sagavanirktok River discharges into

Stefansson Sound about six miles southwest of DS-11. Water depth at this

site ranges from 5.5 to 6.5 meters. The cover of boulders and cobbles

on the seafloor at DS-11 averages 42 per cent. This represents the densest

concentration of rocky material that we have seen in Stefansson Sound.
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Figure 1.1: The arctic kelp, Laminaria solidungula, and an assemblage of

soft corals, sponges, and red algae characterize the sea floor 32 kilometers

northeast of Prudhoe Bay, Alaska. L. solidungula flourishes here, despite

nine month periods of continuous darkness in sub-freezing waters.
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Figure 1.2. A map of boulder and cobble distribution in Stefansson Sound

showing the location of Dive Site 11.
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Since August, 1978, DS-11 has been the focus of our research effort in

Stefansson Sound. The site is marked with a pinger at the center of the

study area. Three transect lines, consisting of steel pipe marked in

meters, are used by divers for orientation underwater and as an aid to

locate in situ experiments (Fig. 1.3). This system is especially valuable

during periods of poor water visibility and enables divers accurately to

stake out distances underwater for scientific purposes.
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Figure 1.3. A map of the seafloor at DS-11 showing the location of tran-

sect lines, in situ experiments, and the location of turbid ice in Febru-

ary, 1980.
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METHODS

Summer Field Sampling and Logistics

The field team for this project consists of a team leader/diver, and

three SCUBA divers. During the summer we operate from Narwhal Island,

about five miles from the principal dive sites in Stefansson Sound. Facil-

ities are provided by the Naval Arctic Research Laboratory which maintains

a camp on the island. Other field support including NOAA helicopter assis-

tance, housing facilities in Deadhorse, and a 21 foot Boston Whaler is pro-

vided by OCSEAP. The Boston Whaler is used in transportation to and from

the dive sites during the summer period.

Dive Site 11 was discovered in 1978 and has been marked since then by

an underwater, Helle acoustical pinger. Buoyed flags or other surface

markers are of little use because they are so often removed by drifting

ice, which can occur in Stefansson Sound in summer as well as at other

times. The research site, then, was marked by an underwater acoustical

beacon and relocated seasonally and daily during field trips, with a Helle

directional receiver.

Winter Field Sampling and Logistics

Data from in situ experiments were collected at DS-11 in March, May

and November 1979 by diving through the ice canopy. A Helle pinger re-

ceiver was used to locate the site in November, and a flag was erected for

the duration of the winter. No measurable movement of the ice canopy was

noted between March and May, 1979 and between November, 1979 and February,

1980. Divers worked from a dive hole located inside a heated 16 x 20 foot

NARL parcoll. OCSEAP provided field logistic support, lodging in Deadhorse

and NOAA helicopter assistance.

Because flocculent sediment was easily stirred up by turbulence, sam-

pling was done by one person at a time in November. In other periods div-

ing was done in tandem. The divers were tethered to the surface and

equipped with a complete back-up air support system. Underwater lights

were used for illumination since total darkness prevailed. We used an

underwater communications system for transmitting data and for safety.
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In Situ Biological Studies

The following in situ experiments are in progress at DS-11 (methods

are given with results): An asterisk indicates that data are still being

collected or analyzed.

1. The strategy and pattern of growth in the kelps Laminaria soli-

dungula and L. saccharina.

2. Comparative experiments on the growth of L. solidungula under light

and in complete darkness.

3. *Primary productivity in L. solidungula.

4. Recolonization of denuded rock surfaces by benthic organisms.

5. *Behavioral studies on the soft coral Eunephtyes rubiformis.

6. *Feeding and migratory behavior of seastars.

7. Physical and biological investigation of the turbid ice canopy.

Quantitative Sampling and Physical Observations

The quantitative physical and biological data collected at DS-11

include:

1. Biomass of the epilithic flora and fauna.

2. Density and biomass of infaunal biota, from under boulders and

between boulders.

3. Hydrographic data.

4. Observations of visibility, water currents and sediment accumu-

lations.

0.05 and 0.25 m2 Scrapes

We used an airlift to collect samples on the biomass and density of

invertebrates and algae on rock surfaces. Two sized framers (0.05m2 and

0.25m 2 ) were used. All animals and algae living within a designated

quadrat were scraped off the rock surface and sucked into a 1mm mesh bag.

Two divers, one scraping and one operating the airlift were used in this

sampling task.
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0.01 m2 Cores

Six 10 cm square cores were used to sample the benthic infauna between

boulders and under boulders at DS-11. The cores were taken by one diver

using an airlift with a 1mm mesh bag attached. The average depth of pene-

tration of these cores into the sediments was 3 cm.

Hydrographic Data

Measurements of salinity and temperature were taken frequently at DS-11

An SCT meter (YSI, Model 33) was used to collect data at the surface and at

one meter intervals to the bottom.

Physical Observations

Through communication with surface personnel, divers were periodically

asked to provide information on the physical environment. This included

their observations on water turbidity and visibility, currents, sediment

accumulation on rocks or on biota and any other pertinent observations.

Laboratory Techniques

All cores and epifauna samples were sorted and identified under a dis-

secting microscope. Biota from the core samples were separated to species,

counted and weighed. All organisms were in an entire state except some of

the polychaetes. Only the head portion of the worm was counted as an indi-

vidual. No tubes or nonliving fractions were included in the biomass ex-

cept for the shells of pelecypods, gastropods and ostracods. The biomass

was determined from a wet weight taken after the excess water was blotted

off the animal. The organisms were weighed on a Sartorius balance accur-

ate to ± 1 mg.
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I I

RESULTS AND DISCUSSION I: WINTER PROCESS STUDIES

The Pattern of Growth in the kelp Laminaria solidungula

The pattern and mechanisms of growth in arctic marine benthic algae that

survive in total darkness for prolonged periods are poorly understood. High

latitudes are characterized by periods of complete darkness in winter with

low sun angles and short days prevailing in the late fall and early spring

months. Photosynthetic activity in polar seas is further restricted by

ice and snow cover that reduce light penetration to near or below compen-

sation irradiance, even under conditions of 24 hour daylight with the sun

high overhead (1). Such observations have led to the hypothesis that arctic

algae are heterotrophic (1,2) but this has not been demonstrated in any

macroalgal species. Another possibility is that the adjustment to the an-

nual periodicity in light availability may be dependent on the storage and

translocation of food reserves. This phenomenon is common in higher plants,

but is known only in a few brown algae, including some species of Laminaria

(3). Accumulation of photosynthate during the spring and summer and

translocation of these food reserves play a significant role in the seasonal

growth pattern of some temperate laminarids (4, 5) but not in others (6).

Here we present data concerning the seasonal pattern of growth in field

populations of the arctic kelp, Laminaria solidungula, and offer evidence

that, although size increases occur over nine months of continuous dark-

ness, growth is a function of photosynthetic activity rather than hetero-

trophy.

Between August, 1978 and November, 1979, divers visited an acoustically

marked study site in the Stefansson Sound kelp community at approximately

three month intervals. Holes punched in the frond of L. solidungula pro-

vided a means to determine growth, measured as increase in length, during

each visit. The frond of L. solidungula is divided into ovate blades by

constrictions which form annually in late November. Each ovate blade

represents a year's growth, and many specimens have a frond divided in

four parts, enabling measurement of the three previous years of'growth (the

fourth or last blade is usually incomplete). Most plants range from 60 to

160 cm in length and are 7 to 17 cm wide, with the length of the stipe

varying in size from 59 to 20 cm according to the age of the plant. Holes
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punched along the frond from base to tip show that the meristematic region

is located at the base of the frond, near the stipe, as in many other

Laminariaceae. To measure linear growth, holes were punched in tagged,

numbered plants in August, 1978, above the basal meristematic region in

the first blade, at a measured distance of 10 cm from the junction of

stipe and frond. On subsequent visits the new distance from the hole to

the junction of the stipe and frond was measured and the net increase in

length calculated. During the period of total ice cover, which reached

a thickness of 1.8 m by May, all plants were exposed to complete darkness

resulting from a large amount of finely disseminated sediment within the

ice.

The light available for photosynthesis between October and July is

dependent on the conditions of ice formation and therefore varies from

year to year. In Stefansson Sound, development of the ice canopy included

the widespread occurrence of turbid ice, a result of underwater ice forma-

tion (7). We found turbid ice blocked light transmission completely, even

during periods of 24 hour daylight. In May, 1979, illumination under tur-

bid ice was less than 0.01 lux at midday, and light energy was not detect-

able. Despite the widespread distribution of turbid ice in Stefansson

Sound, 'windows' of clean ice occurred that allowed light to penetrate

to the bottom. Light energy in May at one such location in the boulder

field, designated as site 2, ranged from 1.8 to 3.5 µE s-1 m-2. Illumina-

tion under a similar ice canopy in April was 124 lux (2.4 µE s-1 m-2).

This represented 0.57 per cent of the total incident illumination of 21.5

Klux at the upper surface of the ice (8).

The results of the growth measurements on L. solidungula between

August, 1978 and November, 1979 are given in Table 1.1. A new blade and

constriction was produced and an average of 14.5 cm (N=19) of linear growth

occurred in total darkness from mid November to early March. The new

blades continued to grow through spring despite the darkness that persisted

beneath the ice until break-up in mid July. In both summer periods (August

to November, 1978 and 1979) which were largely ice free, linear growth

averaged less than 2 cm. Blades that started to grow in November, 1978,

averaged a total length of 26.1 cm by November, 1979, when a new constric-

tion formed. This seasonal pattern of growth parallels that of Laminaria
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Table 1.1. Linear growth increments of tagged L. solidungula plants between

August 1978 and November 1979. Linear growth occurred in complete darkness

from late October to early July.
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species at lower latitudes, which exhibit their greatest growth in late

winter or early spring (4, 6) before light energy has increased to its

annual maximum.

The formation of a new constriction in November, 1978, followed by

the growth of a new blade, made it possible to monitor linear growth in

untagged plants subjected to different light conditions at other sites.

The distance from the junction of stipe and frond to the first constric-

tion gave an accurate measurement of total linear growth since the pre-

ceding November. Linear growth in previous years was also assessed by

measuring the distance between successive constrictions up the frond.

Two acoustically marked sites, site 1, located under turbid ice near the

tagged plants, and site 2, 200 m distant under clear ice, were chosen for

the comparative study. Plants were collected for measurement following

ice break-up in late July, 1979.

The growth of L. solidungula over the past years at two locations,

differing with respect to ice cover during the 1978-79 winter, is shown

in Fig. 1.4. With the exception of the latest growth cycle at site 2,

where plants were exposed to light under the ice canopy in the spring of

1979, linear growth between years and between sites is not significantly

different (analysis of variance [ANOV] completely randomized design,

Student-Newman-Keuls test [SNK], P > .50). This similarity in growth

suggests that turbid ice was present at both locations in the winter

seasons of 1976-1977 and 1977-1978. The greater growth in plants under

clean ice in 1979 is significant (SNK, P < .0001) and suggests that these

plants are actively photosynthesizing under the ice canopy. The length

of the basal blades in plants that had grown under clean ice at site 2

was 37.7 cm compared to 24.1 cm under turbid ice at site 1.

Although growth is usually temporally associated with photosynthesis

in algae, there is evidence that for some algae growth in size may lag be-

hind photosynthesis under adverse conditions. Lining (9) found that L.

hyperborea can produce a new blade after six months of continuous dark-

ness and suggested that this growth was due to the utilization of reserve

materials stored in the old frond. If winter growth depends on the accumu-

lation of reserves produced by photosynthesis, then a relationship should

exist between the size of the plant, i.e., the amount of stored food
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Figure 1.4. Annual linear growth in L. solidungula at two adjacent sites

since 1976-1977. The number of plants ampled (N) and the standard devia-

tion (s) is listed above the bars. The difference in linear growth between

the two sites in 1978-1979 is significant (ANOV, P < .0005). Site 1 is

indicated by solid bars, site 2 by open bars.
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reserves, and the size of the new blade produced during the winter growth

period. Such a relationship appears to exist for L. solidungula (Fig. 1.5).

The length of the new blade in plants measured in May was directly propor-

tional to the initial frond length (the total frond length minus new blade

growth) (linear regression analysis, P < .0005).

The significance of food storage in growth of L. solidungula is re-

flected in its ability to produce a new blade and complete over 90% of

its annual linear growth in darkness during a'nine month winter period.

The apparent dependence of this plant on stored food reserves, accumulated

via a photosynthetic pathway, indicates that heterotrophy is not the de-

termining factor in growth. We have also found that, if translocation

of these reserves is prevented by making a transverse slit in the basal

blade prior to the onset of winter growth, a new basal blade does not form

and no linear growth occurs.

The linear increase that occurs in L. solidungula plants exposed to

light in winter and lack of linear growth in all plants during the ice-

free summer months, may be explained by decreased availability of nutrients

in summer. In the north Atlantic, nitrate is an important factor in the

seasonal growth of L. longicruris, and seeding these plants with NaNO 3

during the summer resulted in an increased linear growth, comparable to

spring rates (10). In the Beaufort Sea, nitrate concentration is low dur-

ing the summer following the spring phytoplankton bloom but steadily in-

creases as winter approaches (11). In three other species of Laminaria in

the north Atlantic, one of which is present in the Stefansson Sound kelp

community, dry weight of the frond increases from a minimum in March to a

maximum in October as does the content of two storage products, mannitol

and laminarin (12). Thus L. solidungula may photosynthesize and build a

carbohydrate reserve in the summer for winter growth when light is limited

but nitrate is available. At that time linear growth in-the new blade may

be supplemented by spring photosynthesis, but growth is primarily a func-

tion of the amount of carbohydrate stored in the old frond and must be de-

pendent on an effective translocation system. Current field studies,

focused on L. solidungula should provide a better knowledge and understand-

in of the strategy employed by algae that flourish in an arctic environment.
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Figure 1.5. The relationship of initial frond length (prior to winter

growth) to new blade length in L. solidungula plants exposed to light

(site 2) and to continuous darkness (site 1). Measurements were col-
lected in May, 1979.
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Physical Processes: Ice and Seawater

The phenomenon of turbid (slush) ice, first reported by divers at

DS-11 in November, 1978 (Reimnitz and Dunton, 1979) occurred again in

the 1979-80 winter in Stefansson Sound. Although extensive in distri-

bution, the thickness of the turbid ice in the winter of 1979-80 was much

reduced from the previous year. By February, 1980 most of the turbid ice

appeared to have been incorporated into the solid, one meter thick ice

canopy. Cores taken in that month show a layer of dirty ice, 10 to 25 cm

thick sandwiched between two clean ice layers, the top one about 20 cm

thick. Underwater, the lower surface of the ice appeared smooth except

for occasional stalactites, and complete darkness prevailed.

However there was considerable variety in ice character at DS-l1. In

some areas, the ice was completely free of sediment allowing light to pers-

trate, and flashlights were not needed here. Thirty meters west of the

DS-11 pinger, a huge, impressive underwater pressure ridge of turbid ice

was located. This ridge was in the approximate position from which Dr.

Larson's tripod had been retrieved during the previous November. A large,

triangular-shaped depression free of turbid ice permitted light penetration

and is believed to be from the hole cut to recover the.tripod.

This underwater pressure ridge extended to within 2 m of the seafloor

and was aligned in a north-south direction. The turbid ice in the ridge

was of variable thickness, ranging between 5 and 50 cm, and underlain by

hard ice. The impression of the divers was that the ridge consisted of

ice blocks 10 to 30 cm thick piled obliquely to one another. Surface

roughness on top of the ice in this same region was also considerable, up

to 60 or 70 cm. It is not known how much of this roughness can be attrib-

uted to ice blocks that were removed from the tripod hole in November.

The ice crystals associated with the turbid ice layer were among the

largest we have seen underwater. Many averaged 5-6 cm in diameter; some

were larger. They do not appear to be oriented in any consistent direction

or pattern. Numerous organisms were found attached and living among these

platelets. They included amphipods and a polychaete worm and are discussed

in a separate section.

A second ice phenomenon was observed in May, 1979 when working under

a clean ice canopy. At this site, 200 m northwest of DS-11, we encountered
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large, dinner plate sized ice crystals. These ice platelets were very

thin, easily broken up and appeared in large masses to small isolated

patches under the ice. They formed large sheets under the hard ice and

also formed rapidly where the divers were placing pitons and cores for

phytoplankton experiments. These large ice platelets were arranged ran-

domly, forming a dense and overlapping matrix of crystals. One diver

reported that the bottom layer of this ice consisted of flat crystals

parallel to the seafloor at one place. Martin and Kauffman (1974) have

induced identical crystal growth in laboratory experiments under certain

hydrographic conditions. These involve a fresh water layer at a temper-

ature of OC floating over seawater at its freezing point and under an

ice layer. These conditions were present at this site in Stefansson

Sound.

A prominent underwater feature noted by divers at several locations

was the distinct separation of two layers of water: a clear, highly sa-

line, bottom layer and a 'blurry', low salinity top layer. The top layer,

which contacted the ice, was between 100 and 50 cm thick, varying from

day to day over the duration of our diving program. Usually the boundary

between the two layers was distinct, other times it was not. From below

this boundary the water above appeared as a cloudy layer; within the top

layer it was difficult to see anything but blurry images unless the sub-

ject was examined at close range.

A tabulation of salinities and temperatures recorded at one site on

May 20 to document this halocline and record the temperatures and salini-

ties in the ice platelet layer follows:

Location Salinity Temperature

Bottom (5.5 m) 29.5 -2.0
Under Ice (hard) 15.4 -1.1
Ice Platelets 15.4 -1.2
Under Ice (hard) 15.5 -1.3
Halocline Contact (2.5 m) 25.5 -1.3

A summary of the physical data collected at DS-11 in Stefansson Sound

is presented in Table 1.2. Winter currents were observed to be primarily

northwesterly. Visibility appeared to be directly related to sediment ac-

cumulations, in both summer and winter months. The highest sedimentation
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Table 1.2. Summary of the physical data collected at DS-11 since November,
1978. Values shown indicate the mean of several measurements taken on the
seafloor.
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appeared to occur during ice break-up in June/July and during freeze-up in

September/October.

Turbid Ice Organisms

During the November, 1978 and March, 1979 field seasons we observed

an assemblage of mobile organisms clinging to the soft, turbid underice

surface at DS-11. This was again observed in our second year of winter

study during November, 1979 and February, 1980. Several key species were

found here in abundance, including the arctic cod, a polychaete worm, and

several species of amphipods. Many of the invertebrates were in repro-

ductive condition. The following is a discussion of the fauna which oc-

curs in this soft ice canopy.

Samples of the turbid ice and its associated fauna were taken on Maron

12, 1979. Table 1.3 lists the species found in the samples with indications

of their reproductive state and size range.

The large scaleworm Antinoella sarsi and the amphipod Gammaracanthus

loricatus were the dominant invertebrate animals collected. Four other

amphipod species also were found in small numbers. Many arctic cod were

seen. Many of the invertebrates were gravid, but a larger fraction was not.

The G. loricatus in a reproductive state were larger (3-5 cm) than their

non-gravid counterparts (2-4 cm).

During the ice free season these organisms inhabit the basal portion

of the water column or are benthic dwellers. Initially we hypothesized

that the animals were ingesting some organic materials present in the dirty

ice. But microscopic analysis of the sediments in the turbid ice have re-

vealed these sediments to be primarily inorganic. The digestive tracts of

the amphipods and worms were examined for food materials, and they appeared

empty.

All of the invertebrate animals contained profuse amounts of yellow

oil. The large droplets were visible with the naked eye through the or-

ganisms' external covering. It may be this large oil fraction that caused

the animals to initially rise to the underice surface and enabled them to

walk around and sit on the ice, defying gravity. MacGinitie (1955) refered

to the storage of oil in shrimp, copepods and amphipods in the Arctic. He

suggested that this stored oil is used by the animal in the winter as a
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Table 1.3. An annotated list of the organisms collected under the turbid
ice canopy in November, 1978 and March, 1979.
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food reserve or as an energy source in the production of eggs and sperm.

It is plausible that these underice organisms are also using their oil

supply for those purposes, as their digestive tracts were empty and some

individuals were gravid.

At this time we do not understand the complete significance of the

soft ice canopy with respect to the life cycle of these invertebrate

species. Arctic cod (Boreogadus saida) are also commonly found in as-

sociation with this soft ice. They may be present due to the abundance

of amphipods, an important food source. Further study of the fauna and

sediments that characterize the turbid ice is planned.

Recolonization of Denuded Boulders

In an effort to observe processes of recolonization, 0.052 plots were

scraped clean of encrusting fauna and flora on fourteen boulders at DS-11.

Three boulders were denuded in August, 1978, two in November, 1978, six in

March, 1979, and three in May, 1979 (Table 1.4). Photography along with

observations made by the divers were used in monitoring the process of re-

colonization in the denuded plots. Here we present some preliminary ob-

servations on the experiment.

The rocks denuded in August, 1978, were analyzed seven months later

in March, 1979. During this period a silt layer developed on the scraped

plots and small scattered hydroids were visible on all three replicates.

In two of the quadrats a small bladed red alga was also seen. A month

later in May, 1979, the plots were again examined, but appeared similar

to that seen in March. In July, 1979, almost a year after the initial

scraping, more observations were made. The denuded plots had very heavy

silt covers. It appeared that the scattered hydroids had stabilized a

layer of sediment from which their highest parts barely poked out. Ani-

mal tracks were seen on two .of the plots.

Two boulders were scraped in November, 1978. By March, 1979, one

quadrat showed scattered hydroids and the other appeared bare. In May,

the silt cover was greater, but there were no other observed changes.

In July, 1979, the boulders had a very heavy silt cover. One plot (#5)

continued to be void of attached life forms. On the second plot (#4) tips

of hydroids were seen at the surface of the heavy silt layer.
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Table 1.4. Pattern of recolonization of .05 m2 plots on boulders denuded at different times at DS-11.



Table 1.4, continued



Six quadrats were scraped in March, 1979, and examined two months

later. Two of these were lightly recolonized with small hydroids. Am-

phipods, polychaetes and animal tracks were common on many of the scraped

plots. In May the silt cover was even, and very light. By July, silt

had accumulated, but no additional recolonization had occured.

In May, 1979, three more boulders were scraped. By July, two of
the scraped areas showed a few scattered hydroids, and the third remained

bare except for a medium silt cover.

Our sampling at DS-11 has shown the most common hydroid, Sertularia

cupressoides to be reproductive in the summer months. There are, how-

ever, several other species of thecate hydroids that live in this area.

Not all the quadrats showed similar trends during each time period. Most

often, part of the plots showed recolonization and part remained bare.

The seasonal fluctuation in silt accumulation on scraped surfaces

may be the determining factor in the recolonization process. In March

most of the boulders had a patchy but medium ([approximately] 2 mm) cover of silt. In

May the silt layer was medium to light (< 1mm), and in July it was very

heavy (3-4mm). This heavy silt layer covered some of the hydroids com-

pletely and left only the tops of the longer ones exposed. It is pos-

sible that under these conditions the organisms were smothered. Subsequent

observations in March, 1980 showed a slight reduction in the number of hy-

droids in the plots as compared to the previous year.

The slow rate of recolonization on denuded rock surfaces may be the

results of both heavy siltation and grazing by epibenthic invertebrates.

In striving for a more precise picture of recolonization, we have intro-

duced a series of plexiglass plates which can be lifted from the water and

studied under a microscope. This experiment began in March, 1980 and will

continue through the year.
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RESULTS AND DISCUSSION II: QUANTITATIVE STUDIES

Biomass of the Epilithic Fauna and Flora:

Preliminary Results of 0.05 m2 and 0.25 m2 Scrapes

In March, 1979, a 0.25 m2 area was scraped from each of four large

boulders. These boulders were chosen for their predominant cover of brown

algae. The wet weight and density (when possible) of organisms in these

scrapes are presented in Table 1.5. The brown algae had the highest mean

biomass of 2190.33 gm-2. The total mean biomass of the invertebrates was

10.691 gm-2, with the red algae having a mean biomass of 8.49 gm-2. The

faunal understory was composed of sponges, hydrozoans, soft corals, poly-

chaetes, amphipods and a variety of bryozoans. We found the hydroid

Sertularia cupressoides to support a tiny complex community of its own.

Amongst its stems and branches are found sponges, worms, bivalves, forams

and many bryozoans and egg cases.

In July, 1979, two 0.25m 2 and four 0.05 m2 scrapes were taken from

boulders with predominently invertebrate covers. In Table 1.6 the biomass

of the major groups found in these scrapes is shown along with the biomass

from the kelp dominated scrapes taken in March, 1979. A much greater di-

versity of species is seen in the invertebrate dominated scrapes, and

the faunal biomass is considerably greater. Sponges, hydroids, chitons,

polychaetes, bryozoans and red algae are the most prolific community mem-

bers. Many of the bryozoans grow in small patches on the blades and fila-

ments of the red algae and wrapped around hydroids. These bryozoans were

separated from the bulk of the host organism, but in some cases small

pieces of the host were still attached to the bryozoan. This causes some

weighing error in the group Cheilostomata, but is necessary to prevent

abliteration of the sampled species.

This data shows that the boulders do not have a uniform cover. Some

are dominated by brown algae, others show combinations of kelp, red algae

and invertebrates, and some are simply covered by epilithic fauna. There

appears to be competition for space on these hard substrates. The boulders

are densely covered with organisms, many of which have other species living

on them.

The variability in this community indicates the need for a more in-

tense quantitative sampling effort to assess the richness of the flora and
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Table 1.5. Mean density and biomass of fauna and flora from .25 m2

scrapes dominated by brown algae. Samples were collected in March, 1979
at DS-11. N = 4.
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Table 1.5, continued

399



Table 1.6. A comparison of the mean biomass of organisms collected
in scrapes at DS-11. The boulders scraped in March were dominated by brown
algae. The July scrapes were from boulders with a predominant invertebrate
and red algae cover.
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Table 1.6, continued
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fauna. Our ultimate goal is to develop a sufficient data base and knowledge

of the epilithic communities to permit reasonable estimates of biomass to be

made from photographs.

Infaunal Biota

Since March, 1979, quanitative cores of the benthos have been taken

during each field season at DS-11. From these samples we have learned

the identities of many infaunal inhabitants and their abundance in the com-

munity. We also discovered that the group of animals living in the open

areas of seafloor between boulders is quite different from the assemblage

found under boulders.

Table 1.7 presents a list of animals collected in cores taken in May

and July, 1979, from under boulders, and in March and July, 1979 from be-

tween boulders. A striking difference is seen in the polychaete worms.

Thirty-four species were found in samples from under boulders, as com-

pared to sixteen species from between boulders. The molluscs also showed

a higher diversity under boulders with ten species, while only four spe-

cies were found in cores taken between boulders. The biomass of these

two groups was also higher under the boulders.

The amphipod group was fairly diverse in samples taken both between

and under boulders. They are not however, true inhabitants of the sedi-

ment. Many amphipod species are known to burrow into the top layers of

the substrate, but are also capable of swimming into the water column.

It is difficult to say whether members of this group were collected in

the sediments or in the near-bottom water column at the time of sampling.

It's likely that many of these animals were at the water-substrate inter-

face and inadvertently sucked up in the airlift with the core samples.

Bryozoans of both upright and encrusting varieties were found in the

under boulder cores. These are epibenthic organisms and do not live in

the sediment. The encrusting varieties were found on pieces of the hy-

droid Sertularia, on small pebbles and attached to dead pieces of Litho-

thamnium, an encrusting alga. We are not sure why this group in so well

represented in the cores. One possible explanation is that organic resi-

dues were swept from the non-boulder areas and collected around and under

the boulders forming a surface layer. This layer would include organisms
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Table 1.7 . Mean density and biomass of infaunal species collected in four
.01 m2 cores from under boulders and between boulders at DS-11.
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Table 1.7 , continued
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Table 1.7, continued
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Table 1.7, continued
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naturally sloughed off from the boulders. Since bryozoans tend to grow on

the other organisms, they also move when the host organism detaches or dies.

One important observation made here concerns the large number of bry-

ozoans attached to pieces of dead Lithothamnium, which is a predominant

organism in this community. We have often wondered what limits its total

takeover on rock surfaces. It may be that the growth of the bryozoan over

this alga eventually kills it, causing detachment of both species and ex-

posing a new substrate for recolonization.

We believe that substrate composition may play an important role with

respect to the differences in the infaunal assemblages observed under boul-

ders and between boulders. It appears that the sediment grains under rocks

are large and loose, while the bottom between rocks is stiff fine grained

clay. Sediment samples have been taken and are presently being analyzed.
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SUMMARY AND CONCLUSIONS

The Stefansson Sound kelp community is dominated by an arctic kelp,
Laminaria solidunqula, which is capable of completing over 90 per cent of
its annual linear growth in complete darkness under a turbid ice canopy.
Linear growth increases by a factor of 50 per cent in plants exposed to
light under a clean ice canopy. The ability of these plants to grow in
Stefansson Sound, regardless of winter light conditions, is noteworthy.
Ice algae do not occur under turbid ice and thus little contribution is
made by these micro-algae with respect to primary productivity in these
areas. But the macro algae are capable of photosynthesis during the sum-
mer months despite low nutrient concentrations in the seawater. The sig-
nificance of primary productivity in these benthic algae with respect to
their total carbon imput into the arctic ecosystem is not yet known.

Several key invertebrates and one important species of fish inhabits
turbid ice canopy through the winter period. These include several species
of amphipods, a polychaete worm and the arctic cod. Many of the animals
are in reproductive condition and are seldom found under clean congelation
ice or on the bottom in this area. It is unknown what role the turbid ice
canopy plays in the life cycle of these invertebrates. The large amount of
oil within the animals and their empty guts indicate they are not feeding,
but are living and producing gametes from stored food reserves. The turbid
ice may act as a mechanism of gamete dispersal for these animals.

A pattern has emerged which shows sedimentation to be highest during
the fall and late spring/early summer months. The sediments cover organ-
isms colonizing bare substrata and may slow the recolonization process by
smothering organisms or preventing settlement of new species. Quantitative
studies have revealed a rich faunal assemblage on rock surfaces which may
have taken years to establish based on our current observations of a slow
recolonization rate. Biological interactions are likely to occur between
established organisms in the form of competition for limited rock space.

On the seafloor, cores taken under boulders show a greater biomass
and diversity of biota than do cores taken between rocks. This may be
attributed to differences in grain size and sediment compaction between
the two areas. Sediments under rocks are softer and less consolidated
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than between rocks. In addition sloughed off material from rock surfaces

accumulate around the boulders and cobbles contributing organic materials

to the sediments found there.

In summary, winter studies have enabled us to identify some of the

physical events that play a major role in the biological environment of

Stefansson Sound. In situ studies and quantitative analyses of the epi-

lithic and seafloor biota have also shown that biological processes are

slow and the distribution of populations is highly variable. Further stud-

ies are needed to provide a better understanding of population structure

and the distribution of organisms before environmental decisions are made

with respect to oil and gas development.

409



LITERATURE CITED

Broad, A. C. 1979. Environmental assessment of selected habitats in the

Beaufort and Chukchi Sea littoral systems. Environmental Assessment

of the Alaskan Continental Shelf. Quarterly Report, September, 1978.

Nat. Oceanic Atmos. Admin., Boulder, Co. 38 p.

Dunton, K. H. and E. Reimnitz. 1980. Growth of an arctic kelp, Laminaria

solidungula in winter darkness in the Alaskan Beaufort Sea. Submitted

to Science, February, 1980.

Dunton, K. H. and S. V. Schonberg. 1979. An arctic kelp community in

Stefansson Sound, Alaska: A survey of the flora and fauna. In: Broad

et al. (eds.) Environmental Assessment of the Alaskan Continental Shelf.

Annual Report. Nat. Oceanic Atmos. Admin., Boulder, Co. 49 p.

MacGinitie, G. E. 1955. Distribution and ecology of the marine inverte-

brates of Point Barrow, Alaska. Smithsonian Miscellaneous Collections.

128(9): 35,36 p.

Martin, S. and P. Kauffman. 1974. The evolution of under-ice melt ponds,

or double diffusion at the freezing point. J. Fluid Mech. 64(3):507-527.

Reimnitz, E. and K. Dunton. 1979. Diving observations on the soft ice

layer under the fast ice at Dive Site 11 in the Stefansson Sound boulder

patch. In: Barnes, P. and E. Reimnitz. The Geological Environment of

the Beaufort Sea Shelf and Coastal Regions. Annual Report, April, 1979.

Nat. Oceanic Atmos. Admin., Boulder, Co. Attachment D.

410



Appendix 1: Organisms collected and identified from DS-11 since February,
1979 that were not reported in our 1979 annual report.

PORIFERA Pygospio elegans

CALCAREA Shistomeringo sp.

Unidentified species Sphaerosyllis erinaceus

CNIDARIA Spio filicornis

HYDROZOA Terebellides stroemi

Campanularia sp. Tharyx sp.

ANTHOZOA OLIGOCHAETA

ACTINARIA MOLLUSCA

Halcampa decemtentaculata GASTROPODA

ALCYONARIA Polinices pallidus

Eunephtyes fruticosa NUDIBRANCHIA

ANNELIDA Cadlina spp.

POLYCHAETA Dendronotus sp.

Allia sp. Dorididae

Ampharete vega Eubranchus sp.

Brada villosa PELECYPODA

Capitella capitata Boreocola vadosa

Chaetozone setosa Macoma alaskensis

Chone duneri Macoma loveni

Clymenura polaris Portlandia arctica

Eteone longa ARTHROPODA

Exogone dispar CRUSTACEA

Exogone naidina OSTRACODA

Haploscoloplos elongata COPEPODA

Lumbrineris fragilis CUMACEA

Nereimyra sp. Brachydiastylis resima

Parahesione sp. (?) Diastylis sp.

Pholoe minuta Leucon nasicoides

Pionosyllis sp. Leucon sp.

Pista cristata TANAIDACEA

Polycirrus medusa Leptognathia gracilis

Prionospio cirri fera
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Appendix 1, continued

ISOPODA

Unknown species

AMPHIPODA

Aceroides latipes

Anonyx nugax

Boeckosimus affinis

Boeckosimus plautus

Byblis gaimardi

Monoculodes packardi

Pareodiceros lynceus

Pareodiceros propinquis

Pleusymtes sp.

Rhachotropis inflata

Rozinante fragilis

SIPUNCULA

Unidentified species

PRIAPULIDA

Priapulis caudatus

BRYOZOA

Alcyonidium mytili

Electra crustulenta

Porella saccata

Rhamphostomella
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Physiological Responses of Arctic Epibenthic

Invertebrates to Winter Stresses and Exposure

to Prudhoe Bay Crude Oil Dispersions

D. E. Schneider

INTRODUCTION

Studies of the physiological responses of arctic marine invertebrates

to environmental stresses are rare. Those that do exist, for example

Percy (1975) and Busdosh and Atlas (1975), have mainly dealt with condi-

tions relevant to the ice free summer season. Almost nothing is known

about the response of these animals to winter environmental stresses.

