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INTRODUCTION

General Nature and Scope of Study

Forage fish research in the Bering Sea was initiated in fiscal year
1976 under the auspices of Research Unit 19 as a part of the Cuter
Continental Shelf Environmental Assessment Program (OCSEAP), of the
National Oceanographic and Atmospheric Administration (NOAA). During
that year field work began in May and continued until October. Field
work consisted of aerial and ground truth investigations. Over a dozen
temporary and permanent biological investigators were utilized by the
Alaska Department of Fish and Game (ADF&G) to carry on all activities
under the overall project guidance of the Principle Investigator, Mr.
Louis Barton, ADF&G, Anchorage. His assistant, the senior author of
this paper, supervised all field activities southwest of Smoky Point

on the north coast of the Alaska Peninsula, while Mr. Barton was actual
field supervisor for all activities north of Smoky Point.

Specific Objective

In the spring of 1977 OCSEAP funded the present study for the purposes
of complementing the large bank of forage fish data accrued in 1976
under OCSEAB‘funding. The original purpose of this research unit was
to study the nearshore spawning stocks of forage fish along the east
coast of the Bering Sea in respect to relative abundance, spatial
distribution, and basic life history facts concerning age and sexual
maturity. This study's funding was at a minimal level to prevent
complete loss of data continuity. Because of the limited funding,

the nature of all 1977 activities was more austere than those completed
in 1976, with the number of personnel reduced considerably. Since the
basic life histories of all forage fish in the Bering Sea were either
poorly known or not known at all, 1977 activities were invaluable in
supplementing the knowledge of these species.




Relevance to Problems of Petroleum Development

It is known that surface borne pollutants are toxic to some species

of forage fish. Kuhnhold (1970) studied the effects of certain crude
oils upon Atlantic herring eggs, larvae and adults, and concluded

that most crude oils were especially toxic to them in early life stages.
Although it is not presently known how these types of pollutants would
affect forage fishes in the Bering Sea, it is important to have an
understanding of the temporal and spatial distribution and abundance
of forage fish. If these factors are not known, long term effects of
surface pollutants would be impossible to assess. If we know or have
a fair assessment of where any species of forage fish is per time of
year, the job of assessing the effects of petroleum related impacts
would be greatly enhanced.
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CURRENT STATE OF KNOWLEDGE

This study considered forage fish to be herring and sand lance or any
form of the smelt family. All other fish are considered outside the
scope of this report. Various cruises have recorded the presence of
eulachon Thaleichthys pacificus and capelin Mallotus villosus in the
Bering Sea - Bristol Bay area (Hart, 1973). Also boreal smelt* Osmerus
eperlanus has been recorded as being present north to arctic Canada.
Although the surf smelt Hypomesus pretiosus is recorded as ranging as
far north as Chignik Lagoon, (Hart, 1973) it was found by the authors and
also by investigators working in the vicinity of Izembek Lagoon (Smith,
personal communication) to be present in the Bering Sea. The latter
investigator found them in this region during 1972-73.

*Confusion surrounds both the scientific and vernacular name of this fish.
In this report, we shall refer to it in the vernacular as "boreal smelt"

and scientifically as Osmerus eperlanus: numerous investigators refer to

is as "toothed smelt", "rainbow smelt", "smelt" or "American smelt", the
last being the least appropriate as the species is circumpolar in its
distribution. Scientifically it is referred to as Osmerus eperlanus
(McPhail and Lindsey, 1970).




Eskiros have known herring Clupea harengus pallasi to exist in the

Berivg Sea for thousands of years as they depend omn them for food.

Caucasians noted the occurrence of this fish when first arriving in
the area, but they were first scientifically recorded by E. Nelson

(1887) in his biological inventory work on the Bering Sea,

Substantial harvests of herring by the U. S. fishing industry took
place during the early 1900's (Figure 1). Biological investigation of
herring was initiated in 1929 when George Rounsefell completed his
piloneer report on Pacific herring. Rounsefell worked on Pacific herring
collected from the entire North American range of this fish, which are
known to occur from San Diego Bay (possibly even Baja, California)
northeast to Cape Bathurst in the Canadian arctic and northwest to the
Russian arctic (Hart, 1973). Rounsefell employed the vertebral counts
of herring from San Diego to Golovnin Bay in Nortom Sound as a basis
for population differentiation.

The next major work on Bering Sea herring was by Rumyantsev and Darda
of the Soviet Union who conducted baseline investigations concerning
the life history of Pacific herring in the Bering Sea during an invei-
tory assessment project under the auspices of the Russian Fishing
Agency, TINRO (Moiseev, P. A., editor, 1969). This work preceeded
commercial entry by the U.S.S.R. into the herring fishery of this area.
A compilation of domestic herring catch statistics was completed by
the ADF&G (Randall, 1976) from the newly developed Togiak herring
fishery.

7n 1976, the ADF&G began investigations of Bering Sea herring and other
forage fish under the OCSEAP R.U. 19 titled: HERRING SPAWNING SURVEYS,
SOUTHERN BERING SEA. A project completion report was submitted in April
of 1977 which included extensive work on herring (Barton, Warner, Shafford,
1977). This was the first extensive biological coatribution to capelin

in the Pacific basin, and a pioneer American effort into the life history
of the herring in the Bering Sea.

Barton (1978) described further the biology of herring in the Norton
Sound. In 1978 the North Pacific Fishery Management Council (NPFMC)
funded a two year study conducted by the Alaska Department of Fish and
Game. This study centered around herring and capelin, and further esta-
blished life history parameters of both species concerning age, growth
and spawning habitat demaunds (Barton, 1979). Also, a study pertaining
to subsistence use of herring was funded by the NPFMC during 1978, and
those findings incorporated into a project completion report by the
Dames and Moore corporation that year (Hemming, 1978). Concern for

the management of the foreign and domestic herring fishery in the Bering
Sea caused NMFS to initiate efforts in this area. Wespestad (1977, 1978)
compiled herring data from numerous sources with a view towards manage-—
ment information and consolidation of standing knowledge of herring in
the Bering Sea. The preliminary Bering Sea management plan for herring
in the study area contains a section concerning the biology and numerous
other sections concerning herring (NPFMC, 1979).

I+ has been observed that herring overwinter in the deepwater areas
~orthwest of the Pribilof Islands between latitudes 38 and 59 degrees north,
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Figure 1. The dock at Unalaska during the height of the herring runs in August, 1928, showing piles of
empty barrels and rows of packed barrels ready for shipment. -




at depths of 105 to 137 meters, an area of approximately 2800 km (Favorite,
et. al, 1977; Shaboneev, 1972). Japanese researchers have studied wintering
herring in the area of 59°15'17" north (Takahashi, 1974) and presumably are

familiar with their presence there.

The migration route of herring to their spawning grounds along the Bristol
Bay-Bering Sea coast is hypothesized by Shaboneev (1972) to be two main
routes passing north and south of the Pribilof Islands. How these routes
were determined is not clear in this report, and the observation concerning
the two routes towards the spawning grounds certainly needs further clari-
fication. What is clear, however, is that most herring in the eastern
Bering Sea spawn on the North American continent; Russian and Japanese
scientists acknowledge this mutely, as they never consider that the massive
body of herring wintering northwest of the Pribilof Islands go anywhere else
to spawn.

Herring first arrive on the spawning grounds at varying intervals according
to how far north those spawning grounds are (Warner, Barton, Shafford, 1977).
Spawning runs in the Port Moller-Herendeen Bay complex occur in late May

and early June, often extending into the middle of June. Spawning activity
further north generally occurs later and some runs in the Bering Strait area
occur as late as August.

- The current state of knowledge concerning herring is greater than that of
Osmeridae and Ammodytidae in the Bering Sea due to the lack of commercial
interest in these fishes. Because of this there is no standing bank of know-
ledge for these groups outside of listing geographical occurrence. The
authors consulted literature outside of the study area in order to develop
methodology and gather life history data concerning the smelt family. The
most important work concerning capelin was the exhaustive work completed by
Templeman (1948), which pertains to capelin on the east coast of Canada and
establishes many techniques for investigation of life history parameters.

No single comprehensive work exists concerning boreal smelt, yet McKensie's
1948 paper on the growth and age of boreal smelt in New Brumswick provided
valuable insight into the problems of investigating this species. Other
works on boreal smelt were reviewed, but most were too specialized or
generalized for our purposes.

A great lack. of prior information regarding eulachon* was encountered as
there are no major works on this species outside of Smith and Saalfield's
brief 1955 paper on the Columbia River Smelt. During the past two years, the
authors have found only five papers dealing specifically with eulachon.

*The common names as applied to eulachon are extremely chaotic, a condition
which plagues all members of the smelt family. Eulachon are also called
Columbia River Smelt, hooligan, candlefish and just plain smelt. Eulachon .
is-a corruption of the French word for this fish vhich occurred in the North-
western Chinook jargon, a common trade language of this area for over 125
years. In Alaska, all names are used in different combinations for all the
smelts, and even for fish outside the smelt family. This condition makes
anecdotal investigations concerning any of the smelt a matter of confusion.,
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A brief life history review will introduce each discussion section.
This will serve to inform the reader immediately prior to an in depth
species discussion. .

STUDY AREA

The study area includes all coastal waters of the north Alaska Peninsula
and Bristol Bay from Unimak Pass north to the Yukon River Delta including
Nunivak Island, a total of 3,594 kilometers or 2,233 statute miles.
Zoogeographically, this area includes sub-polar and taiga ecosystems
typified by a continental shelf zone that is at least partially ice covered
during all or some of the winter. The area contains some of the world's
largest and most valuable fisheries partially or completely within its
bounds. Perhaps the most dynamic feature of the study area is the Bristol
Bay region which for 70 years has been the-location of the largest sockeye
salmon fishery in the world. Fish are of immediate importance to every
living thing within this system, either directly or indirectly. The
majority of the waters in the Bristol Bay region are turbid, a condition
which precludes aerial spotting of fish schools. Weather conditions are
mercurial, and human lives are lost each year due to this. The coast line
within the bay itself is typified by low bluffs topped with tundra to the
edges, which fall away steeply to expansive beaches which are open and
exposed, or by low lying coasts littered with hundreds of ponds and wide,
almost level beaches.

Outside of Bristol Bay to the north and west, geographic features change
somewhat: in the Cape Newenham region to the north, sheer cliffs may tower
hundreds of feet above the shoreline. To the southwest along the north coast
of the Alaska Peninsula between Cape Sarichef and Cape Greig open beaches
stretch for miles without indentations or coves interrupting the straight-
ness of the coastline (Figures 2 and 3). Along this section of the study
area are only four major bay systems: Port Heiden, Port Moller, Izembek
Lagoon and Bechevin Bay. When combined, the shorelines of these systems
total 665 kilometers, compared with 502 kilometers of open beaches along the
Alaska Peninsula northeast to Cape Greig. This ratio of open to closed coast-
line is far different than most of Alaska's coasts. On its south coast, this
portion of the Alaska Peninsula is mountainous becoming flat and extending
north to the Bering Sea in a long gentle escarpment. The mountains, some '
actively volcanic, are capped with snow late into the summer, and the narrow
passes in these ranges funnel southerly winds in such a fashion as to create
dangerous and unpredictable winds on either coast.

It is over this 2,200 mile section of coastline that the North American
continent joins the Bering Sea, and it was this area that the research
responsibilities for this project existed. Field logistics for crews and
aerial surveys were difficult being almost entirely dependent on air taxi
services, which were frequently overbooked during the spring-—summer months
when project activity was at its peak.

1n




Figure 2. Stroganof Point, north coast of the Alaskan Peninsuia, looking toward Port
Heiden, Mishik Mountains in the background, July 1977, '

Figure 3. Cape Kutuzof, north coast Alaskan Peninsula, June 1976.
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METHODS AND APPROACHES FOR DATA COLLECTION

The two primary approaches used to accomplish the objectives of this

research unit were: 1) Aerial surveillance of spawning and/or moving schools

of forage fishes and 2) operation of ground truth stations to collect specimens
in order to determine species composition, life history parameters and age
class composition.

Aerial Surveillance

The entire coastline of the study area was divided into census areas
(Table 1). These divisions were made to facilitate digitizing data.
The purpose of the surveys was to monitor the location, timing and relative
abundance of spawning populations of herring and other forage fishes.

Single engine aircraft chartered from local air taxi operators were

used for the most part to conduct aerial surveys. Survey data were recorded
on aerial survey forms which were compatible with the OCSEAP file type 057
format. A survey was defined as a single flight on a single calendar day
per observer(s). All weather conditions and chronologiczl information were
recorded for each census area surveyed along with geomorphic beach types.
Weather data were usually determined visually from the aircraft's instruments,
and by calling into the closest FAA flight information center. 1If instrumen-
tation wasn't available, the observer estimated the values of wind direction
by direct observation. Geological information was also gathered by direct
observation. Water turbidity was recorded, and an overall value was arbi-
trarily assigned to general survey conditions encountered by each observer.
Fish schools observed were enumerated separately unless they were within
very close proximity of each other (within 300 meters), in which event

each aggregation of schools was counted as one school. Im this case, the
number of schools in each aggregation were recorded, hence total individual
schools seen per survey is recoverable. The estimated distance of each
school from shore was recorded along with a subjective value of school size
(large, medium, small). The location and species of each school were
recorded along with the time it was observed.

Survey observations for each census were often peculiar to the observer. The
favored altitude from which surveys were conducted differs amongst aerial
forage fish spotters. The senior author favored 330 meters, whereas other
observers preferred a somewhat lower or higher altitude. Generally though,
censuses were conducted from an altitude of 300 meters at a speed of 220
kilometers per hour. Meterological conditions often required a survey
altitude of less than 300 meters, and surveys frequently had to be
terminated due to inclement weather. Polarized sunglasses were worn by
observers to reduce surface glare, hence increase observation potential,
Most OCSEAP personnel recorded their aerial data onto tape recorders in the
aircraft for later transcription onto aerial survey forms.
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Tan~la 1 Entira coastline of the study avea dividad into census areas, a descripticn
0f hose areas iancludiog linear distance and mic-point. QCSEA? Fora Fish
Studies, 1977
Census Areas Lingar Shoreline Ceasus Arza
North= Vegt™* Distaance 1 point

_Area wo Latitude Longitude Miles ke ()
C. Sarichezf-C. YordivinotL 1-A  54°3373Q0™ 164°40'32" 18.0 29 14.5
€. "arlivinof-C. Lapin  1=-§ 54°54720" 164°17'32" 13.7 22 11.0
C. Lanin-Chunak Poiat 1-C  55°03"15" 163°47'25" 31.1 50 25.0
CH‘:zk Point~False Pass 2-A  54°58'23" 163°26'53" 20.5 3 16.5
Fa s¢ Pass-C. Krenitizina 2-B  54°57'23" 163°15'5Q" 46.0 74 37.0
C. Xveaitizin-C. Glazenap 2-C  55°08'535" 163°14'03" 21.1 34 7.0
C. l zenap-rloffet Pt. &

Amak Is. 2-D 55°21701" 162°41'30" 73.3 118 59.¢
Moffet Pt.~Lagoon Pt. 3-A 55°48'21" 161°57'30" 70.8 14 570
telson Lagoon & Walrus &

Kritskoi Is. 3-B  55°58'00" 161°07'4Q" 54.1 87 &
Beraniaen Bay 3-C 55°427'50" 160°42'25" 75.2 121 a0
Pr. I ivide—Entrance Pt. 3-D 55°46'21" 160°46'16"  64.6 104 2.
Enrrrnce Pr.-Ilnik 4-A 55°20'30" 1560°14'53" 62.1 100 0.C
[1»1 -weindeer Creek 4-B 56°50'45" 158°57'2%"  956.3 155 77.5
Roinde -v Treex—Cinder