One of the most serious environmental challenges faced by arctic

shallow-water animals is the seasonal variation in salinity. During for-

mation of sea ice, ions are excluded from the crystalline structure. A

high proportion of these ions leave the ice as a brine solution, and since

this is more dense than the surrounding seawater it tends to sink. In la-

goon systems or other bodies of water with restricted circulation, the

brine collects in the deeper pockets and elevates the salinity. The on-

set of hypersaline conditions is gradual and maximum salinities coincide

with maximum ice thickness in late April or May. Values of 38 - 40‰,

are routinely seen and in the deepest parts of Simpson Lagoon and certain

areas in Elson Lagoon salinities of 55 - 60%o are not uncommon (Schell,

1975). In shallow areas where the ice nearly freezes to the bottom, Schell

(1975) has observed extremely high salinities ranging from 126 to 182‰.

During the period of ice melt and breakup extremely low salinities, ap-

proaching freshwater, are seen in shallow waters. The less dense melt

water tends to layer over the higher salinity deeper water producing a

vertical salinity stratification. Stratified conditions persist during

the early ice free season until wind and currents eventually mix the water

column. The seasonal range of salinities in the arctic shallow-water

greatly exceeds that seen in most temperate zone areas and provides a

serious physiological challenge for those organisms inhabiting this re-

gion.

Other environmental factors faced by arctic animals during the winter

include low temperatures at or slightly below the freezing point of seawater
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and extremely low light levels. Animals swimming in the water column may

be exposed to supercooled or ice crystal laden seawater and may therefore

run the risk of freezing. However, marine invertebrates usually remain

isosmotic or slightly hyperosmotic to the ambient seawater (Potts and

Parry, 1964) and are not likely to freeze before the surrounding seawater.

Antarctic invertebrates have been reported to use hyperosmotic regulation

to avoid freezing (Rakusa-Suszczewski and McWhinnie, 1976) and if this

mechanism is used by arctic invertebrates, the lower winter temperatures

may not present a serious threat to survival.

Another aspect of low winter temperatures is the potential depression

of metabolic rates and activity levels. Poikilotherms are known to have

the capacity to compensate for low habitat temperatures by elevating their

metabolic rates (Vernberg and Vernberg, 1972) and arctic animals have been

shown to have metabolic rates that are not dissimilar from those of ' -•

perate zone species at their respective habitat temperatures (Scholande,

et al. 1953). However, studies on the metabolism of arctic animals during

the actual winter season are rare and further information is needed.

The rationale for studying the physiological responses of arctic in-

vertebrates to winter conditions is that this information permits one to

predict the habitat requirements of the species. A knowledge of tolerance

ranges and sublethal physiological responses allows identification of habi-

tat conditions that would not be favorable for survival. Although physio-

logical adaptations are not always the primary determinants of distribution

patterns, they are apt to be more significant in extreme environments such

as the arctic shallow-water system. The predictive aspect of physiological

studies is particularly attractive when dealing with the harsh field condi-

tions of an arctic winter where it is often difficult to obtain an adequate

number of samples in the field to determine distribution patterns. Further-

more, a knowledge of the normal physiological responses to environmental

stresses provides a baseline for evaluating the effects of pollutants that

may be introduced during offshore oil exploration and production phases.

Several studies have been made on the response of arctic marine inver-

tebrates to crude oil exposure (Percy and Mullin, 1975; Busdosh and Atlas,

1977). These studies have tended to focus on conditions that occur during

the ice free months and further information is needed under winter environ-

mental conditions. Also the number of species studied so far is small and
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information on the crude oil sensitivity of some important food species for

higher trophic levels (e.g. mysids) is lacking.

This study focuses on the tolerance and metabolic response of selected

epibenthic and benthic arctic invertebrates to winter stresses, particularly

hypersaline and crude oil stress, in an attempt to fill some of the data

gaps mentioned above. As this project is continuing during FY'80, some of

the information presented in this progress report may be expanded or re-

fined. A final report will be prepared by the end of FY'80.
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METHODS

Collection of Animals for Physiological Experiments

Amphipods were collected with amphipod traps baited with sardines.

The traps were constructed from clear acrylic tubing about 10 cm diameter

and 30 cm long with a cone of fiberglass window screening in each end.

Traps were deployed through a 20 cm diameter hole drilled in the ice and

were left on the bottom for no longer than 24 hours. Upon retrieval the

traps were immediately immersed in a bucket of freshly obtained seawater

and promptly returned to the laboratory. Mysids were collected by SCUBA

divers using hand dip nets. The nets were provided with a long bag and

a mesh funnel insert which facilitated retention of the captured mysids

during the dive. Benthic species such as polychaete worms were either

collected by hand during diving operations or by a Ponar grab sampler

deployed through an ice hole.

The primary collecting site for the amphipods, Anonyx nugax, Onisimus

litoralis, and Tryphosella schneideri, the mysid, Mysis littoralis and the

isopod Saduria entomon was located about 400 to 500 m from shore adjacent

to the Naval Arctic Research Laboratory at Barrow. The amphipod, Boeck-

osimus affinis was primarily collected in Elson Lagoon near Pt. Barrow.

Specimens of A. nugax, B. affinis, Atylus carinatus, and M. littoralis

were also collected at the Stefansson Sound boulder patch (Dive Site 11)

to permit comparisons of animals from the lease area with those from

Barrow.

Laboratory Maintenance of Animals

Animals were maintained at 32‰ salinity and -1.00 C in Percival con-

stant temperature incubators. Photoperiod was adjusted to match the am-

bient photoperiod of the season when the animals were collected. The

animals were stored in either polystyrene or polyethylene boxes and the

seawater was not aerated. The oxygen content of the water in the contain-

ers was checked several times by Winkler titration and was found not to fall

below 75% of saturation. Animals were not fed during maintenance and ex-

perimental procedures, but some food intake invariably occurred as a result

of consumption of the few individuals that died during storage. Survival

was excellent under these maintenance conditions and the animals appeared
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to be in good health for periods well exceeding one month. Generally

laboratory maintenance for the animals used in experiments did not ex-

ceed two to three weeks to avoid potential problems from long-term

storage.

Salinity Tolerance Experiments

Two types of salinity tolerance experiments were run on the major

species studied. Acute tolerance experiments were conducted by immedi-

ate transferring animals from their normal salinity of 32 %oo to a test

salinity either above or below this point. Survival of the animals was

monitored at least daily for 7 days. In some experiments survival was

monitored at 3, 6, 12 and every 12 hours for the 7 day period. In addi-

tion, the activity level of each individual was subjectively rated at

each observation period using the following scale:

4 - normal locomotor activity

3 - slightly reduced locomotion but still spontaneous or only
requiring slight prodding.

2 - loss of spontaneous locomotion. Some locomotion is still
possible but requires extensive prodding.

1 - greatly reduced activity, only minor appendage movement is
possible and no locomotion occurs

0 - dead, no appendage movement even with extensive prodding.

Gradual tolerance experiments were conducted by transferring animals at

5‰ increments upwards or downwards from the normal salinity of 32‰

every 2 days. Survival and the activity level were rated daily. Salin-

ity transfers continued until no survivors remained. Presumeably this

procedure allows some degree of acclimation to occur as stressful salin-

ities are gradually approached. The choice of a 2 day adjustment at each

new salinity is largely arbitrary but is based upon the capabilities of

some crustaceans to complete most of their osmoregulation to a new salinity

in 2 to 3 days (Dehnel, 1962).

All salinity tolerance experiments were conducted at a temperature of

-1.0 0 C and under a photoperiod that matched the ambient photoperiod of the

season during which the animals were collected. Acute tolerance experi-

ments were carried out in polyethylene freezer boxes containing about 350ml

seawater of the appropriate salinity. Salinities above that of normal sea-

water were prepared by adding brine obtained by freezing buckets of seawater.
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Dilute salinities were obtained by dilution of fresh seawater with dis-

tilled water. Salinities were routinely measured with an A-O Goldberg

optical salinometer. Five animals were placed in each box and a total

of 10 animals was exposed to each test salinity in each experiment run.

The gradual salinity tolerance experiments were conducted in larger poly-

styrene boxes containing either 1 or 2 1 of seawater. A total of 20 ani-

mals was exposed to either the increasing or decreasing salinity series

in each experiment run.

Double Stress - Salinity and Crude Oil Tolerance

Double stress experiments in which the animals were exposed to hyper-

saline conditions along with dispersions of crude oil in seawater were

run for the more abundant epibenthic species. Animals were exposed to

the double stress conditions in accordance with the procedures described

for acute tolerance tests above with the following modifications. Crude

oil dispersions were prepared daily as described below using seawater of

the approporiate salinity. After equilibration of the dispersions to

-1.00C, the animals were acutely transferred to the test conditions.

Survival and the subjective activity rating was monitored at 24 hour in-

tervals for 4 days. Animals were transferred to freshly prepared oil

dispersions at 24 hour intervals immediately following each observation

period. The experiments were run in 32 oz. wide mouthed screw capped

glass jars to facilitate cleanup procedures. Each jar contained 350 -

400 ml of the oil-seawater disperion and 5 individuals of the test species.

A total of 10 individuals was exposed to each test condition in each exper-

iment run.

Preparation of Oil - Seawater Dispersions

Preparation of oil-seawater dispersions followed the method of Percy

and Mullin (1975) closely. Seawater was adjusted to the desired test

salinity, filtered through a 0.45p Millipore filter, and equilibrated to

room temperature. Prudhoe Bay crude oil, which was stored in tightly

capped vials in a freezer under dark conditions, was added to 500 ml ali-

quots of the seawater in 1000 ml erlenmeyer flasks in the following con-

centrations:

a) Seawater only, no oil (control)
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b) 2 5µl of crude oil per 500 ml of seawater

c) 100µl of crude oil per 500 ml of seawater

d) 250µl of crude oil per 500 ml of seawater

The erlenmeyer flasks were stoppered and placed on a wrist-action shaker

(252 oscillations per minute) for one hour. The dispersions were then

immediately transferred to 500 ml glass separatory funnels and allowed to

stand undisturbed for 3 hours. At the end of this period, the lower 400-

450 ml of the oil-seawater dispersion was slowly drained into 32 oz. glass

jars. The upper layer containing coalesced oil was discarded. The jars

were then capped and transferred to an incubator set at -1.0 0 C and allowed

to thermally equilibrate before receiving the animals. The decision to

prepare the dispersions at room temperature was based upon the findings

of Percy and Mullin (1975) that dispersions prepared at 20 - 22°C are more

stable than those prepared at OC yet they both contain essentially the

same average amount of oil over a 24 hour period. No attempt was made to

analyze the actual oil content of these dispersions during the 1978-79

winter season, however analysis of the oil content of standard dispersion.

is planned for the 1979-80 winter season.

Metabolic Rate Determinations

Metabolic rates of common epibenthic and a few benthic animals were

determined as 02 consumption with a Gilson Differential Respirometer out-

fitted with the all glass manometer system. Standard 15 ml respirometer

flasks with one sidearm and no center well were used for most determina-

tions. Flasks contained 5 ml of seawater of the desired salinity in the

main compartment and 0.2 ml of 20% KOH in the sidearm as a CO2 absorbent.

A single individual of the test species was placed in each flask. Bath

temperature was -1.0 0 C for all runs and the flasks were equilibrated for

approximately one hour before the determinations started. Runs conducted

during the winter dark period were done in total darkness. Readings were

made with a small flashlight equipped with a dark red lens. Runs conducted

during the spring were done in subdued light. Readings were taken at

hourly intervals for a period of 7 hours. Upon completion of the run, the

animals were removed, briefly rinsed in distilled water, and dried at 70°C

for 48 hours. Dry body weights were determined with a Cahn model DTL

electrobalance.
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Interval volume changes were corrected using the average change of

two blank flasks. Metabolic rates were calculated as µlO[subscript]2/gm hr at STP.

These values were then used in a linear regression analysis of the log

µl0[subscript]2/gm hr against dry body weight. The slope of this relationship was

then used to correct all of the metabolic rates to a standard body weight

that approximates the mean body weight for the population under study. In

this way variations in body weight between experimental groups was elimin-

ated as a variable. The equation used to correct the metabolic rates to a

standard body weight is:

Z = log µlO[subscript]2/gm hr + b (log standard weight - log dry body weight)

where b is the slope of the linear weight regression. The Z values for

the different treatment groups in an experiment were then subjected to an

analysis of variance to determine significance of treatments. All calcu-

lations were performed on a Texas Instruments Model 59 programmable calcu-

lator.

Effect of Salinity and Oil-Seawater
Dispersions on Metabolic Rates

The effect of salinity on metabolic rate was determined for the

three most common epibenthic invertebrates, Mysis littoralis, Anonyx

nugax and Boeckosimus affinis. All 3 species were run at 15, 20, 32, 40,

45, and 50‰. In addition M. littoralis was run at 10%/o and B. affinis

was run at 5, 10 and 55‰. The animals were acclimated to the test

salinities for 6 days before they were run. All acclimations and meta-

bolic rate determinations were made at -1.0°C and the animals were not

fed during these procedures. In most cases a total of 16 animals was run

at each salinity.

The combined effect of salinity and oil-seawater dispersions was also

investigated for the above 3 species. For each species combinations of

oil and salinity stress were selected that would not be lethal to most of

the animals over the experimental period. Two different lengths of ex-

posure to oil dispersions were used. Initially animals were exposed to

the oil-seawater dispersions for 12 hours prior to a run. When it be-

came evident that the effects of a 12 hour exposure were minimal, the

exposure period was extended to 36 hours in later experiments. The fol-

lowing combinations were run for each species:
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Duration

Collection Test Oil Conc. of Oil

Species Site Test salinities per 500 ml Exposure

Mysis
littoralis Barrow 32,40,45,50‰ 0,25,100µl 12 hr

Mysis
littoralis Barrow 10,32,45,50‰ 0,25,100µl 36 hr

Mysis
littoralis Stefansson Sound 45‰ 0,25µl 12 hr

Anonyx nugax Barrow 32,40,45‰ 0,25,100, 2 50µl 12 hr

Boeckosimus Elson Lagoon 32;40,50‰ 0,25,100µl 36 hr
affinis

Boeckosimus Stefansson Sound 32,40,45,50,55‰ 0,25µl 12 hr
affinis

Animals in the above experiments were moved to their test salinities

gradually in 5/%o increments every 2 days. After reaching the test salinity

they were allowed to acclimate for 6 days prior to a run. Exposure to uit

seawater dispersions were initiated during the 12 or 36 hour period just

prior to a run. Oil dispersions were prepared in seawater at the test

salinity as described previously. In those experiments where a 36 hour

exposure period was used, animals were transferred to a fresh dispersion

after the first 24 hours of exposure. The water used in the respirometer

flasks was an oil-seawater dispersion at the test salinity that had been pre-

pared 12 hours earlier. All runs were conducted at -1.0°C and in subdued

light.

Freezing Tolerance

A small number of freezing tolerance experiments were conducted on 2

common amphipod species, Anonyx nugax and Boeckosimus affinis. Animals were

exposed to freezing conditions in 8 dram shell vials containing about 20 ml

of 32‰ seawater. Each vial was provided with a rubber stopper with a thin

glass tube that extended to the bath surface and served as an air vent.

Vials were attached to vertical wire racks to facilitate removal of batches

at different times during the exposure period. Prior to transfer of the

animals, the vials filled with seawater were placed in the constant temper-

ature bath set at -2.8°C and allowed to equilibrate. The vials were then

briefly removed from the bath and one amphipod was placed in each vial.

The vials were then resubmerged and once again equilibrated to the bath
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temperature. The seawater never froze during these equilibration periods

and it was necessary to seed each vial with ice crystals to initiate

freezing. Seeding was accomplished by packing snow into the end of a

long glass capillary tube, inserting this down the air vent tube into

the vial, and blowing the crystals into the supercooled seawater. Once

seeding was accomplished the seawater in the vial froze within several

minutes. Animals were exposed in the frozen vials for periods of 1, 3,

4, 5, and 8 hours. At the end of each period a batch of 6 to 10 vials

was removed and the animals were transferred back into -1.00 C seawater

for recovery. Survival and general condition of the animals was monitored

at 24 and 48 hours after return to the recovery container.
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RESULTS AND DISCUSSION

Acute Salinity Tolerance Experiments

The response of several common benthic and epibenthic invertebrates

to salinity stress under winter conditions of temperature (-1.O0C) and

photoperiod indicates that many of these animals are very euryhaline. The

percent survival after 96 hours for animals acutely exposed to test sa-

linities is shown in Figs. 1 and 2. Although data was collected for 7 days

in these experiments, the survival at 4 days was nearly the same as that

recorded for 7 days exposure. In a few experiments survival had dropped

by 10% between 4 and 7 days, but there was no difference in many experiments.

The amphipods Boeckosimus affinis (Fig. 1A) and Onisimus litoralis (Fig. 2A)

appear to be the most euryhaline species studied in that they survive ex-

posure to salinities from 5 or 10‰ to at least 65‰. The scale worm

Malaenis loveni (Fig. 1B) may show an equally impressive range, but the

lack of data at low salinities precludes making a definitive statement at

this time. The benthic haustoriid amphipod Pontoporeia femorata (Fig. 2B)

appears to tolerate hypersaline stress slightly less successfully than the

above species in that survival occurs at 60‰ but not at 65‰. The re-

maining amphipods Anonyx nugax (Fig. 1A), Tryphosella schneideri (Fig. 2A),

Atylus carinatus (Fig. 1B), and Aceroides latiper (Fig. 2B) and the mysid

Mysis littoralis (Fig. 1A) are all similar in their ability to tolerate

hypersaline conditions. Survival above 55‰ is at best poor for all of

these species, and none survive 60‰. Of the species for which a complete

range of salinities were tested, Anonyx nugax is clearly the most steno-

haline animal. Survival in brackish waters below 20‰ is poor. In con-

trast, Atylus carinatus and Mysis littoralis survive dilutions of sea-

water at least down to 5‰ quite well. These two species are clearly

euryhaline yet do not have quite as wide a tolerance range as Boeckosimus

affinis and Onisimus littoralis mentioned above.

The activity rating made during the acute salinity tolerance experi-

ments may provide a more ecologically relevant basis for establishing tol-

erance ranges. When exposed to stress conditions the animals become im-

mobile considerably sooner than data on complete death would suggest. In

the scale used to rate activity, a rating of 2 indicates the point at

which spontaneous locomotion has ceased. Presumably at this point the

423



Figure 1. Acute 96 hour salinity tolerance of arctic epibenthic marine

invertebrates at -1.0°C. A. top panel; B. bottom panel.
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Figure 2. Acute 96 hour salinity tolerance of arctic marine invertebrates
at -1.0°C.

A. top panel - epibenthic amphipods

B. bottom panel - benthic amphipods
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animal would become much more susceptible to predation in its natural

habitat and might be considered ecologically dead. The mean activity

ratings from the acute salinity tolerance experiments are presented in

Figs. 3 and 4. The same general trends that were noted for the survival

data are seen here, but the salinity ranges for spontaneous locomotion

are narrowers. Onisimus litoralis (Fig. 3B) and Boeckosimus affinis

(Fig. 3A) are again the most euryhaline species. 0. litoralis maintains

spontaneous locomotion from <5 to about 58‰ and B. affinis from <10

to about 55‰. Atylus carinatus (Fig. 3B) is slightly less euryhaline

with a salinity range for spontaneous activity from <5 to about 53‰.

More data is needed on this species to firmly establish the upper end

of the range because determinations were made at 10‰ intervals. Mysis

littoralis (Fig. 3A) maintains spontaneous activity from <5 to about 50‰.

In contrast, Anonyx nugax (Fig. 3A) is again the most stenohaline species

and maintains spontaneous locomotion over the considerably narrower

range of about 19 to 46‰. The decreased activity ratings at 20 and 40‰

are significantly different (p = 0.05) from that at 32‰ according to

Mann-Whitney tests. Data over the complete salinty range is not yet

available for the two more benthic amphipods. Pontoporeia femorata and

Aceroides latipes (Fig. 4) but these species maintained spontaneous ac-

tivity up to about 47‰ and 43‰, respectively. Their responses appeared

similar to that of Anonyx nugax in that activity was more sharply depressed

by elevated salinities than it was in the more euryhaline species. The de-

creased activity ratings at 40 and 45‰ for P. femorata and at 40‰ for

A. latipes are significantly different (p= 0.05) from those at 32‰

according to Mann-Whitney tests.

Gradual Salinity Tolerance Experiments

Gradual salinity tolerance experiments were conducted on several of
the most common epibenthic invertebrates. In general, the more gradual

approach to stressful salinities allowed a somewhat wider range of sa-

linities to be tolerated. Mysis littoralis (Fig. 5A) tolerated succes-

sive dilutions down to 0.5‰ and increases of salinity up to 55‰.

Compared to the acute tolerance experiment (Fig. 1A) this represents

about a 5‰ increase at the upper end of the range. Tolerance to low

salinities appeared somewhat lower than in the acute experiment in that
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Figure 3. Effect of acute salinity transfers on activity of arctic epi-

benthic marine invertebrates after 96 hours exposure to test salinities

at -1.0°C. The following subjective activity rating scale was used:

4 = normal

3 = slightly reduced

2 = loss of spontaneous locomotion

1 = greatly reduced

0 = dead

A. top panel; B. bottom panel
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Figure 4. Effect of acute salinity transfers on activity of arctic benthic

marine amphipods after 96 hours exposure to test salinities at -1.0
0 C. Ac-

tivity rating scale as in Figure 3.
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Figure 5. Gradual salinity tolerance of arctic epibenthic marine inverte-
brates at -1.0°C. Animals were transferred from 32‰ to either higher or
lower salinities in 5‰ increments every 48 hours. Survival is recorded
after 48 hours in each new salinity. A. top panel; B. bottom panel.
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survival at 5‰ was only 50% compared to 90% in the acute run. Anonyx

nugax (Fig. 5A) also survived over a greater range of salinities, with

the gradual transfers. Survival was well above 50% between 15 and 55‰.

The most impressive increase was seen for Atylus carinatus (Fig. 5B) which

survived well from 2.5 to 70‰. Complete mortality had occurred at 60‰

in the acute run for this species.

In contrast to the above results, gradual transfers to stressful

salinities did not improve the range of salinities for spontaneous loco-

motion. The activity rating for Anonyx nugax (Fig. 6A) falls to 2 at

about 18 and 46‰, almost an identical range to that obtained with acute

transfers. Likewise the range for spontaneous locomotion for Atylus

carinatus (Fig. 6B) is about 4 to 53‰, the same as found in the acute

experiment. Mysis littoralis (Fig. 6A) has a range for spontaneous loco-

motion of about 8 to 55‰. In this case the response at low salinity is

poorer than that found in the acute experiment where activity was main-

tained to below 5‰. The upper limit for spontaneous activity is enhanced

by about 5‰ by the gradual transfer process.

Conclusions from Salinity Tolerance Experiments

Almost no information is available on the tolerance of arctic marine

invertebrates to natural environmental stresses. However, two studies

(Percy, 1975 and Busdosh and Atlas, 1975) have dealt with the ability of

the amphipod Boeckosimus affinis to tolerate salinity extremes. Percy

(1975) studied a population of this species from the Eskimo Lakes area

east of the Mackenzie River delta. This population survived acute sa-

linity transfers over the range of 5 to 35‰; considerably narrower than

the <10 to 65‰ range reported in this study. The discrepency may be the

result of several factors. The Eskimo Lakes population inhabits an area

of brackish water (9.9 to 17.2‰) and the animals used in Percy's (1975)

study were maintained at 17‰ prior to testing at salinity extremes. The

Elson Lagoon population used in this study inhabits an area of higher sa-

linity (32‰). In one experiment Percy (1975) found that acclimation of

his test animals to 34‰ for 2 weeks increased survival at 40‰, sug-

gesting that some of the population differences might be due to the local

salinities to which the populations had become acclimatized. Busdosh and
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Figure 6. Effect of gradual salinity transfers on the activity of arctic

epibenthic marine invertebrates at -1.0°C. Animals were transferred from

32‰ to either higher or lower salinities in 5‰ increments every 48
hours. Activity was rated after 48 hours in each new salinity using the
scale in Fig. 3. A. top panel; B. bottom panel.
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Atlas (1975) report survival of their Elson Lagoon population of B. affinis

over a salinity range of 4 to 50‰ which is in closer agreement with the

range observed in this study. Both of the above previous studies were

carried out at higher temperatures than that used in the present study.

Some of the differences noted may be the result of these temperature dif-

ferences. Percy (1975) reports better survival of B. affinis at high salin-

ities when acclimated to OC rather than 8°C. Since our runs were con-

ducted at -1.0°C rather than at 5 or 15°C as used by Busdosh and Atlas

(1975), increased survival at high salinities is to be expected.

Species differences in the ability to tolerate salinity extremes

suggest that seasonal differences in distribution may be expected. Mysis

littoralis tolerates brackish waters down to 5%/o well but appears to only

have moderately good abilities to tolerate hypersaline conditions. During

the winter, as ice cover and hypersaline conditions increase in lagoons

M. littoralis might be expected to avoid these conditions by migration to

more stable oceanic waters. However, their ability to tolerate low salin-

ities would permit migration back into lagoons during the ice free period

when more brackish conditions prevail. Griffiths and Dillinger (1979), in

fact, hypothesize movements of this type for M. littoralis based upon bio-

logical sampling at different seasons. Without getting into the question

of causal relationships, it is at least interesting to note the close cor-

relation between physiological capabilities and seasonal distribution

patterns.

Boeckosimus affinis is tolerant of brackish waters and is more toler-

ant of hypersaline conditions than M. littoralis. This suggests that B.

affinis may be able to function in at least the moderately hypersaline

areas of lagoons during the winter and may not be forced to migrate to

oceanic waters. The low salinity tolerance of this species would permit

it to remain in the brackish waters of lagoons during the ice free season.

In our efforts to collect amphipods for this study we consistently found

B. affinis in Elson Lagoon, but never caught them in traps set in the

more oceanic waters of the Chukchi Sea near the Naval Arctic Research Lab.

Apparently Busdosh and Atlas (1975) were able to collect this species in

Elson Lagoon during June and July. Percy (1975) has reviewed the distri-

bution of B. affinis and indicates that it has most frequently been found

in brackish water conditions with a few exceptions where it has been
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reported from more oceanic waters. The broad range of salinities reported

for this species in the literature is not inconsistent with the tolerance

range described in this study.

Onisimus litoralis would appear to have simila~ salinity tolerance

capabilities to that found for B. affinis. Detailed information on the

distribution and salinity preference of this species seems to be lacking

in the literature. However Gurjanova (1938) (cited in Zenkevitch, 1963)

indicates that 0. litoralis prefers lowered salinities. We have commonly

caught this species during both summer and winter in the oceanic waters of

the Chukchi Sea near Barrow. Griffiths and Craig (1978) report collecting

this species in low numbers during the summer in Simpson Lagoon. 0. lit-

oralis therefore appears to inhabit a wide range of conditions which is

not inconsistent with its broad salinity tolerance range.

Anonyx nugax has consistently been the most common amphipod species

caught in our traps set in the Chukchi Sea near the Naval Arctic Research

lab (NARL). It was also, along with B. affinis one of the most common am-

phipods trapped at the Stefansson Sound boulder patch (Dive Site 11) in

November, 1978. This species has not appeared in our lagoon collections

and during the summer months it becomes relatively rare in the shallow

waters of the Chukchi Sea near NARL. No information on its habits was

available in the literature. Since A. nugax appears to be relatively

stenohaline from the results of this study, it is postulated that this

species is restricted to oceanic waters of near normal salinity. The dis-

appearance of the bulk of the population from the shallow Chukchi waters

during the ice free season probably indicates migration to deeper more

stable waters.

Atylus carinatus is similar to Mysis littoralis in its salinity re-

sponse. Tolerance is good under brackish water conditions but only

moderate in hypersaline waters. Activity becomes depressed at 50‰.

Detailed information on distribution appears to be lacking for this species.

Griffiths and Craig (1978) report the species in low abundance in Simpson

Lagoon and at a shallow Beaufort Sea station adjacent to a barrier island

in mid August. We collected large numbers of Atylus at the Stefansson

Sound boulder patch (Dive Site 11) in May 1979 and Ken Dunton (personal

communication) reported large numbers there in March 1980. During May

1979 there was about a 1 m thick layer of 15.5‰ water just beneath the
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ice but the water below the halocline where all of the Atylus were active

(diver observation) was about 30‰. During the March 1980 period the

salinity was about 37‰. It appears from these few observations that

Atylus carinatus restricts its distrubtion to waters of near normal sa-

linity. The salinity tolerance data suggests it could function in brack-

ish water, but was seen to avoid these conditions in its natural habitat.

Data was collected on the remaining species only under hypersaline

conditions so no conclusions can be drawn about the total tolerance ranges.

The polychaete scale worm Melaenis loveni has been collected by our group

in near normal salinities in the Chukchi Sea at NARL and in slightly hyper-

saline conditions (37‰) in the Stefansson Sound boulder patch (Ken Dunton,

personal communication). The tolerance of this species is exceptionally

good at high salinities so it should be able to withstand hypersaline

lagoon conditions if some other factor does not prevent utilization of

this habitat. Pontoporeia femorata and Aceroides latipes are both free

burrowing benthic amphipods which we collected from Elson Lagoon. Ponto-

poreia femorata is reported to favor normal to lowered salinities (Gurja-

nova, 1938 cited in Zenkevitch, 1963). The collections made by this re-

search unit (RU-356) indicate that the species reaches maximum abundance

in waters greater than 2 m depth. P. femorata can tolerate salinities

approaching 60‰ but its activity becomes severely depressed above 45‰.

If it inhabits hypersaline regions of lagoons during the winter, our data

suggests it must become inactive. Migration from these stressful conditions

seems likely though but we have no information on its winter distribution.

Aceroides latipes appears similar to P. femorata but there is no indication

of its habitats in the literature. Tryphosella schneideri does not appear

to tolerate salinities above 50‰ well. The only site at which we have

encountered this species is in shallow Chukchi Sea waters near NARL in

February 1980. No cther information seems to be available on its distri-

bution pattern. On the basis of its tolerance to hypersaline conditions

and its rarity in shallow water samples, it is postulated that this species

is restricted to more stable oceanic waters.

Effect of Salinity on Metabolic Rates

The effect of salinity on the metabolic rate was investigated in three

common epibenthic invertebrates: Mysis littoralis, Anonyx nugax and
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Boeckosimus affinis. Both M. littoralis and B. affinis show metabolic

independence over a broad range of salinities (Fig. 7). For M. littoralis

this range extends from 10‰, the lowest salinity tested, to 40‰. Above

400/o the metabolic rate declines with increasing salinity. For B affinis

the range of independence extends from 5 to 45%/o and then begins to de-

cline. A. nugax, however, shows no independence from salinity and its

metabolism becomes depressed at 20‰ and at 45‰. Although the mean

metabolic rate for this species at 40‰ is considerably below that at 32‰,

the two values are not statistically significantly different.

The trends seen in the tolerance and activity response of the species

to salinity stress are evidently reflected in their metabolic response to

this factor. Both of the euryhaline species, M. littoralis and B . ,

are those that show metabolic independence from salinity. Furthermore,

the breadth of the salinity range over which metabolism is not altered

correlates with the degree of euryhalinity. The stenohaline species on

the basis of tolerance, A. nugax, has its metabolic rate severely perturbed

by salinities only slightly below or above normal oceanic salinities.

Percy (1975) and Busdosh and Atlas (1975) have reported on metabolic

responses of B. affinis to salinity with somewhat different results than

those reported in this study. Percy (1975) found that when the amphipods

were acclimated to each salinity, as they were in the present study, the

metabolic rate was independent of salinity over the range 10 to 25‰.

At 30 and 35%o metabolism was depressed. Busdosh and Atlas (1975) found

this species to have salinity independent metabolism over the range 5 to

35‰ and metabolism was depressed at 45‰. In the present study, sa-

linity independent metabolism was maintained up to 45‰. The differences

in the upper end of the salinity independent region parallel the diffences

in tolerance to hypersaline conditions reported in the three studies. As

was mentioned previously, differences in habitat salinity regimes to which

the populations have become acclimatized and temperatures at which the

studies were carried out may account for the discrepencies.

The rates of metabolism shown in Fig. 7 have been corrected to the

approximate average dry body weight for the populations being studied.

These weights are 7 mg for M. littoralis, 20 mg for B. affinis and 100 mg

for A. nugax. The absolute differences in metabolic rate are to a great

extent the result of these differences in body weight, since small animals
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Figure 7. Effect of salinity on the metabolic rates of arctic epibenthic

marine invertebreates at -1.°C. Animals were acclimated to the test

salinities 6 days prior to a run. Metabolic rates were corrected to a

standard dry body weight as follows for each species:

Mysis littoralis (closed circles) - 7 mg.

Boeckosimus affinis (open circles) - 20 mg.
Anonyx nugax (closed triangles) - 100 mg.
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have a proportionally higher metabolism per unit weight than do large ani-

mals. If the metabolic rate for A. nugax at normal salinity (32%/o) was

corrected to the same body weight as the M. littoralis population (7 mg) the
rates of the two species would be almost identical. Thus the differences in

this case are entirely due to body size difference. On the other hand, B.
affinis appears to have a proportionally lower metabolic rate than the other
two species. Note that at 32‰ a 20 mg B. affinis has the same rate as a

100 mg A. nugax. If both of these were corrected to a similar body weight

the rate for B. affinis would be lower. The reason for this may relate to
the physical behavior of the species. Both M. littoralis and A. nugax

tend to swim fairly constantly while B affinis has been observed to inter-

sperse swimming with relatively long quiescent periods on the bottom.

All of the absolute rates shown appear normal for an invertebrate and

compare favorably with rates for temperate zone crustaceans at their much

higher habitat temperatures. That these normal metabolic rates are main-

tained at a temperature of -1.00 C indicates that these arctic animals have

undergone metabolic compensation for their lower habitat temperatures

(Scholander et al. 1953).

Freezing Tolerance

Three freezing tolerance runs were carried out at -2.8°C with each of

the two common amphipods Anonyx nugax and Boeckosimus affinis. The data

have been combined and are plotted (Fig. 8) as the percent mortality on

a probability scale vs. the log of the exposure time. Although there is

considerable scatter in the data the resulting curves are distinctly dif-

ferent. The median survival time for A nugax falls at about 2.5 hours

while that for B. affinis is about 10 hours. The greater tolerance of B.
affinis under these experimental conditions is not unexpected, as this
species was found to have a higher tolerance to elevated salinities than
A. nugax. During the freezing process in these experiments, the amphipods

became trapped in a restricted pocket of fluid as the growing ice crystals

surrounded them. Since this residual fluid contains the ions that were

excluded from the ice crystalline structure, the salinity surround-

ing the amphipods was elevated. In addition the diffusion of ox-

ygen into these brine pockets is also restricted by the surrounding
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Figure 8. Freezing tolerance of arctic epibenthic amphipods at 32‰ sa-

linity and -2.8°C. Mortality was determined after 24 hours recovery at

-1.0°C.
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ice and oxygen depletion may become an important variable. B. affinis

is a somewhat smaller species than A. nugax and if similar sized animals

are compared, B. affinis has a lower metabolic rate. Both of these

factors might contribute to longer survival under the experimental con-

ditions. It is not known whether the body fluids of any of the amphi-

pods exposed to freezing conditions actually froze. It seems likely that

without penetration of ice crystals through the body wall to seed crystal

formation, the body fluids remained unfrozen in a supercooled state.

One conclusion seems obvious from these experiments. If either of

these amphipod species become trapped in newly forming ice, they will not

survive for prolonged periods. The likelihood of this occurring in re-

duced by the epibenthic habit of these species. Diver observation (J
Hanes) indicate that most of the activity of these species occurs near
the bottom rather than at the ice undersurface.

Double Stress - Salinity and Crude Oil Tolerance

Standard 96 hour toxicity bioassays were conducted on Mysis littoralis

Anonyx nuoax, and Boeckosimus affinis exposed to different concentrations

of Prudhoe Bay crude oil dispersions and elevated salinities. The salin-

ity series used in each experiment was chosen on the basis that it had

been shown to be stressful but not lethal to more than 50% of the popula-

tion in previous acute salinity tolerance experiments. Three concentra-

tions of oil dispersions were used in these experiments and they will be

designated:

1) Light = 25µl oil/500 ml seawater
2) Medium = 100µl oil/500 ml seawater
3) Heavy = 250µl oil/500 ml seawater

Mysis littoralis appears to be quite sensitive to crude oil disper-
sions. The survival data in Fig. 9A show that at normal salinity (32‰)
no mortality occurs in light dispersions of Prudhoe Bay crude oil but al-

most complete mortality occurs in the medium dispersion. As the salinity

stress is increased to 40 and 50‰ both light and medium oil dispersions

become almost completely lethal. The mean activity ratings for this spe-

cies at 96 hours are shown in Fig. 10A. Activity is severely depressed

in both light and medium dispersions at all salinities. Even at 32‰ a
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Figure 9. Effect of 96 hour exposure to Prudhoe Bay crude oil dispersions

on the acute 96 hour salinity tolerance of arctic epibenthic marine inver-

tebrates. The following concentrations of crude oil were used:

Control (open circles) - no oil

Light (closed circles) 25µl oil/500 ml seawater.

Medium (closed triangles) - 100µl oil/500 ml seawater.

Heavy (closed squares) - 250µl oil/500 ml seawater.

A. top panel; B. bottom panel
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Figure 10. Effect of salinity and Prudhoe Bay crude oil dispersions on the

activity of arctic epibenthic marine invertebrates after 96 hours exposure

to the test conditions. Activity ratings scale as in Fig. 3. The concen-

trations of crude oil dispersions are as follows:

Control (open circles) - no oil

Light (closed circles) - 25µl oil/500 ml seawater

Medium (closed triangles)- 100µl oil/500 ml seawater

Heavy (closed squares) - 250µl oil/500 ml seawater

A. top panel; B. bottom panel
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light dispersion causes a loss of spontaneous locomotion (rating of 2).

However this point is not significantly different from the controls (no

oil) according to a Mann-Whitney test. For some unknown reason there

was a deterioration in the condition of the 32‰ control group in this

experiment. At 50‰, even though the controls are more active than

those exposed to either oil dispersion, there are no significant differ-

ences between the experimental groups. Under these conditions the

salinity stress alone apparently accounts for most of the reduced ac-

tivity.

Anonyx nugax appears somewhat less sensitive to crude oil disper-

sions than M. littoralis. At 32 and 40‰ survival is not affected by

either light or medium oil dispersions (Fig. 9B). Heavy dispersions

greatly reduce survival at 32‰ and are completely lethal at higher sa-

linities. At 45‰ the light and medium oil dispersions result in high

mortality. The activity ratings shown in Fig. 10B indicate that even

though survival is good at 32 and 40‰ activity is significantly de-

pressed by all of the oil dispersions. A medium dispersion eliminates

spontaneous locomotion at 32‰. The effect of oil dispersions on activ-

ity does not appear to be strongly influenced by salinity in that activity

is similarly depressed by each dispersion at all salinities. This con-

trasts with the strong interaction seen between salinity and oil effects

in terms of survival. Mann-Whitney tests indicate that all of the treat-

ments are significantly different at 32 and 40‰. At 45‰ the 3 oil

dispersion treatments are significantly different from the control but not

from each other.

Boeckosimus affinis from the Stefansson Sound boulder patch are mod-

erately sensitive to crude oil dispersions. Both light and medium disper-

sions caused mortality at 32‰ (Fig. 11A) the latter resulting in 50%

survival at 96 hours. At 40‰, survival of this population was less in-

fluenced by oil dispersions but at 50‰ mortality was high in the medium

dispersions. The activity ratings (Fig. 12A) indicate that activity was

depressed below the level of spontaneous locomotion by both light and

medium dispersions at all salinities. All the treatments are significant-

ly different at 32‰ according to Mann-Whitney tests. At 40‰ the two

oil treatments are significantly different from the controls but not from
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Figure 11. Effect of 96 hour exposure to Prudhoe Bay crude oil dispersions

on the acute 96 hour salinity tolerance of Boeckosimus affinis from two

different locations. The concentrations of crude oil dispersions are as

follows:

Control (open circles) - no oil

Light (closed circles) - 25µl oil/500 ml seawater

Medium (closed triangles) - lOOµl oil/500 ml seawater

A. top panel; B. bottom panel
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Figure 12. Effect of salinity and Prudhoe Bay crude oil dispersions on

the activity of Boeckosimus affinis from two different locations. Acti-

vity was rated after 96 hours exposure to the test conditions using the

activity rating scale in Fig. 3. The concentrations of crude oil disper-

sions are as follows:

Control (open circles) - no oil

Light (closed circles) - 25µl oil/500 ml seawater

Medium (closed triangles) - 100µl oil/500 ml seawater

A. top panel; B. bottom panel
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each other. At 50‰ only the medium dispersion is significantly differ-

ent from the control treatment.

Boeckosimus affinis from Elson Lagoon appear less sensitive to oil

dispersions that the population from Stefansson Sound. Fig. 11B shows

that survival is only slightly reduced by light and medium oil disper-

sions at elevated salinities. Activity is significantly reduced from the

control values at 32, 40 and 50‰ by both light and medium dispersions,

however loss of spontaneous locomotion only occurs at 40‰ and above in

the medium dispersion. At 60‰ and above the salinity stress alone

causes nearly complete mortality and loss of activity. The poor perform-

ance of the controls at 60‰ was unexpected as the previous acute salin-

ity tolerance experiment had indicated 90% survival for this population

at that salinity. Seasonal differences could contribute to the discrep-

ency as the acute salinity tolerance experiment was run in December while

the oil tolerance experiment was run in May.

A direct comparison of the activity ratings for the Stefansson Sound

and Elson Lagoon B. affinis populations is shown in Fig. 13. The Stefans-

son Sound population is significantly more sensitive to both light and

medium oil dispersions than the Elson Lagoon population at all test sa-

linities. Furthermore, the results under the control (no oil) conditions

indicate that the Stefansson Sound population is also more sensitive to

elevated salinity. Activity was significantly lower in this population

than in the Elson Lagoon population at 50‰. The reason for population

differences in sensitivity to oil dispersions is not known. Percy and

Mullin (1975) have reported possible seasonal differences for oil toxi-

city in this species, but this mechanism seems unlikely in the present

study in that the Stefansson Sound animals were tested in March and the

Elson Lagoon animals in May. Population differences in salinity toler-

ance could be the result of acclimatization of populations to local dif-

ferences in salinity regimes. Stefansson Sound receives more discharge

from major rivers than Elson Lagoon and the seasonal salinity regime

there may be different. The population of B. affinis studies by Percy

(1975) inhabited a more brackish area than those in the present study and

his amphipods were markedly less tolerant to elevated salinity.

Similar comparisons were made between populations of Mysis littoralis

from Stefansson Sound and from the region near Barrow. The response of

457



Figure 13. Comparison of the effects of salinity and exposure to Prudhoe

Bay crude oil dispersions on the activity of Boeckosimus affinis from two

different locations. Exposure to the test conditions was for 96 hours.

Statistical significance between the populations according to Mann-Whitney

tests is indicated below. N.S. - p >.05, s - p< .05.
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the Stefansson Sound mysids was not significantly different than that of

the Barrow animals when tested at 32%o in light and medium dispersions

of oil.

The results of these oil toxicity tests indicate that all three of

the species studied are relatively sensitive to seawater dispersions of

Prudhoe Bay crude oil. Either light or medium dispersions caused mortal-

ity and a significant reduction in locomotor activity at some salinities.

In general the oil toxicity was enhanced as hypersaline stress increased.

The implications of these findings for OCS oil development during the

winter months seems obvious. An oil spill during this season when many

of the shallow water epibenthic animals are stressed by hypersaline con-

ditions may have significant impact upon the populations. It is not

known whether exposure to low salinity stress similarly enhances oil

toxicity. Further studies are needed to evaluate this aspect.

Previous studies on the toxicity of crude oil to arctic species have

indicated a wide range of sensitivities (Percy and Mullin, 1975; Busdosh

and Atlas, 1977). Both of these studies found that B. affinis was rela-

tively sensitive to oil, in agreement with the findings of this study.

The conditons of the toxicity test used in the present study are most

similar to the procedures used by Percy and Mullin (1975) although out

tests were run at lower temperatures and higher salinities and a differ-

ent source of crude oil was used. They found that the species they stud-

ied fell into two distinct categories, sensitive and resistant, on the

basis of survival under exposure to 1000µl of crude oil dispersed in 500ml

of seawater. Since all three of the species used in the present study

showed considerable mortality in less concentrated oil dispersions than

those used by Percy and Mullin (1975), they should all be considered

sensitive species.

Effect of Oil Dispersions on Metabolic Rates

The metabolic rates of Mysis littoralis, Anonyx nugax and Boeckosimus

affinis were determined under various salinities and oil dispersions in an

effort to detect sublethal effects. Since the primary information desired

from these experiments is the effect of oil, the results are presented as

the percent change in metabolic rate from the control group. The controls
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are the no oil treatment group run at each salinity. All metabolic rates

were corrected to a standard body weight that approximated the mean weight

of the population being studied, before the percent changes were calcula-

ted. The absolute metabolic rates for these experiments appear in appendix

tables 1-3. To test for significance of differences, a 1-way analysis of

variance was run on the data at each salinity. If a significant oil treat-

ment effect was indicated a Newman-Keuls multiple range test was performed

to determine which means were significantly different.

Mysis littoralis exposed to light (25µl/500 ml) oil dispersions for

either 12 or 36 hours had slightly increased metabolic rates at all salin-

ities (Fig. 14). However, the rate was significantly greater than the con-

rols only for mysids tested at 32‰ and 36 hour exposure. Exposure to

medium (lOOµl/5OOml) dispersions resulted in either a decrease of the

amount of stimulation or an inhibition of metabolic rates compared to the

control animals. The trend was particularly pronounced for a 36 hour

exposure period where the inhibition was statistically significant at 10,

45 and 50‰.

Anonyx nugax showed the opposite trend in that exposure to a light

disperson of crude oil inhibited metabolic rates (Fig. 15). Increasing

the concentration of the oil dispersions to medium and heavy (250µl/500ml)

levels in most cases tends to cause either a decrease in the inhibiton or

an enhancement of the metabolic rates. The trend is most obvious at the

highest salinity tested, 45‰. At this salinity the inhibiton was sig-

nificant with both light and medium dispersions, but the stimulation seen

with the heavy dispersion was not statistically significant.

Boeckosimus affinis appears to respond to oil dispersions similarly

to A. nugax. Except at 40‰, the Elson Lagoon population shows inhibi-

tion of metabolic rates when exposed to light dispersions and a tendency

to reverse this trend in medium dispersions of crude oil. The response is

most obvious at 32‰ where the metabolic rate was significantly inhibited

in the light dispersion but not in the medium dispersion. The results at

40‰ show the opposite trend although the metabolic rates are not signif-

icantly different from the controls in either dispersion. The Stefansson

Sound population was inhibited by light dispersions at all salinities

tested, however the effect is statistically significant only at 45 and 50‰.

The population differences seen here parallel the differences in activity

levels reported in Fig. 13.
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Figure 14. Effects of exposure to Prudhoe Bay crude oil dispersions on the

metabolic rate of Mysis littoralis at different salinities. The volumes of

oil indicated were dispersed in 500ml seawater. Mysids were acclimated to

each test salinity for 6 days. Cases where the rates of the treated group

differ significantly from the control group (ANOV and Newman-Keuls test,

p< .05) are indicated by an asterisk.

462



463



Figure 15. Effects of exposure to Prudhoe Bay crude oil dispersions on the

metabolic rate of Anonyx nugax at different salinities. The volumes of oil

indicated were dispersed in 500 ml seawater. Amphipods were acclimated to

each test salinity for 6 days. Cases where the rates of the treated group

differ significantly from the control group (ANOV and Newman-Keuls test,

p< .05) are indicated by an asterisk.
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The metabolic response of marine invertebrates to crude oil exposure

is highly variable and depends upon the experimental environmental condi-

tions as well as the species being studied. Stimulation of metabolism by

low oil concentrations followed by a decrease in stimulation or an in-

hibition at higher oil concentrations has been reported for the clam Mya
arenaria (Stainken, 1978) and larvae of the horseshoe crab, Limulus poly-
phemus (Laughlin and Neff, 1977). At some temperatures the reversal of

stimulation at high concentrations was not seen in the latter study. Other

studies have reported an inhibition of metabolism at low oil concentrations

followed by either a reversal of the inhibition or a stimulation of res-

piration at higher oil concentrations (Edwards, 1978; Percy and Mullin,

1975; Percy, 1977). Further increases in oil concentration have been

found to reverse the stimulatory effect (Edwards, 1978). Percy (1977)

postulates that the initial inhibitory effects on metabolism result from

a decrease in activity. The subsequent stimulation of metabolism is

thought to be an effect of soluble oil components upon the basal or stan-

dard metabolism required for maintenance.

Both of the above patterns were observed in this study. A. nugax

and B. affinis tended to conform to the second pattern described above

in that light dispersions were inhibitory. Support for Percy's (1977)

hypothesis is seen in the close correlation between depressed locomotor

activity (Figs. 10 and 11) and depressed metabolic rates (Figs. 15 and

16) for these two amphipods. The increased sensitivity of the Stefansson

sound population of B. affinis for both of these functions is particu-

larly noteworthy. The lack of a clear stimulation of respiration of B.
affinis at higher oil concentrations is not inconsistent with Percy's

(1977) data on this species. He generally did not obtain stimulation

until his amphipods had been exposed to a dispersion of 1000 oil/500 ml,

a much higher concentration than those used in this study.

M. littoralis shows the first pattern described above in that there
is no apparent inhibition of metabolism at the lowest oil concentration

tested. It is possible that this pattern is not inconsistent with

Percy's (1977) hypothesis. M. littoralis appears extremely sensitive

to crude oil dispersions in that activity levels are severely depressed.

even in light dispersions (Fig. 10). In a sensitive species, a light
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Figure 16. Effects of exposjre to Prudhoe Bay crude oil dispersions on

the metabolic rate of Boeckosimus affinis at different salinities. The

volumes of oil indicated were dispersed in 500 ml seawater. Amphipods

were acclimated to each test salinity for 6 days. Cases where the rate

of the treated group differ significantly from the control group (ANOV

and Newman-Keuls test, p< .05) are indicated by an asterisk.
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dispersion (25µl/500 ml) may have already elevated standard metabolism

and an even less concentrated dispersion may be necessary to observe an

inhibition of respiration.

All three of the species studied have their metabolic rates signif-

icantly influenced by either light or medium dispersions of Prudhoe Bay

crude oil, and the effects tend to be more pronounced at extreme salin-

ities. Disturbances of metabolic rates are known to contribute to al-

tered carbon flux through populations of marine animals (Bilfillan, 1975;

Edwards, 1978). Consequently, an oil spill in the arctic shallow water,

particularly during the winter when populations experience hypersaline

stress, may have a significant impact upon the growth and energy flow

through these epibenthic species. Since amphipods and particularly

mysids have been shown to be important food sources for higher trophic

levels (Craig and Griffiths, 1978; Johnson, 1978, 1979) disturbances of

energy flow through these populations may have wide ranging consequeneces.

Conclusions

This study has established that many of the arctic shallow water

epibenthic invertebreates are euryhaline. However, the upper salinity

limits for survival and spontaneous locomotion for many species are

approached in the deeper waters of lagoons during late winter and spring

(Schell, 1975). To avoid these stressful conditions it is predicted

that many of the species will migrate from lagoons during the winter.

This prediction is supported by the seasonal distribution data for

mysids obtained by Griffiths and Dillinger (1979).

Exposure of epibenthic invertebrates to Prudhoe Bay crude oil dis-

persions has shown that three of the most common species are sensitive

to oil, particularly at elevated salinities where the animals may al-

ready be experiencing stress from that factor. These data suggest that

an oil spill during the winter months may have more serious impact than

one during a season with a less stressful salinity regime.
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Table 2.1. Anonyx nugax = Metabolic rates determined at -1.0°C and cor-
rected to a standard dry body weight of 45 mg. Animals were collected
near Barrow, Alaska.
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Table 2.2 . Mysis littoralis - Metabolic rates determined at -1.0°C and
corrected to a standard dry body weight of 14 mg. Animals were collected
near Barrow, Alaska.
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Table 2.3. Boeckosimus affinis - Metabolic rates determined at -1.0°C and
corrected to a standard dry body weight of 20 mg (Elson Lagoon) and 7 mg
(Stefansson Sound). Animals were collected in Elson Lagoon near Barrow,
Alaska.
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A Preliminary Study of the Distribution, Abundance

and Reproductive Patterns of the Amphipods Pontoporeia

affinis and Pontoporeia femorata in Barrier Island-Lagoon

Ecosystems of the Western Beaufort Sea

Helmut Koch

INTRODUCTION AND OVERVIEW

More than 50% of the coastline of the Alaskan Beaufort Sea is skirted

by discontinuous chains of barrier islands. Recent investigations of sev-

eral partially enclosed lagoons and bays situated between these islands

and the mainland coast have provided evidence which suggests that the

physical, hydrological and biological dynamics of these systems may be

different from those operating in more exposed coastal habitats and off-

shore regions (Alexander et al. 1975; Burrell et al. 1975; Craig and Grif-

fiths 1978; Crane and Cooney 1975; Griffiths and Dillinger 1979; Griffiths

et al. 1977; Schell 1975;Truett 1978, 1979). The following ecological

parameters appear to be important in influencing both the qualitative and

the quantitative character of the nearshore lagoon benthos.

Salinity and Temperature

Most Beaufort Sea lagoons and inner regions of bays have an estuarine

character during the open water season, at which times their waters are

relatively warm and brackish as a result of dilution with fresh water de-

rived from melting ice, river discharge and general land drainage. These

conditions seem to persist throughout the open water season, indicating

that barrier islands may retard exchange processes between lagoon and off-

shore marine waters (Truett 1979). It has been suggested that the heavy

utilization of nearshore lagoon areas by migrating anadromous fish (Craig

and Griffiths 1978), and the apparent immigration of certain species of

motile epibenthic invertebrates from offshore regions into the lagoons dur-

ing the summer may, in part, be related to these warmer, estuarine condi-

tions (Griffiths and Dillinger 1979).

Zenkevitch (1963) considers the nearshore Beaufort Sea to be part of

the shallow high arctic brackish-water region. Several seas in the
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northern USSR fall into this same category, and Zenkevitch lists numerous

benthic brackish-water relicts that occur there. There is considerable

overlap between the species he lists and those that have been found in

Beaufort Sea lagoons (personal observation), which suggests that the ben-

thic lagoon fauna is well adapted to brackish-water conditions. Neverthe-

less, restricted exchange between lagoon and offshore waters, particularly

in the shallower, more isolated portions of lagoons, can result in "psy-

chrogenic hypersalinities" occasionally exceeding 60‰ during late winter

and early spring (Schell 1975; Truett 1978). The effects of such high

salinities on the relatively sessile, non-migratory infauna of deeper la-

goon areas have yet to be established, but there is evidence that some of

the motile species can tolerate salinities exceeding 40-50‰ (Schneider,

this report). Further experimentation may reveal lagoon species to be

generally more euryhaline than offshore benthic species, which probably

experience near-normal salinities throughout most of the year.

Ice

Ice gouging and scouring have been implicated by numerous investiga-

tors as primary causes for the general lack of well-developed benthic com-

munities in arctic littoral systems (Crane and Cooney 1975; Ellis 1960;

Feder and Schamel 1976; MacGinitie 1955; Madsen 1936; Mohr and Tibbs 1963;

Zenkevitch 1963). Photographs of the bottom, and direct observations by

divers, have revealed that the benthic fauna associated with recent ice

scouring is generally poorly developed compared to assemblages occupying

surrounding, unaffected areas (Reimnitz and Barnes 1974). Although lagoon

bottoms are subjected to some degree of ice scouring, the presence of inter-

vening barrier islands may reduce its severity (Burrell et al. 1975; McRoy

and Allen 1974; Truett 1978; M. Busdosh, pers. comm.). This may partially

account for the generally higher benthic biomass (particularly of the ses-

sile component) in deeper parts of lagoons, compared to that of more ex-

posed coastal regions of similar depth (personal observation).

Detritus

Truett (1979) cites evidence which indicates that nearshore basins be-

hind barrier islands may act as traps for detritus derived from river dis-

charge, coastal erosion, and possibly from offshore regions via the landward
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component of bottom currents. Such detritus, with its associated epiflora

(microalgae and bacteria), could prove to be a key source of energy for

the benthic lagoon fauna, which appears to be composed predominantly of

deposit-feeding detritivores. If lagoons act as detrital sinks, this

may partially account for the greater densities of sessile deposit feeders

in the deeper sections of lagoons compared to exposed nearshore regions of

similar depth. Detrital availability, together with the warmer, brackish

conditions prevailing in lagoons, may also explain the immigration of cer-

tain motile epibenthic species from offshore regions into the lagoons dur-

ing the summer. This phenomenon has led to the notion that lagoons might

act as summer nurseries for immigrating epibenthic species (Griffiths and

Dillinger 1979), whose population centers are apparently located further

offshore (Feder and Schamel 1976). Analysis of fecal pellets, and feeding

experiments conducted during the summers of 1977 and 1978 by Schneider and

Koch (1979), indicate that numerous littoral benthic species ingest ter-

restrially derived detritus (peat) which blankets the bottoms of many

coastal lagoons.

Sediments

In the shallow regions of lagoons, near the gravelly mainland and bar-

rier island beaches, gravelly sands are the predominant sediment types.

The deeper sediments consist principally of sandy muds (silts) and muddy

sands (personal observation). This basic pattern also emerged as a result

of a detailed study of Simpson Lagoon sediments (Burrell et al. 1975).

There are also indications that the sediments in the deeper parts of lagoons

(3-4 meters) contain a higher proportion of the finer sediment fractions

(primarily silts) than sediments at similar depths in more exposed coastal

regions (personal observation). Burrell et al. (1975) have suggested that

the preponderance of sediments in the silt size range in the deeper sections

of Simpson Lagoon may be primarily a function of the "quiet" water environ-

ment of the lagoon, in which excessive turbulence is curtailed by the pro-

tection provided by barrier islands and a 9-month ice cover. The finer

sediments of deeper lagoon areas, linked with a relatively "quiet" environ-

ment, are conducive to the establishment of a fairly diverse group of tube-

building and burrowing benthic invertebrates, primarily polychaetes, amphi-

pods (P. femorata, P. affinis) and bivalves. The tubes and burrows of
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these organisms probably increase both the stability and the spatial heter-

ogeneity of lagoon bottoms, resulting in a greater variety of available

microhabitats. Such animal-sediment interactions have been reported to

contribute significantly to the diversity of sandy bottoms in coastal re-

gions (Young and Rhoads 1971).

Primary Productivity

Differences in primary productivity (phytoplankton, benthic microalgae,

epontic algae) between lagoon and non-lagoon systems have not yet been

clearly established or well documented, although Alexander et al. (1975)

found generally higher levels of primary production in higher salinity,

deeper, offshore waters. Nevertheless, the rather consistent presence of

partially digested planktonic and benthic diatoms in the guts and fecal

pellets of numerous nearshore benthic invertebrates during the summers of

1977 and 1978 (Schneider and Koch 1978, 1979), suggests that they are an

important seasonal dietary component for many lagoon species.

Preliminary analysis of data collected by RU 356 during July and

August, 1975 to 1978, indicates that the summer standing crop biomass of

the benthic infauna in the deeper parts of lagoons (3 to 4 meters) is con-

siderably higher than at similar depths in more exposed coastal regions

(58gm- 2 versus 32gm 2 ). The main difference in these figures is attribut-

able to the greater abundance of the low-motility, sessile components of

the lagoon benthos, primarily deposit and filter feeding polychaetes and

bivalves, as well as the free-burrowing amphipods P. femorata and P. affinis.

Since most of these organisms (with the possible exception of certain motile

species) are not likely to engage in seasonal migrations into and out of the

lagoons, their greater abundance and biomass in lagoons is probably not

merely a summer phenomenon, but undoubtedly reflects basic differences in

the above-outlined parameters between lagoon and non-lagoon ecosystems.

The degree to which biological interactions (competition, predation)

determine the composition and stability of the benthos in various coastal

habitats of the Beaufort Sea has yet to be established. I have found that,

although the lagoon and non-lagoon benthic fauna at similar depths is not

strikingly different qualitatively, the structural organization of the ben-

thic communities appears to vary. Certain species (many of them relatively

sessile) exhibit a stronger preference for, and dominance in the lagoon
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environment, whereas others are more successfully established in exposed

sections of the coastline. This may reflect variability in both the phys-

ical regime and in the kinds of biological interactions occurring in the

various coastal habitats.

These preliminary findings suggest that the nearshore environment of

the western Beaufort Sea cannot be considered as a homogeneous unit, but

consists of a variety of habitats, some of which probably exhibit unique

attributes of benthic community structure and trophic organization. A

basic understanding of the ecological relationships operating within these

coastal subsystems, and the accurate assessment of the effects of any

eventual man-induced environmental perturbation on their benthic communi-

ties, is only possible after critical examination of the biological-physical

interactions occurring within them. This preliminary study on the distri-

bution, abundance and reproductive patterns of P. femorata and P. affinis

in the coastal lagoons represents an initial contribution towards that end.

METHODS

Field Sampling

Shallow water benthic samples, from shore to 2-3 meters, were collected

primarily with an Ekman grab (0.023m2 ) and screened in the field on 0.5 mm

mesh prior to bagging. In 1976, the Ekman was also used to collect samples

in the deeper parts of lagoons (up to 4 meters depth). After 1976, samples

at depths exceeding 3 meters were generally taken with a Smith McIntyre

grab (O.1m²) from the RV ALUMIAK. These samples were washed on board in a

cascading, multiple sieve system in which the controlling (lower) mesh

size was of 0.423 mm NITEX.

The epibenthos was sampled with an epibenthic sled net (1.05 mm mesh),

towed for 50 meters in shallow water and for 5 minutes (approximately 150 m)

in deeper water.

All biological samples were preserved in 10% hexamine-buffered formalin.

Sediment samples were collected with either the Ekman or Smith McIntyre

grab. Representative subsamples of approximately 500cc were retained for

subsequent laboratory analysis.

Tempterature-Salinity profiles were determined with a Yellow Springs

Instrument model 33 SCT meter.
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Laboratory Processing

1. Preparation and Sorting of Biological Samples

All laboratory processing was conducted in the Arctic Research Labora-

tory, Western Washington University, Bellingham, Washington. Most biolog-

ical samples were initially stained with a rose begal solution (0.19g/l)

for 24 hours to facilitate the extraction of smaller organisms. Samples

were then washed through a #35 (0.5 mm mesh) U.S.A. Standard Testing Sieve,

after which the organisms were extracted, counted and separated into major

taxa under 3X magnification (Luxo illuminated magnifier). The organisms

were kept in 35% propanol prior to identification.

2. Wet and Dry Weights

After identification, the wet weight of each species was determined

to the nearest milligram on a Sartorius top-loading balance (Sartorius

2355). Prior to weighing, animals were blotted on absorbent paper towel

ing to remove excess surface fluid. For P. affinis and P. femorata, dry

weights were determined to the nearest milligram after drying at 600 C for

at least 24 hours. All weights should be considered approximate, since

preservation in either formalin or alcohol can alter the actual weights

of amphipods and crustaceans in general.

3. P. affinis and P. femorata Length Measurements

The amphipods were measured to the nearest millimeter with a plastic

metric ruler attached to the bottom of a clear, 13.5 cm-diameter Petrie

dish. All measurements were made under a 3X Luxo magnifier-illuminator.

The amphipods were straightened by using a combination of jeweler's for-

ceps and fine insect pins, and measured from the anterior edge of the

head to the end of the first uropods.

4. Sediment Analysis

Coarse sediment samples with no or very little mud were oven-dried at

40°C after which the sample was hand-shaken in a #5 (-20) U.S.A. Standard

Testing Sieve to remove the gravel fraction. The remainder of the sample

was passed through a sediment splitter, split to an appropriate size (80-

100 grams), and mechanically shaken for 15 minutes in a Ro-Tap through a

series of standard sieves (-1Ø to +4Ø in 10 intervals, plus pan). Each 0

size fraction (and the pan or "mud" fraction) was weighed to the nearest
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0.1 gram on a Cent-O-Gram triple beam balance. For this report, the -10

to +40 fractions were combined to represent the total sand fraction.

For samples with an appreciable mud fraction, two separate procedures

were followed. Samples (or subsamples) analyzed for total mud only, with-

out regard to the percentage of silt and clay, were oven-dried at 40°C and

weighed (generally between 40 and 60 grams). The dried sample was placed

in a beaker and covered with distilled water to which several drops of

cone. NH40H dispersant were added. The sample was kept in the beaker for

at least 24 hours and stirred frequently. It was then wet-sieved through

the same standard sieve series used for the coarser sediment samples until

the water passing through the +4Ø sieve was clear. The various Ø fractions

were dried, weighed and totaled; the difference between this total and the

initial dry weight of the sample was assumed to represent the dry weight of

the mud fraction.

A wet-sieve-pipette methodology (Folk 1974) was used with samples ana-

lyzed for their silt and clay fractions. This method works well with small

samples or subsamples (15-20 grams) and reduces the problem of particle

aggragation since pre-drying of the sample is avoided.

STUDY AREAS

The major lagoon ecosystems sampled during the summers of 1975, 1976,

1977 and/or 1978 have been blocked off in Figure 1. The most intensive

lagoon sampling occurred during July and August of 1976. Elson Lagoon ex-

tends from Pt. Barrow, eastward, toward Dease Inlet, north of Admiralty

Bay. The lagoon is protected by an extensive chain of barrier islands

(Plover Islands). Simpson Lagoon, east of the Colville River, is partially

enclosed by the Jones Islands. Although Prudhoe Bay, as a whole, is not as

well protected as the other systems, the inner sections of the bay are par-

tially enclosed by the surrounding mainland and some protection may also be

provided by several smaller barrier islands further offshore. The stations

east of Prudhoe Bay (GØC - E59) are located shoreward of an extensive chain

of barrier islands (Stockton Islands, Maguire Islands and the relatively

large Flaxman Island), forming a lagoon ecosystem which has recently been

referred to as Leffingwell Lagoon. The Barter Island block contains

Kaktovic Lagoon, which is located off the eastern shore of Barter Island.

The area just southeast of Nuvagapak Entrance encompasses Nuvagapak Lagoon.
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Fig. 3.1. The coastline of the Western Beaufort Sea, Point Barrow to De-

marcation Point. Blocked areas and labeled points represent major lagoons

and bays sampled by RU 356 during the summers of 1975, 1976, 1977 and/or

1978.
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Individual sampling sites (stations) within the various lagoons (except

in Leffingwell Lagoon) have not been indicated, since the main purpose of

this report is to define the overall distribution and abundance patterns of

P. affinis and P. femorata within the general lagoon environment.

RESULTS AND DISCUSSION

The Lagoon Benthos

The major species making up the benthic lagoon fauna are ranked for

various depth intervals in Table 1. Species were ranked according to

their numerical abundance in each sample, using the ranking method pre-

sented in Table 2. The actual densities of individual species and their

total scores as derived from the ranking method are not given, since it is

my intention to show only the relative changes in dominance among the

species, at various depths. The ranking is based on the combined summer

Ekman grab samples (1975, 1976) from numerous coastal lagoons (Fig. 1),

and therefore conceals any differences between individual lagoons, annual

variations, and any changes in the densities of individual species between

the months of July and August during which the samples were collected. The

inclusion of several larger taxa, whose constituent species have not yet

been identified, will introduce some error into the ranking scheme. Despite

these generalizations and limitations, the relative species ranks are use-

ful in describing what might be called the "average, overall" qualitative

and quantitative summer composition of the benthos in the general lagoon

environment.

A critical examination of Table 1 reveals both subtle and more obvious

qualitative and quantitative (as expressed by rank) changes in the species

composition of the benthic lagoon fauna at various depths. It is not within

the scope of this report to comment on all of these, but it is apparent

that the structural organization of benthic lagoon communities undergoes

observable changes along the depth gradient. This undoubtedly reflects

variability in both the physical regime and in the nature and intensity of

biological interactions.

Enchytraeid oligochaetes, as a group, numerically dominate the lagoon

shallows, especially between the shore and the 1-meter isobath. They are

virtually non-existent in the deeper lagoon regions, where they appear to

485



Table 3.1. Rank order of abundance of species at various depths in lagoon ecosystems of the Western Beaufort
Sea (See Fig. 1). Species were ranked according to the method of Sanders (1960), see Table .2. Species
whose total scores were within 5 points of each other were arbitrarily considered to be of equal rank. Data
used were from Ekman grab samples taken during the summers of 1975 and 1976 by RU 356. Letters in paren-
theses refer to major taxon to which the animal(s) belong(s): (A)=Amphipod (B)=Bivalve (D)=Diptera
(G)=Gastropod (I)=Isopod (0)=0ligochaete (P)=Polychaete (PR)=Priapulid.



Table 3.2. Example of method used to rank the individual species in Table . After Sanders, 1960.



be replaced by tubificid oligochaetes and a variety of polychaete species.

Onisimus glacialis is the most abundant amphipod within 2.5 meters, but

apparently does not penetrate significantly into the deeper parts of la-

goons. Its importance in nearshore areas of Simpson Lagoon has been dis-

cussed by Griffiths and Dillinger (1979). Finally, Pontoporeia affinis, a

dominant amphipod in lagoon shallows, is replaced by its congener P.

femorata in progressively deeper lagoon areas. Between 3 and 4 meters, P.

femorata is the numerically dominant benthic invertebrate in the general

coastal lagoon environment of the Beaufort Sea.