Py or Lagoon 5-A 57°13'11" 1583°20'05" 32.9 53 26.5
Cinaer River Lagoon-

»i2y Point 5-B  57°30'54" 157°50'59" 44,7 72 35.0
Pr.-Xvichak River 6 58°14'00" 157°30'00" 113.1 190.0 95.0
< Ziver-Nusagalk 7 58°38'50" 153°00'20" 79. 123.0 64.0
Dr.-Tvativax Bay 8 53°23'10" 158°43'00" 83.9 135.0 87.5
ak Tay 9 58°55'10" 159°35'30' 28.0 45.0 22.5

zorv ik Bay-Togiak 10 58°52'00" 160°00'03" 46.6 75.0 37.5
Suanit Istand 11 58°51'00" 160°14'20" 6.4 10.3 Perizeter
Round Island 12 53°36'20" 159°53'0Q" 4.7 7.5 Perimetar
Crooked Island 13 53°43'40"  160°17'40" 14.9 24.0 Perimaeter
ftizhy Island 14 58°45'00" 160°24'10"  10.9 17.5 Perinmzter
Toziai-Asigyukpak Spit 15 53°48'30" 160°49'20"  77.7 125.0 62.5
iageneister Island 16  58°43'50" 160°42'00"  66.8 107.5 Perinster
Asizyukpak Spit-Cp. - i

Newenhanm 17 58°36'30" 161°43'20" 60.6 97.5 43.5
Cp. liewenham-Chagvan 3ay 18 58°39'40" 151°52'00"  32.6 52.5 26.3
Chagvan Bay 19 58°50'00" 161°46'00" 14.3 23.0 11.5
Chagvan Bay-Goodnews Bay  20-A 58°54'40" 161°47'10"  20.2 32.5 16.3
Goodnews Bay 20-B 59°07'00" 161°36'10" 30.8 49.5 24,8
Coodnews Bay-Kuskokwin

River 21 59°25'30" 161°51'20" 104.9 168.6 84.4
Kuskokwin River-Kolavinarak

River 22 59°47'10" 163°46'20" 109.4 176.0 88.0

jﬁ ‘inear shoreline distance on either side of census area mid point.
Latitude and Longitude of mid point of census area.
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Tanl: 1. (Cont'd.)

_ Census Areas Linear Shorelina Census Arsza 1/
North* West® Distance Mid point
Area - ¥Ho. Latitude Lonzitude Miles km (l:2)

Kolzsinarak River - Cape

Vancouver , 23 60°29700" 155°00'30" 47.7 76.8 38.4
Czp- “ancouver - Minzlick

Piver 24 60°39'00" 165°09'00" 27.3 44.0 22.0
Nanivak Island 25 60°17'30" 165°41'00" 290.0 466.0 Perimeter
Hazen Bay 25 61°40'00" 165°002'00" 50.0 80.5 40.3
Augyovaravak Bay 27 61°12'40" 165°33'30" 40.4 65.0 32.5
Hooper Bay 28 61°31'30" 166°02'00" 46.6 75.0 37.5
Kokechik Bay 29  61°39'40" 165°48'00"  35.7 57.5 28.8
Scanmmon Bay-Black River 30 61°57'00" 165°43'20" 60.6 97.5 48.8
Black Rivar - North Mouth _ .

Yukon River : 31 63°08'30" 164°33'50™ 120.0 193.0 95.5

1/ Lin2ar shoreline distance on either side of census area mid point.
atitude and Longitude of mid point of census area.

15




Fish Sampling

A series of sampling stations were established along the trackline of the
aerial survey census flights. The location of these stations changed ia v
erence to major spawning locations seen from the air by the project leader.

A sampling crew was dispatched immediately to such locations if possible.
Major spawning areas were examined by boat and foot surveys.

Test fishing was conducted at Meshik/Port Heiden continuously between
May 21, 1977 and July 4, 1977. A short sampling period was conducted in
the fall of 1977 between October 18 and October 19.

Beaches were walked at low tide and observations made as to ogg deusity

and distribution and types of spawning substrates utilized. Vegetation wi%
jdentified by the use of Robert F. Scagel's Guide to Common Seaweus s of
British Columbia, (1967). The density of spawn was recorded based on

a subjective scale of deposition (Table 2).

Table 2. Subjective index used for determining spawn intensity for heri.i.
and capelin, Bering Sea 0CS Forage Fish, 1977.

Spawn Intensity

1. Very Light 1-2" layers

2. Light 3~-4 layers

3. Medium 5-8 layers

4, Heavy 9-15 layers

5. Very Heavy 7-16 layers

6. Very Light® <20 eggs per cubic .25 meter
7. Light 20-40 eggs per cublc .25 meter
8. Medium 41-60 eggs per cubic .25 meter
9. Heavy >60 eggs per cubic .25 meter

All test fishing at sampling stations was done with variable mesh gill nets
ranging from about 28 to 80 mm (stretch mesh). These gillnets ranged from
approximately 17 to 21 meters in length and 1.75 meters in depth and were
fished by drift netting offshore or set netting onshore. Set netting was
most commonly done by setting and picking the net on successive low tides

and allowing it to fish when jnundated by the high tide. Herring samples
from of fshore areas were made available to this investigator in 1976 through
the cooperation of fisheries scientists on board the M/V PAT SAN MARIE, under
charter to NMFS, Seattle. These forage fish specimens were taken incidentally
to demersal and shellfish sampling in the Bering Sea. A few onshore samples
were also obtained by the use of 45 meter hand beach seine, tapered from

.7 meter to 1.3 meters in depth with a bag. Spawning capelin were obtained

directly from the surf by hand.

Hydrological data was collected by the use of hand held thermometers
~niibrated to the nearest half degree Celsius. Salinity was determined at

scme stations by the use of NaCl hydrometer.




All fish specimens were measured and weighed to the nearest millimeter
and gram respectively. Gonads were weighed to a tenth of a gram. When
subsampling was necessary, variable mesh gill net catches were subsampled
following specific instructions which insured that the subsample would
represent the catch from each "panel" of the gill net.

Standard lengths were taken on herring (Eddy, 1969) and fork lengths were
taken on all other species. All fish body weights were taken with a triple
beam balance. Condition factors (K values) were determined by using for-
mulae derived by Ricker (1962).*%

In the case of species where ageing methods were relatively untried, ages
were determined by a combination of methods. 1In the case of a species
where age methods were firmly established, a single method was employed.
Table 3 shows what age method was used on each species. Osmerids were
aged using both otolith and scale. Methods in processing each type of
bony part varied but essentially otoliths were processed by clearing off
surface material by soaking them in a mixtire of the enzyme papain and
water. After submersion in glycerin, they were then read with a stereo-
scopic microscope by the use of reflected and transmitted light. Osmerid
scales were processed much like those of herring, although swabs were
mounted for the reading of each specimen rather than a single scale,

as is the case with herring. Boreal smelt otolith masses were determined
by the use of a Mettler analytical balance to the nearest .0001 gr.

Table 3. Ageing methods used on forage fish, R. U, 19, 1976-1977.

Species Otolith Scale Otolith Mass Length
Pacific herring X X
Boreal smelt X X X X
Capelin X X x
Eulachon ‘ b4 X X

Since herring frequently lose part or all of their body scales in handling,
samples were taken opportunistically from anywhere except along the lateral
line, although preference was given to the anterior portion of the body above
the lateral line. Scale ‘samples taken in the field were put into small
envelopes and all pertinent data was written on the envelope. Scales from
these whole fresh or frozen fish were mounted directly from the fish onto

a glass slide with a dilute glue solution at the Kodiak facility (Figure 4).

Fecundity analysis was done on three forage fish species in 1977. Ovaries
were dissected out of 84 herring, 68 capelin, and 6 eulachon. The ovaries
were taken from ripe females, but care was taken to be sure that no partially
spawned out fish were sampled. When processing began, Gilson's Fluid* was

*See Appendix B for complete recipe and instructiomns for use of this preservative.
XK = W x 10°
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Figure 4: Field laboratory facilities at ADF&G cabin, Port Heiden, field season, 1977.
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decanted and the ovaries washed repeatedly in running tap water,

strained through a wire sieve and broken up manually (with gloved hand)
until most eggs were separated. Remaining fragments of membranous

matter were removed with forceps. The eggs were then placed to drain on
paper toweling in separate petri dishes; all standing water was decanted
until no more remained pooled in the bottom of the dish. A single wall
transite oven (Model SW-11TA) was used for drying purposes. This oven
would hold twelve 10 oz. petri dishes (used for herring and eulachon eggs)
and 36 syracuse plates with an inside diameter of 6.5 cm (used for capelin).