Thorson (1957), in his lucid monograph on bottom communities, suggests

that benthic communities dominated by amphipods (generally in norther lati-

tudes) are mainly associated with estuarine, brackish-water conditions and

relatively soft bottoms. He describes one such community, the boreo-arctic

brackish-water Pontoporeia community. The characterizing species of this

community are:

1. Pontoporeia affinis, haustoriid amphipod, occurring generally
in shallower, sandier bottoms

2. Pontoporeia femorata, haustoriid amphipod, occurring in deeper,
siltier bottoms

3. Bathyporeia pilosa, haustoriid amphipod (a species not occurring
in the Beaufort Sea)

4. The large isopod, Saduria entomon

5. The priapulid, Halicryptus spinulosus

6. Larval Chironomidae

In the Baltic Sea, elements of this community exist at depths of 10

and 20 meters and down to about 200 meters, but in southern Iceland the

community is found exclusively between 1 and 4 meters. Zenkevitch (1963)

has reported elements of the Pontoporeia community from the brackish lit-

toral regions of the White and Kara Seas, northern USSR. Table 1 clearly

shows that this community also prevails in the coastal lagoons of the

western Beaufort Sea, and I believe this is the first time it has been

formally described for the nearshore regions of the Beaufort Sea. Owing

to the particular characteristics of the Beaufort Sea lagoon environments,

certain differences between the composition of the Beaufort Pontoporeia

community and those described from other arctic regions by Thorson and

Zenkevitch are to be expected. Thus, in the Beaufort Sea lagoons, the
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lysianassid amphipod Onisimus glacialis replaces the haustoriid Bathyporeia

pilosa (which does not occur in the Beaufort) as a major characterizing

species. Thorson's exclusion of enchytraeid oligochaetes as characterizing

elements of the Pontoporeia community, despite their apparent abundance in

many arctic littoral regions (Madsen 1936; Zenkevitch 1963), is probably

based on their negligible biomass and the fact that they are most densely

concentrated in the very shallow inshore regions (0.5 meters and less),

into which the typical components of the Pontoporeia community do not pene-

trate significantly.

Overall, the existing evidence suggests that the benthic communities

of shallow, brackish-water environments of many arctic regions are some-

times characterized by very similar faunas, of which the most,consistently

unifying constituents appear to be the amphipods P. affinis and/or P.

femorata. The remainder of this report will deal with some aspects of their

distribution, abundance and reproduction in coastal lagoons of the' Beaufort

Sea. A synopsis of data on the two species is given below.

Pontoporeia affinis Lindstrom

Family Haustoriidae, Subfamily Pontopreiinae (Bousfield, 1973). Free-

burrower, Deposit Feeder (Bousfield 1973; Segerstrale 1973). P. affinis

is found in brackish coastal waters off the northern USSR, Siberia, Alaska

and Canada, and as a glacial relict in the Baltic Sea and lakes in North

America and Eurasia (Segerstrale 1967). During the summer, it occurs in

the shallows of northern lakes, but only where temperatures remain below

14.5 0C (Bousfield 1958). Its presence in brackish northern seas suggests

that it constitutes a remnant of the ancient arctic stock existing off the

coasts of Northern Europe and North America during the glacial period. A

part of this stock was apparently left behind and isolated in northern

lakes as the glaciers retreated (Sars 1890).

Dunbar (1954) indicated that the species is found primarily in brack-

ish water, especially near river mouths, and he collected it in Ungava Bay

at stations of strong freshwater influence. Shoemaker (1920) found it in

very shallow water in a semi-protected bay between Prudhoe Bay and Barter

Island, Alaska. Zenkevitch (1963) reported it from several seas in the

northern USSR, describing it as a eurybiotic, widely distributed species

with a strong preference for brackish and freshwater conditions.
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Dunbar (1954) found the maximum length of Ungava Bay specimens to be

14 mm, which he indicated was 3 mm longer than the maximum length measured

by Segerstrale for arctic specimens.

The life-cycle and reproductive phase appear to be variable, depending

on the environmental temperature, depth and photoperiod (Segerstrale 1967).

In colder, northern marine waters, a 2-year life cycle prevails, with indi-

viduals not breeding until the winter of their second year; in shallow

water, the young are released primarily during the following spring, although

deeper-water populations appear to breed throughout the summer (Segerstrale

1967). Thorson (1957) indicated that in the Baltic Sea, the females live in

shallow water for one year, and the males die off after mating one-half year

earlier. Bousfield (1958) indicated that in the colder, northern regions,

the males are pelagic in October, ovigerous females occur from November to

April, and that their life span is slightly more than 2 years.

Pontoporeia femorata Kroyer

Family Haustoriidae, Subfamily Pontoporeiinae (Bousfield 1973). Free-

burrower, Deposit Feeder? (Bousfield, pers. comm.). Maximum length, 13 mm

(Bousfield 1973) P. femorata has a circumpolar, arctic and subarctic distri-

bution (Bousfield 1973; Dunbar 1954; Sars 1890; Segerstrale 1967). Although

it is abundant in shallow arctic waters (Dunbar 1954; pers. observ.), a re-

view of the available literature suggests that it penetrates into deeper

marine waters more frequently than P. affinis. Bousfield (1973) indicated

that it burrows in muddy and sandy mud bottoms, in shallow water to more

than 50 meters. MacGinitie (1955) collected it at 155 and 245 meters in

soft mud in the Beaufort Sea. Sars (1890) noted it between 35 and 180 meters

on muddy bottoms off the northern coast of Norway. It occurs as a glacial

relict in certain sections of the Baltic Sea, but in contrast with P.

affinis it is not able to tolerate salinities below 6‰ (Segerstrale 1967).

Zenkevitch (1963) indicated that it is adapted to normal and somewhat

lowered salinities. As with P. affinis, its life-cycle and reproductive

phase are probably influenced by various physical parameters. Shallow-

water populations appear to breed mainly during the winter, with maximum

release of young occurring in the spring; in deeper water, breeding probably

occurs during the summer as well (Segerstrale 1967). According to Bousfield

(1973), this species has an annual life cycle, with ovigerous females
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occurring between October and February, and producing one brood per year;

mature males are pelagic in the fall and winter. As with P. affinis,

this species probably has a longer life span in colder, arctic waters.

Distribution and Abundance of P. affinis and P. femorata

General Patterns

There is a striking spatial (depth) separation between lagoon popula-

tions of P. affinis and P. femorata during the open-water season (Table 3,

Figure 2). These results were obtained from Ekman grab samples taken dur-

ing the summers of 1976, 1977 and 1978 in the major lagoon and semi-protected

bay ecosystems shown in Figure 1. The relatively high standard errors as-

sociated with the mean densities at various depths (Table 3) reflect con-

siderable variability between samples, which is probably attributable to

a combination of the following factors:

1. Differences between individual lagoons

2. Annual variations in density

3. Variations in density between the months of July and August during
which the samples were collected

4. Natural patchiness of the populations

Despite this variability, it is clear that lagoon populations of P.

affinis are concentrated between 0.5 and 1.5 meters, whereas populations

of P. femorata reach peak densities between 3 and 4 meters. Although P.

femorata does not penetrate shoreward of the 2-meter isobath, P. affinis

does extend into the deeper parts of lagoons, where its densities are

nevertheless considerably below those of P. femorata. This distinct spa-

tial separation between two sympatric, congeneric species is probably ef-

fective in limiting the intensity of competition between the two species,

particularly during times of recruitment of young and intensive feeding

activity. Other reasons for this separation, and the factors which might

account for this pattern will be discussed later.

The data derived exclusively from an extensive lagoon sampling survey

conducted during the summer of 1976 have been analyzed separately, and the

results are presented in tables 4, 5 and 6. The samples from all the la-

goons were combined for the analysis. Again, a distinct spatial separation

between lagoon populations of P. affinis and P. femorata is evident. P.

affinis was three times more abundant, and its wet weight standing crop
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Table 3.3 . Mean densities (per square meter) of Pontoporia affinis and
Pontoporeia femorata in Ekman grab samples taken at various depths in
lagoon ecosystems of the Western Beaufort Sea during the summers of 1976,
1977 and 1978. N = No. of samples NpA=mean number of P. affinis
NpF =mean number of P. femorata SE =standard error.
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Figure 3.2. Densities of P. affinis (•) and P. femorata (o) at various
depths in lagoon ecosystems of the western Beaufort Sea. (Plotted from
data in Table 3.)
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biomass was nearly three times as great in the lagoon shallows than in the

deeper parts of the lagoons (Table 4). It occurred at 59% of the shallow-

water stations, but at only 38% of the stations sampled in deeper water

(2.1-4.0 meters). In contrast, P. femorata was essentially absent from

the lagoon shallows, the populations being restricted entirely to the

deeper sections of the lagoons (Table 5).

Results on the co-occurrence and numerical dominance of the two spe-

cies (Table 6) show that between the lagoon shores and 2 meters, the spe-

cies co-existed at only 1 out of a total of 17 stations sampled, and at

that station, P. affinis was numerically dominant over P. femorata. Be-

tween 2.1 and 4.0 meters, the species co-occurred at 12 (28.6%) of the 42

stations sampled, with P. femorata dominant at 9 (21.4%) and P. affinis

dominant at 3 (7.1%) of these stations.

The general trends which emerge from these results can be summarized

as follows:

1. P. affinis is generally distributed over a greater portion of the
depth gradient than P. femorata, occurring between 0.5 and 4.0
meters. It is most abundant in or on lagoon bottoms within the
2-meter isobath, where it is clearly dominant over P. femorata,
which rarely invades the lagoon shallows. Between 2.1 and 4.0
meters, P. affinis is much less abundant, and is generally sub-
ordinate to P. femorata when the two species occur together.

2. P. femorata shows a much more restricted depth distribution than
P. affinis in the lagoons, having a clear preference for the
deeper lagoon regions and avoiding the shallows almost completely.
In deeper water, it is both more abundant and ubiquitous than P.
affinis (it occurred at twice as many deep-water lagoon stations
than P. affinis, Tables 4 and 5).

Distribution and Abundance Within Individual Lagoons

Using the data from the 1976 lagoon sampling survey, I have analyzed

the distribution and abundance of P. affinis and P. femorata within the

individual lagoons. The results are presented in Table 7. It is apparent

that the density and distribution patterns of P. femorata within each of

the lagoons conforms, almost without exception, to the generalized lagoon

pattern I have already established for that species. I have no explana-

tion for the low densities of P. femorata in the deeper regions of Prudhoe

Bay. Perhaps they prefer the outer bay regions over the inner sections

sampled in 1976. Feder and Schamel (1976) reported a partial replacement of

P. affinis by P. femorata at deeper, outer Prudhoe Bay locations.
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Table 3.4. Sampling statistics for Pontoporeia affinis collected with Ekman
grab in lagoon ecosystems of the Western Beaufort Sea, Summer 1976. NSA#
of samples collected; NST=# of stations sampled; Biomass=grams wet weight.

Table 3.5. Sampling statistics for Pontoporeia femorata collected with Ekman
grab in lagoon ecosystems of the Western Beaufort Sea, Summer 1976. NSA=# of
samples collected; NT=# of stations sampled; Biomass=grams wet weight.

Table 3.6. Co-occurrence and dominance of Pontoporeia femorata and Ponto-

poreia affinis at lagoon stations sampled during Summer, 1976, in the
Western Beaufort Sea. NST= number of stations sampled; P.F.=Pontoporeia
femorata; P.A.= Pontoporeia affinis.
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Table 3.7. Mean densities and biomass per square meter of P. affinis and P. femorata within designated
depth intervals in various lagoon ecosystems in the Western Beaufort Sea, Summer 1976. N=Number of
Eckman grab samples NpA=mean number of P. affinis BpA=mean biomass (grams wet weight) of P. affinis
NpF=mean number of P. femorata BpF= mean biomass (grams wet weight) of P. femorata SE=standard error.



The population densities and distribution patterns of P. affinis

showed some variation within the various lagoons. This is probably a re-

flection of a combination of physical-biological differences between the

shallow, inshore regions of the individual lagoon ecosystems. I believe

that the coastal populations of P. affinis are responding, at least

partially, to a salinity gradient, actively seeking out areas with a

strong estuarine character. There is considerable evidence that the dis-

tribution and abundance of benthic invertebrates in coastal arctic regions

depends, to a great degree, upon their particular salinity preferences

(Zenkevitch 1963). Regarding P. affinis, I believe that they respond not

only to water of lowered salinity (some of which is derived from melting

ice), but perhaps also to the physical-chemical properties of freshwater

derived from river discharge during the summer months. If this is a valid

hypothesis, then some of the variability between the population densities

and distribution patterns of P. affinis among the various lagoons may be a

function of the amount of river discharge into the lagoons. Although all

the lagoons sampled in 1976 are essentially brackish, some of them probably

have a more pronounced estuarine character than others. Thus, the western

region of Elson Lagoon (Point Barrow region) is not strongly influenced by

river discharge, and the apparent lack of P. affinis, at least in the

deeper areas (Table 7), may partially reflect this. Unfortunately, no data

are available for the inshore regions of Elson Lagoon. In contrast, P.

affinis does occur in the deeper portions of eastern Elson Lagoon (Dease

Inlet region). This area is influenced by the Meade River, as well as

numerous smaller river systems which empty into Admiralty Bay. Simpson

Lagoon is strongly influenced by the Colville and Kuparuk rivers, and Prud-

hoe Bay is affected by discharge from the Sagavanirktok and Putuligayuk

rivers. Both Simpson Lagoon and Prudhoe Bay have well-established inshore

populations of P. affinis (Table 7). Kaktovik Lagoon, although generally

brackish (18"/oo), receives only minor quantities of fresh water from a few

small tundra streams, the nearest large rivers being 9km to the east and

13km to the west (Griffiths et al. 1977). P. affinis was not abundant in

Kaktovik Lagoon (Table 7), despite the fact that numerous areas within the

lagoon were sampled. Nuvagapak Lagoon receives fresh water from several

small river systems emptying into the northwestern, central and southeastern

parts of the lagoon. P. affinis occurred in the deep-water samples but were
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not found in the lagoon shallows (Table 7). I suspect that the lack of

P. affinis in the shallow-water samples is a sampling artifact since the

inshore estuarine areas of the lagoon were not extensively investigated.

Overall, the data from the individual lagoons confirm the general

pattern of spatial (depth) separation of populations of P. affinis and P.

femorata within the coastal lagoon environments of the western Beaufort

Sea. The following section of this report deals with some of the factors

which influence this pattern.

Factors Contributing to the Spatial Separation and of the
Reduction of Potential Competition between Lagoon Popu-

lations of P. affinis and P. femorata

Assuming that the spatial separation between lagoon populations of

P. affinis and P. femorata represents a mechanism whereby potential or

actual competition for resources (space, food, etc.) is lessened, it is

important to define those environmental and biological factors to which

the species may be responding differently. A conspicuous way in which

similar, sympatric species can avoid competition is by selecting differ-

ent habitats (Croker 1967). Since the physical-biological structure of

inshore (<2 meters) and nearshore (>2 meters) lagoon bottoms appears to

be different (personal observation, see The Lagoon Benthos, this report),

they may represent different "habitats" in a general sense. Thus, the

inshore-nearshore separation of P. affinis and P. femorata during the open-

water season suggests differences in habitat selection, probably function-

ing through differences in the physiological and behavioral responses of

the two species.

The following discussion deals with some of the factors to which P.

affinis and P. femorata may be responding differently, consequently re-

sulting in their spatial (depth) separation. I will also discuss certain

behavioral and biological adaptations which may (or, may not) help to re-

duce potential competition between the two species.

Salinity and Temperature

I have already suggested that P. affinis appears to have a preference

for estuarine habitats. These conditions prevail in the shallows of numer-

ous coastal lagoons during the open-water season. A review of the litera-

ture provides ample evidence that this species is adapted to brackish, es-

tuarine conditions, apparently able to tolerate salinities below 6/oo
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reasonably well (Dunbar 1954; Segerstrale 1967; Zenkevitch 1963). In con-

trast, P. femorata is adapted to normal or somewhat lowered salinities, and

does not survive at salinities below 6%0/ (Segerstrale 1967; Zenkevitch

1963).

Salinity profiles obtained between July and August 1976 show a pro-

nounced salinity stratification of lagoon waters after ice break-up and

prior to general mixing of the water column (Fig. 3 a,b,c). During this

time, the surface water is substantially diluted by fresh water derived

from melting ice and river discharge. Salinities below 10‰, and even be-

low 6,,, appear to be rather common in the upper 2-2.5 meter water strata.

It is significant that P. femorata rarely penetrates within the 2.5 meter

isobath (Fig. 2), since this is the general location of the halocline. The

lowered surface salinities of the upper water strata, even if they exist

for only a relatively short time prior to general mixing, are probably ef-

fective in restricting the migration of P. femorata into the ½a " ,, i:::

As the open-water season progresses, the salinity stratification or .i-

goon waters becomes much less pronounced (Figs. 3 and 4). With respect to

the distribution of P. affinis in the various lagoons, it is significant

to compare the nearly isohaline conditions of Elson Lagoon (18-22‰, Fig.

4) with those of Simpson Lagoon (12-13‰, Fig. 3,d). The overall salin-

ity differences between these two lagoons probably reflect the lack of

large river systems in the Elson Lagoon region, and the considerable influ-

ence of the Colville and Kuparuk rivers on Simpson Lagoon. If, as I have

suggested, P. affinis shows an affinity for estuarine conditions, then the

difference in the densities of P. affinis between these two lagoons (Table

7) may be partly related to the general availability of estuarine habitats

within the lagoons.

Temperature is probably not an important ecological "isolating" fac-

tor for populations of P. affinis and P. femorata. P. affinis is cold-

stenothermal, with an optimal temperature range between 8 and 12°C, and

an upper thermal limit between 14 and 20°C (Segerstrale 1959). Bousfield

(1958) suggested that it avoids the shallows of northern lakes when tem-

peratures rise above 14.5°C. The summer temperature profiles (Figs. 3

and 4) indicate that the temperatures within the lagoon shallows are

generally below or near optimum for this species. Although data on the

temperature preferences of P. femorata are not available, I presume they
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Figure 3.3 A-D. Salinity (•) - Temperature (o) profiles in Kaktovic Lagoon,

Prudhoe Bay and Simpson Lagoon. Summer, 1976.

A. North Kaktovic Lagoon, 7/20/76.

B. Central Kaktovic Lagoon, 7/27/76.

C. Inner Prudhoe Bay, 7/31/76.

D. Central Simpson Lagoon, 8/4/76.
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Figure 3.4A-D. Salinity (•) - Temperature (o) profiles in Elson Lagoon,

Summer 1976.

A. Elson Lagoon, West. (Pt. Barrow region) 8/11/76.

B. Elson Lagoon, Eluitkak Pass 8/11/76.

C. Elson Lagoon, Central. 8/16/76.

D. Elson Lagoon, East. 8/16/76.
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are not substantially different from those of P. affinis. Its restriction
to deeper lagoon regions, and its occurrence in deeper offshore waters

(Carey 1977; MacGinitie 1955) may indicate a somewhat lower optimum temper-
ature preference.

Substratum

According to Segerstrale (1959), P. affinis lives mainly on soft bot-
toms, buried in the mud. Bousfield (1973) indicated that P. femorata bur-
rows in muddy and sandy mud bottoms. Thorson (1957) reported that when
the two species occur together in the same general area, P. affinis in-
habits the shallow, sandier regions whereas P. femorata tends to prefer

the deeper, siltier bottoms. The composition of the lagoon sediments
shows a clear progression from coarse, sandy substrates in the shallows
to mud or sandy mud at greater depths (Fig. 5). An analysis of the mud
component of 20 lagoon sediment samples (1-4 meters water depth) revealed
that silts constituted between 68 and 90% of the mud fraction, with a mean
of approximately 80%. Similar substrate patterns were observed by Burrell
et al. (1975) in Simpson Lagoon.

The depth distribution of lagoon sediments of varying composition
clearly suggests that the depth separation of P. affinis and P. femorata
is partly based on their preference for, and selection of, different sub-
strates. This is in accordance with Thorson's observation. Croker (1967)
observed similar differences in substrate preference among five sympatric

species of haustoriid amphipods off the coast of Georgia. Furthermore,
since the sediments at specific depths appear to be somewhat patchy (Fig.
5), it is possible that between 2 and 4 meters, where the populations of
P. affinis and P. femorata overlap (Fig. 2, Table 3), P. affinis selects
the coarser and P. femorata the finer patches. This may help reduce compe-
tition for space along isobaths at which the species co-occur.

Vertical Separation

Interspecific competition between burrowing species can partially be
avoided if they occupy different depth strata within the sediments. Croker
(1967) introduced two species of haustoriid amphipods, one a deep burrower
the other a shallow burrower, into a dish with a shallow layer of sand.
The species were thus forced to confront each other in a very narrow vertical
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Figure 3.5. Composition of sediment samples collected with Ekman grab
between 0.5 and 4.0 m in lagoon ecosystems of the Western Beaufort Sea,
Summer 1976, 1977. Each point represents one sediment sample.
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niche, and he observed that the deep burrower was constantly forced to

come up out of the sand. The fact that populations of P. affinis and P.

femorata overlap at depths (2-4 meters) at which other burrowing forms

are very abundant, suggests that vertical separation between the various

species, including P. affinis and P. femorata, is a distinct possibility.

At present, there are no data on the burrowing habits of P. affinis and

P. femorata.

Food

Differences in food preference and feeding strategies can reduce in-

terspecific competition. Haustoriid amphipods are generally deposit or

filter feeders (Bousfield, pers. comm.). Croker (1967) indicated that

haustoriid amphipods generally ingest similar types of food. Although

data on the food preferences of P. femorata appear to be lacking, P.

affinis apparently feeds primarily on organic detritus and benthic and

planktonic diatoms (Moore 1977; Segerstrale 1959). Larger specimens have

been shown to consume oligochaetes (Moore 1977) and newly settled bivalve

spat (Segerstrale 1973). The species apparently comforms to the oppor-

tunistic, omniverous feeding habits previously established for several

other nearshore amphipod species (Schneider and Koch 1978, 1979).

Hutchinson (1959) suggested that when closely related sympatric species

are dependent on the same types of food, the animals are often of different

size, the smaller species consuming only the small food particles and the

larger species feeding on both the small and the large particles. I do

not believe, however, that the size difference between arcitc P. affinis

and P. femorata is great enough for this food particle size-partitioning

to play a significant role in reducing competition for food. Nevertheless,

the opportunistic feeding habits of many arctic invertebrates, including

P. affinis and most likely P. femorata, probably limit the intensity of

interspecific competition for food, since the species are not dependent

on specific food items. Barnard (1969) has suggested that the overall

success of amphipods in widely varying habitats is partly attributable

to their potential omniverous habits.

With respect to the lagoon environment it is, of course, possible

that there are subtle, qualitative differences between the organic detritus
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in the shallows (particularly in estuarine-like regions) and the detritus

that accumulates on the bottom at greater depths. P. affinis, especially

the actively feeding juveniles which constitute a major portion of the sum-

mer standing stock, may prefer the detritus associated with the shallow,

estuarine regions of coastal lagoons. This could contribute to the spatial

separation between P. affinis and P. femorata during the summer.

Staggered Reproductive Peaks

Related sympatric species often exhibit staggered peaks of reproduc-

tive activity, thereby assuring a temporal isolation of potentially com-

peting life stages (Croker 1967; Hutchinson 1959). Evidence which I will

present later suggests that P. affinis and P. femorata do not temporally

stagger their reproductive phases, both species apparently recruiting

young into their respective populations between spring and summer. Never-

theless, the two species appear to have solved the problem of ,.' i.- ..

potentially competing life stages, not by way of a temporal but rather via

a significant spatial "isolation" of their populations. Although there

are no data on the depth distribution of these species during the winter,

their spatial separation during the summer is particularly significant

since, at this time, their populations are dominated by actively feeding

and growing juveniles and sub-adults.

Seasonal Fluctuations in the Population

Density of P. affinis

During the summer of 1978, a number of sites (stations) were re-

sampled throughout the summer to assess changes in the overall density

and biomass of the inshore-nearshore benthic biota (see A. C. Broad,

this report). At certain stations, the population densities of P. affinis

showed pronounced variations between early July and mid-August (Figures 6

through 9). In general, the population densities increased as the season

progressed. In their study of the Simpson Lagoon biota, Griffiths and

Dillinger (1979) found that of all the amphipods they identified, only P.

affinis showed significant seasonal differences in biomass. The biomass

was low in early July, increased between mid-July and August, and then
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Figure 3.6. Mean density (M-2 ) of P. affinis in the mouth of the Putuligayuk

River, inner Prudhoe Bay, at various depths and sampling dates during the

summer of 1978. Each datum point represents the mean of 4 Ekman grab

samples.

Figure3.7. Mean density (M-2) of P. affinis in western Prudhoe Bay (just

west of ARCO causeway) at various depths and sampling dates during the

summer of 1978. Each datum point represents the mean of 4 Ekman grab

samples.
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Figure 3.8. Mean density (M-2) of P. affinis in the mouth of the Saga-
vanirktok River, near Prudhoe Bay, at various depths and sampling
dates during the summer of 1978. Each datum point represents the mean
of 4 Ekman grab samples.
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-2
Figure3.9. Mean density (M-2) of P. affinis at station E59, Leffingwell
Lagoon (see Fig. 1) at various depths and sampling dates during the sum-
mer of 1978. Each datum point represents the mean of 4 Ekman grab sam-
ples.
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declined in late September. These general trends are also observable in

Fibures 6 through 9, although September data are lacking.

The reasons for these patterns are not yet clear, but several possible

explanations can be offered:

Recruitment of Young

Evidence I will present later suggests that the recruitment of young

(release from female brood pouch) into the P. affinis population probably

occurs mainly between early spring and early summer. However, some late-

breeding females may not release young until later in the summer (July,

early August), and I believe that such late recruitment of young may par-

tially account for the mid-summer density peaks. Also, the growth of

juveniles during the summer may contribute to a general increase in the

population biomass in late summer, early fall.

Migration

Griffiths and Dillinger (1979) suggested that certain amphipods carry

out current-assisted migrations into, out of and within Simpson Lagoon dur-

ing the ice-free season. Feder and Schamel (1976) indicated that "local"

populations of invertebrates along the Beaufort coast can recruit new

individuals from immediately surrounding areas. During the summers of

1977 and 1978, numerous offshore stations (5 and 10 meters depth) were

sampled by RU-356 (Table 8). The results indicate a complete absence of

P. affinis in these offshore regions. This can be interpreted in several

ways. Either offshore populations of P. affinis do, in fact, exist but

carry out massive migrations into the lagoons during the summer, or they

rarely penetrate into the deeper, offshore regions, remaining in the

nearshore lagoon areas throughout the year. The latter case appears more

likely. If offshore populations of P. affinis do exist but migrate into

the lagoons during the summer, one would expect to find at least some rem-

nants of these offshore populations during the summer. I do not believe,

therefore, that the mid-summer lagoon density peaks of P. affinis are

caused by extensive migrations from offshore regions into the lagoons.

It is significant, however, that the highest P. affinis densities

and the most pronounced seasonal density fluctuations occurred in lagoon

regions considerably influenced by freshwater discharge from nearby rivers.
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Table 3.8. Mean densities (per square meter) of P. affinis and P. femorata
collected with Smith McIntyre grab at 5 and 10 meters in the Western Beau-
fort Sea during the summers of 1977 and 1978. Sampling range in 1977 (Lon-
gitude): 143°08'24" - 156°27'12"; Sampling range in 1978 (Longitude): 146°
41'24" - 150°25'00" (See Figure 1). NSA Number of samples taken; NPA
mean number of P. affinis; pF = mean number of P. femorata; SE= standard
error.
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P. affinis may be actively seeking out such estuarine-lagoon environments

throughout the summer, migrating to these "favorable" habitats from ad-

jacent inshore-nearshore regions.

Feder and Schamel (1976a) have suggested that fluctuations in near-

shore concentrations of benthic invertebrates along the Beaufort coast may

be a consequence of the translocation of organisms during storm surges.

However, since P. affinis densities increased primarily in those lagoon

regions where optimum conditions for that species appear to prevail, I

suspect that an active rather than a passive distribution mechanism is

involved.

Between early fall and mid-winter, mature adults of P. affinis, par-

ticularly the males, engage in pelagic excursions in preparation for

mating in the water column (Segerstrale 1959, 1967). The males apparently

die shortly after mating. These pelagic tendencies, and the death of

early-mating males, may partially account for the decrease in the late-

September biomass on the bottom of Simpson Lagoon reported by Griffiths

and Dillinger (1979).

3. Predation

Segerstrale (1959) stressed the "economic importance" of P. affinis

in the Baltic Sea, where it represents a significant food source for com-

mercial fish such as cod and flounder, and for the large relict isopod,

Saduria entomon. Along the coast of the Beaufort Sea, inshore lagoon re-

gions appear to be important summer migratory pathways and feeding

grounds for numerous species of anadromous fish (Craig and Griffiths 1978).

Saduria entomon is a conspicuous component of the inshore lagoon benthos

(Table 1). P. affinis undoubtedly falls prey to these animals, and such

predation probably contributes to its density fluctuations and to its

apparent decline in the fall.

Winter Distribution

There are virtually no data available on the winter distribution of

populations of P. affinis and P. femorata within the coastal lagoons. In

February, 1980, air lift samples from the western section of Elson Lagoon

(3-3.5 meters depth) contained relatively high concentrations of P. femor-

ata, but no P. affinis (D. E. Schneider, pers. comm.). The lack of P.
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affinis in these samples is not surprising, since this species was also

absent from 1976 summer samples taken in the same general area (Table 7).

The presence of P. femorata in the winter lagoon samples indicates that

it probably overwinters in the deeper parts of lanocns, where it is also

found during the summer. Nevertheless, the presence of offshore popula-

tions of P. femorata during the summer (Table 8; Carey 1977) suggests at

least the possibility of some seasonal migrations into and cut of the

lagoons.

As for P. affinis, their absence from offshore regions during the

summer (Table 8) indicates that they are probably restricted to the near-

shore coastal regions throughout the year. As I have suggested earlier,

if P. affinis were to migrate offshore during the winter, one would expect

to find some remnants of their offshore populations during the summer. I

suspect, rather, that this species migrates into the sublittoral region of

lagoons as the winter progresses. Thus, the low summer population densi-

ties in the deeper lagoon areas (Fig. 2, Table 3) probably represent the

remnants of a winter sublittoral migration. Some form of winter migration

on the part of P. affinis would seem to be almost a necessity since their

preferred summer habitats, the lagoon shallows, become increasingly ice-

stressed between September and May.

Assuming that P. affinis migrates into the lagoon sublittoral during

the winter, competition with P. femorata would be expected to increase.

There is, however, some evidence from other regions that adult males and

females of both species, and in the case of P. affinis the juveniles as

well, go into a period of feeding depression during the winter (Moore 1977;

Segerstrale 1938, 1959, 1967). Segerstrale (1938) noted a pronounced re-

duction of the mandibular apparatus of males of both species shortly before

the mating period in late fall, early winter. Females apparently undergo

a progressive structural deterioration during the time of egg incubation

between late fall and spring (Segerstrale 1938, 1967). MacGinitie (1955)

noted that many arctic invertebrates appear to live primarily on high en-

ergy storage products (oils, fats, etc.) during the winter months. This

may be true of P. affinis and P. femorata. Mature males and females would

probably use these stored energy sources primarily for the production of

reproductive products and for the general activity required in finding

mates. Juveniles could channel some of this stored energy into growth.
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It appears, therefore, that competition for food may not be a major

problem for overlapping sublittoral populations of P. affinis and P. femor-

ata during the winter. Competition for space on or in the lagoon bottoms

could partially be avoided by (1) the increasing frequency of pelagic

excursions by adult animals in preparation for mating, (2) selection of

different substrates and, (3) possible vertical separation of the species

within different depth strata of the sediments.

Size-Frequency Distributions and Reproductive Patterns

Pontoporeia affinis

The size-frequency distributions for P. affinis are presented in

Figures 10-12. Animals were classified as either juveniles, males or

females based on certain morphological, secondary sexual characteristics

(Table 9). Generally, not enough material was available to establish

seasonal changes in the size-frequency distributions at specific stations

or locations. The distributions from various locations have been se-

quenced according to sampling date (Figures 10 and 11) to reveal changes

in the general population structure throughout the summer. Figure 12

(a-c) presents a series of distributions from the same region (mouth of

Sagavanirktok River), sampled on different dates during the summer; note,

however, that distribution 12-c came from a different year (1975).

The use of widely scattered material to determine changes in the

population structure presents a problem in that different populations may

have been sampled. Despite this limitation, the data are still useful in

establishing the reproductive patterns. Dunbar (1957) used material from

various regions to establish the reproductive pattern and seasonal changes

in the population size structure of the pelagic hyperiid amphipod, Them-

isto (=Parathemisto) libellula. The size-frequency distributions of P.

affinis reveal the following general trends:

1. Between July and August, populations of P. affinis are dominat-
ed by juveniles and maturing adults

2. The size-frequency distributions appear to be bimodal, the lower
mode (<6.0mm) representing the juveniles or 1st-year individuals,
the upper mode (>6.0mm) representing primarily the sexually ma-
turing, 2nd-year adults.
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Table 3.9. Criteria used to distinguish juveniles, males and females of
Pontoporeia affinis (PA) and Pontoporeia femorata (PF).
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Figure 3.10. Size-frequency distribution of P. affinis in Simpson
Lagoon, 8/14/78. Depth, 3.0m. Smith McIntyre grab (4 samples).
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Figure 3.11. Size-frequency distribution of P. affinis at Station F0E
(See Fig. 1), 8/24/78. Depth, 2.5 m. Smith McIntyre grab. (3 samples).
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Figure 3.12 a-c. Size-frequency distribution of P. affinis in the mouth of the Sagavanirktok River, near
Prudhoe Bay, 0.5-0.75 meters depth.



3. Large, mature specimens (>9mm) are not abundant during the
summer

4. Among the maturing animals, males are less abundant than females

5. As the summer progresses, shifts in the population structure be-
come evident (compare Figures 10 and 11, Fig. 12a-b-c), suggest-
ing growth

There were no ovigerous females, nor females carrying young, in any of the

summer collections. None of the females had brood plates (oostegites) with

marginal setae. Since the presence of marginal setae could be indicative

of either recent release of young or reproductive "readiness," it seems

that none of the females had shed young very recently or were ready to go

into an immediate reproductive phase. I suspect, therefore, that the

majority of summer females (and males) were the maturing animals of the

2nd-year class which would be expected to start breeding in the fall and

winter. This is supported by the fact that large specimens (> 9mm) were

very uncommon. Since the maximum length of this species in arctic regions

is between 11 and 14 mm (Dunbar 1954; Segerstrale 1959), the lack of such

large specimens in the summer samples suggests that they have probably

died, the males presumably shortly after mating and the females after the

release of young (Segerstrale 1967). Females apparently produce only one

brood during the winter of their second year, and then die (Segerstrale

1967).