The drying process took from 12 to 18 hours at 60° C depending on the size

of the ovary and the cohesiveness of the egg mass. (Often times, especially
with thawed frozen samples, the eggs did not separate well. These clumps

of eggs took longer to dry than those which were well separated.) Frequently
several samples would dry before the rest, at which time more wet samples
were placed in the oven so it was kept full at all times. It was necessary
to be sure each sample was evenly dried throughout so ‘that subsample weights
would be reliable indicators of the whole sample. The eggs were dry when they
became hard and pebble-like in texture. After drying, the eggs were placed
in small carefully labeled envelopes and sealed at the time the weighing
process was begun. The eggs were counted out in plastic petri dishes (14 cm
in diameter) (Figure 5). It was found that herring eggs were counted most
efficiently on a light background while those from eulachon and capelin were
most easily counted against a dark background; three subsamples of 250 eggs
were counted out from each ovary. These samples were weighed to the nearest
0.} mg. on the analytical balance (Figure 6); whole samples were then weighed
also to the nearest 0.1 mg., with the total egg count extrapolated from the
mean weight of the three 250 egg samples. ’

Macro-analysis of stomach contents were made on boreal smelt in the field,
the contents identified to order and percent fullness recorded for that
specimen. Herring, capelin and eulachon, due to their advanced pre-spawning
state had, for the most part, empty foreguts.

RESULTS
Aerial Surveys

During the 1977 field season 26 survey flights were made over a total track-
line of 13,262 kilometers with single and twin engine aircraft for the specific
purposes of this Research Unit. All flights took place between Cape Sarichef
on the western end of Unimak Island northeast along the Bering Sea coast to
the mouth of the Yukon River. Over this area a total of 1,118 schools of
forage fish were sighted during 52 individual surveys. Eighty-five percent

of all schools were seen during the last week of May and the first week of
June. Because of the extensive length of this coastline, it was broken into
three sub~areas (Table 4), which can be seen on the following page. The areas
of forage fish concentrations as seen during aerial surveys are represented

in Figure 7, and the computations derived from these surveys are presented

in Table 5. Greatest sighting rates took place between Naknek and Cape
Newenham, which encompasses the intensive Togiak herring fishery. Surveys
between Cape Sarichef and Naknek on the Alaska Peninsula, resulted

in the lowest schools seen per kilometer flown.
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Figure 9. Mettler Analytical balance used for weighing dried fish eggs in
fecundity processing.
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Table 4. Sub-areas, forage fish aerial surveys. R. U. 19, 1977.

Area A: Cape Sarichef to Naknek
Area B: Naknek to Cape Newenham

Area C: Cape Newenham to Yukon River

Table 5. R. U. 19 Aerial census results, OCSEAP Forage Fish. Cape Sarichef
to Yukon River, 1977.

(1) Overall kilometers flown : 13,262
Overall schools sighted 1,118
Overall schools seen/kilometers flown .083
Flights made 26
AREA A
(2) Overall kilometers flown 5,403
Overall schools sighted 59
Overall schools seen/kilqgeters flown 011
Flights made - 8
AREA B
(3) Overall kilometers flown 3,731
Overall schools sighted 765
Overall schools seen/kilometers flown .205
Flights made 10
AREA C
(4) Overall kilometers flown .4128
‘ Overall schools sighted 294
! Overall schools seen/kilometers flown .071
f Flights made 8

In 1976 a total of 1,481 schools of forage fish were observed over the same
trackline. Thirty-four survey flights were flown over 16,565 kilometers for
an overall result of .0894 schools of forage fish seen per kilometer flown,
virtually identical to the .083 schools per kilometer in 1977.
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TEMPERATURE (°C)

forage fish sampling locations on the north Alaska Peninsula and
Bristol Bay during the 1976 and 1977 field seasons.
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Hydrography

Thirty-four temperature readings and 31 salinity readings wire taken
during 1976 in the contract area. In 1977, however, salinify data was
restricted to Togiak Bay and Meshik-Port Heiden. A total ¢/ 24 temper-
ature and salinity readings were taken in Togiak Bay, while/ 37 temperature
and 17 salinity readings were taken at Meshik-Port Heiden. Temperature
increased from about 4° to 8° C. in late May, to 9° to 14°/in late June

at Meshik each year, but was cooler at Togiak. Salinity fluctuated from
about half to full seawater strength at Meshik but was geferally full
seawater salinity at Togiak (Figure 8).

Fish Sampling /
Summary ' /
A total of 4,738 forage fish were taken for the purpoSZs of the RU in 1977.
The majority of these were herring (2,682) most of whjch were taken at

Togiak Bay in May from commercial purse seine catches

A total of 1,416 capelin were taken, 108 from Meshik-fort Heiden, and
1,308 from Togiak Bay. All boreal smelt captured (4(3) in 1977 were taken
at Meshik-Port Heiden, as were the 35 eulachon. i

Herring - Results

{
§

Herring were first captured on May 7 at Togiak a%d on May 23 at Meshik-
Port Heiden. The mean body weight :and length oﬁ sampled herring was
162 grams and 230 mm respectively. Male and female herring were equally
abundant and did not differ in size. The weighf frequency yielded a
range of 80 to 329 grams (Figure 9). The length frequency yielded a
range of 180 to 305 mm (Figure 10). !

The mean age of 2,674 herring was 4.7 years, wjkh the fourth year class
predominating. Eight year classes were found.; Age composition of
3,015 herring in the Bristol Bay area during 1976-77 indicated age 3
and 4 herring were abundant in 1976, and age 4. and 5 were prominent in
1977 (Figure 11). Male and female herring weqé equally abundant and
did not differ in size. ;

The mean fecundity of 84 herring from Togiak was 25,350 ova with a
standard error 2,377 (Table 6). Since the fecundity samples were handled
in three somewhat different ways, each group was regressed separately
against fecundity so as to show possible individual variances (Figure 12).
Fecundity from 1976 and 1977 agree closely as mean fecundity figures
between the two years are within 2 percent (Tables 6 and 7).

Inspection of herring sexual maturity indicated that most were 4 and 5
years old at maturity and some matured during their third year, but
none during their second.
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Tebla 6. Hean herring fecundities in thousands of eggs by si

za; Tngiak 1977.

Standard Lengin il2an Sti dard Humber
il liretars Fecundity Daviation of Fish
1771-1280 13.1 - 1
151-190 - - 0
191-200 -- -- 0
201-210 19.6 6.80 8
211-220 20.9 411 10
221-230 23.7 5.33 20
231-240 25.9 5.91 26
241-250 26.8 6.67 11
251-250 27.8 - 1
261-270 31.2 5.99 3
- 271-230 42.4 15.63 2
281-290 38.5 - 1
291-300 -- -~ 0
301-310 - -- 0
311-320 63.6 - 1
Hean 25.35 5.69

Table 7. HMean herring fecundities in thousands of egq9s by size from Bristol
Bay - Bering Sza in 1976,

Standard Lengtn Hean Standard Humber

M1llimeters Fecundity Daviation of Fisnh
171-180 - -~ C
181-160 -- -- o
191-200 19.4 4.60 13
201-210 20.7 7.03 8
211-220 21.3 5.98 12
221-230 27.8 4,03 8
231-240 23.9 4,83 7
241-250 32.9 2.12 2
251-260 40.4 - 1
261-270 45.9 8.64 3
271-280 71.9 19.0 2
281-290 - - 0
291-300 - -- 0
301-310 - -- 0
311-320 -- -- 0
321-330 - -- 0
Mean 26.53 11.14 56
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Linear regressions of gonad weights to body length showed a positive
relationship (Figure 13).

Condition factors were determined for spring and late/summer/fall
herring on 60 specimens from the Kodiak and Togiak areas. It was
determined that the condition factor is much higher for summer/fall
herring than for spring herring (Figure 14). It is felt that the
difference is due to the season and not to the different areas of

capture.

CaEelin
Port Heiden/Meshik

Spawning capelin first appeared at this site on May 30, 1977 and
left on June 14, 1977. Mean body length and weilght of the 108 capelin
was 144 mm and 21 gms respectively (Figures 15 and 16). Age of Meshik/
Port Heiden capelin was 2.1 years (Figure 17). Female and male

mean length were identical,
Togiak Bay

The 1,308 capelin captured averaged 136 mm long and 18.5 gms in weight.
Aze results from 105 otoliths yielded a mean age of 2.1 years (Figure
18). Results show the males were larger than females (Figure 19).
Fecundity of 68 Togiak capelin ranged from 6,200 to 19,900 ova with an
arithmetic mean of 10,600 ova (Figure 20).