The lack of ovigerous females and females carrying young, and the

apparent domination of summer populations by smaller individuals (Figs.

10-12), suggest that the breeding period of this species is restricted

primarily to the cold season, the main release of young occurring before

July. Since the juveniles in July and August show a wide range of body

lengths, the breeding phase probably extends over a relatively long

period of time. The presence of 2 mm animals indicates that some late-

breeding females do not release their young until the middle of summer

(July, early August).

These findings are in general agreement with those from previous

studies. Segerstrale (1959, 1967) summarized some of these results and

reported that ovigerous females of shallow-water population of P. affinis

have been found between October and May, and most of them release their

young between March and April. However, he found spent females (recent
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release of young) as late as July in Finnish coastal waters, and suggested

they were "delayed" members of the winter-breeding stock. Barnard (1959)

reported female Gammarus wilkitzkii carrying hatched young in the middle

of June. Steele and Steele (1970) found female Gammarus setosus still

carrying young in July. They suggested that the low arctic temperatures

probably delay the release of young until spring-early summer (presumably

by lengthening the time of embryonic development), and that the timing of

the release may be related to the spring algal bloom.

In all these species, breeding appears to occur primarily between fall

and early winter, with maximum release of young between March and early sum-

mer. Griffiths and Dillinger (1979) established a similar reproductive

pattern for Onisimus glacialis in Simpson Lagoon, but suggested that the

presence of 3 mm animals in November indicated some summer-breeding ac-

tivity as well. I do not know if this is true of lagoon populations of P.
affinis, since data on the fall and winter population structure are entirely

lacking. However, the existing evidence indicates that shallow-water popu-

lations of P. affinis breed exclusively between fall and spring, whereas

deep-sea and deep-lake populations have been shown to exhibit a secondary

breeding peak in summer (Segerstrale 1967; Green 1968).

The sex ratios of summer populations of P. affinis (Figs. 10 and 11)

show a distinct dominance of females over males. This is not uncommon

among amphipods. Segerstrale (1959) reported female-dominated populations

of P. affinis from the inner Baltic. It is possible, however, that the

males, and the larger animals in general, are not accurately represented

in grab samples. As P. affinis males mature, they undergo a series of

morphological changes in preparation for an essentailly pelagic existence

during the winter breeding season (Segerstrale 1938, 1967). Maturing fe-

males also become better swimmers. Grab samples may, therefore, show a

bias towards smaller individuals which tend to remain on or in the bottom

sediments, while partially failing to capture larger animals capable of

extended excursions into the overlying water column. Size-frequency dis-

tributions and sex ratios based solely on grab samples must, therefore,

be viewed with caution.

If the juvenile component of the summer P. affinis population is

represented fairly accurately in grab samples, then Figure 12a-c may re-

flect the manner in which the size-frequency structure of Ist-year
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individuals changes as the summer advances. Unfortunately, distribution

12-c came from a different year (1975). Assuming that these trends are

fairly consistent from one year to another (an assumption that may not be

valid), there is an indication of a progression of advancing sizes between

July and August. Griffiths and Dillinger (1979) calculated the average

change in the mean size of 1st-year individuals of Onisimus glacialis in

Simpson Lagoon to be 0.8mm/30 days during the open-water season. They

suggested that this was a fairly accurate estimate of "growth" for 1st-

year individuals of that species. Nevertheless, changes in the population

size structure are clearly not a function of growth alone. There are too

many other variables (i.e., sampling error, possible new recruitment of

young, mortality, size-selective predation) that can affect a size-fre-

quency distribution at any particular time. I hesitate, therefore, to

calculate "growth" from the size-frequency distributions in Figure 12a-c,

although the relatively slow progression of advancing sizes between July

and August may indicate that the overall "growth" of 1st-year individuals

is not particularly rapid.

In summary, shallow-water populations of P. affinis in coastal la-

goons of the Beaufort Sea show the following general reproductive patterns:

1. Breeding appears to be restricted primarily to the fall and win-
ter seasons, with the major release of young occurring before
July. Some late-breeding females do not release young until
mid-summer.

2. The lack of large specimens, the relative abundance of juven-
iles and the bimodality of summer size-frequency distributions
indicate that summer populations consist mainly of Ist-year
individuals and 2nd-year maturing adults which will probably
start to breed durina the fall and winter.

3. Among the maturing adults, females are more abundant than
males. The general paucity of maturing adults, in contrast to
the relatively high proportion of juveniles, may reflect sam-
pling error. Grabs may not adequately sample the more actively
swimming adults.

4. The slow progression of advancing sizes of 1st-year individuals
between July and August may be indicative of a relatively slow
rate of "growth."

5. The size structure and composition of the summer population,
and evidence from the available literature, suggest that a life
span approaching 2 years seems most likely.

523



Pontoporeia femorata

The summer size-frequency distributions for P. femorata are presented

in Figures 13-17. Animals were categorized as either juveniles, males or

females based on the criteria in Table 9. As was the case for P. affinis,

data from different locations and years had to be used to construct a

series of size-frequency distributions. These have been sequenced chrono-

logically (Figs. 13-17) to reveal changes in the overall patterns of the

population size structure. Summer samples contained no ovigerous females

or females carrying young, although one 8mm-female with setose brood plates

was collected on 7/28/76 in Kaktovic Lagoon.

Segerstrale (1938; 1967) commented on the similarities between P. af-

finis and P. femorata with respect to their reproductive patterns and the

morphological changes accompanying maturation. Most of the comments I made

regarding P. affinis seem to apply to P. femorata as well. The following

points summarize some aspects of the reproductive biology of P. femorata

in the nearshore Beaufort Sea.

1. Between July and August, populations of P. femorata are dominated
by juveniles and maturing adults (Figs. 13-17).

2. Although the size-frequency distributions are not as obviously
bimodal as those of P. affinis, they essentially consist of a
lower (< 6.0-6.5mm) juvenile or 1st-year component, and an upper
(> 6.0-6.5mm) component of sexually maturing 2nd-year adults.

3. Large animals (>9 mm) are not abundant in the summer. Since the
maximum size of arctic P. femorata has been reported to be be-
tween 15 and 16mm (Segerstrale 1938), the absence of large ani-
mals in summer probably indicates that they died after the winter-
spring breeding period.

4. The absence of large adults, ovigerous females and females carry-
ing young during the summer, coupled with the relative abundance
of juveniles and small to medium-sized adults suggest that:

a. breeding is restricted primarily to the cold season (Seger-
strale 1938; 1967)

b. release of young occurs mainly before July
c. females probably produce only one brood and then die (Seger-

strale 1938)
d. the summer population consists of Ist-year individuals and

2nd-year maturing adults which will probably start to breed
during the fall and winter months

5. The consistent presence of 2mm animals throughout the summer
(Figs. 13-17) indicates that some late-breeding females do not
release their young until mid-summer. One 8 mm female with setose
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Figure 3.13. Size-frequency distribution of P. femorata in Kaktovic Lagoon,
(Barter Island), 7/20/76 - 7/28/76. Depth, 3.5 m. Ekman grab (5 samples).

525



Figure 3.14. Size-frequency distribution of P. femorata in Simpson Lagoon,
8/4/76. Depth, 2.3 m. Ekman grab (3 samples).
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Figure 3.15. Size-frequency distribution of P. femorata in Eluitkak Pass
(Elson Lagoon), 8/11/76. Depth, 3.5 M. Ekman grab (6 samples).
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Figure 3.16. Size-frequence distribution of P. femorata at stations F1A,

F0E (See Fig. 1), 8/24/78. Depth, 2.5 - 3.0 m. Smith McIntyre grab
(5 samples).
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Figure 3.17. Size-frequency distribution of P. femorata at stations GØC,
F4B (see Fig. 1), 8/25/78. Depth, 5 m. Smith McIntyre grab (6 samples).
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brood plates was collected on 7/28/76 in Kaktovic Lagoon. Since
the condition of the ovaries was not determined, the animal may
either have been preparing to enter the reproductive phase (a
situation which would imply summer breeding), or had recently
released young..

6. Among the maturing adults, females are more abundant than males.
The relatively high proportion of juveniles compared to adults
probably reflects sampling error. Grabs may not adequately sample
the more actively swimming larger animals.

7. The summer size-frequency distributions are highly variable from
one location and date to another, making it impossible to detect
any obvious chronological progression of advancing sizes through-
out the summer.

8. Bousfield (1973) indicated an annual life cycle for P. femorata,
but may have been referring to smaller (13 mm), non-arctic speci-
mens. The larger size of arctic specimens (15-16 mm) and the
apparently long time required for embryonic development at low
arctic temperatures (Segerstrale 1938), suggest that arctic P.
femorata have a life span exceeding one year.

In February 1980, P. femorata were collected with an air lift sam-

pling technique in Elson Lagoon. Four specimens were made available to

me for analysis, and the results are presented in Table 10. All the ma-

ture animals were females, and the largest was ovigerous. The eggs were

in a relatively advanced stage of development and probably would have

hatched in early March. The other two females were smaller, but based

on the one 8 mm female with setose brood plates collected on 7/28/76,

they should have been sexually mature. They did not show the structural

deterioration (particularly of the gills) characteristic of females after

they release their young. I suspect, therefore, that they had not yet

entered the reproductive phase. Assuming that they were to do so within

the next few months (March-April), then based on the duration of embryonic

development in Finnish coastal waters (3-4 months, Segerstrale 1967), their

young would not be released until July or August. This would explain the

presence of small individuals throughout the summer (Figs. 13-17).

Segerstrale (1967) suggested that coastal populations of arctic P.

femorata breed primarily in late fall and winter, but that deep-sea popu-

lations also have a secondary breeding peak during the summer. MacGinitie

(1955) collected several female P. femorata between 155 and 245 meters

water depth in the Beaufort Sea, September 1949. Of these specimens,

one was ready to lay eggs, one was carrying eggs (early developmental
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Table 3.10. Data on 4 specimens of P. femorata collected by air lift, under

the ice, between 3 and 3.5 meters in Elson Lagoon. February 23, 1980.

J = Juvenile, F = Female.
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stage) and several had recently lost their broods. This indicates summer-

breeding activity within P. femorata populations in the deeper parts of

the Beaufort Sea.

Size-Frequency Distributions Based

on Epibenthic Dredge Catches

Earlier, I suggested the possibility that size-frequency distributions

of P. affinis and P. femorata constructed from grab sample data may be

biased towards the less actively swimming juveniles. A general comparison

between distributions from epibenthic dredge collections (Figs. 18 and 19)

and those from grab samples (Figs. 10-17) gives the immediate impression

that the proportion of larger animals is considerably higher in the dredge

samples. This is particularly evident when Figures 10 and 18 are compared,

since these data came from the same location and were collected the same

day. Despite the relatively large mesh size of the dredge net (slightly

over 1 mm), I do not believe that the low abundance of 2 and 3 mm animals

in the dredge catch (Fig. 18) represents a significant loss of smaller ani-

mals through the net. I suspect, rather, that animals of this size, having

recently been released from the mother's brood pouch, are not yet capable

of extended periods of swimming activity and are thus primarily confined

to the bottom. Under these circumstances, they would be "under-sampled"

by an epibenthic dredge and "over-sampled" by a grab. This has resulted

in an almost complete reversal of the size structure of the juvenile com-

ponent of the population (Figs. 10 and 18). The dredge caught a much

higher proportion of the more actively swimming larger juveniles and ma-

turing adults. Such discrepancies between sampling gears indicate the fu-

tility of trying to calculate "growth" from chronological changes in the

population size structure based on one type of gear. At least, this seems

to be the case for P. affinis and P. femorata. For these species, an ac-

curate assessment of the population size structure at any given time depends

upon critical examination of both bottom and epibenthic catches.

It is significant that, like the grabs, the epibenthic dredge catches

did not contain overgerous females, females carrying young, or a signifi-

cant number of animals larger than 9 mm. In this respect, they tend to

support the general reproductive patterns of P. affinis and P. femorata

outlineed in the previous sections of this report.
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Figure 3.18. Size-frequency distribution of P. affinis in Simpson Lagoon,
8/14/78. Depth, 3.4 m. Epibenthic dredge T150 m tow).
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Figure 3.19. Size-frequency distribution of P. femorata in Simpson Lagoon,
8/14/78. Depth, 3.4 m. Epibenthic dredge T150 m tow).
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Recommended Further Research

1. Further in-depth ecological analysis of already existing data (RU 356)

to define major differences in the biological structure and trophic

organization between lagoon and non-lagoon habitats (i.e., ordination,

cluster analysis, general data reduction and computer-oriented eco-

logical analyses).

2. Further assessment of critical physical and biological parameters in-

fluencing the structure and organization of benthic communities in

various coastal subsystems and habitats.

3. Identification of biologically important indicator species in various

coastal habitats and at various depths, based on their abundance, bio-

mass, motility-sessility, feeding strategies and general trophic status.

4. Winter sampling in both lagoon and non-lagoon habitats, at various

depths, to establish more firmly the dynamics of biological flow be-

tween these coastal subsystems, the reproductive biology of important

benthic species, winter feeding strategies and the overall impact of

winter conditions (ice-stress) on the structure of coastal benthic

communities.

5. Further assessment of the extent to which biological interactions (in-

terspecific competition for food, space, etc., predation) determine

the nature and extent of habitat-niche partitioning among the benthic

biota of lagoon and non-lagoon ecosystems.

6. Relating specifically to the biology of, and interactions between, popu-

lations of P. affinis and P. femorata:

a. Salinity tolerance
b. Substrate and food preferences, feeding stretegies
c. Importance as a food source for fish and birds
d. Space partitioning
e. Winter migrations and reproductive biology
f. Effects of oil-contaminated sediments on the burrowing behavior and

general survival of both species (there is already some evidence
suggesting that colonization of oil-contaminated sediments by P.
femorata is substantially curtailed; Atlas et al., 1978).
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Nearshore Samples in Selected Beaufort Sea

Sites in 1978

A. C. Broad

INTRODUCTION

In 1977 and 1978 we sampled three times each summer at selected

Beaufort (and, in 1977, Chukchi) Sea shore stations. The data from

the 1977 eastern Beaufort Sea stations were presented in our 1979 an-

nual report. In this section, we treat data collected in the Beaufort

in 1978. Definition of lease areas made after the 1977 field season

influenced the selection of sites sampled in 1978. We did not return

to Nuvagapak Lagoon and Barter Island, adding instead stations on Flax-

man Island and in the mouth of the Sagavanirktok River.

METHODS

Because prior (1975, 1976, and 1977) samples of infaunal benthos

taken at depths of less than 0.5 m on Beaufort Sea and adjacent lagoon

shores yielded very few animals, the 1978 sampling of seaward extensions

of beach transects at Flaxman Island and in Prudhoe Bay was done at

depths of 0.5 m, 1.5 m and 2.0 m. The shallowness of the Sagavanirktok

delta made extension of the transect to 1.5 or 2.0 m impossible. Samples

were taken at 0.5 m and 0.75 m (the deepest water encountered). In the

Colville delta, stations were chosen along transects of river channels

near the mouth. Each such station consisted of a single sampling location.

The methods employed were those we have used before. Infaunal benthos

was sampled with a pole-mounted Ekman grab (0.0231m 2 ) and washed in the

field in a 0.516 mm screen-bottomed pail. Motile, epibenthic organisms

were caught in a WILDCO (No. 171) scrape/skid dredge with a 1.05 mm mesh

bag. All washed samples were preserved in the field in 10% formalin and

shipped to Bellingham where they were sorted, identified, weighed and sub-

sequently preserved in propanol.
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RESULTS

Summaries of the data obtained from Ekman grab and epibenthic dredge

samples are presented in appended tables 4.1 to 4.24. The format of these

tables is the same as that used to present the 1977 data, and the two

years are, in some instances, directly comparable. The deeper (1.5 and

2.0 m) samples made in 1978 have no 1977 counterpart. As before, the

reader is cautioned not to equate catches of the Ekman grab with those

of the sled net, for the two methods are not comparable.

Our stations J2G, J2H, and J21 (tables 4.11 and 4.23) are on a

transect across Kupigruak Channel very near the mouth in the eastern

Colville delta. In 1977, the measured depth at these stations was 2.0,

3.0, and 2.0 m respectively. In 1978, three separate measurements at

J2G were 0.4, 0.6, and 0.4 m. We measured the depth of water at station

J2H in 1978 as 0.5 m at three separate times. Station J21 was 0.4 to

0.3 m deep in 1978. These three stations again comprised a complete tran-

sect of the channel. In 1977, our station J2D in the river just east of

Anachlik Island was 2.0 m deep. In 1978 it was measured at 0.6, 0.75 and

0.3 m (also tables 4.11 and 4.23). There were differences in the depths

noted at J2E and J2F (tables 4.12 and 4.24) in 1977 and 1978, but these

were minor. Kupigruak Channel, however, had shallowed considerably in

the year's interval, and the fauna was, perhaps accordingly, lower in

both number of organisms and total mass (compare tables 4.11 and 4.23 to

tables 2.7 and 2.14 from the 1979 report).

DISCUSSION

Certain general observations based on 1977 (and-earlier) shoreline

sampling in the Beaufort are borne out by the results of the 1978 samples.

Infaunal benthos of the nearshore (0-2 m) region is low in diversity, num-

ber of individuals and total biomass, and this is most pronounced early

in the Summer. Motile, epibenthic crustaceans, however, are at least as

likely to be encountered early and in quite shallow water as they are

farther from shore at somewhat greater depth. The current data and those

from 1977 are consistent with annual repopulation of the nearshore by
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infaunal polychaetes and burrowing amphipods. Elsewhere in this report

(see appendix 3) there is a discussion of the inferred behavior of two

amphipod species derived in part from these data. Departure from the

burrows may account for reduced numbers and biomass of amphipods at 0.5

and 1.5 m depths late in the Summer in many samples. The trends noted

in most samples taken at 0.5 and 1.5 m, however, are not evident in the

2 m samples, and the inference is that the infauna is not destroyed an-

nually at this depth. The usually larger average size of polychates en-

countered at 2 m implies older individuals in this more stable group as

does the appearance of bivalve molluscs.

Samples of infaunal benthos made early in the open water season in

the nearshore region, therefore, probably show a seasonal low in the

biota. A corallary with some implications for exploitation of petroleum

resources is that developments in this region such as artificial islands,

grounded ice islands, or causeways have only the same direct biological

consequences as has the annual ice. Secondary effects of impeded or

deflected currents or routes of migration or other movements, of course,

are separate. This generalization is particularly pertinent to river

deltas where the infaunal benthos of the less-than 2 m deep water is

particularly poor.
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Table 4.1. Flaxman Island* - Benthic fauna in 1978.



Table 4.2. Flaxman Island * - Benthic fauna in 1978.



Table 4.3. Flaxman Island* - Benthic fauna in 1977.



Table 4.4 . Flaxman Island* - Benthic fauna in 1978.



Table 4.5. Flaxman Island* - Benthic fauna in 1978.



Table 4.6. Flaxman Island* - Benthic fauna in 1978.



Table 4.7. Sagavanirktok shore - Benthic fauna in 1978. Data are from Ekman grab samples taken on:
A = 7/10, B = 7/20, and C = 8/18, and washed through a 0.516 mm screen. Number of samples is: A = 8,
B = 8, C = 8. Samples were taken at:



Table 4.8. Prudhoe Shore - Benthic fauna in 1978.



Table 4.9. Prudhoe Shore = Benthic fauna in 1978.



Table 4.10. Prudhoe Shore - Benthic fauna in 1978.



Table 4.11. Colville Delta - Benthic fauna in 1978.



Table 4.12. Colville Delta - Benthic fauna in 1978.



Table 4.13. Flaxman Island* - Mobile, epibenthic fauna in 1978.
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Table 4.14. Flaxman Island* - Mobile, epibenthic fauna in 1978.
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Table 4.15. Flaxman Island* - Mobile, epibenthic fauna in 1978.
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Table 4.16. Flaxman Island* = Mobile, epibenthic fauna in 1978.
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Table 4.17. Flaxman Island* - Mobile, epibenthic fauna in 1978.
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Table 4.18. Flaxman Island* - Mobile, epibenthic fauna in 1978. Data are

from 50 m tows of the sled net (see text for description of net) taken on:

A = 7/21; B = 8/8; and C = 8/24. Number of samples is: A = 2; B = 2; and

C = 2. Samples were taken at station F05; 70012.0'N, 146 005.0'W; 2.0 m.
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Table 4.19. Sagavanirktok Delta - Mobile, epibenthic fauna in 1978. Data are
from 50 m tows of the sled net (see text for description of net) taken on: A
= 7/10; B = 7/25; and C = 8/18. Number of samples is: A = 4; B = 4; and C = 4.
Samples were taken at station H12; 70°20.7'N, 148°12.3'W; 0.5 m and 0.75 m.
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Table 4.20. Prudhoe shore - Mobile, epibenthic fauna in 1978. Data are

from 50 m tows of the seld net (see text for description of net) taken on:

A = 7/8,11; B = 7/24,28; and C = 8/14,15. Number of samples is: A = 4;

B = 4; and C = 4. Samples were taken at stations H28; 70°18.5N, 148°28.8'W;

0.5 m and H32; 70°22.8'N; 148°32.8'W; 0.5 m.
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Table 4.21. Prudhoe Shore - Mobile, epibenthic fauna in 1978.
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Table 4.22. Prudhoe Shore - Mobile, epibenthic fauna in 1978.
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Table 4.23. Colville Delta - Mobile, epibenthic fauna in 1978.
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Table 4.24. Colville Delta
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TROPHIC RELATIONSHIPS OF THE ARCTIC

SHALLOW WATER MARINE ECOSYSTEM

by

D. E. Schneider

INTRODUCTION

Investigations of the trophic relationships of the shallow water

Beaufort Sea ecosystem by RU-356 in 1977 and 1978 focused on the role of

organic detritus, particularly peat derived from eroding tundra shore-

ines, as an energy source. Our experiments have shown that a number of

species ingest peat fragments, but one amphipod, Gammarus setosus, is

particularly active in processing this material. This species can appar-

ently assimilate a surprisingly high proportion (65-75%) of the organic

matter in coarse peat fractions (Schneider and Koch, 1979). Interestingly,

peat from an eroding tundra bank that had not yet entered the marine eco-

system was not readily assimilated. G. setosus has also been shown to

readily ingest fine sediments, but during 1978 we were not able to

determine the amount of organic assimilation from this source. Our studies

during the summer of 1979 were aimed at further elucidating the role of

G. setosus in processing organic detritus. In particular we sought an

explanation for the extremely high assimilation of peat organic matter.

The ability of this species to assimilate organic matter from sediments was

also investigated.

METHODS

Peat Assimilation Experiments

The procedures used for determining organic assimilation from peat

were the same as those described in the last annual report (Schneider and

Koch, 1979). Detailed procedures will not be repeated here except where

they differ from those used last year, but a brief summary follows. The

organic content of food (peat) and feces was determined as the weight loss

upon ashing in a muffle furnace at 5000C for 2 hours. In some of our

experiments discrete fecal pellets were not readily formed. Collection of
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fecal material in these cases was accomplished by transferring the amphipods

to clean Millipore filtered (0.45p) seawater in compartmented plastic boxes

following a period of feeding. Fecal material was then recovered by suction

filtration (< 1/3 atmosphere) on pre-ashed (4750C for one hour) and tared

2.4 cm Whatman GF/C glass fiber filters. These samples were then processed in

the same manner that was used for peat samples collected on glass fiber

filters. Organic assimilation was calculated using Conover's (1966) equation:

[FORMULA]

where U' is the percentage of assimilation, and F' and E' are the ash-free

dry weight: dry weight ratios for ingested food and feces produced respectively.

A detailed rationale has been presented for the use of this equation (Schneider

and Koch, 1979). No gravimetric assimilation experiments were attempted this

year because of the great difficulties in obtaining consistent results.

Specific details of the peat assimilation experiments are presented in the

next section along with the results.

Organic Assimilation from Sediments

The assimilation of organic material from fine sediments by Gammarus

setosus was investigated using a wet oxidation method for organic content

determinations. Small G. setosus, approximately 4-6 mgdry weight, were

collected in the shore lead opposite the Naval Arctic Research Lab in early

July. Three individuals were placed in each compartment of a 24 compartment

plastic box in about 40 ml of Milipore filtered water from the shore lead

(salinity < 1‰). The animals were allowed to clear their guts for 24 hours

and fecal pellets were frequently removed to prevent reingestion. Fine

surface sediments were collected by scraping a small vial across the sediment

surface. The sediments were sieved through nitex screens and the fraction

passing through a 63 µ screen was used for the experiment. A 5 ml aliquot of

rapidly stirred suspension of the sediment was delivered with an automatic

pipette to each compartment containing amphipods. An additional 12 aliquots

were dispensed into vials for determination of the initial organic content

of the sediment. Fecal pellets were recovered from the compartments after a

25 hour feeding period. The pellets from 3 compartments (i.e., the output
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from 9 animals) were pooled for organic content determinations.

Control sediment samples and recovered fecal pellets were suction

filtered (< 1/3 atmosphere) onto pre-ashed (4750 C for one hour) and tared

Whatman FG/C glass fiber filters (2.4 cm), rinsed twice with 2 ml aliquots

of Na2 SO4 (45 g/l) and dried in an oven at 700C for at least 12 hours. Sample

dry weights were determined on a Cahn DTL electrobalance. The filters were

then transferred to clean 30 ml beakers and the carbon content was determined

using the dichromate wet oxidation method of Strickland and Parsons (1968).

A 10 ml volume of oxidant was used in all cases. The extinction of each

sample was read in a Hitachi-Perkin Elmer spectrophotometer (model 139) using

a 1 cm light path cell. Two of the sediment and fecal pellet samples were

ashed in a muffle furnace (5000 C for 2 hours) before determining the carbon

content. These served as controls to correct for any reactions of the oxidant

not attribytable to carbon.

1 C-Cellulose Oxidation

The ability of the amphibods Gammarus setosus and Onisimus litoralis

to oxidize cellulose was investigated in a joint set of experiments with Don

Shell (RU-357). The details and results of these experiments are presented

in his annual report, but some reference to the results will be made in the

discussion section of this report. In these experiments we incubated 2l

flasks of raw seawater, seawater plus amphipods, seawater plus peat, and

seawater plus peat plus amphipods with about 120µg of 1 4 C-Cellulose. Evolu-

tion of 1 4 C02 and incorporation of label into animal tissues was monitored at

intervals throughout the experiments. In one experiment with G. setosus the

amphipods were dissected to separate the gut from the remainder of the body

for counting. Only total body counts were made for 0. littoralis.

Antibiotic Treatment Experiments

A series of experiments was run to assess the role of microorganisms in

the assimilation of peat by G. setosus. Three different antibiotic treatments

were used:

1) Peat soaked in antibiotic for 2 days then fed to untreated amphipods.
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2) Amphipods soaked in antibiotic for 2 days then fed untreated

peat. The amphipods were fed peat during the first day of

antibiotic treatment to encourage ingestion of the antibiotic,

and were allowed to clear their guts on the second day of

treatment.

3) Amphipods soaked in antibiotic for 2 days then fed peat that had

also been soaked 2 days in antibiotic.

Control runs in which no antibiotics were used were run with each of the

above experiments. The antibiotic solution was a mixture of neomycin-SO4

and streptomycin-SO4 each at 50 mg/l in seawater. The procedures for

determining organic assimilation of the peat were identical to those used in

the other peat assimilation experiments.

Laminaria Assimilation Experiment

An experiment was set up to determine the ability of large (approxi-

mately 20-40 mg dry weight) and small (approximately 4-6 mg dry weight) G.

setosus to assimilate organic matter from Laminaria fragments. Detached

Laminaria fronds that had freshly drifted ashore were collected. Discs were

punched from healthy regions of the fronds with a paper punch, and 10 discs

were fed to each amphipod. Fecal pellets were collected after 24 hours of

feeding. Both control batches of Laminaria discs and the fecal pellets were

dried and ashed on glass fiber filters to determine organic content. The

procedures were the same as previously described for peat assimilation experi-

ments.

ATP Analysis

Attempts have been made to measure the ATP content of food and feces

in assimilation experiments to provide an estimate of utilization of microbial

biomass. Continued technical difficulties have been encountered in our

attempts to perfect this method. The major problems have been inhibition of

the enzyme system by some substance in the extracts and the lack of a suitably

sensitive photodetection device. The levels of ATP in our systems apparently

are too close to the resolution limit for our method when a liquid scintillation

counter is used as the photodetector. I have therefore made the decision to

discontinue experiments of this type.
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RESULTS AND DISCUSSION

Organic Assimilation From Sediments

Gammarus setosus was found to ingest large quantities of fine

silty sediments that had collected under the ice canopy (Schneider and Koch,

1979). An experiment was set up to determine whether G. setosus is capable

of assimilating organic matter from those sediments. Table 5.1 shows the

results of this experiment. The carbon content of sediment and feces was

converted to the fraction of carbon before Conover's (1966) assimilation

was calculated.

Table 5.1. Assimilation of organic material from sediments by Gammarus

setosus. Mean values for carbon content + S.E. are shown.

A t-test indicates that the difference in carbon content of the sediment and

feces is significant (p< .05) so the positive value for % assimilation is

meaningful. Therefore G. setosus is capable of deriving nutrition from

feeding on bottom sediments. The nature of the organic material in these

sediments is not known. Analysis of fecal pellets derived from feeding in

the shore lead where the experimental animals were collected indicates that

benthic diatoms and peat fragments maybe important components (Schneider

and Koch, 1979).

The assimilation efficiencies of other deposit feeders varies widely.

Hargrave (1970) found that the deposit feeding freshwater amphipod Hyalella

azteca only assimilated 6.5% of the organic matter in subsurface sediments

and 14.9% of that in surface sediments. The presence of large quantities of

cellulose and lignin-like substances in the lake sediment may account for

the low efficiency. The higher efficiency seen in G. setosus may in part

be due to its ability to assimilate peat fragments efficiently. Other values

reported in the literature are 17.2% efficiency for a holothurian (Yingst,
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1976) and 45% by the polychaete worm Pectinaria gouldii (Gordon, 1966).

The efficiency found for G. setosus seems to fall somewhere near the middle

of the range of values reported for other deposit feeders.

Organic Assimilation of Different Peat Size Fractions

The ability of G. setosus to assimilate organic matter from different

size fractions of peat was investigated. Results of a similar experiment

during the summer of 1978 indicated that only the coarsest particle sizes

(> 1050µ) were efficiently assimilated. Verification of this trend by using

another peat sample seemed desirable. In addition, two size classes of G.

setosus, small (approximately 4-6 mg dry weight) and large (approximately

20-40 mg dry weight), were used in this experiment. Casual observations

have suggested that small G. setosus feed more vigorously than large individuals

and we felt that this might be reflected in their ability to assimilate peat

organic matter.

The results in Table 5.2 indicate that both large and small G. setosus

assimilated a very high proportion of peat organic matter in all fractions

larger than 63 µ. Large individuals did not assimilate peat particles

< 63 µ while small individuals were capable of utilizing this size class

efficiently. The cause of this difference is not known. The results of this

experiment differ from those reported last year (Schneider and Koch, 1979) in

that a much wider range of particle sizes were assimilated in this experiment.

No conclusive explanation can be offered for the difference. The peat samples

used were different and since peat is not a particularly uniform substance,

composition of the organic material in each size class may have differed.

Nevertheless, it is again evident that G. setosus has unusual ability to

assimilate organic matter from peat. The assimilation efficiency is far

higher than would be expected if this amphipod was simply feeding on micro-

organisms associated with the peat. Assimilation efficiences of the magnitude

seen could only result from direct utilization of peat organic matter. To

test this, the following experiment on oxidation of 1C-cellulose was under-

taken.
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Table 5.2 Assimilation of different size fractions 
of peat from Elson

Lagoon by large and small Gammarus setosus.
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C-Cellulose Oxidation

Although the detailed results of these experiments appear in Schell's

(RU-357) annual report, a brief summary of our findings will be presented

here. At 8°C, flasks that contained G. setosus released about 2.3 times

14 14
as much 14CO2 from 1C-cellulose as the flask containing only seawater,

and 3.4 times as much as the flask containing seawater and peat. At 0°C
14

there was a 1.6 fold increase in CO2 release in flasks containing G.

setosus and peat compared to the flask containing only seawater and peat.

The flasks containing Onisimus litoralis and peat showed almost the same

CO2 output as the flask containing only seawater and peat. Body counts
14

exclusive of the gut for G. setosus indicate a net incorporation of C into

amphipod tissues. The results indicate that G. setosus is capable of oxidizing

cellulose and incorporating carbon from this source into tissues. Onisimus

litoralis apparently is unable to directly utilize cellulose.

Cellulase activity has been reported in a number of marine invertebrates

(Yokoe and Yasumasu, 1964), but few studies have reported on the ability of

these animals to assimilate cellulose. Foulds and Mann (1978) found that

Mysis stenolepis assimilates sterile 14C-cellulose with an efficiency of

around 50%. Actually values as high as 60 to 75% were observed in some experi-

ments. Our experiment did not permit us to calculate an assimilation effi-

ciency for G. setosus feeding on cellulose. However the fact that cellulose

is readily oxidized by this species coupled to the observations of high

assimilation of peat organic matter suggests that G. setosus is able to

directly utilize some of the refractory organic compounds in peat. Direct

utilization of detrital carbon rather than having the energy flow through

an intermediate microbial population should substantially increase the effi-

ciency of energy flow for this species. Instead of having two trophic levels

between the detritus and detritivore there may only be a single step (Foulds

and Mann, 1978). In the arctic where primary production is very seasonal an

increase in the efficiency of detrital food chains could be advantageous.
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Antibiotic Treatment Experiments

Whether G. setosus produces its own cellulase activity or harbors

a symbiotic gut microflora that can digest cellulose is not known. A

series of experiments were set up to investigate this question. By in-

activating the microbial populations on the peat and in the guts of the

amphipods and subsequently determining the organic assimilation of peat,

we hoped to elucidate the role of microbes in this process.

The results of these experiments shown in Table 5.3 are somewhat am-

biguous. The first set of experiments run gave negative assimilations for

both the control and the treated groups. The negative assimilation for

the control group is highly unusual and represents the only case in a to-

tal of 7 experiments with 5-19 replicates per experiment where a negative

assimilation with a coarse peat fraction has been observed. Furthermore,

the assimilations of the other two control groups is lower than we have

normally seen. In previous experiments the assimilation has ranged from

about 60 - 85%. Nevertheless it appears that the antibiotic treatment of

the amphipods and of both the amphipods and peat together may have reduced

the ability to assimilate peat organic matter. The organic content of the

food (peat) and feces is not significantly different for either of the

antibiotic treated groups yet it is significantly different for the control

groups. This suggests that a gut microflora may be involved in the ability

of G. setosus to assimilate peat.