Boreal Smelt

Boreal smelt were caught on the first day of sampling in 1977 (May 21)
and catches continued until the last day of sampling (July 4). Boreal
smelt averaged 155 mm in length and 21 gms in weight (Figures 21 and 22).
Scales of 175 specimens were examined resulting in a mean age of three
years (Figure 23). Mean lengths of females and males showed no appre-
ciable difference, the former being 154 mm and the latter 155 mm. A
total of 260 smelt foreguts were examined, and revealed that mysids

make up the predominant portion of the animal's diet during spring
(Figure 24).

Scale topography of two different age classes was studied on 238 boreal
smelt. Three-year old boreal smelt showed two groupings in the number
of circuli before the initial annuli. Two-year old smelt did not form
two groups, rather a single one (Figure 25).

Eulachon

Small catches of eulachon between June 5 and June 29 at Meshik-Port
Heiden resulted in a mean length of 224 mm and mean weight 94 gms
(Figure 26). Age determinations from otoliths showed a mean age of 3.1
years (Figure 27). Mean male-female body length differences were slight,
with males being 223 mm in body length and females 227 mm. Fecundity
samples from six specimens yielded a mean fecundity of 41.9 thousand ova,
the range being from 34,000 to 57,000.
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Miscellaneous Species

A total of eleven miscellaneodus species were captured incidently at
the Meshik—~Port Heiden test site in 1977 as opposed to 15 at this
site in 1976 (Tables 8 and 9).

Table 8. Miscellaneous species caught at Meshik-~Port Heiden, 1976.

Dates Scientific Name Area Mean Number Number Data
Length Sampled Caught Taken
mm
6/13-7/10 Poroclinus rothrocki Meshik - - 115 -
5/16-7/10 Salvelinus sp. Meshik 231 f1 27 60 19 otolith
9 stomachs
6/6-6/19 Salvelinus sp. Herendeen 392 f1 5 12 -
' Bay
6/23-6/24 Salvelinus sp. Seal Island 377 fl 81 85 -
6/5-7/4 Oncorhynchus kisutch Meshik 112 f1 26 - 2 otoliths
4 scales
6/5-7/3 Oncorhynchus Meshik 86 f1 2 - -
tshawytscha ' '
5421 Limanda aspera Meshik 192 f1 1 - -
5/23 Psettichthys Meshik 164 f1 1 - otolith
melanostictus
5/21-7/4 Unknown Herendeen - - 12 -
Bay
10/31-10/20 Isposetta isolepis Meshik 68 f1 12 - 2 otoliths
10/13-10/20 Poroclinus rothrocki Meshik 216 f1 7 - - ‘
10/13-10/20 Myoxocephalus Meshik 191 f1 5 - -
polyacanthocephalus
10/13-10/20 Hypomesus pretiosus Meshik 124 f1 3 - -
10/13-10/20 Ammodytes hexapterus Meshik 162 f1 2 - 2 otoliths
10/13-10/20 Eleginus gracilis Meshik 267 f1 1 - otoliths
10/13-10/20 Limanda aspera Meshik 166 f1 1 - otoliths
10/13-10/20 Hemitripterus bolini Meshik 235 f1 1 - -
10/13-10/20 Cottidae sp. Meshik 268 f1 1 - -

43




Table 9. Miscellaneous species céught at Meshik-Port Heiden, 1977.

Dates Scientific Name Area Mean fXK Number  Number Data
Length Caught Sampled Taken
mm
5/21-6/22 Liopsetta glacialis Meshik 180 21 - -
Platichthys stellatus Meshik 215 16 - -
Poroclinus rothrocki  Meshik 238 6 - -
Pungitius pungitius Meshik - 5 3 -
Enophrys claviger Meshik ~ 187 3 - -
Dasycottus setiger Meshik 174 3 - -
Salvelinus sp. Meshik 118 2 - -
Oncorhynchus
tshawytscha - Meshik 119 2 - -
Ammodytes hexapterus Meshik 156 1 1 otolith
Hexagrammos sp. Meshik 112 1 - -
Eleginus gracilis Meshik 178 1 - -
Unknown Meshik - - 21 -
DISCUSSION
Herring

Ceneral Life History

Herring are a coupletely marine species of clupeid which mature at age three
or four in the Bering Sea, and frequently live to be eight or more years of
age. Atlantic and Pacific herring have the same outward appearance except for
the position of the scutes* on the underside of the fish (i.e. in the Pacific
herring the scutes do not extend anterior of the ventral fins as they do in
Atlantic herring). Pacific herring were thought to spawn only along vegetated
nearshore zones in the spring, whereas Atlantic herring spawn either in
spring, fall or winter in deep water, offshore areas (Jones, 1968).

The distribution of the Pacific herring extends easterly in the Arctic Ocean
to Cape Bathurst on the coast of the Northwest Territory and westerly to the
Kara Sea in northern Russia; the southern limit of their range appears to be
San Diego Bay on the North American coast and as far south as the East China
Sea on the Asian continent.

*Scutes: A bony, chitinous external plate or scale, in this case scales on
the underside of the fish which form a dorsal line or protrusion.
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Discussion

Rumyantsev and Darda (1970) studied fecundity of herring in the Bering
Sea; our 1976-77 results are comparable to those found by these Russian
investigators. Multiple regressions were calculated on both 1976 and
1977 herring fecundity samples, with variables being length, weight and
age. The results from this analysis were inconclusive. In previous
fecundity research, body length normally gives the highest correlation
in predicting relative fecundity (Nagasaki, 1958; Messieh, 1976; Pitt,
1965; etc.). Since our results indicated that gonad weight was related
to increased body length, one would anticipate fedundity increasing with
the latter parameter, but that proved not to be necessarily the case. Often
times the fish with larger gonad size prove to be less fecund.

The point in question, is that 1976 fecundity results completed by OCS
investigators in the Bering Sea agreed precisely with the previous fecundity
work completed on herring (Rumyantsev & Darda, 1970); also, increased body
weight correlated well with increased fecundity. In contrast to this, 1977
fecundity results showed a degree of variability as egg samples were pre-
served in different ways, as opposed to 1976 when all ovaries were fixed
identically. In 1977 collected gonads were frozen whole, then processed
later; immediately fixed in Gilson's Solution, or immediately fixed with
methyl alcohol. It is suggested that if similar studies are undertaken
again, that identical methods of preservation be used on all herring gonads
collected.

Since the condition factor of spring herring is lower than late summer or
early fall herring, an oil spill in the fall would find the animal in a
robust condition with much stored body fat, i.e. able to go long periods
without food. In contrast, late winter, spring or early summer impact

would catch the animal at a low point in respect to body condition. Hence,
a spring oil spill presents the greatest risk because herring are in the
nearshore areas spawning, are in a weakened body state and probably would be
unable to migrate long distances (to avoid an area of impact) without food.

Pacific herring are generally considered to return to the same spawning
location each year (Jones, 1968). Our aerial surveys in 1977 showed a

failure of the herring "run" in the Port Moller-Herendeen Bay area. In

1976, numerous schools of herring spawned in that complex. This complete

"no show" of herring in this system could be due to one of the following
reasons: 1) total fishing and natural mortality of all age classes, 2)

the herring from this complex skipped spawning, staying at sea to feed, 3)

the herring from this complex migrated to another area to spawn, 4) these
herring spawned in deep water, and 5) the herring spawned in April 1mmediate1y
after "ice out".

Aerial observations were intense in this area between the latter part of
April and July 20 of 1977. During that time, OCSEAP observers made seven
aerial surveys of the area, ADF&G management aerial observers made

six aerial surveys, and private observers made another half dozen surveys
of this area, as commercial interest in herring stocks in 1977 was high.
It is because of these numerous surveys over a long time period, combined
with the fact that surveyable quantities couldn't enter the system without
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being sighted, that the authors conjecture the herring simply didn't appear

in 1977 or that they spawned unusually early. Although April spawning has

not been noted in this area before, unusual climatological factors make

early spawning a matter which must be considered. The winter of 1976-77

was the mildest on record in Alaska. In view of this, combined with the

fact that Bering Sea herring normally enter their spawning grounds just

after "ice out" (Barton, 1978), makes April spawning a theoretical alternativ=.

Herring were present on the spawning grounds for an entire month at the
Meshik-Port Heiden sampling site in 1976, and for almost three weeks in
Herendeen Bay. When the herring first arrived in Port Heiden, foreguts
contained mysids, and herring were feeding daily. Soon after, foregut
examination revealed that they ceased feeding, and gonad development
changed from a gonad index of IV to VI in a matter of ten days.

Herring schools in the area of spawning were actively fed upon by numerous
predators. Harbor seals, Phoca vitulina, were the most common form of
mammalian predator, and caused schools to be in constant "amoeba-like”

motion as they attempted to avoid the predations of the seal. Birds wers
another common predator. The species of bird feeding indicated the type

of forage fish present, and some aerial observers were careful to note

which type of bird was feeding on a school. Larids of the species Rissa
tridactyla (Black Legged Kittiwake), Larus glaucescens, (Glaucous Winged Guii),
and to a lesser frequency Larus canus, (Mew or Short Billed Gull), were most
corronly seen in conjunction with forage fish, as well as terns, mainly Arct. .
Terns, Sterna paradisaea. Terns and kittiwakes are thought to be pocr preca-~
tors of spawning herring due to these bird's small size, while glaucous winged
gulls and mew gulls may consume many herring during a single feeding. Often
gulls were a good field indicator of schools for forage fish and observers were
continually on alert for aggregations of feeding birds. Birds fed extensively
on beds of herring spawn, and at low tides their activity was a good indicator
of roe presence.

Needs for Further Study

The majority of data obtained during this study pertain to herring. As this
species 1s receiving more and more pressure commercially, questions are being
posed in regards to stock composition, range of distribution, migration routes,
and what the potential effect petroleum related activities may have on all
these things. These are subjects which we know very little about.

Fecundity studies have been often discussed as possible mean of population
identification. Hodder (1972) also mentions that fecundity studies are impor-
tant in "determining the relation between spawning potential and recruitment”.
To fully understand this parameter, fecundity sampling needs to be greatly
increased to include a larger sample of the whole population. Fecundity
methods need sophistication (see Appendix B); investment in automatic counting
devices might be considered in order to eliminate this very tedious task
(Boyer, et. al., 1967), and standardization of ovary collection must be
accomplished. Field technicians must be fully aware of the importance of
proper collection and preservation of fecundity samples. It is essential to
have biological sampling start well in advance of the commercial fishing
season and continue well beyond its completion to fully examine the develop-
mental stages that the herring proceed through. Much work has been done on
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the identification of herring maturity stages, but little is know about
how long it takes the fish to advance from one stage to another.

' CaEelin

General Life History

Capelin, Mallotus villosus is a widely distributed marine smelt which occurs
in the boreal and arctic regions of the Atlantic and Pacific oceans. It is
used extensively in the North Atlantic as a food and meal fish and harvests
sometimes exceed a million metric tons (Jangaard, 1974). They spawn in the
surf during spring on beaches and local residents harvest them at this time
" for domestic use. Male capelin, in both oceans, are larger and more robust
in appearance than females, the former also having a distinctive "hairy"
ridge along their lateral line, hence the specific name, villosus, which
means hairy sided.

Discussion

Capelin are a short lived high productivity forage fish rarely exceeding
three years of age. Most attain maturity at two years, and all mature by
age three. The first year and a half of a capelin's life is spent in a
larval state, as they do not metamorphose into the adult form until the
middle of their second year of life (Templeman, 1948; Winters, 1966).

When adult males attain maturity, extreme body changes take place until in
appearance they are quite different than females. These changes take place,
it is supposed,.immediately prior to maturity (Templeman, 1948). Prior to
spawning, adults segregate by gender into schools (Pitt, 1958). At spawning
capelin approach  a suitable beach, spawning in a peculiar and characteristic
way. Notes from direct observations by the junior author at Pillar Creek,
Monashka Bay, near Kodiak City best describe the phenomenon.

(My observations began) ...high tide was at approximately 2:00 a.m.

and the weather was overcast, with an ambient temperature of approxi-
mately 50 degrees F; there was a slight offshore wind. Male capelin
began to appear in the surf an hour before high tide and became increa-
singly numerous with each wave. The surf was checked carefully for
females, but none appeared until the highest wave, which then carried
in hordes of capelin. The spawning of these fish was just as specta-
“cular as Templeman (1948) and Jeffers (1931) described and in my view
is typical: with a wave of optimum height immediately at high tide,
the fish swarmed onto the beach; it was obvious that female capelin
definitely pair up with one or two males to spawn. Often with two
males on each side of her, pinning her thusly. After spawning many
hundreds of fish were stranded above the high tide mark, unable to
return to sea. Of those sampled from stranded schools less than one

in a hundred were female. Even in the sample of 100 fish taken in the
surf for biological measurements I found only a dozen females, indicating
to me that more females were yet to come onto the spawning grounds.
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Temp leman (1948) states that intense spawning occurs o beaches composed

of pebbles between 0.5 to 1.5 cm in diameter. During field observations

it was noted that sand on Pillar Beach, though not densely packed, was
sandy in texture as opposed to the coarse pebble—like consistency indicated
by Templeman. When spawning grounds were revisited a week later to obtain
egg samples, mnone were found at the high tide mark where spawning occurred,
but approximately two meters seaward from the high tide mark in coarser
textured substrate, eggs were quite densely deposited.

Capelin spawning run timing is tied to a high tide phase in the mid-spring
of the year, usually late May. What general mechanism enables the fish to
detect the appropriate high tide phase is not known, yet certain meteorological
factors concerning spawning do play a significant role. Offshore, rather
t+har. onshore, winds are an important factor for spawning capelin, to the
point where they will not spawn if such a wind does not prevail. This hatl
been noted by other observers (Winters, 1966; Campbell, 1973), and was aiso
noted during this study. Anecdotal evidence from Aleut natives Lrom L
Meshik-Port Heiden area also supports this observation, as experienced oller
natives told investigators that the direction of the wind decides if thevs
will be a capelin fun that night, 1. e. that they require an offshora wind
in which to spawn in appreciable numbers. Winters (1966) states that an
offshore wind might allow the welling up of the colder water, thereby
Aecreasing the water temperature and size of the waves. Proven reasons

for the capelin's need of an offshore wind do not exist in the literature.

Deep water spawning, although not as frequent as beach spawning, has been
reported in the Atlantic (Pitt, 1958; Templeman, 1948; Winters, 1966). During
1976-77 OCSEAP aerial surveys, capelin were of ten observed and photographed
"digging" along anearshore subtidal areas and in fact this behavior became

2 field index to the presence of the species for aserial observers. It is

not known whether this digging is in fact pre-spawning oY spawning behavior,
but presence of ripe male and female capelin with empty foreguts in the area
suggests that this behavior is associated with spawning. Deep water spawning
is yet an unknown factor in the spawning ecology of capelin along the north
coast of the Alaska Peninsula.

After deposition, capelin eggs wash below the high tide zone where they had
been deposited and become buried up to 150 to 230 mm in rock/gravel substrate
averaging from 0.5 mm to 5 mm in diameter. Hatching takes place in widely
varying time spans depending on temperature, although hatching times along
the north coast of the Alaska Peninsula did not exceed two weeks, with 8 to

10 days being a minimum. After hatching the larva drift in the nearshore zone
during the summer months and remain there until winter temperatures force
them closer to the bottom (Templeman, 1948).

Windrows of dead capelin after spawning have often led observers to assume
that capelin die after spawning, when this in fact is not the case. Evidence
obtained by the senior author proves that capelin do live to spawn again as
female capelin with retained and developing ova were found in mid-summer
following spawning. These capelin had been captured in otter trawls. Recent
f indings support this result (Warner, and Dick, 1980, report in progress) as
over a hundred post spawning males were found in commercial trawls, with full
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foreguts. Templeman (1948) reports occurrences of three "generations" of
eggs in one female which indicates multiple spawning in Atlantic capelin.