If a gut microflora is involved, a possible explanation for the low

and even negative assimilation efficiencies in the control groups can be

suggested. The amphipods used in these experiments had been stored in the

laboratory for at least a month prior to being used. Fresh animals could

not be obtained for the experiments because the field population had dis-

persed. During storage the amphipods were not fed regularly and it is pos-

sible that the populations of gut microbes had fallen to a low level. The

amphipods used in the second and third experiments shown in Table 5.3 had

been fed on peat for several days prior to the run. The positive but low

assimilations in these groups could result from a partial buildup of the

gut microbial populations that had not yet reached normal levels.
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Table 5.3. The effect of antibiotic treatment on the ability of Gammarus

setosus to assimilate organic matter from peat. Antibiotic treatment
(neomycin - SO[subscript]4 and streptomycin - S0[subscript]4, 50mg/l) was for 48 hours. Aster-

isked feces % organic values are significantly different (t-test, P<.05)

from the corresponding peat % organic values.
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Arctic Saltmarsh Lakes

by

David T. Mason

The saltmarsh lakes of the Nearctic have rarely been studied. They

were briefly treated by Hartz and Kruuse (1911) and later by Madsen (1936);

the first authors compared them to the "Lo'er" of the Danish saltmarshes,

while the latter reported studies of the marsh fauna. In this paper I de-

scribe lakes in a marsh at Arctic Circle Landing Strip (Lat. 66°26'26",

Long. 161°52'08") which I have visited during the summers of 1976 through

1979.

They tiny lakes (1-3 m average dimension) are embedded in a continu-

ous, gently sloping (0.0023 m-m-
1 ) littoral meadow behind a long beach bar-

rier that impounds the mouth of a ca. 75 km
2 wet tundra drainage. Both

local vegetative growth and erosion may be seen in the marsh.

Moving downward, fewer species grow in the vegetative cover. The sea-

ward limits of the principal higher plants of the marsh are apparently de-

fined by periods of high soil water salinity (Mason, in prep.). The most

halo-tolerant, Puccinellia phryganodes, fails to grow above about 35‰.

(Soil solution salinities were determined by squeezing small plugs of soil

with a culinary garlic press, and collecting the liquid on an A. 0. Gold-

berg refractometer, especially calibrated for low temperature field use.)

Across a soil salinity gradient from about 5 to 20%/o Carex ramenskii

grades into C. subspathacea. The lawn-like sward of these species along

with Pontentilla ogedii and Stellaria humifusa is grazed occasionally by a

passing reindeer herd and intensively by migrating geese, especially black

brant. The boundaries of the pools which seen especially attractive to

geese were composed mostly of these sedges and the grass, with especially

luxuriant growth on the steep sides of the pools which are recessed 10-20

cm below the turf surface (Fig. 6.1). Nitrogen and phosphorus increase in

soils towards the pools along with sodium and calcium (Table 6.1).
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Figure 6.1. Surface profile and ice depths at PF Pond measured at several

times during the summer season.
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Table 6.1. Chemistry of Salt Marsh Surface Soils, Dried Weight Basis:

Sampled 23 June 1977; Univ. of Alaska, Forest Soils Lab.
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Meadow fertilization experiments over one growing season 
showed 40%

greater growth of Carex ramenskii/subpathacea in response 
to 10 g added N

(as nitrate) per square meter, as compared to adjacent 
unfertilized plants,;

and 30% greater growth in response to 10 g added P (as phosphate). 
A

commercial mixed fertilizer (N-P-K levels of 32-9-13 gm-²) produced 
41%

greater growth the first and 48% greater growth the second growing season

after application. Underlying both the upland surface of relatively uniform

7 cm deep peaty soil (to 30 m 75% of dry weight is volatile at 500°C; then

a linear decline occurs to 25% at 90 m) and the ponds as well is a layer of

water-permeable fine silt-clay (only 10% of dry weight is volatile) that

gradually tapers from 10 to 5 cm down the marsh. Beneath this are additional

alternating bands of silt-clay and peat. The uppermost silt-clay layer dips

with the surface terrain into the lake basins, becoming 
reduced as it drops

below the groundwater level (Fig. 6.2). Rain and ground water move parallel

to this silty layer towards the ponds and arrive with low redox potential at

the pool margins just below the vegetation line. Groundwater may then ride

out on wet sediments and the pond water surface where 
a layer of ferric

oxides and presumably associated organic matter, phosphate, 
and metal ions

forms (Stumm and Morgan 1970). Reduced soils (as evidenced by a transition to

black iron sulfides) approach the surface at the margins 
of vegetation and

salinity of both the surface and sub-surface peaty layers rises beneath 
the

bonds (fig. 6.2).

Soil salinity, in fact, rose at each lake intercepted by 
a transect of

the marsh in 1978 (Fig. 6.3), a year when August showed a fifth of normal

precipitation, and one that had followed a very dry 
summer which saw scores

of tundra fires throughout the region. The summer of 1979 brought frequent

rains to Kotzebue Sound (June had three times its normal 
rain.) and the

salinity isopleths of the prior summers were pushed down 
the marsh some ten

meters. (The sampling interval in 1979 did not reveal the fine structure

of the pools.) In 1978 and again in 1979, core extracts and locally calib-

rated impedance-probe measures of salinity showed a linear 
increase (slopes

averaged 0.04 o/oo cm-1 , the first year, and 0.56 the second; the difference

significant at 93%) with depth, having a maximum salinity 
between 50 and 60 cm.

Along the same transect (Fig. 6.4) the ice surface underground 
deepened

through season, especially below the ponds. (The albedo 
of the ponds, ca. 8%,
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Figure 6.2. Profiles through a pond at 60 m on the salt marsh transect.

The figure shows without vertical exaggeration the surface of the ground,

the ice beneath, and a marker silt-clay layer. In addition the soil water

salinity both above and below the silt-clay layer, as well as two vertical

distributions of salinity, one in the pond and one characteristic of the

meadow are indicated. The distribution of vegetation and the boundaries

between oxidized and reduced (the orange to black color transition) are

also shown.
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Figure 6.3. Salinity isopleths along a transect of the salt marsh, nor-

mallized to a flat surface, at three different times. Between August 1978

and August 1979 considerable precipitation served to flush the salinity

contours about 10 meters downward along the transect. Note that the 1978

measurements show clearly the concentrations of salts existing at the lake

sites.
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Figure 6.4. Ice depth profiles and the land surface of the salt marsh

transect. Below the lakes the ice melts much deeper than it does beneath

adjacent meadow. Altitude datum is "normal meterological high tide."
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was one-third that of the adjacent meadow, 24%, as measured with a silicon

photocell in August 1979 midday sun. Consequently more visible and near

infra-red energy were absorbed by the pond than adjacent meadow. Thermal

transmissibility is presumably less in the meadows because of the loose duff

and aereated peat there.) At PF Pond the rate of ice melt was especially

great through the zone 30-60 cm below the surface (Fig. 6.1). In August

1978 the groundwater sloped along the transect (0.0017 m-m-¹) some 12 to

18 cm below the surface. Bailing of pit wells dug in 1978 (August) showed

more rapid recharge in the higher marsh profiles reflecting the greater

organic and water contents of the peats there. Four slugs of common salt

placed 5-10 cm below the surface in May 1978 had dissolved and migrated into

and beyond the two-meter-diameter grid used to detect them in August 1979.

The marsh above the Carex ram/sub meadow appears to require an upland fresh-

water source; shallow contemporary native wells (0.2 - 0.4 m deep) and

hunting camp artifacts are associated with upper marsh communities rich in

Carex glareosa and Calamagrostis neglecta. The water may arise from sources

fed by snow and ice blown into the adjacent beach by the prevailing winter

east winds.

OCHER COMMUNITY

The pond sediments are ocherous in color at the surface and derive in

part from a precipitate that first forms as a film on the water surface,

especially during times of receding pond levels. The oxidized iron produces

a brittle, thin film that shows interference patterns making it seem "oily."

It collapses under surface stress, sinking in loose strings to the bottom;

there the deposits are flocculent and remain oxidized for several centimeters

depth while covered with water. Once exposed to air, the ocher is dewatered

and compacts to an oxidized layer only a few milimeters thick overlying black

reduced material beneath.

A sample (15 Aug. 1979) of the oxidized ocher from PF Pond was composed

of 35% (by volume) single-celled algae; two-thirds of this was a navicloid

diatom, and one-third a palmelloid euglenid. Several other algae were present

in small amounts along with occasional ciliates, bacteria, etc. (The plankton,

preserved with acid Lugol's, and counted using Utermohl phase-contrast
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techniques, contained only a few bacterial cells and naupliar crustaceans.)

Occasional green blooms would occupy either small saline bottom 
seepages or,

uncommonly, the whole pond; plankton samples of the 
latter (12 Aug. 1979)

from a pond near the 50 m station contained 0.13 x 10
6 biflagellated euglenid

cells ml-¹. Sulfur-precipitating bacteria were also occasionally abundant

in the lower marsh in pycnoclinically isolated seepages, often in association

with Vaucheria and Oscillatoria that form a coherent felt on the surface of

more saline sediments. One such pocket contained 630 ppm (by volume) 
short

rod-shaped bacteria with refractile sulfur inclusions.

A pair of similar ponds, 1.5 m in diameter near 
10 m on the marsh

transect was chosen for phosphate fertilization and control. Enough Na2HPO 4

was added (11 Aug. 1977) to one to bring the concentration in the above-ground

water of the pond to about 0.5 g P-1 1  A white precipitate formed immedi-

ately upon addition of the salt. Early (May) the next season the fertilized

pond showed a developing bubbly mat of loating 
green filamentous algae and

a plankton bloom; the mat was still present at the end of summer. In 1979

(12 August) the salinity of both ponds was 5 
o/oo, the pH of both about 6.5,

and both were 160C at midday. There were no planktonic algae seen (Ütermohl),

but comparable numbers of crustacean nauplii 
and bacteria were found in both

ponds. Samples (14 August 1979) of the other, however, showed common 
ciliate

protozoans and phytomonads but few euglenids 
or diatoms in the fertilized

pond; in the ocher of the control pond ciliates were 
uncommon, phytomonads

absent, and euglenids and diatoms common.

Dipteran larvae (chironomids, culicoids, and ephydrids) were abundant,

feeding in the ocherous deposits of all ponds along the transect, and they

were taken by predatory epineustic adult flies 
(family?) as well as common

and actively feeding shorebirds. Once the sediments were exposed to the

air, podurid collembolids may be locally abundant, 
feeding in great concentra-

tions on the ocher. (Grey-black patches of collembolids feeding on ocher 
are

a more common finding in higher arctic saltmarsh 
pools; only spiders have been

observed preying on them.) Roaming the ocher surface were also common saldid

hemipterans. These and the adult shore and predatory flies 
were also locally

abundant on pond surfaces, especially on the partially 
decaying mats of

floating green algae where the shore flies feed.
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DISCUSSION

The data on ice surfaces and their melting, the salinity and plant nut.

rient patterns, and the responses of the vegetation to these, along with three

summer's field observations, lead to the following hypothetical interpretation:

Some initiating irregularity of surface retains occasionally flooding salty

water; vegetation is inhibited by accumulating salt and the locale absorbs

more solar energy, increasing summer temperatures and consequently evaporation

and biotic decay. The water table dips toward the pond and lateral flows move

anaerobic decay products of the peaty highlands lakeward.

The local ice surface below the developing pond recedes further than

adjacent cooler regions: This a) increases the depth of the pond in summer

through melt subsidence, and b) produces a high relief ice topography under-

ground with ice-surface "pools" in the groundwater. The descending ice of

autumn preferentially excludes salts downward towards an ice-surface sloping

towards the thermal centers of the depressions.

Salts therefore accumulate at the pools: a) inhibiting but fertilizing

the vegetation, thereby accentuating the vegetative margin; b) providing a

warmer locus where oxygen solubility is decreased along with an increased

demand for reducible electron sinks; c) lengthening the micro-biological

season of the ponds because melting begins early while freezing is delayed by

the thermodynamic competition the dissolved salts exert on the ice crystal for

water molecules; d) selecting a euryhaline, eurythermal, tolerant biota which

can escape some nutrient limitations of the marsh but must cope with high

chemical competition for phosphate with the precipitated iron oxides.

Trophic interactions are focused onto the localized phosphorus on the

actively sedimenting iron oxides. This favors small facultatively strongly

motile primary producers with broad tolerances for oxygen content, electron

pressure, salinity, temperature, and exposure to bright sun and frequent

freezings. Dipteran larvae and collembolids exploit this concentration of

organisms and probably re-work the volume of surface sediments several times

a summer. Emergence and predation on larvae that feed breeding and migratory

birds probably remove a relatively small part of the system's tightly held

phosphorus.
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The fluxes of fresh-water and salt seem to be primary mediators of the

development of the marsh and its warm, concentrated lakes. I suspect that

initiation and early development of a pond is self-perpetuating through 
the

positive feedback interactions of the several controlling processes 
I have

mentioned. Like the dust pits on permanent ice covers, these processes are

probably naturally limited after some extension downward. Whether this

limitation can be discovered in the noise of surface fluxes should challenge

further studies.
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH
RESPECT TO OCS OIL AND GAS DEVELOPMENT

The specific objectives of this investigation for the study area are:

1) a quantitative inventory census of dominant epifaunal invertebrates;

2) a description of spatial distribution patterns of selected epifaunal

invertebrates; 3) where possible, assess spatial distribution and relative

abundance of selected infaunal invertebrate species; and 4) observations of

biological interrelationships, emphasizing trophic interactions, between

selected segments of the benthic biota.

Trawls were made at 34 stations within the high priority area (area

1). Twenty-three additional stations were surveyed and considered to be

untrawlable. Three stations at which the net was ripped were also con-

sidered untrawlable. Thus, all but two of the Priority 1 stations were

at least surveyed. Van Veen grab samples were taken at 26 of the pre-

viously trawled stations in Priority area 1. In addition, five un-

trawlable stations in this area were similarly sampled. Pipe dredge

samples were taken from 15 of the stations which were trawled and 11 of

the untrawlable stations.

Trawls were taken from one station in Priority area 2 and three stations

adjacent to this area, off Icy Bay; van Veen grab samples were taken at one

of these and a pipe dredge sample was taken at another.

In Priority area 3, trawls were made at five stations. At one of

these, van Veen grab samples and a pipe dredge were also taken.

Trawls were made at three stations in Yakutat Bay. Eleven additional

stations were surveyed and considered to be untrawlable. Van Veen grab

samples and a pipe dredge were taken from one of the stations which was

trawled. Grab samples were also obtained at 11 other stations and pipe

dredge samples were taken from an additional four.

Analysis of the trawl material from 45 stations resulted in a

delineation of benthic invertebrates belonging to nine phyla, 20 classes,

73 families, 99 genera, and 133 species. It is probable that all species

with numerical and biomass importance have been collected in the area of

investigation and that only rare species will be added in future sampling.
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Information on the feeding biology of 20 species on the NEGOA shelf,

in addition to feeding data collected on other OCSEAP cruises, should

enhance our overall understanding of benthic trophic relationships.

The impact of oil and gas development within the NEGOA region cannot

be assessed or even implied at this time, but will be addressed in the

Final Report.

II. INTRODUCTION

GENERAL NATURE AND SCOPE OF STUDY

The operations connected with oil exploration, production, and trans-

portation in the northeast Gulf of Alaska (NEGOA) present a wide spectrum

of potential dangers to the marine environment (see Olson and Burgess, 1967;

Malins, 1977 for general discussion of marine pollution problems). Adverse

effects on the marine environment of this area can neither be assessed nor

predicted, unless background data are recorded prior to industrial

development.

Insufficient long-term information about an environment, and the

basic biology and recruitment of species in that environment, can lead to

erroneous interpretations of changes in types and density of species that

might occur if the area becomes altered (see Nelson-Smith, 1973; Pearson,

1971, 1972, 1975; Rosenberg, 1973 for general discussions on benthic

biological investigations in industrialized marine areas). Populations

of marine species fluctuate over a time span of from a few to 30 years, but

such fluctuations are typically unexplainable because of the absence of

long-term data (Lewis, 1970, and personal communication).

Benthic organisms (primarily the infauna but also sessile and slow-

moving epifauna) are particularly useful as indicator species for a dis-

turbed area because they tend to remain in place, typically react to

long-range environmental changes, and by their presence, generally reflect

the nature of the substratum. Consequently, the organisms of the infaunal

benthos have frequently been chosen to monitor long-term pollution effects,

and are believed to reflect the biological health of a marine area (see

Pearson, 197L, 1972, 1975; Rosenberg, 1973 for discussion on long-term
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usage of benthic organisms for monitoring pollution; and Feder and Matheke,

in press, for data and discussion on the infauna of NEGOA).

The presence of large numbers of epifaunal species of actual or poten-

tial commercial importance (crabs, shrimps, snails, finfishes) in NEGOA

further dictates the necessity of understanding benthic communities since

many commercial species feed on infaunal and small epifaunal residents

of the benthos (see Zenkevitch, 1963 for a discussion of the interaction

of commercial species and the benthos; also see appropriate discussion in

Feder et al., 1978a, b). Any drastic changes in density of the food benthos

could affect the health and numbers of these commercially important species.

Experience in pollution-prone areas of England (Smith, 1968);

Scotland (Pearson, 1972, 1975); and California (Straughan, 1971) suggests

that at the completion of an initial study, selected stations should be

examined regularly on a long-term basis to determine changes in species

content, diversity, abundance and biomass. Such long-term data acquisi-

tion should make it possible to differentiate between normal ecosystem

variation and pollutant-induced biological alteration. Intensive investiga-

tions of the benthos of the NEGOA are essential to understand the trophic

interactions involved in this area and the changes that might take place

once oil-related activities are initiated.

The benthic biological program in NEGOA (Feder, 1978) has emphasized

development of an inventory of species as part of the examination by the

Outer Continental Shelf Environmental Assessment Program (OCSEAP) of

biological, physical and chemical components of shelf slated for oil

exploration and drilling activity. In addition, a program designed to

quantitatively assess assemblages (communities) of benthic species on the

NEGOA shelf has expanded the understanding of distribution patterns of

species there (Feder et al., 1978a; Feder and Matheke, in press). Investi-

gations connected with distribution, abundance, community structure, and

trophic relationships of benthic species in Cook Inlet, two Kodiak Island

bays, and the southeastern Bering Sea have recently been completed (Feder et a .,

1978a, b; Feder and Jewett, 1977). However, detailed information on the

temporal and spatial variability of the benthic fauna is sparse.
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The project considered in this Annual Report was designed to survey

the benthic fauna, including feeding interactions, on the shelf of NEGOA

in regions of potential oil and gas concentrations. Data were obtained

on faunal composition and abundance to develop baselines to which future

changes could be compared. Long-term studies on life histories and trophic

interactions of important species should define aspects of communities and

ecosystems potentially vulnerable to environmental damage, and should help

to determine rates at which damaged environments can recover.

RELEVANCE TO PROBLEMS OF PETROLEUM DEVELOPMENT

Lack of an adequate data base elsewhere makes it difficult to predict

the effects of oil-related activity on the subtidal benthos of the NEGOA.

However, OCSEAP-sponsored research activities on the shelf should ultimately

enable us to point to certain species or areas that might bear closer

scrutiny once industrial activity is initiated. It must be emphasized that

a considerable time frame is needed to comprehend long-term fluctuations

in density of marine benthic species; thus, it cannot be expected that

short-term research programs will result in predictive capabilities.

Assessment of the environment must be conducted on a continuing basis.

As indicated previously, infaunal organisms tend to remain in place

and, consequently, have been useful as indicator species for disturbed

areas. Thus, close examination of stations with substantial complements

of infaunal species is warranted (see Feder and Mueller, 1975; Feder and

Matheke, in press; NODC data on file for examples of such stations).

Changes in the environment at stations with relatively large numbers of

species might be reflected by a decrease in diversity with increased

dominance of a few species (see Nelson-Smith, 1973 for further discussion

of oil-related changes in diversity). The potential effects of loss of

species to the trophic structure on the NEGOA shelf cannot be assessed at

this time, but the problem can be better addressed once benthic food

studies resulting from recent projects are compared (Jewett and Feder, 1976;

Feder et al., 1978a; Feder and Jewett, 1977, 1978; Smith et al., 1978;

Feder and Jewett, 1980, in press).
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Data indicating the effect of oil on subtidal benthic invertebrates

are fragmentary (see Boesch et al., 1974; Malins, 1977; Nelson-Smith,

1973 for reviews; Baker, 1976 for a general review of marine ecology and

oil pollution), and virtually no data are available for the NEGOA shelf.

Snow crabs (Chionoecetes bairdi) are conspicuous members of the 
shallow

shelf of the Gulf of Alaska and this species supports a commercial 
fishery

of considerable importance. Laboratory experiments with this species

have shown that postmolt individuals lose most of their legs after expo-

sure to Prudhoe Bay crude oil; obviously this aspect of the biology of

the snow crab must be considered in the continuing assessment of this 
species

(Karinen and Rice, 1974). Mecklenburg et al. (1976) examined the effects of

Cook Inlet crude oil water soluble fractions on survival and molting 
of

king crab (Paralithodes camtschatica) and coonstripe shrimp (Pandalus hyp-

sinotus) larvae. Molting was permanently inhibited by exposing both

larvae for 72 hours at a concentration of 0.8 to 0.9 ppm. Larvae that

failed to molt died in seven days, although the contaminated water

had been replaced with clean water. Although high concentrations of oil

killed larvae in 96 hours; lower concentrations disrupted swimming

and molting in the same period and also ultimately resulted in death.

Little other direct data based on laboratory experiments are available for

subtidal benthic species. Experimentation on toxic effects of oil on

other common members of the subtidal benthos should be encouraged in future

OCSEAP programs.

A direct relationship between trophic structure (feeding type) and

bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for

review). A diesel fuel spill resulted in oil becoming absorbed on sediment

particles with resultant mortality of many deposit feeders on sublittoral

muds. Bottom stability was altered with the death of these organisms, and

a new complex of species became established in the altered substratum. The

most common members of the infauna of the Gulf of Alaska and the Bering Sea

are deposit feeders; thus, oil-related mortality of these species could

result in a changed near-bottom sedimentary regime with subsequent altera-

tion of species composition.
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As suggested above, upon completion of initial baseline studies in

pollution prone areas, selected stations should be examined regularly on

a long-term basis. Also, intensive examination of the biology (e.g., age,

growth, condition, reproduction, recruitment, and feeding habits) of selected

species should afford obvious clues of environmental alteration.

III. CURRENT STATE OF KNOWLEDGE

Little was known about the biology of the invertebrate benthos of the

Gulf of Alaska at the time OCS studies were initiated there. A compilation

of some relevant data on the area was presented by Rosenberg (1972). Bakus

and Chamberlain (1975) added some benthic biological data for a specific

area south of the Bering Glacier; which were similar to those reported by

Feder and Mueller (1975) in their OCS investigation. Some additional data

based on trawl surveys conducted by the Bureau of Commercial Fisheries are avail-

able (Ronholt et al., 1978); but much of the information on the invertebrate

fauna is so general as to have little value. The International Pacific

Halibut Commission (IPHC) conducts surveys in the Gulf of Alaska annually and

records selected commercially important invertebrates but other, non-

commercial species are ignored.

In late 1961 and early 1962 otter trawls were used by the Bureau of

Commercial Fisheries in conjunction with the IPHC to survey the shellfishes

and bottomfishes on the continental shelf and upper continental slope, in

the Gulf of Alaska (Hitz and Rathjen, 1965). Invertebrates taken in these

trawls were of secondary importance and only major groups and/or species

were recorded, even though they comprised 27 percent of the total catch.

These were grouped into the following categories: heart urchins (Echinoidea);

snow crab (Chionoecetes bairdi); starfish (Asteroidea); dungeness crab (Cancer

magister); scallop (Pecten caurinus); shrimps (Pandalus borealis, P. platy-

ceros, Pandalopsis dispar); king crab (Paralithodes camtschatica); and miscel-

laneous invertebrates (shells, sponges, etc.). Heart urchins accounted for

about 50 percent of the invertebrate catch and snow crab ranked second, repre-

senting about 22 percent. Approximately 20 percent of the total catch of

invertebrates was composed of sea stars. Additional data on commercially

important shellfish are available in Ronholt et at. (1976).
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The benthic investigations of Feder and Mueller (1975), Jewett and Feder

(1976), Feder et al. (1976) and Feder et al. (1977) were the first intensive

quantitative and qualitative examinations of the benthic infauna and epifauna

of the Gulf of Alaska. These also represented the initial examinations of

trophic relationships involving some of the species in the area.

The present report represents an extension of the above investigations

to an area in the northeastern Gulf of Alaska in which the invertebrate commu-

nity has never been properly assessed. A determination of the distribution,

relative abundance, and biomass of the benthic epifauna and infauna, as well

as observations on food habits of selected species are being made.

IV. STUDY AREA

Sampling was conducted in the region of the northeastern Gulf of Alaska

from Icy Bay to Cross Sound, extending outward to approximately the 300 m

isobath. Stations were established on a grid (Fig. 1), which was an eastward

extension of that used by Jewett and Feder (1976). The area surrounding each

station, usually a rectangle 11 x 14 km, was designated as the station block.

If bottom conditions prevented trawling at the predesignated station location,

a trawl was attempted from any suitable location within the block. First

priority was given to stations within the proposed sale No. 55 lease area

(Priority area 1) (Fig. 2) and to a limited number of stations in Yakutat

Bay. Second priority was given to those stations peripheral to and downstream

from the lease area (Priority area 2) and the last priority was given to

the remainder of the region upstream, toward Cross Sound (Priority area 3)

(Fig. 2).

A second grid system was constructed for Yakutat Bay (Fig. 3). North-

south lines at every five minutes of longitude were established. Stations were

located along each of these lines at every 2.5 minutes of latitude. On

alternate longitudinal lines, stations were shifted by 1.25 minutes of lati-

tude from those of adjacent lines. For example, Station 1A was located at

59°41.0'N and 140°12.5'W. The surrounding station blocks were approximately

4.7 x 4.6 km.
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Figure 1. Northeastern Gulf of Alaska station grid occupied by the NOAA ship
Miller Freeman, November 1979.



Figure 2. Priority sampling areas established in the northeastern Gulf of

Alaska.



Figure 3. Yakutat Bay station grid occupied by the NOAA Ship Miller Freeman,
November 1979.
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V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Specimens were collected onboard the NOAA Ship Miller Freeman. Usually,

one-half-hour tows were made at predetermined stations using a commercial

size 400-mesh Eastern otter trawl with a 12.2 m horizontal opening. The

lengths of some tows were shortened due to marginal bottom conditions, but

never to less than 15 minutes.

All catches were sorted, weighed, counted, and given tentative identi-

fications onboard ship, according to methodology developed in previous OCS

investigations (Feder et al., 1977). Aliquote samples of species of inverte-

brates were preserved in 10 percent neutral buffered formalin and labeled for

verification at the Institute of Marine Science, University of Alaska. Tabu-

lations of stomach contents from selected species of fishes and invertebrates

were also carried out onboard. Analysis of this data was accomplished using

the frequency of occurrence method. Contents of stomachs, or entire stomachs

from some species, were preserved in 10 percent neutral buffered formalin and

returned to the University of Alaska for more detailed analysis.

Samples of benthic invertebrates were also taken from selected stations

by van Veen grab and pipe dredge according to methodology developed by Feder

et at. (1977). These samples were usually from successfully trawled stations

in order to aid in the stomach analysis of various species and provide

additional information on small epifaunal and infaunal species not obtained

in otter trawls. Pipe dredge and van Veen samples were also taken from

some stations in Priority area 1, which were considered to be untrawl-

able. Five replicates from each van Veen station were usually taken.

Pipe dredge and van Veen samples were routinely washed over a 1.0 mm

mesh screen to remove fine sediment, and preserved in 10 percent neutral

buffered formalin for later examination.

VI. RESULTS

The locations and depths of all successful tows are listed in Table I.

Trawls were made at 34 stations in Priority area 1 (Fig. 1). Twenty-three

additional stations were surveyed and considered to be untrawlable. Three

stations at which the net was ripped were also considered untrawlable. Thus,
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TABLE I

TRAWL STATIONS OCCUPIED IN THE NORTHEASTERN GULF OF ALASKA BY

THE NOAA SHIP MILLER FREEMAN, NOVEMBER 1979
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all but two of the Priority area 1 stations were at least surveyed. Van Veen

grab samples were taken at 26 of the previously trawled stations in Priority

area 1. In addition, five untrawlable stations in this area were similarly

sampled. Pipe dredge samples were taken from 15 of the stations which were

trawled and 11 of the untrawlable stations.

Trawls were taken from one station in Priority area 2 and three stations

adjacent to this area, off Icy Bay; van Veen grab samples were taken at one

of these and a pipe dredge sample was taken at another.

In Priority area 3, trawls were made at five stations. At one of

these, van Veen grab samples and a pipe dredge were also taken.

Trawls were made at three stations in Yakutat Bay. Eleven additional

stations were surveyed and considered to be untrawlable. Van Veen grab samples

and a pipe dredge were taken from one of the stations which was trawled.

Grab samples were also obtained at 11 other stations and pipe dredge samples

were taken from an additional four.

Trawl Program

All trawl samples have been processed, species identification and verifi-

cation completed, and all data tabulated. A preliminary taxonomic analysis

has delineated 9 phyla, 20 classes, 73 families, 99 genera, and 133 species

of invertebrates from 45 stations.

The phyla Cnidaria, Mollusca, Arthropoda, and Echinodermata made up 88.7

percent, by weight, of all invertebrates recovered. The numbers, weights, and

biomasses of the major epifaunal species in these groups are presented in

Table II. These species alone accounted for over 80 percent of a total inver-
2

tebrate biomass of 1.7 g/m2

Echinodermata, Arthropoda, and Mollusca were the dominant phyla repre-

sented in trawls from the northeast Gulf of Alaska; with 44, 38 and 24 species

collected, respectively. These same groups made up 75.5 percent of the total

invertebrate biomass in the following order: Arthropoda (27.5%), Echino-

dermata (27.0%), and Mollusca (21.0%). In terms of numbers of individuals,

echinoderms were by far the most abundant group with 67.8 percent of the

total count. Crustaceans were second with 16.1 percent, and molluscs were
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TABLE II

NUMBERS, WEIGHT AND BIOMASS (g/m2) OF THE MAJOR EPIFAUNAL SPECIES OF CNIDARIA, MOLLUSCA

ARTHROPODA, AND ECHINODERMATA FROM THE NORTHEASTERN GULF OF ALASKA, NOVEMBER 1979



third with 11.1 percent of the total. Thus, the biomass was dominated by

smaller numbers of relatively larger individuals.

The biomasses of the major phyla were usually dominated by a few species.

For example, the genera Allocentrotus and Strongylocentrotus made up 66.5 percent

of the biomass from echinoderms. The crabs, Cancer magister, Chionoecetes

bairdi, and Lopholithodes foraminatus made up 93.2 percent of the biomass of

arthropods. The biomass from Pecten caurinus was responsible for 87.0 percent

of the total for molluscs.

The epifauna was generally diverse at most stations, but typically only

a few individuals of each species were present per station. The average number

of species per station was 14. Only 10 percent of the total number of

species were present at more than 25 percent of all stations. Of these,

only C. bairdi, Fusitriton oregonensis, Solaster dawsoni, Allocentrotus

fragilis, and L. foraminatus were found in 40 percent or more of all trawls.

The greatest biomass came from species which occurred at fewer than 25 per-

cent of the stations.

Some species were distributed over the entire area while others were

relatively localized or were prevalent only at near-shore stations. Large

numbers of ophiuroids, particularly, Ophiura sarsi and Ophiopholis sp.

occurred throughout the area, except in Yakutat Bay. For example, over

11,000 0. sarsi were found at Station 104A and over 500 Ophiopholis occurred

at Station 95F. The weathervane scallop (Pecten caurinus) occurred only at

near-shore stations in the vicinities of Icy Bay, Dry Bay, and Yakutat Bay.

Representative stations were 93C, with 1093 individuals; 108A, with 736; and

4A with 90. Shrimps, particularly Pandalus spp. and Pandalopsis dispar,

were more abundant in near-shore areas. The urchins, Allocentrotus sp. and

Strongylocentrotus spp. were abundant only at offshore stations. For

example, 600 and 900, respectively, of these two genera were present at

Station 98D. At station 100E, 2200 StrongyZocentrotus sp. were found.

Dungeness crab (Cancer magister) was abundant only at Station 94A, where

833 individuals were found.

618



Feeding Studies

The analysis of stomach contents from two species of invertebrates

and 18 species of fishes are presented in Tables III and TV. Ten of the

species of fishes were members of the family Pleuronectidae. The percent

frequency of occurrence for both the total number of stomachs and for only

those which contained food were calculated. Major groups of contents are

listed in Table III while Table IV contains all prey items, identified to

the lowest taxon possible.

Five of the 18 species of fishes examined were mainly piscivorous; five

preyed mainly on crustaceans; four consumed primarily brittle stars; and two

consumed mainly polychaetes.

The arrowtooth flounder (Atheresthes stomias) primarily consumed small

fishes such as walleye pollock (Theragra chalcogramma) and eulachon

(Thaleichthys pacificus). Shrimps, including Pandalus spp., were second in

frequency of occurrence. Pacific halibut (Hippoglossus stenolepis) preyed

mainly on small fishes, including other pleuronectids, sculpins (Cottidae),

and the Pacific sand lance (Ammodytes hexapterus). Second in frequency of

occurrence among Pacific halibut were snow crabs (C. bairdi). The sablefish

(Anoplopoma fimbria) also preyed primarily on other fishes, including

pleuronectids, herring (Clupea harengus) and walleye pollock, and on jellyfish

(Scyphozoa). Amphipods and other crustaceans were second in occurrence in

sablefish. Spiny dogfish (Squalus acanthias) also preyed mainly on fishes,

including pleuronectids, eulachon, and pricklebacks (Stichaeidae). Pandalidae

and other shrimp were second in frequency of occurrence in this species.

Walleye pollock consumed mainly unidentified shrimp with amphipods and

other small crustaceans occurring secondarily. The shortspine thornyhead

(Sebastolobus alascanus) preyed almost entirely on shrimp, including Pandalidae

and Hippolytidae. Rock sole (Lepidopsetta bilineata) preyed primarily on

crustaceans, including snow crabs and gammarid amphipods. Brittle stars and

polychaetes were second and third in frequency of occurrence, respectively.

Pacific cod (Cadus macrocephalus) consumed mainly unidentified shrimp, with

snow crab and cephalopods occurring slightly less frequently. Rougheye rock-

fish (Sebastes aleutianus) also preyed primarily on unidentified shrimp.
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TABLE III

MAJOR GROUPS OF STOMACH CONTENTS FROM SELECTED FISHES AND INVERTEBRATES
FROM THE NORTHEASTERN GULF OF ALASKA AND YAKUTAT BAY, NOVEMBER 1979
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TABLE IV

STOMACH CONTENTS OF SELECTED FISHES AND INVERTEBRATES FROM THE
NORTHEASTERN GULF OF ALASKA AND YAKUTAT BAY, NOVEMBER 1979
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Unidentified fishes were second in frequency of occurrence in stomachs from

this species.