Comparison of our fecundity at size results with Templeman's indicates
Atlantic capelin to be 50 percent more fecund at size. After examining
Templeman's findings on Grand Banks capelin one can see that the Atlantic
capelin is both larger and much more fecund than those we examined from
the Bering Sea. Other works on Atlantic capelin reiterate this fact
(Hart and McHugh, 1944; Winters, 1966). The Atlantic capelin show a mean
fecundity of 32 thousand eggs (Templeman, 1948) while our Bering Sea
results showed a mean fecundity of 16 thousand ova per female capelin.

Needs for Further Study

Capelin research in the Pacific is sparse. Further research into the
spawning activity and migration patterns of the capelin is needed especially
in view of the growing commercial interest in capelin.

Capelin are known to occur in phenomenal numbers at spawning time, yet little
is known about them in the Pacific after and before spawning occurs, especially
as to overwintering demands and post-spawning migration.

Eulachon
General Life History

Eulachon are the most commercially important member of the smelt family

in the North Pacific. They are an anadromous smelt, living entirely in
the marine environment until spawning. Then they ascend rivers, sometimes
many miles, to spawn. Their high body fat content gave them the name
"candlefish", as the dried adults may be lighted and burned like a candle.

Eulachon have been harvested both commercially and domestically for over a
hundred years. They are marketed under the trade name, "Columbia River
Smelt".

Spawning Ecology and Spatial/Temporal Distribution

Eulachon appear to ascend river systems to spawn during their second through
fourth year of life, and do repeat spawn in some instances. The ageling of
eulachon from scales proved unsuccessful, as they absorb the outer margins
of scales prior to spawning, rendering them unreadable (Smith and Saalfield,
1955; Warner and Dick, 1980 report in progress).

Little is known about the eulachon's high sea cycle. Presumably the eulachon
in the contract area descend into the marine system immediately after hatching
as they do in the Columbia and Fraser Rivers (Hart and McHugh, 1944; Smith
and Saalfield, 1955). A sample of 178 immature eulachon were taken at sea

by trawlers in the Kodiak area; results indicate that one year old eulachon
were immature. Hart (1973) mentions that there is an indication of repeat
spawning in eulachon, and 1979 observations in the Kodiak area reinforce this
supposition, i.e. female gonads indicated they were formed subsequent to
previous year's spawning.
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Anecdotal information was gathered from local residents in the Alaska
Peninsula regicrn. This informat.on further reinforced vy documentation
of historical runs of eulachon (see Appendix A} i:dicates that eulachon
populations are highly cyclic, often reaching extraordinarily large
populations then "crashing” until they reach a contrastingly low density.

1t is because of these and other accounts, that the authors believe these
fish are significantly more important as a forage fish than our catch

results indicate. 1Indeed in some years they might conceivably be the most
numerous forage fish species in the southeastern Bering Sea. Several

accounts by local natives indicate that Bear River, Sandy River and the Meshik
River had or have large runs of eulachon. It is important to note that even
during vears of low abundance, this species of forage fish has a documented
high pe:ential which strongly indicates a significant level as food fish.

Needs for Further Study

Other than a few catch statistics from British Columbia and the basic 1ifc
history facts outlined in Hart's "Pacific Fishes of Canada'", and Hart and

McHugh (1944) "The Smelt of British Columbia”, wvery little information was founs
on the occurrence, biology and distribution of this fish in the North Pacilic,
let alone the Bering Sea. In view of the total lack of current knowledge

on this species further research is sorely needed.

Boreal Smelt

General Life History

Soreal smelt are anadromous, and they were originally classified by Linnaeus,
and remain the archtype for the Osmeridae. Their distribution is circumpolar,
rarely extending south of bnreusl regions. They ascend large river systems

to overwinter, often migrating distances exceeding a thousand kilometers from
the ocean, such as in the Yenisei River in Siberia {(McPhail and Lindsey, 1970).
At the end of each-winter, stocks of boreal smelt spawn in tributary streams
to large rivers immediately after "ice out" (Baird, 1967), then migrate into
estuarine systems to feed until early autumn when they again ascend the rivex
to overwinter (Hart, 1973).

Age

Boreal smelt in the Meshik-Port Heiden area were usually in their third

year of life when sampled, although smelt from one to six years of age have
been aged. Otoliths proved slow to process, and the confidence which both
authors have in this method is low. Boreal smelt otoliths are large, in

fact, so large they can be weighed with a balance and the figures thea pro-
jected onto a Peterson graph where modes clearly indicate age groupings
(Barton, Warner, and Shafford, 1977). By contrast, the mounting and reading
of smelt scales proved rapid and easy. Some investigators of boreal smeit
have mentioned they do not "put on" their first annulus until the end of

their first year (MacKensie, 1958), yet when reading the scale it was observed
that often the first annulus was directly in the nucleus of the scale or in
contrast to this, six to eleven circuli distant from the nucleus. It was this
feature which caused a discrepancy in the age values of the two readers. This
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obvious variance in the locus of the first annulus led the authors to
investigate the scale topography of boreal smelt in depth, much in the
manner that was used on capelin by Russian investigators (Prokhorov,
1968). Several references on this species indicated it has been known
to have "double" runs on the Atlantic coast (Baird, 1967). The authors
hypothesized that boreal smelt at Meshik-Port Heiden could be spawning
twice a year, the same individuals not spawning more than once in a
single year. In short, there might be an "iceout" spawning run and a
fall or late summer spawning run. Since late spawners would have a very
brief growth period after hatching prior to their first winter, the
annulus would logically be centered or absent on the scale. In the case
of spring or "iceout" spawners, these fish would have 90 to 100 days of
growth prior to their first wianter. '

Spawning Ecology and Spatial/Temporal Distribution

The residents of the Bristol Bay area harvest this species through the ice
when it is present in large river systems; it is used by both natives and
non-natives as a subsistence/sports fish. Since boreal smelt are present
in large numbers near the mouths of the Naknek, Egegik and Meshik Rivers,
it is assumed to be of critical importance as a forage fish. Forty three
percent of all forage fish caught at the Port Heiden test site in 1976 were
boreal smelt, and they comprised 707 of the total catch at that site in
1977. Even during years of good herring abundance (such as in 1976) boreal
smelt are the most numerous forage fish at this site. The authors have
observed that boreal smelt seem to be most successful in river systems
which have an expansive estuarine system at their mouth, in contrast to
rivers which empty directly into the ocean with little or no estuarine
tidal systems (i.e. Bear River, Sandy River).

It is hypothesized that boreal smelt, although migrating out into the marine
system, stay within the estuarine system and perhaps only intermittently
subject themselves to the rigors of the high seas predation. The reason
the authors lean towards this hypothesis is that in 1976 during the cruise
of the M/V PAT SAN MARIE, very few boreal smelt were caught in mid-summer
(Bartlett, personal communication). At one time, it was thought that boreal
smelt were present in large numbers in the southeast Bering Sea as investi-
gators had given anecdotal evidence of their presence in trawl catches.

Upon detailed examination, these fish were found to be juvenile eulachon,
which are commonly confused with boreal smelt by professionals and laymen
alike*., Hence, the authors wish to identify boreal smelt as being a species
of the stuarine habitat.

Boreal smelt do not mature until their second or third year, and the numbers
of recovering smelt which survive spawning indicates they may live to spawn
twice, or even three times. 1In 1976, most of the smelt were either spawning
or had spawned, while in 1977 almost 90% were immature., This is due to the
fact that 1976 sampling activities began prior to or during the onset of
"iceout" spawning, whereas in 1977, due to the mildness of the winter, "iceout
occurred in early March of the year. Since sampling activities did not begin

1"

*Juvenile eulachon appear much different than mature fish of this species.
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until late May, the spawners had migrated into the open estuary and were
not present in large numbers at the Meshik-Port Heiden test site. Boreal
smelt in 1976 were found feeding while in a spawn ready conditiom. As
the season progressed, this condition occurred less frequently until all
fish found were "spent". This indicates that, even at iceout, boreal
smelt do not spawn all at once, but do so gradually over a period of time,

Needs for Further Study

Boreal smelt are a numerous species of which little is known. We have
determined the possibility of there being a second summer run in the Meshik
River system. An attempt was made in October of 1977 to document the occur-
rence of a second spawning run of smelt. Due to the extreme cold water
conditions (1° to 2° C) in this system this fishing effort yizlded only a
single boreal smelt in three days. In 1976, a similar attempt w2s mace =%
exactly the same ‘time of year, and one hundred boreal smelt were caugut
while water temperatures of 6° — 8° C prevailed at Port Heide«. Doreal gmalt
were found to be in recovering spent* condition which indicates only that
they had spawned previously, but giving no indication of when their spaworag
took place.