The brittle star Ophiura sarsi was the most frequent prey of flathead

sole (Hippoglossoides elassodon). Pandalid shrimp and other Crustacea, in-

cluding snow crabs, were secondary in occurrence. Butter sole (Tsopsetta

isolepis) also consumed mainly 0. sarsi. Unidentified polychaetes were

second in frequency of occurrence in stomachs from this species. Brittle

stars, including 0. sarsi, were also the most frequent prey of Dover sole

(Microstomus pacificus). Bivalves, including Yoldia sp. and Nucula tenuis,

and scaphopods, including Cadulus sp. were secondary in occurrence. The

starry flounder (Platichthys stellatus) was also found to prey almost

entirely on ophiuroids, including 0. sarsi. Gastropods and unidentified

remains were second.

Rex sole (Glyptocephalus zachirus) were found to prey mainly on poly-

chaete worms, including Aphrodita sp. and Sternaspis scutata. Amphipods

were second in frequency of occurrence. Polychaetes were also found to be

the most frequent prey of English sole (Parophrys vetulus). Ophiuroids, in-

cluding 0. sarsi, were second in frequency of occurrence in stomachs from

this species.

There was some tendency toward a spacial distribution in food habits

for some of the species mentioned above. Rock sole, flathead sole, and

English sole, occurring at stations farther from shore, consumed mainly

ophiuroids. At more near-shore stations these same species consumed a

much greater diversity of prey, including amphipods, polychaetes, shrimp

and small bivalves.

Benthic Infaunal Program

Selected van Veen grab and pipe dredge samples are currently being

processed and will be included in the Final Report.

Pollutants on the Bottom

The frequency of occurrence of man-made debris is listed in Table V
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TABLE V

FREQUENCY OF OCCURRENCE OF MAN-MADE DEBRIS ON THE

NORTHEAST GULF OF ALASKA SEA FLOOR
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and a discussion of pollutants in the Gulf of Alaska will be included in

the Final Report.

VII. DISCUSSION

Trawl Program

The overall biomass per unit area of 1.7 g/m2 was considerably less

than values obtained in previous OCSEAP studies for more western areas of the

Gulf of Alaska and the southeastern Bering Sea. The biomass for the region

from Montague Island to Yakutat Bay, taken in 1975, was 2.6 g/m2 (Jewett

and Feder, 1976). Biomass values for the Kodiak shelf area in 1978, ranged

from approximately 3 to 4 g/m2 (Feder and Jewett, in press). Values for

the southeastern Bering Sea ranged from 3.3 to 5.0 g/m2 for similar studies

in 1975 and 1976 (Feder and Jewett, 1980). Thus, there appears to be

an overall decrease in the epifaunal biomass of the Gulf of Alaska from

west to east.

Further discussion of the trawl program results will be included in the

Final Report.

Feeding Observations

Tnvertebrates

The sea star (Pycnopodia helianthoides) appeared to be an opportunistic

generalist in food habits. Its diet was probably determined by the relative

abundance of suitable prey species. Pycnopodia helianthoides from stations

in the present study consumed mainly gastropods, brittle stars, and bivalves.

The gastropods included Mitrella gouldi, Natica spp., Buccinum polare, and

Neptunea spp. Nuculana sp. was the most common bivalve found and Ophiura

sarsi was the common ophiuroid. These findings are similar to those of

Jewett and Feder (1976) for a more western area of the Gulf of Alaska.

The dungeness crab (Cancer magister) fed primarily on bivalves, with

crustaceans and polychaetes occurring less frequently. The dominance of

Nuculana sp. and Yoldia sp. probably indicates an abundance of these bi-

valves at the same stations. This question should be resolved upon
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completion of the analysis of grab samples from these stations. The

occurrence of diatoms in many of the stomachs examined was probably due to

incidental ingestion with sediment. Other studies have also found C. magister

to feed primarily on small bivalves and crustaceans (Feder and Paul, in press).

Additional feeding data on the snow crab (Chionoecetes bairdi) will

be included in the Final Report.

A detailed discussion of the feeding observations in fishes will be

included in the Final Report.

VIII. CONCLUSIONS

Trawl data and feeding data that have been analyzed to date broaden our

knowledge of various aspects of the distribution, abundance, and general

biology of the more important invertebrate components of the NEGOA shelf.

Implicit in the current study is the vast amount of the survey region that

was untrawlable and in some instances unsampleable.

Data was mainly obtained in Priority area 1; 34 trawl stations, 26 van

Veen grab stations and 25 pipe dredge stations. These stations within

Priority area 1 represent a reasonable nucleus around which a monitoring

program can be developed.

The phyla Cnidaria, Mollusca, Arthropoda, and Echinodermata made up

88.7 percent of the invertebrate biomass. Important taxa within each phylum

were Metridium senile (Cnidaria), Pecten caurinus (Mollusca), Cancer magister

(Arthropoda), and Strongylocentrotus spp. (Echinodermata), respectively.

The feeding data compiled in this report, in conjunction with similar

data compiled from other areas under OCSEAP studies, should better contri-

bute to an understanding of the trophic role of these organisms in their

respective ecosystems, and the impact of oil on these ecosystems.

Additional seasonal data are essential. It is only when such conti-

nuing information is available that a reasonable biological assessment of

the effect of an oil spill can be made.
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IX. NEEDS FOR FURTHER STUDY

Many of the species encountered in trawling operations are mobile

i.e., undergo seasonal migrations. For this reason, it is important to

obtain seasonal data on the distribution, abundance and biomass of organ-

isms, as well as their trophic relationships. As a result of the current

study the only data base for the designated area is during the month of

November. If disturbances to the environment and ultimately to the or-

ganisms occurs during other months no data are available on those motile

species for comparison. Therefore, if further study is conducted within

the study area a seasonal approach is advised. Additionally, studies on

the toxic effects of hydrocarbons on the biology of many of the commercially

important and/or key ecologically important species should be initiated

prior to petroleum exploration and development.

X. SUMMARY OF FOURTH QUARTER OPERATIONS

A. Ship or Laboratory Activities

1. No ship activity

2. Laboratory activity:

a. Analysis of all trawl data was completed.
b. Analysis of grab and dredge data was 50% completed.
c. Analysis of fish and invertebrate stomach data was 80% completed.
d. Submission of approximately 80% of the trawl and pipe dredge

voucher specimens was completed.

B. Methods, Results and Discussion

1. The methods, results and discussion of work completed on the NEGOA

project are included in Section I of this report.

2. The methods and results of the voucher specimen submission programs

are included in Section II of this report.

3. During approximately 40% of the time in fourth quarter operations

Stephen Jewett was involved in the submission of material for the

OCSEAP-sponsored Bering Sea Book (Don Hood, editor). This precluded

Mr. Jewett's full attention to current OCSEAP NEGOA and Kodiak

studies.
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C. Problems Encountered

During the November 1979 NEGOA cruise, aboard the NOAA Ship Miller

Freeman, problems were encountered concerning gear inadequacy. The

research proposal stated that "at least three 400-mesh Eastern otter

trawls" be supplied by OCSEAP. Subsequent phone conversations with

George Lapiene of OCSEAP-Juneau verified that two new trawl nets would

be supplied by NMFS (Murray Hayes)-Seattle. Once the cruise began we

realized that two well-worn nets had been supplied, rather than new ones.

The used nets were easily torn and trawling on marginal bottom

was precluded. As a result many of the 26 stations which were deemed

untrawlable may have been trawled if we had more or stronger gear.

D. Milestones

1. Approximately 1900 samples of benthic invertebrate voucher taxa from

various OCSEAP studies were submitted to the California Academy of

Science. Final Report due October 1980.

2. The Final Report on the epifauna of three bays (Port Etches,

Zaikof Bay and Rocky Bay) of Prince William Sound was completed

and submitted March 1980.

3. Final phases of separate Final Reports for Cook Inlet and Kodiak

Island are nearly complete. Submission of reports is expected to

be no later than 30 April 1980.
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I. INTRODUCTION

Since 1975 benthic organisms have been collected during the course of

OCSEAP investigations in various bodies of water on Alaska's Continental

Shelf. Data on the distribution, abundance and biomass of these infaunal

and epifaunal species were obtained through the use of trawls, grabs, and

dredges and has been submitted or are in the submission process to NODC

(actual data) and OCSEAP (Final Reports). In order to comply with the

request to provide voucher specimens of benthic samples collected during

the course of these investigations a voucher specimen submission program

was initiated. The specimens, to be archived at the California Academy

of Science (CAS), in addition to the deposited NODC and OCSEAP data, will

provide a data base against which future investigations can be compared.

II. STUDY AREAS

The areas where benthic collections occurred were: (1) southeastern

Bering Sea (Feder et al., 1978; Feder et al., 1979a, Feder and Jewett, 1980;

(2) Cook Inlet (Feder et al., 1979b); (3) northeastern Bering Sea and south-

eastern Chukchi Sea (Feder and Jewett, 1977a, 1978); (4) Ugak and Alitak

bays of Kodiak Island (Feder and Jewett, 1977b,c); (5) Kodiak Island region,

inclusive of Izhut and Kiliuda bays (Feder et al., 1979c; Feder and Jewett,

in press); (6) the embayments of Prince William Sound-Port Etches, Zaikof

Bay and Rocky Bay (Feder et at., 1979b; Feder and Hoberg, 1980); and (7) the

northeastern Gulf of Alaska from Yakutat Bay to Cross Sound (Present Report -
Section I).

III. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

The sources, methods and rationale of data collection are discussed in

the respective reports submitted to OCSEAP (see II. Study Area in this

section for references). Most vouchered specimens were preserved in 40 per-

cent isopropyl alcohol. Specimens were carefully packed and submitted to

CAS via Dr. William Eschmeyer and Miss Susan Marelli. A complete listing of

the samples with pertinent data and copies of the original data printouts

accompanied the specimens.
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IV. RESULTS

A total of 1880 samples of invertebrate taxa have been submitted to

CAS to date. Table I contains a listing of the number of taxa submitted

by area, date and gear type. Additional voucher specimens will be shipped

within the next few months.

TABLE I

NUMBER OF VOUCHERED BENTHIC INVERTEBRATE TAXA
SUBMITTED TO CALIFORNIA ACADEMY OF SCIENCE
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I. Summary of Objectives, Conclusions, and Implications with Respect to OCS
Oil and Gas Development.

Extensive exploration and development for oil and gas on the Alaskan and
Canadian continental shelf have the potential to significantly influence the
marine environment of the Beaufort Sea. It is impossible with our present
knowledge to accurately predict the consequences of petroleum development on
the marine benthos.

The past and continuing goal of this project has been to acquire the know-
ledge of the ecology of benthic invertebrate faunas of the Beaufort Sea continental
shelf necessary to evaluate the consequences of offshore oil and gas development.
The distribution and abundance of the fauna has been examined in detail with
studies of the spatial and temporal variability of these. These data will provide
a baseline against which future changes in the benthic environment and community
structure can be evaluated. Of current importance are: (1) the definition of
temporal changes in sublittoral community structure, (2) the determination of the
life histories and secondary production estimates of dominant and ecologically
important species, (3) the description of the benthic food web, (4) the investigation
of the biological interrelationships between the benthic community and the underice
biota, and (5) the study of the ecology of benthic invertebrates important as prey
organisms to the marine mammals, birds, and fishes. Now that broad ecological
patterns of benthic invertebrates on the Beaufort Sea shelf are becoming fairly
well known, it is imperative to define the dynamic processes maintaining temporal
and spatial structure.
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II. Introduction

A. General nature and scope of the study.

The present benthic ecological studies on the continental shelf include
functional process-oriented research that is built upon an accumulated base of
descriptive information on the invertebrate organisms and environmental measure-
ments within the Beaufort Sea. Seasonal changes in the numerical abundance and
biomass of the large macro-infauna (>1.0 mm) are being examined at stations
across the shelf. The benthic food web and its relationship to bird, fish and
mammalian predators and the relationships between the epontic ice algal community
and the benthic community beneath are under investigation. Research on the
interrelationships between the underice epontic community and the associated
sedimentary biota has been undertaken.

Concentrated study of the Beaufort Sea continental shelf benthic invertebrates
was not initiated until the early 1970's. As very little was known about the fauna
at the beginning of the exploration and developmental phases of the petroleum
fields on the Alaskan North Slope, the early research involved basic survey work
on the 1971 and 1972 U.S. Coast Guard oceanographic cruises (WEBSEC-71 and WEBSEC-72).
Initial processing and analysis of bottom grab samples, otter trawls, and bottom
photographs were sponsored by the Oceanographic Section of the National Science
Foundation through a grant to the Principal Investigator.

When NOAA, under sponsorship of BLM, initiated environmental assessment
research around the continental shelves of Alaska, Oregon State University partic-
ipated in the benthic program in the Beaufort Sea. A combination NSF and NOAA/BLM
research project supported several approaches and phases of research. Detailed
analysis of benthic communities and identification of the total polychaete worm
fauna over a wide range of depths was accomplished under the National Science

Foundation's auspices. Further continental shelf survey sampling was then con-
tinued under the OCSEAP with the cooperation of the Coast Guard and their Beaufort

Sea icebreaker program. With NOAA's interest and logistics support, seasonal

sampling and study of temporal changes in the continental shelf communities could

be accomplished for the first time.

During the first year of operation a major objective of Task Order #4 for
RU #6 was to summarize the literature and unpublished data. The majority of this

information came from the work-up of the samples and the analysis of the data

already on hand at Oregon State University as a result of the WEBSEC investigations.

The objectives for Task Order #5 under the present research contract for RU #6

emphasize the delineation of the benthic food web and the description of the

coastal benthos. Efforts to characterize the composition of the Beaufort Sea

fauna at the species level are continuing as this is a critical step toward under-

standing the dynamics of the benthic ecosystem. Detailed studies on temporal
changes in the continental shelf benthic communities continued. An examination

of the nearshore epontic community and its role in the ecology of the Beaufort Sea

is now being actively pursued.

Research is currently being undertaken in cooperation with other scientists

which is oriented toward understanding the processes that maintain the nearshore

and lagoonal ecosystems. Of particular interest is the source of carbon that

fuels the heterotrophic organisms living within the system. In lower latitude

oceanic waters most of the carbon fixed by photosynthesis is ultimately derived

from the phytoplankton, but in coastal waters much of the organic material may

be land-derived. Water acts as a three dimensional reservoir and transporter of
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organic carbon through a complex cycle that involves the interactions of numerous
marine organisms. The benthos as an ecological group depend to a large extent
on detritus that falls down to them. In the ice-covered waters of the Arctic,
the epontic diatoms on the undersurface of the sea ice is an added source of
carbon to the system (Horner, 1976), and in shoal waters benthic algae add to
the primary production (Matheke and Horner, 1974). In the coastal Beaufort Sea
and its bordering lagoons, detrital peat from coastal erosion may also add carbon
to the system.

The underice diatom bloom is known to exist in coastal waters in the Chukchi
Sea off Barrow, AK (Horner and Alexander, 1972), in the Eskimo Lakes region
(Grainger, 1975), and in Stefansson Lagoon. Though its areal extent either in
coastal waters or offshore over the continental shelf is not known, it has been
suggested that these epontic diatoms could be an important energy source within
the southern Beaufort Sea ecosystem (Clasby, et al., 1973). It is most pertinent
to note that Schell (RU #537) recently measured substantial concentrations of
chlorophyl on the undersurface of Beaufort Sea ice to distances of 100 n mi
offshore (personal communication). The existence of the algal epontic community
in oceanic waters in the Beaufort Sea suggests that primary production in this
community is indeed energetically important to the total Beaufort Sea ecosystem.
Although no direct measurements have been made, the pennate diatoms may fall to
the sea floor upon ice melt in June (Matheke and Horner, 1974) thus providing a
supplementary route for organic carbon to reach the benthos.

Various organisms become associated with the ice-sea water interface as the
diatom bloom progresses through the months of April, May and June (Horner, 1976).
Nematode worms are most abundant but harpacticoid copepods, amphipods and polychaete
larvae have been observed on the underice surface. The coastal amphipod Onisimus
affinis, an important member of the demersal fish food chain, has been reported as
migrating up to the epontic community presumably to feed (Percy, 1975).

The degree of linkage between the underice epontic community and the benthic
community beneath is not known. There is no direct evidence that this "upside
down benthic community" is important in the energetics of the bottom communities
themselves (Horner, 1966; Hameedi, 1978), but it has been hypothesized that the
sinking of detritus and diatom cells from the epontic community could provide a
sizeable downward organic input to the underlying benthic communities. The
vertical migration of benthic fauna up to the ice undersurface could provide
another significant source of energy-rich organics to certain faunal groups.

The research project (RU #6W) on the interactions of the benthic community
and the underice epontic community is now providing the necessary background data
to prove whether direct fluxes of food materials and organisms exist between the
two surfaces.

B. Specific Objectives

1. Conclude synthetic analyses of benthic communities across the Beaufort
Sea continental shelf with concentration on nearshore synthesis.

a. Document zoogeographic zonation and faunal community clustering of
the Beaufort lease region, so as to put into regional context both
the current sale area and future proposed Beaufort Sea lease sales. Make
correlative studies to determine the major features of the physical,
chemical and biological environment that appear to have an effect
on faunal distributions and abundances. Where possible, map the
distribution of numerically dominant species and the prey species
important in the food web.
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b. Document the benthic food web as far as possible for the lease
zone environments. Summarize the distribution, abundance and
ecology of key prey species.

c. Analyze the temporal variation of benthic communities across the
continental shelf on the OCS Pitt Point Station Transect. Define
the recruitment, growth, life histories and reproductive activity
of numerical dominant species as far as possible, and extrapolate
to determine rough estimates of the rate of recovery from disturbance
of characteristic benthic invertebrate species.

Justification

Ecological trends give the over-view of the ecology of the benthic fauna
that provides interpreations of the environmental and biological causes
of the distributional and abundance patterns.

Foodweb studies are important in establishing the routes by which energy
elements and pollutants are transferred from one trophic level to another.
Such studies are necessary to identify the keystone species and important
feeding areas on the Beaufort Sea continental shelf.

The total and average data from the year-round benthic samples at five
standard stations on the Pitt Point Transect across the Beaufort Sea
continental shelf strongly indicate that the communities undergo seasonal
reproductive cycles. Data on the reproductive activity and population
size structure of individual species throughout the year are essential to
determine if the fauna may be more sensitive to oil-related pollution
problems at some particular season. As the free or brooded larval phase

of benthic invertebrate reproductive cycles is considered a very critical
stage, life histories of the dominant and key food web species must be
considered to estimate risks involved.

2. Define the interrelationships between the epontic ice algal community
and the benthic community beneath as far as possible in conjunction

with RU's 359 and 537.

a. Compare the fauna associated with the under-ice surface with that

of the sediment surface and statistically analyze to determine

if the benthos might be actively grazing on the epontic algal cells

or preying on other associated fauna.

b. Measure the downward flux of particulate organic carbon to determine

if the ice algal community provides a potential food source to the

in situ benthic organisms.

c. Study the mechanism of vertical migration of benthic fauna to the

under-ice surface and, if feasible, determine if there is a direct

association between certain vagile benthic species and the under-

ice epontic community.

Justification

It has come to the attention of NOAA/BLM-OCSEAP that further year-round
information is needed on the oceanographic and ecological processes taking
place in the coastal waters of the Beaufort Sea. As exploratory and
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production drilling will take place in the lagoons and possibly offshore
of the barrier islands out to 20 meters depth, studies are needed to
determine if the winter-spring months are biologically quiescent or
whether organisms may be active and/or vulnerable to the oil-related
activities during the ice-covered months of the year.
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C. Relevance to Problems Associated with Petroleum Development.

Extensive exploratory and production drilling for petroleum on the Alaskan
and Canadian continental shelf has the potential to significantly influence the
marine benthic environment and its associated biota. It is still not possible
to accurately predict either the long or short term consequences of oil and gas
development on the marine invertebrate benthos and the benthic food web. However,
the addition of recent descriptive baseline data on species distribution, compo-
sition and abundance will allow refined estimates of the variability within the
benthic community which occurs both through space and time. It is these estimates
which are necessary in sorting out the naturally-occurring changes in the biota
from those induced by the future development of the petroleum industry.
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III. Current State of Knowledge

Since 1971, when intensive sampling of the benthos of the southwestern

Beaufort Sea was initiated, numerous collections have been made in an effort

to define the broad ecological patterns exhibited by the bottom invertebrate

organisms. These data have been submitted as part of the Final Report of

NOAA/BLM-OCSEAP Contract No. 03-5-022-68, Task Order No. 4 submitted to NOAA

by the Benthic Ecology Group at Oregon State University under Dr. Andrew G.

Carey, Jr., in Quarterly and Annual Reports for Task Order No. 5 of RU #6,

and in several publications (Carey, Ruff, Castillo and Dickinson, 1974;

Carey and Ruff, 1977; Montagna and Carey, 1978; Bilyard and Carey, 1979.)

Both temporal and spatial variability have been addressed, but the

processes involved in maintaining these are not known. In some areas the

scoring of the sea floor by ice gouging appears to increase the patchiness

of the large infauna (Carey et al., 1974 and Carey and Ruff, 1977). It is

suggested that the temporal variability of the outer continental shelf

communities are seasonal and caused by reproductive cycles, but the data

available to test this hypothesis are still being examined (Carey, Ruff and

Montagna, unpublished M.S.).

Benthic invertebrates that are important as food sources to marine mammals

and birds have been designated by other research groups (RU's 230, 232, 172 and

196), and the ecology of these particular prey species is being elucidated.

Research is continuing on the benthic food web, and its structure and rates are

under active investigation.
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IV. Study Area

The Beaufort Sea is an integral part of the Arctic Ocean (Coachman and
Aagaard, 1974). Normally the sea ice melts and is advected seaward during July
and August in the southern fringe of the sea over the continental shelf. This
is a response to regional wind stresses which are variable from year to year.
For example, in some years the polar pack ice can remain adjacent to the coast-
line throughout the entire season. The extent of ice cover during the sunlit
summer months affects wind mixing of surface waters and the penetration of light
into the water column. These factors affect the onset and intensity of phyto-
plankton production which is highly variable and of low magnitude (Horner, 1976;
Clasby, Alexander and Horner, 1976). The keels of sea ice pressure ridges plough-
ing through the sediments cause significant disturbance of the benthic environ-
ment in water depths between 20 and 40 meters (Barnes and Reimnitz, 1974; Reimnitz
and Barnes, 1974). They gouge the bottom as they are transported across the inner
shelf by the Beaufort Sea gyral circulation and by wind stress.

Generally the bottom water masses of the southwestern Beaufort Sea are stable,
and except for the shallow coastal zone, differ little in thermohaline character-
istics throughout the year (Coachman and Aagaard, 1974). However, the outer shelf
region from Point Barrow to about 150°W is influenced by Bering-Chukchi water that
is advected as a subsurface layer and moves around Point Barrow throughout the year
in pulses controlled in part by atmospheric pressure gradients (Hufford et al.,
1977). Coastal upwelling was observed in the Barter Island region on the shelf
near 143°W during the summer of 1971 when the pack ice had moved relatively far
offshore (Mountain, 1974).
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V. Sources, Methods and Rationale of Data Collection

In general, two areas of continuing benthic ecological research are:
(1) the further accumulation of data from existing samples to document
zoogeography, delineate the key prey species, and define the recruitment,
growth, life histories and reproductive activity of the characteristic benthic
invertebrate species; and (2) the examination of the epontic ice algal community
to determine its character and to gain an understanding of the relationships
between the epontic and the benthic communities.

The existing benthic samples derive from numerous field efforts conducted2
throughout the Beaufort Sea since 1971. The majority are Smith-McIntyre 0.1 m
grab samples which have been washed through a 0.5 mm aperature sieve and sorted
at Oregon State University. The infaunal organisms from these grabs form the
basis for large-scale studies on the total benthic community structure, and for
defined looks at growth and life histories of selected species. Through
analysis of the faunal information derived from these samples, it is possible
to more accurately estimate the natural spatial and temporal variability
occurring within the invertebrate populations, and to sort these out from
externally induced perturbations.

The current work on the epontic community is necessary in understanding
the role of the benthos in the arctic ecosystem. The degree of linkage between
the under-ice and sedimentary communities must be elucidated, as these links
may be important in supplying energy to the benthos or in providing cues to
trigger reproductive episodes in certain invertebrates.
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VI - VIII. Results, Discussion and Conclusion

The results, discussions and conclusions for the 1979/1980 reporting
year are combined into sections which correspond to the various areas of ongoing
research.

A. Winter Studies: Sea ice epontic community - benthic faunal community
interactions.

Research has been initiated on the interrelationships between the underice
epontic community and the benthic community associated with the sediments beneath
the ice canopy. Preliminary research undertaken in Stefansson Sound during the
spring of 1979 was aimed at the determination of the relative abundances and
taxonomic similarities of the substrate fauna on the two surfaces. The small
macrofauna and the meiofauna were quantitatively categorized by major taxa.
For the initial pilot study, the harpacticoid copepods were used as an indicator
group of organisms for detailed comparisons of taxonomic similarities.

Methods

Samples of the ice undersurface and sediments beneath and the deployment
of particle collectors and vertical migration traps were accomplished in March
and May of 1979 in Stefansson Sound (Figure 1). The meiofauna and small macro-
fauna on the undersurface of the sea ice was sampled by 3.5 cm diameter plastic
core tubes (Table 1). The core tubes were corked at the lower end and were
pushed by SCUBA diver up through the softer ice as far as they could be pushed
so as to seat them firmly against the hard ice structure. A flat trowel was
maneuvered over the mouth as a temporary closure while the core was withdrawn
from the ice. A cork was pushed into the tube. It was then placed in the
diver's carrying bag, and the operation was repeated. During the May field
effort a box-type scraper was used to sample ten centimeter wide by one meter
long transects in an effort to cover a greater area (see Table 4 in NOAA-OCSEAP
29 September 1979 Quarterly Report by RU #006 for a comparison). The larger
samples did contain the expected higher numbers of organisms for the desired
rigorous statistical treatment.

Sediment cores for collecting meiofauna and small macrofauna were taken
from the sediments beneath the ice samples with modified 28.5 mm diameter plastic
syringe barrels (Table 2). With the tip removed from the syringes, these units
were operated as small piston corers with the use of the plunger. Both the ice
and sediment samples were preserved in 10% buffered formalin.

The vagile, large macrofauna were sampled by hand nets and vertical migration
traps (Figure 1). Owing to low densities, no fauna could be collected from the
sediments or ice by the SCUBA divers. The vertical migration traps (VMT) retained
organisms in the upper section that faced the surface on the bottom of the ice.
The migration traps were constructed in two sizes, 1 meter in diameter and 28 cm
in diameter. The basic design involved an upward facing cone funnel and a
downward-facing one that led into a separated central trap section. The large
VMT consisted of a one meter diameter stainless steel ring with a 1.0 mm NYTEX
net funnel lashed to it and to a 28 cm plastic funnel at the smaller end. The
plastic funnel in turn led into a 16 oz plastic jar with a rubber stopper provid-
ing a positive seal. The small trap consisted of the plastic funnels and plastic
jar trap ends. An anchor weight and foam floats completed the traps. They were
positioned by the divers to float equidistant from sediment and ice surfaces.
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Figure 1. Illustration of Stefansson Sound sampling site showing in situ particle
collectors, a large vertical migration trap, an ice corer and a diver-
operated sweep net.



Table 1. Mean densities and standard errors for invertebrate
organisms collected in Stefansson Sound in March and
May, 1979, from the undersurface of the ice.
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Table 2: Mean densities and standard errors for meiofaunal
groups collected with 6.12 cm2 sediment corers in
March and May 1979.
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The third approach toward the determination of the interactions between
the benthic and ice substrate communities involved the collection of large
particles falling to the sediments. Eight cyclindrical particle traps were
deployed in sets of four in frames placed on the bottom by SCUBA divers. The
PVC plastic cylinders had a diameter of ~13 cm and a height of ~40 cm with an
aspect ratio of 3:1. These traps were deployed filled with cold filtered
seawater and with plastic caps in place. Only after full deployment and a
suitable time for clearance of the water column of disturbed sediments were the
caps removed and the collection period begun.

Deployment time was 5 days in March and 4 days in May. During this trial
period, purified salt cakes were utilized to provide a stable and dense liquid
as a preservative in the cylinders. This minimal approach to preservation may
not have been adequate, although outside data suggest that bacterial growth and
metabolic rates are at low levels during the winter-spring months.

Sampling for this winter studies subproject was undertaken in and adjacent
to the Boulder Patch in Stefansson Sound. Dive Site 11 (70°19.7'N, 147°34.1'W)
was used as the dive hole and the area of research during March, 1979, while an
adjacent area 200 meters away was utilized during the May operations. This
region has a scattered cover of boulders that support a large growth of kelp
and associated organisms. The soft sediment cover is thin and patchy, and
what patches there are lie next to boulders. In the dive site 11 area, large
areas of the soft sediments appear to have been eroded away exposing a
consolidated Pleistocene clay beneath.

The temperature and salinity at the two dive sites showed differences in
the water column from the bottom to the top in May (Table 3). Measurements
made with an in situ salinometer indicated higher salinities at the lower part
of the water column, but there were fluctuations from one day to the next.
The temperatures were also variable, suggesting that water with different
characteristics was advected into the region over a one day period. Upon return
to the laboratory the instrument was calibrated. It checked out at the
appropriate temperatures and salinities. Extensive field measurements will be
made with the salinometer during the 1980 field season. These data will be used
to confirm the above information.

There were several types of sea ice present in the area under study in 1979.
The major portion of ice contained an horizon of ice-laden "slush" ice beneath
a frozen layer that was incorporated within the ice column (Reimnitz, Barnes
and Dunton, unpublished manuscript). Normal congelation was present and was
sometimes of less thickness when it formed at leads in the ice. The March
faunal samples were taken from a "slush" surface, while the May samples came
from clean congelation ice on which an ice algal community was established.

Results

At both sampling periods the epontic faunal community was found to be sparse
in number and depauperate in species compared to the communities in the sediments
beneath (Tables 1, 2 and 4). Numerical densities were 100 to 1,000 times less on
the bottom surface of the ice, and only two species of harpacticoid copepods were
collected there. In contrast, 28 species of harpacticoids were identified from
the sediment samples. The two harpacticoid species, Halectinosoma neglectum and
Pseudobradya sp. B were found on both surfaces, although H. neglectum was more
abundant on the bottom surface of the ice. The one other copepod species collected
from the ice was Cyclopina gracilis, a cyclopoid. This species was abundant in the
ice algal community in May but not present in the slush ice in March.
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Table 3. Salinity-temperature data for May 1979 at the ice

algal community studies dive site. Data taken

with a Kahlsico in situ salinometer. The ice algal

studies dive site was 200 meters from Dive Site #11

(70°19.7'N, 147°
0 34.1'W) in Stefansson Sound.
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Table 4. Harpacticoid copepod summary for ice and sediment cores taken in March and
May 1979.
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Conclusions

The meiofaunal community associated with the undersurface of the sea ice

seems to be distinct from that of the sediments beneath. Though the harpacticoid

species are found associated with both the sediments and ice, there were only

two species present. The cyclopoid copepods were more abundant and were of one

species. This may also be a substrate-seeking species. Because of the general

composition of the ice meiofaunal community, it appears to be a substrate

community. Further research is necessary to determine the stability, spatial

variability and the food web interactions of this group of organisms.
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B. Biological Characteristics of the Nearshore (5-25 m) Beaufort Sea Bivalves

Nearshore bivalve molluscs in the western Beaufort Sea encompass a wide
variety of feeding types, habitat orientation and larval development (Table 5).
The following will be an initial look at these biological characteristics.
The four numerically dominant bivalves Axinopsida orbiculata (33.4%),
Portlandia arctica (21.6%), Liocyma fluctuosa (12.4%), and Macoma calcarea
(7.6%) will be emphasized.

Habitat type

Epifauna

True epifaunal bivalves are poorly represented in the five to twenty meter
zone of the Beaufort Sea. Only four species (Arctinula greenlandica, Serripes
groenlandicus, Pandora glacialis, and Crenella descussata) comprising less than
9% of the total bivalve numbers were found to have a solely epifaunal existence.
The glass scallop, A. greenlandica, has a greatly reduced foot and no external
siphons which restrict burrowing and infaunal feeding. A. greenlandica, S.
groenlandicus, and P. glacialis are all free living epifauna with no attachment
to the substrate. C. decussata on the other hand develops a permanent or semi-
permanent byssus which allows the mussel to remain fixed in the area. Pandora
has been studied in captivity and has never been observed to burrow (Figure 2A).
As in Arctinula, this species has a non-burrowing foot and very short siphons.
S. groenlandicus, a member of the cockle family, has a well developed foot but
is only a superficial burrower (Figure 2B) due to highly reduced siphons.

Two additional species, Hiatella arctica and Montacuta dawsoni have been
observed in both epifaunal and infaunal orientations. H. arctica can be a rock
borer or use its byssus for an epifaunal substrate attachment (Figures 2C and
2D). M. dawsoni has limited burrowing ability and might be commensally
associated with epifaunal echinoderms.

Infauna

The vast majority of the nearshore pelecypod molluscs are members of the
infauna. Two distinct types of infaunal bivalves are present, 1) deep burrowers
and 2) shallow burrowers.

The deep burrowing forms are dominated by the active Macoma species (Figure
2E). Macoma calcarea is the most abundant species of the genus in the shallow
water zone. M. calcarea has a highly developed foot which can be used for both
vertical and horizontal burrowing. The long, separated siphons of the Macoma
species allow a deep, infaunal orientation. The only other deep burrowing
species is Mya pseudoarenaria (Figure 2F). This bivalve was present in low
numbers at only three of the seventeen stations sampled. Adult M. pseudoarenaria
is the deepest burrowing form found in the Beaufort Sea and is unable to re-burrow
if taken from its deep infaunal position.

The bulk of the bivalves (>70%) fall into the shallow burrowing category.
Axinopsida orbiculata, the most abundant species, generally lies less than 5 mm
from the sediment surface (Figure 3A). This species has a long, bulbous foot
which is especially efficient for quick burrowing. The protobranch family
Nuculanidae comprised of Portlandia, Nuculana and Yoldia is well represented in
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Table 5 .Biological characteristics of pelecypod molluscs by station from

the R/V ALUMIAC cruise (Aug.-Sept. 1976). Summarized are station

sediment type, species habitat, (E = epifauna, IN = infauna),
species feeding type (D = deposit feeder, F = filter feeder),
species larval development (L = lecithotrophic, P = planktotrophic,
B = brooder) and numbers of individuals.
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Table 5. (continued)
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Table 5. (continued)



Table 5. (continued)
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Figure 2: A. The epifaunal bivalve Pandora (from Allen). B. A generalized

cockle in epifaunal position (by Thorson). C. Nestling and boring

behavior of Hiatella (from Yonge after Russell-Hunter). D. Detail

of Hiatella arctica (from Yonge). E. A generalized Macoma with long

separated siphons (from Barnes after Hughes). F. The deep burrowing

Mya (from Yonge).
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Figure 3: A. Axinopsida in shallow feeding position (by Allen). B. A member of

the Nuculanidae in the vertical feeding position (from Yonge after

Drew). C. The shallow burrower Nucula (from Yonge). D. The feeding

structure of a generalized protobranch (from Barnes after Yonge).

E. Feeding and respiratory structures of Macoma (from Yonge). F. The
"vacuum cleaner" inhalent siphon of Macoma (from Barnes after Hughes).
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the nearshore shallow infauna. Portlandia arctica and other arctic nuculanids
are thought to burrow vertically in the sediment with the siphons, palp processes
and posterior portion of the shell exposed (Figure 3B). Nucula bellotii is the
only other protobranch pelecypod present at the nearshore stations. N. bellotii
slowly moves just beneath the sediment surface assisted by a large foot and
developed palp processes (Figure 3C). The venus clam, Liocyma fluctuosa, is a
shallow burrower with a strong hatchet-shaped foot and moderately short siphons.

Feeding Type

Deposit feeders

The protobranch bivalves Nucula, Nuculana, Portlandia and Yoldia are the
most primitive of the deposit feeders. They orient themselves vertically in the
sediment with the posterior portion of the shell slightly above or just below
the sediment surface (Figures 3B, 3C, 3D). The primary feeding structures of
the protobranch pelecypods are the palp processes which are considered to be
extensions of the mouth. The palp processes are extended into the organic rich
sediment during feeding. The mucus covered processes collect dispositional
material and transport the food and sediment to the labial palps with strong
ciliary action. The labial palps serve as sorting mechanism which separates
the heavy sediment particles from the organic food particles. The lighter
organic particles are continually sorted by cilia from the labial palps to the
mouth. The sediment is carried in the opposite direction on the palps and is
rejected as pseudofeces in the mantle cavity. Protobranchs generally inhabit
organic-rich, soft sediments due to this restricted feeding method.

The other major group of deposit feeders is represented by the Macoma
species. The bivalves of the genus Macoma have separated siphons which are
divided into a long inhalent and a short exhalent siphon (Figure 3E). The long
inhalent siphon acts very much like a vacuum cleaner which pulls in the organic-
rich detrital material on the sediment surface (Figure 3F). This feeding mode
acts as a very efficient method of extracting large amounts of detritus from
the less exploited sediment-water interface. The Macoma species also have the
ability to filter feed when there are large amounts of organic material in the
water (phytoplankton blooms, etc.). This allows a more efficient use of the
food resources during different times of the year.

Filter feeders

The advanced lamellibranch bivalves (filter feeders) include the majority
of the molluscs present in the nearshore region. Axinopsida orbiculata, Liocyma
fluctuosa, Pandora glacialis, Arctinula greenlandica and many others are all
members of this group. The primary feeding structures of the lamellibranchs are
highly modified gills (ctenidia). The ctenidium (also a respiratory structure)
in filter feeders is lengthened and folded which increases the available surface
area. Water is transported to the ctenidia by the inhalent siphon and moved
along the ctenidia surface by ciliary action. The ctenidia act as a very fine
sieve which filters out potential food and transports the mucus covered particles
to the mouth. Most lamellibranchs exploit phytoplankton and particulate organics
as a food source. The majority of the nearshore filter feeders are shallow
burrowers or members of the epifauna.
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Larval Development

Three types of bivalve larval development occur in the study area:
1) planktotrophic, 2) internal brooder and 3) lecithotrophic. Of the thirty
species present four are planktotrophic, two are internal brooders and the
remaining twenty-four species are lecithotrophic.

Macoma calcarea, Hiatella arctica, Mya pseudoarenaria, and Serripes
groenlandicus are the only species with planktotrophic larvae. These species
develop small eggs (<100µ) which produce larvae that are dependent on plankton
as a food source. The four species have an early spawning period which may
occur in conjunction with ice break-up and the phytoplankton bloom.

The two montacutid species,Montacuta dawsoni and Mysella planata are the
only known internal brooders in the 5-25 m zone. The eggs of these two species
are thought to be fertilized in a brooding chamber in the mantle cavity of adults.
The larvae develop in the brood chamber and are released in the juvenile bottom
stage.

The species with lecithotrophic larvae dominate the nearshore region.
Axinopsida, Portlandia and Liocyma are included in this group. These species
are characterized by large yolky eggs (from 120 to 220 microns) which develop
with a short or completely absent planktonic stage. Most of the larval develop-
ment occurs in the benthic habitat. The large egg provides most of the necessary
nutrition during this period. The spawning period of the lecithotrophic species
seems to occur in July, August and September.

Sampling and Species Accumulation

Five samples were collected with a 0.1 m2 Smith-McIntyre grab at each
station location. After initial washing and preservation, all mollusc fauna
retained on a 1.0 mm screen were identified. Figures 4 and 5 represent the
species accumulation for the mollusc fauna of the shallow Beaufort Sea. For
each of the 17 stations sampled, 5 sample grabs result in the species accumula-
tion curve becoming asymptotic, suggesting an unbiased representation of the
total mollusc fauna at that station.

Species Richness

Patterns in the numbers of species and individuals for the 17 stations and
85 samples collected between 5 and 25 m in the Beaufort Sea were examined. Table
6 summarizes the data, and includes the calculated expected number of species

([E(S)] (Hulbert, 1971) and standard deviation of E(S) (Heck, van Belle and
Simberloff, 1975) for equivalent numbers of individuals (n). The empirical
effect of differing sample sizes of individuals on species numbers and measures
of species diversity (Sanders, 1968) is accounted for by E(Sn) allowing for
unbiased comparisons of species richness. Earlier the relationship between
the number of samples and number of new species, species accumulation, was
considered. This relationship indicated that 5 sample grabs.at one station
were sufficient in most instances for the species accumulation curve to become
asymptotic (Figure 4 and 5). Since 5 grabs represent the best estimate of total
mollusc fauna from a site, comparisons between stations were considered the most
accurate indicator of patterns in mollusc species richness.
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Figure 4. Species accumulation curves for the mollusc fauna sampled at
17 stations between 5-25 m in the Beaufort Sea.
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Figure 5. Species accumulation curves for the mollusc fauna sampled at
17 stations between 5-25 m in the Beaufort Sea.
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Table 6 . Comparative bivalve data for nearshore Beaufort Sea - number of
individuals, number of species, and number of experted species
at sample sizes of 30 and 50 individuals (Hulbert, 1971; Heck,
van Belle and Simberloff, 1975).
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Table 6. (continued)
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Table 6 . (continued)
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Actual numbers of species observed between stations were relatively low
in comparison to other benthic taxa sampled in the Beaufort Sea (Ruff, pers.
comm.). Along with the limited area sampled, 5 to 25 m, this would suggest
few recognizable differences in numbers of species between stations. To test
this, variation in E(Sn) was examined for both a depth and latitudinal gradient.
Results of both parametric and non-parametric analysis of variance substantiate
the impression of no significant difference in the numbers of species between
stations for either depth or transect (latitudinal) groups (Table 7). These
results are reinforced due to the increase in experimental error from employing
two one-way analyses instead of a two-way design, a procedure necessitated by
the unbalanced data set. Failure to reject the null hypothesis of no difference
in species numbers either by depth or transect with increased Type I error is
therefore a very conservative test. Any difference in species richness for the
region could exist on scales smaller than the sampling regime or in a manner
less systematic than by depth or latitude. Preliminary sediment results suggest
a highly heterogeneous environment making both sample scale and systematic
explanations possible.

Compositional Similarity

Deterministic

The distribution of mollusc species was examined for the 17 stations and
31 species sampled in an attempt to identify 'biologically meaningful groups.'
Similarities between pairwise comparisons of all stations and species were
calculated using Jaccard (1908), Dice (1945) and Menzies (1973) indicies.
Results for these indicies correlated well with each other as do various measures
of similarity reported in the literature (Goodall, 1966; Sepkoski and Rex, 1974).
The similarity values between stations or species were then clustered by a
single-linkage algorithm (Anderberg, 1973). Trellis diagrams for both species
and station clusterings using the Jaccard index of similarity were constructed
(Figure 6 and 7). For the station by station comparison based on species
composition (Figure 6) it appears there are only two groups that form at
similarity values greater than 0.5: BAB-25, BAB-20, PPB-25, NIB-15 and BAB-15,
BAB-10, PIB-10, NIB-10, BAB-05. Species associations were more complex, three
groups being identifiable at similarities greater than 0.5: 008-111, 028-010
and 018-217. The largest of these groups, 018-217, seems to be divided into
three smaller subgroups. Species identification for the coded values and
possible groupings are shown in Table 8.

Results of the station and species clusterings are unclear. It is possible
to suggest a deeper-water mollusc fauna for the region studied based on the two
groups generated for the station similarities, but there is no test of this
hypothesis. The same is true for the proposed species associations. The nature
of similarity techniques and clustering strategies (Simberloff and Connor, 1979)
makes an objective interpretation of the station or species groups unclear.

Probablistic

A major difficulty with the use of most similarity indicies, and the
clustering/ordination techniques which employ them, has been the lack of a null

hypothesis against which results may be tested (Connor and Simberloff, 1978;
Raup and Crick, 1979). This difficulty was evident in the last section where
station or species groups must be judged as representing real differences in
distributions on purely arbitrary criteria. The credibility of these groups
rests on the differences in the Jaccard index, or any other, having objective
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Table 7. Parametric and non-parametric analysis of variance for the number
of mollusc species between 5 and 25 m in the Beaufort Sea.
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Figure 6. Station clustering for mollusc fauna based on Jaccard
similarities.
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Figure 7. Species clustering for the mollusc fauna based on Jaccard
similarities
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Table 8. Species groups and identification from Figure 7 constructed
using Jaccard similarities and a single-linkage clustering
algorithm
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meaning. This objective meaning cannot be demonstrated (Connor and Simberloff,
1978, Simberloff and Connor, 1980). The arbitrary nature of similarity indicies
and clustering/ordination strategies has led to the proposal of numerous
alternative approaches to viewing compositional similarity, many based on a
probabilistic hypothesis (Harper, 1977; Simberloff, 1978; Raup and Crick, 1979).

The null hypothesis proposed to account for the distribution of mollusc
species among stations was the same Null Hypothesis I of Connor and Simberloff
(1978). As stated, the observed number of species in common between two
stations is no different than would be expected if the species composition of
the stations was determined by randomly assigning species from a 'common pool.'
To test this null hypothesis it is assumed that a common species pool for the
area of interest can be defined, and that each species from that pool is equally
likely to be found at any station. The first assumption, definition of a species
pool, can be minimized by consideration of the species accumulation curves for
the shallow water region (Figure 4 and 5). A total of 36 species represents
the extant mollusc fauna of the region. Although this ignores possible
immigrants from outside the area, it is not felt this greatly biases the results
(Walters, in prep.). Assuming that these 36 species are equally likely to
inhabit any station in the region is a simplistic, if not unrealistic, assumption.
Since non-probabilistic indicies of similarity make this assumption for presence/
absence data, results of the probabilistic index represent a baseline for comparison
(Simberloff, 1978).

Table 9 lists the results for the pairwise comparison of all shallow water
stations. The upper half of the matrix are values of the observed number of species
in common (OBS), the expected number in common under the null hypothesis (EXP),
and the normalized test statistic (OBS-EXP/SDe (standard deviation of the expected)).
An asterisk indicates whether observed values are significantly different than
expected as determined by the test statistic. The lower half of the matrix are
values of the Jaccard index calculated between stations, an asterisk indicating
greater than or equal to 0.50. A summary of the pairwise station comparisons is
presented in Table 10, results partitioned into depth and latitudinal groups as
well as an overall comparison for the region.

A conservative test of the null hypothesis that species distributions are
the result of stochastic persistence and dispersal would be to assume that 50% of
the possible pairwise station comparisons would show expected values greater than
observed and 50% would show expected values less than observed (Connor and
Simberloff, 1978). A x² test of this (Table 10) indicates that the null hypothesis
should be rejected for the mollusc species of the shallow water Beaufort Sea,
although in 74% of all comparisons observed numbers of species in common are not
significantly different (P<0.05) from expected. Reasons for rejection of the null
hypothesis can be directly related to the original assumptions of definable species'
pool and equiprobable species' dispersal (Connor and Simberloff, 1978). Perhaps
more important than rejection of the null hypothesis for the entire region is an
understanding of the large percentage (74%) of comparisons that resulted in no

significant difference between observed and expected values. To address this,
stations were grouped by depth or latitude as was done earlier for a consideration

of species richness. Results of between depth or latitude groups were then
compared (Table 10). x² tests between depth groups resulted in rejection of the
null hypothesis for 3 of the 5 station depths. Tests between transects resulted
in rejection of the null hypothesis for only the BAB comparisons. Combined with
the results of the overall regional comparison, it appears that only a small
percentage of the stations examined have similar species contents greater than
would be expected if the mollusc fauna of the region was randomly distributed.
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Table 9: Compositional similarity of mollusc species for the 17 shallow water Beaufort Sea stations. The upper triangular half matrix consist of

observed, expected (in parentheses), and OBS-EXP/SD,asterisks indicating these comparisons significantly greater than expected (P<.05)*

lower triangular matrix are Jaccard similarities, asterisks indicating those comparisons >=0.5.



Table 10: Summary of results obtained under the null hypothesis for comparison of observed
(OBS) and expected (EXP) values of the number of mollusc species shared between
stations. X2 values and significance given for test of observed values evenly
distributed above and below expected values
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C. Beaufort Sea Nearshore Polychaetes

The feeding modes, mechanisms, and locomotory capabilities of the polychaetous
annelids collected in 1976 in nearshore waters (5-25 m) from the R/V ALUMIAK are
under current investigation. This total data set encompasses nearly 17,000
individuals which include 99 polychaete species taken at 21 separate stations
(105 grab samples) between Point Barrow and Barter Island. For the sake of
manageability, only the seven most abundant species are being examined from
three shallow-water areas along the coast (Pt. Barrow region, Pitt Point, and
off Barter Island). These seven species encompass about two thirds of the total
polychaete collection, and their distribution in the three nearshore regions is
shown in Table 11.

Minuspio nr cirrifera

family - SPIONIDAE

discreetly motile surface deposit feeder
4883 specimens examined - 28.7% of the total collection

This small spionid feeds from surface deposits using a pair of ciliated
palps to select appropriately sized and organic rich particles from the substrate
(Fauchald and Jumars, 1979). The particles are transported along the palps to
prostomial tracts where they are either channeled to the mouth or rejected over
the lip. This species resides in a mud tube during feeding, but it is capable
of leaving the tube and rebuilding elsewhere when environmental conditions
deteriorate (Fauchald and Jumars, 1979).

Cistenides hyperborea

family - PECTINARIIDAE

motile sub-surface deposit feeder

1768 specimens examined - 10.4% of the total collection

The pectinariids are characterized by stout, stiff paleal setae which are

used to burrow into mud or silty sediments. These worms reside in open-ended

sand tubes oriented head-down with the posterior narrow opening of the tube

projecting above the sediment surface. Cistenides is a selective deposit feeder,
preferring organic-encrusted particles, flocculent organic aggregates, faecal

pellets (Whitlatch, 1974) or small infaunal organisms (Schafer, 1972). Although

this species is motile, it appears that the amount of movement is dictated by

the environmental conditions. A high degree of mobility is observed when these

worms encounter coarse, well aerated, food-poor sediments, while little or no

motion is seen in areas where the substrates are fine-grained, oxygen-poor but

nutrient-rich (Fauchald and Jumars, 1979).

Ampharete vega
Family - AMPHARETIDAE

sessile surface deposit feeder

1103 specimens examined - 6.5% of the total collection

Ampharete vega is a tube-dwelling surface deposit feeder which uses short

ciliated tentacles to pick up food particles. This worm is sessile, living in

a permanent mucus-lined tube which projects at an angle above the substrate,

allowing the worm to spread its feeding tentacles across the sediments. Examina-

tion of the gut contents of similar ampharetid species has revealed a diet of

unicellular algae, larval invertebrates, and detritus (Fauvel, 1897; Hessle,
1925).

Although A. vega is sessile, there is some evidence that the worm can move

into different areas through a process of continuous horizontal tube building
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Table 11. The numerical abundance of seven polychaete species in
the shallow water regions (5-25m) off Point Barrow,
Pitt Point and Barter Island in the Beaufort Sea.

690



(Fauvel, 1897; Fauchald and Jumars, 1979). This form of locomotion may be
initiated by a low food available as an effort to reach a more hospitable
environment.

Tharyx sp.

family - CIRRATULIDAE
mobile surface deposit feeder
910 specimens examined - 5.4% of the total collection

This cirratulid is constructed on a plan similar to that of Minuspio, with
a pair of ciliated feeding palps used to select particles from the surface of
the sediments. This species is motile and is often found in muddy crevices,
beneath rocks or in algal holdfasts (Kennedy, 1978).

Chone sp.
family - SABELLIDAE

sessile filter feeder
832 specimens examined - 4.9% of the total collection

In general, the sabellids are tubicolous polychaetes which have the
prostomium and peristomium modified into a ciliated tentacular crown. These
worms are selective feeders, preferring small invertebrates, larvae, and
unicellular organisms such as diatoms and dinoflagellates which are filtered
from the water column (Fauchald and Jumars, 1979). Observations indicate
that some species are also capable of sweeping the surface of the surrounding
sediments (Day, 1967).

Members of the subfamily Fabriciinae, including Chone sp., are capable of
movement when necessary. Aquarium observations show that these worms can move
across the sediment in a posterior-end first mode, and can construct tubes in
new locations (Day, 1967; Lewis, 1968).

Spio theeli
family - SPIONIDAE

discreetly motile surface deposit feeder
749 specimens examined - 4.4% of the total collection

This species is very similar in both structure and functioning to the
previously discussed spionid and cirratulid species.

Micronephthys minuta
family - NEPHTYIDAE

motile carnivore
680 specimens examined - 4.0% of the total collection

Micronephthys is a small predator which is adapted for burrowing through
muds and silts, and is capable of very rapid movements (Pettibone, 1963). This
species is equipped with an eversible proboscis bearing soft terminal papillae
and a pair of chitinized, hooked jaws. Usual prey items include small molluscs,
crustaceans, and other polychaetes (Fauchald and Jumars, 1979).
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Discussion

The above seven species comprise approximately 65% of the total polychaete

fauna collected from the shallow Beaufort Sea (5-25 m) between Point Barrow

and Barter Island. Of these, four species (Minuspio nr cirrifera, Ampharete

vega, Tharyx sp., and Spio theeli) are recognized as selective surface deposit

feeders, one species (Chone sp.) is classified as a selective filter feeder,

one species (Cistenides hyperborea) is a selective sub-surface deposit feeder,

and one species (Micronephthys minuta) is a carnivore. It should be noted that

evidence exists which suggests that Chone sp. is also capable of selective

surface deposit feeding. Also of interest is the observation that Cistenides,

the subsurface feeder, occurs almost exclusively at the Barrow station (taken

to the west of the point) and is virtually absent from the Beaufort Sea proper.

It can be stated, then, that in the Beaufort Sea nearshore benthic environment,

selective surface deposit feeding is the dominant feeding mode exhibited by the

polychaetous annelids, with carnivory playing a much less significant role.

This is indicative of an environment where there are inputs of organics from

the overlying water column, and/or where the sedimentary detritus provides a

substrate for active bacterial growth.

All of the species examined exhibit some degree of motility. Even the two

species which are normally classified as sessile (Ampharete vega and Chone sp.)

are able to move some distance laterally, either by tube extension or by

reconstruction of a new tube elsewhere. It appears, then, that a premium is

placed on a locomotory capability indicating an environment which may periodically

become inhospitable for the nearshore polychaete species.
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D. Size Frequency Determinations

1. Size frequency measurements of the pelecypod molluse Nucula bellotii.

The height and length of the bivalve Nucula bellotii has been measured for
specimens taken in OCS cruises 1 through 7 (Table 12). A preliminary look at
the data shows probable differences in size class structure in the three standard
Pitt Point benthic stations (Figure 8). The intermediate station, Pitt Point -
55 m, has been used for more detailed analysis. Figure 9 represents the change
and size structure over time for PPB-55.

2. Size frequency measurements on polychaetous annelids.

Length measurements have been initiated on four species of polychaetes,
including:

Micronephthys minuta - a soft-substrate carnivore
Pholoe minuta - a hard-substrate carnivore
Terebellides stroemi - a surface deposit feeder
Sternaspis scutata - a sub-surface deposit feeder

These species were selected for having broad distributions across the
Beaufort Sea continental shelf, for being fairly abundant and for representing
a cross-section of the various feeding types.

In the laboratory effort to measure specimens of Micronephthys minuta,
it was found to be much easier to measure just the anterior portion rather
than try to straighten out the individuals for total length measurements. It
has been determined that the length of the first 12 setigers in M. minuta is

proportional to the total worm length (Figure 10), and the 12 setiger measure-
ment will be used for future analyses of this species. Similar methods will
be employed for the other polychaete species if statistically significant
anterior length:total length relationships are found.
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Table 12. Size frequency measurements in millimeters for the pelecypod molluse Nucula bellotii from cruises OCS-1

through OCS-7. s denotes specimens from the 0.5 mm-1.0 mm fraction; q denotes quartered subsamples;

h denotes half subsamples.



Table 12. (continued)



Table 12. (continued)



Table 12. (continued)



Table 12. (continued)



Figure 8. Size (length) frequencies for Nucula bellotii at the three standard benthic
stations from cruises OCS 1, 2, 3, 4 and 7.



Figure 9. Size frequencies for the bivalve Nucula bellotil from the Pitt Point transect
at 55 meters (PPB-55). Size was determined by total shell length in millimeters.



Figure 10. Relationship of first twelve setiger length to total worm length
in the polychaete Micronephthys minuta (r=0.89, F=196,88, P<0,0).
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E. OCS Species Voucher Specimens

1. Pelecypod Molluscs

Voucher specimens for thirty-seven species of pelecypod molluscs identified
by Paul H. Scott of the OSU benthic ecology group have been sent to the California
Academy of Sciences. The specimens have been accessioned into the museum (CAS
Ace. No. 1979-X:29) and are currently being catalogued. The voucher species
names and specimen numbers are outlined in Table 13.

2. Polychaetous Annelids

A total of 56 polychaete species from 26 families identified from the
nearshore R/V ALUMIAK samples are being readied for shipment to the CAS museum
(Table 14). An additional 43 species from this material are rare or undescribed,
and for the present are being retained at OSU.
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Table 13.

Pelecypod voucher specimens sent to California Academy of Sciences
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Table 14. Polychaete species to be shipped as voucher specimens to the
California Academy of Sciences.
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Table 14. (continued)
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F. Data Management

The increase in the need to store and retrieve large amounts of information
has provided the selective pressure for the evolution of database management
systems. Mainly derived for industrial and business applications, database
systems are well suited for the management of scientific information. Software
packages are currently available that are specifically designed for the scientific
user and the structure of the information that he/she might accumulate. One such
package, SIR (Scientific Information Retrieval), is available at Oregon State
University. It has been determined, for reasons outlined below, to convert all
benthic data currently stored and maintained by an inhouse record management
system to be managed by the SIR database system. Representations of the two
systems are shown in Figure 11.

Advantages/Disadvantages

There exists both general and specific reasons for conversion from the current

inhouse system, hereafter referred to as GRS (Gish Record System), to a database

system. A number are enumerated in Table 15. The general reasons include the
arguments for having a database management system at all. These reasons include

the ability to implement new and one-of-a-kind requests easily and quickly,
elimination of data duplication and inconsistency, programming/data independence

and structuring that provides for future applications, ease of data maintenance,

and sophisticated retrieval and reporting. Disadvantages to implementation, cost,
complexity, recovery difficulty and increased vulnerability are answered specificall

by the intended database system. SIR is online and fully maintained by the Oregon

State University Computer Center so cost is not an issue. The structure and backup

procedures of SIR address the complexity, recovery and vulnerability issues.
Specific advantages of SIR include its online, interactive programming facility,
the ability to generate complex reports in a hierarchical manner consistent with
the structure of the database, statistical interfacing with SPSS and BMDP, and
its self-documenting nature.

GRS is a record management system, and as such does not provide for the
integrated addressing of data. Its disadvantages are many including continued

program maintenance, the'need for systematic processing of data records with no
random access capability, excessive use of direct access storage necessitating

tape processing only, binary data storage, incomplete documentation, complex
programming for specific reporting, complex and batch oriented update procedures,
and multiple file processing increasing data duplication and inconsistencies.

GRS does not allow for possible processing of data subsets and requires complete
file I/O for either report or update facilities. Its advantage is in its ability
to provide machine readable data records.

SIR Structure

SIR is a hierarchical or tree-like database system. Perhaps the most primitive

of management systems above sequential record storage, it is well suited to biologi-
cal information storage and retrieval. The SIR database consists of 5 files main-

tained by the software. These are the schema definition or codebook file which
contains the structure of the database, the detail file or database documentation,

procedure file containing retrieval and reporting programs written under the inter-

active editor, the data file with the stored data, and a backup procedure file. In
a hierarchical system, one record is said to "own" many other records as below:
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Figure 11. Diagramatic representation of GRS and SIR data management systems.
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Table 15. A comparison of SIR, a database management system, and GRS, the
current record management system.
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CASE RECORD

RECORD TYPE 1 RECORD TYPE 2 ....

DATA RECORD 1 DATA RECORD 1
DATA RECORD 2 DATA RECORD 2

The proposed structure to accomodate information collected from benthic systems

is below:

POSITIONAL DATA (case record including primary key along with latitude,

longitude, date, cruise ship, etc.)

PHYSICAL DATA (records containing temperature, sediment type, etc. for

each possible sample subsample)

BIOLOGICAL DATA (data records on each species with name, phyla, numbers,

etc.)

This structure provides complete flexibility to accomodate future studies

directed at gathering benthic data.

Conversion

Conversion of data now stored under GRS was undertaken after completion of

a pilot project designed to test the behaviour of SIR as well as provide an

interactive database system to handle the OSU benthic museum. Completion of

the museum project further indicated the ease and effectiveness of SIR to handle

biological data. Currently online update and reporting procedures are being

implemented to facilitate user access to needed museum information. Programming

of the arctic benthic data schema has been completed as well as the conversion

program itself to transfer GRS formated records to SIR format structure. During

the testing of the conversion program numerous data inconsistencies were identi-

fied. Corrections of these conflicting values are proceeding before implementa-

tion of SIR.

709



IX. Summary of January-March 1980 Quarter (RU #006 and #006W).

A. Ship or Laboratory Activities

1. Ship or Field Trip Schedule

No field efforts were undertaken this quarter.

2. Scientific Personnel

a. Andrew G. Carey, Jr. Principal Investigator
Associate Professor

Responsibilities: Coordination, evaluation, analysis,
and reporting

b. R. Eugene Ruff Research Assistant Unclassified

Responsibilities: Species list compilation, sample
processing, reference museum
curation, polychaete systematics,
field collection, and laboratory
management

c. Paul Scott Research Assistant Unclassified

Responsibilities: Sample processing, data summary,
molluscan systematics and field
collection

d. Keith Walters Research Assistant Unclassified

Responsibilities: Data management, statistical
analysis; field collection.

e. Douglas Cronin Part-time Student Assistant

Responsibilities: Sample processing, general
laboratory assistance (now on
leave, Spring Quarter)

3. Methods

a. PPB temporal variability studies

1) Appropriate dominant species of bivalve molluscs and polychaetous
annelids have been chosen for detailed studies of species popula-
tion dynamics at the 1975-76 OCS Seasonal Stations off Pitt Point.

2) Techniques for measurement of the individuals have been evaluated,
and measurements by a dissecting microscope ocular micrometer
have been initiated.

b. Sea ice epontic community-benthic community interactions, Stefansson
Sound.

1) Techniques for the study of particle flux measurements and
processes are under evaluation.
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4. Sample localities

a. Stefansson Sound

b. OCS lease area, Beaufort Sea
c. OCS Transect Line - Pitt Point (PPB)

5. Data collected and analyzed

a. Coastal bivalve molluscan data have been analyzed by quantitative

statistical techniques (see Results-Discussion-Conclusion section

B of Annual Report).

b. OCS Pitt Point Transect polychaetes have been partially identified

(Table 16). Dominant species have been selected for species

population dynamics studies (see Results-Discussion-Conclusions

sections C and D of Annual Report).

c. The accumulation of harpacticoid copepod data from the Pitt Point

transect line has been completed for stations PPB-25, PPB-55,

and PPB-100 for the OCS cruises 1-7 (Table 17). The specimens

from both the 1.00 mm and the 0.50 mm size fractions have been

identified. In all, about 1500 individuals distributed among 25

species have been examined, and the reproductive state and cohort

class of each has been determined. The dominant species are

Pseudocervinia magna, Paranannopus echinipes, Halectinosoma

neglectum, Halectinosoma sarsi, Bradya typica, and Paramphiascopsis

giesbrechti.

B. Problems encountered/recommended changes

Data accumulation lag.

Owing to the departure of a Biological Research Assistant (P.M. Montagna),

RU #006's capability to identify a wide taxonomic range of fauna has

decreased. Dependency on outside specialists for primary identifications

and verification of previously identified material creates significant

delays and/or complete data gaps. Supplementary funding of RU #006 for

work-up of previous Chukchi Sea samples would add to our taxonomic

capability and significantly increase efficiency in the laboratory by

providing support for one additional research assistant with demonstrated

ability with crustacean systematics.
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Table 16. Polychaete identifications for cruises OCS-1 through OCS-6 at

station PPB-25,
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Table 16. (continued)
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Table 16. (continued)
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Table 16, (continued)
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Table 16, (continued)
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Table 16. (continued)
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Table 16. (continued)
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Table 16. (continued)
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Table 16. (continued)
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Table 16. (continued)
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Table 16. (continued)
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Table 17. Harpacticoid copepod species from seasonal stations along the

Pitt Point Transect.
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ocs-7 
70°42'N 

GLACIER 
14lo41.1'W 

25 Aug. 77 
Sta. 35 640 m 

S 
SMG 1617 

16 Harpacticidae Harpacticus superflexus 1 8  
7 Thalestridae Pseudotachidius 6? I lo 

% 2 Ectinosomidae Bradya confluens 2+ 
Cerviniidae Cervinia langi 1 

& 

70" 42.5 ' N  141'38.5'W Sta. 35 644 m 

SMG 1618 

1 7  Harpacticidae Harpacticus superflexus 17? 

S 

12 Thalestridae Pseudotachidius 12Y 
2 Thalestridae New genus 1? I 1c 
1 Cerviniidae Cervinia langi 1c 

70O40.6" 141° 43 ' W Sta. 35 659 m 

SMG 1619 

8 Harpacticidae Harpacticus superflexus 82 

S 
SMG 1619 

7 Harpacticidae Harpacticus superflexus 7? 
,c 3 Thalestridae Pseudotachidifis 3 -h- 

1 Thalestridae New genus 1c 

70°42. 8 ' N  

SMG 1620 

2 Harpacticidae 

SMG 1620 
S 

1 5  Harpacticidae 
16 Thalestridae 
1 Thalestridae 
4 Cletodidae 
2 Cervin i idae 

141" 39.5 'W 

Harpacticus superflexus 

Harpacticus superflexus 
Pseudotachidius 
New genus 
Argestes mollis 
Cervinia langi 

2 1  
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OCS-7 
70°41. O'N 

GLACIER 
141O27'W 

25 Aug. 77 
Sta. 35 1025 m 

SMG 1622 
S 

12 Harpacticidae Harpacticus superflexus 12? 
2 Thalestridae Pseudotachidius 2? 
1 Thalestridae New genus 1 3  . 

7O030.5'N 141 O 3 5 ' CJ Sta. 36 403 m 

SMG 1623 

2 Harpact icidae Harpacticus superflexus 20+ 

SMG 1624 

2 Harpacticidae Harpacticus superflexus 20+ 

7Oo29.8'N 14 1" 3 5 ' ti Sta. 36 401 m 

SMG 1625 

1 Harpacticidae Harpacticus superflexus 1: 

Sta. 36 403 m 70' 29.0 N 141O 3 5 ' W 

SMG 1626 

1 Harpacticidae Harpacticus superflexus 19 
2 Cervin i idae Cervinia langi 2? 
1 Thalestridae Pseudotachidius coronatus I? 

SMG 1627 

5 Harpact icidae Harpacticus superflexus 
1 Cerviniidae Cervinia langi 

5? 
l? 
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C. Estimate of Funds Expended

Spent
Budget Spent This Quarter

Salaries & Wages $271,960 $243,794 $11,780
Payroll Assessment 48,483 41,951 2,900
Supplies & Services 53,978 52,181 5,013
Travel 20,623 16,581 1,204
Equipment 50,617 50,431 0
Overhead 133,835 119,911 7,397

TOTAL $579,496 $524,849 $28,294

Salaries Committed (30 June 1980) Paid Outstanding

Carey, A.G. $14,616 $ 9,966 $ 4,650
Montagna, P. 1,862 1,862 0
Ruff, R. 13,758 9,030 4,728
Scott, P. 10,236 6,824 3,412
Bilyard, G. 3,276 3,276 0
Walters, K. 7,274 3,954 3,320
Hill, R. 13
Secretarial 15,264 15,205 59

$16,169

Students:

Cronin, D. 154
Eckhout, T. 24
Gollubier, K. 308
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X. Auxiliary Material

A. References Used (Bibliography)

See reference lists at the end of each report section.

B. Papers in Preparation or in Print

1. Papers in print

a. Bilyard, G.R. and A.C. Carey, Jr. Zoogeography of western

Sea Polychaeta. Sarsia. In press.

2. Papers in preparation

a. Carey, A.G., Jr., P.H. Scott, and K. Walters. The distribution
and abundance of nearshore bivalve molluscs in the south-

western Beaufort Sea.

b. Carey, A.G., Jr. and R.E. Ruff. The distribution and abundance

of nearshore polychaetous annelids in the southwestern

Beaufort Sea.

c. Carey, A.G., Jr. and R.E. Ruff. The ecology of polychaetous

annelids across the southwestern Beaufort Sea continental

shelf.

d. Carey, A.G., Jr. and P.H. Scott. The ecology of bivalve molluscs

across the southwestern Beaufort Sea continental shelf.

e. Dickinson, J.J. and A.G. Carey, Jr. The distribution, abundance

and ecology of gammarid amphipods across the southwestern

Beaufort Sea shelf.

f. Carey, A.G., Jr. Temporal variability of benthic communities

and species populations across the western Beaufort Sea

continental shelf.

C. Oral Presentations

Carey, A.C., Jr. Sea ice epontic community-benthic faunal community

interactions. NOAA-OCSEAP Winter Studies Synthesis Meeting,

Fairbanks, AK, March 1980.
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