Perhaps the best approach would be to continue the spring field season ta:
enough into the summer (perhaps into August) to afford sampling these fish
over a greater time span. An earlier start of the field seascn would yield
greater numbers of boreal smelt before their migration into ihe estuary to
spawn. The temporal demands of boreal smelt appear dependent on iceout in
the river system which they spawn, yet to how great an extent is not known.
In any case, the time of their occurrence in the bays would definitely vary
from year to year due to the varying severities of winter conditioms.

Another aspect which needs continued documentation is the rate and amount

of circuli laid down on scales prior to the first annulus. Extensive reseaven
was done on this subject in 1977 and it was from this work that the possibility
of a second run of boreal smelt was hypothesized.

Aerial Surveys

Fewer schools of forage fish were seen along the north coast of the Alaska
Peninsula in 1977 than 1976 when 649 schools of forage fish were observed.
At Port Moller-Herendeen Bay no spawning herring were observed in 1977.
Aerial observations along all areas failed to sight any windrows of dead
capelin, an occurrence which was frequent in 1976.

Forage fish form dense ball shaped aggregations for protection against
numerous predators, hence they are easily spotted from the air, but highly
unpredictable to catch. Frequently the senior author observed large schools
of spawning and pre-spawning herring from the air that were present in the
immediate ared of a surface camp, but none were captured there. During day-
light activities, herring schools were observed passing unharmed under mono-
filament gill mets. On a single occasion, a school of herring in excess

of 30 meters in diameter passed through a 25 meter long gill net without a
single fish being captured. In short, zero fishing results were not indicative

Jé *This being Stage VIII of the Gonad Maturity Index - See Appendix.




of the presence or absence of fish in the area being sampled. Ground crews
in 1976 had difficulty catching herring. The primary tactic to ensure
catches was to place experienced crews in areas where schools were sighted.
When poor results were encountered by ground crews, aerial surveys were an
expeditious method by which to reaffirm fishing results. Aerial surveys are
the best means by which extensive sections of coastline may be surveyed in

a very short period of time.

Needs for Further Study

The primary problem with aerial survey data in both 1976 and 1977 was the
inability to positively identify the species composition of schools seen
without surface verification. Consequently, subjective methods had to be
utilized: 1) observation of fish carcasses on the beach (in the case of
capelin), and 2).careful notation of the habitat type where schools were
observed. (Herring require rocky shores with sudden rising escarpment,
whereas capelin require open beaches with sandy/rocky substrate.) Further
studies must be aimed at clarifying this problem. Use of acoustic and
airborne laser methods for species identification should be explored.

Wéter Temperature And Salinity

Water temperatures are variable in some nearshore areas of the study area.

As can be seen, extreme fluctuations occur within a close time period. This
was especially the case in the Meshik-Port Heiden area. Port Heiden Bay is
shallow and subject to extreme tidal variations, causing thorough mixing -
twice daily. Water temperatures in Togiak Bay were more stable than those

in Meshik-Port Heiden because of the deeper water and less brackish conditions.

Herring first appeared on' the spawning grounds at Port Heiden Bay in 1976
when the temperature was 6° C. In 1977, herring appeared in the Togiak
region when the temperature was also approximately 6°. Onset of colder
temperatures can affect forage fish movement and migration. In the fall of
1976 OCSEAP investigztors caught over a hundred specimens in Port Heiden
Bay, whereas in 1977 - precisely one year later - only a single specimen
was captured. This was probably a direct function of water temperature, as
in 1976, fall water temperatures were between 7° and 8° C, while in 1977
they ranged from one to two degrees.

Salinities taken.for this study were determined by the use of a sodium
chloride hydrometer. Although this instrument is portable and easy to use,
it's accuracy is limited. Essentially, it reliably determines if the water
sample is fresh, brackish, or of full sea water strength. Salinities were
erratic at Meshik Beach and greatly affected by the magnitude of the outflow
from the Meshik River and the daily tidal variations. In Togiak, salinities
always remained nearly at full sea water strength throughout the 1977
spawning season. Catches from all areas didn't readily appear to be affected
by variances or non-variances in salinity.




Miscellaneous Species

The Meshik-Port Heiden sampling site displayed, by far, a wider variety

and abundance of non-forage fish species than did the Herendeen Bay site.
This area is rich in potential and utilized finfish and invertebrate
resources. In the early summer and late spring it is the location of a king
salmon fishery, harvested by jocal residents. These king salmon ascend the
Meshik River to spawn and are followed in June by a sockeye run in the Meshik
River which supports a set net fishery. In the fall of the year a smaller
salmon fishery exists in the area, yet besides these finfish, results indi-
cate an impressive array and abundance of other species of finfish, the most
abundant being char, Salvelinus sp.. Commercial quantities of anadromous
char are resident throughout the Port Heiden-Port Moller area. They were
the most numerous non-forage fish species and they were caught in large quan—
tities by commercial fishing activities. Large starry flounders (over 40

cm) were caught by tﬁg hundreds in subsistence and commercial set nets in
the Port Heiden area during June, July and August of 1977,

‘Few non-forage fish species were caught in Herendeen Bay. It is hypothesi~::
that the lack of an extensive estuarine system in this immediate area accounis
for this lack of non-forage fish species. Herendeen Bay, as opposed o i
muddy waters of Port Heiden, is a clear salt water bay.

The Meshik~Port Heiden sampling site was located on a beach which was rich

in invertebrates of potential commercial importance, and some {such as isopods}
that aren't. This beach offers excellent habitat for soft shell clams of the
genus Mya. The clam density at this beach averages approximately 25 to 40
"shows" per square meter. Field workers have frequently noted the strong
aroma of sulfur dioxide emanating from the beach substrate, and numerous dead
clams were found.

Large quanitities of crangonid shrimp and mysids populate Port Heiden Bay
and natives frequently harvest them with small mesh seines. A hundred to

a hundred and fifty kilogram catches of shrimp harvested in this manner have
been witnessed. B

Needs for Further Study

Although evidence from other disciplines indicates the presence of large
quantities of sand lance (Sanger, 1977; Dick, personal communication) only
three specimens have been captured in the two years of research by this
agency in the Bering Sea. Trumble (1973) included quite a comprehensive
summary of what is known of this species in the North Pacific Ocean in his
Masters' Thesis on underutilized fisheries in Eastern North Pacific. OCS
researchers in the Cook Inlet/Kodiak area have been successful in catching
these fish with beach seines and surface tow nets (Blackburn, 1980; Warner
and Dick 1980). So little is known about sand lance in our current study
area that .any research effort concerning it would be beneficial. They have
been found to be important food for sea birds (Sanger and Baird, 1977) and
for fur seals along the Aleutian Islands (Trumble, 1973). Therefore, the
ecological importance of the fish in the food chain is justification for
further research on the basic life history of sand lance in the Bering Sea.
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Overall Discussion

To better understand forage fish, additional research must be completed.
During the past two years this R.U. has raised many more questions than
it has answered.

The possible impact of oil related activities on forage fish cannot be
predicted with any accuracy since the effects of crude oil and/or refined
oil products are virtually unknown in regards to Pacific herring, capelin,
boreal smelt and eulachon. 1In addition to the actual products/byproduct
itself, oil exploration and drilling activity has the potential of be-
coming extensive in the contract area and its effects upon forage fish are
unknown at this time. Because of the speculative nature of this subject,
therefore, the authors urge great caution be taken in any developmental
aspect in the Bering Sea,

CONCLUSIONS

1. Capelin are a major forage fish in the Bering Sea nearshore area,
in some years reproducing en masse along the beaches to the extent
whiere windrows of trapped capelin .5 to 1.3 meters in height may be
seen along miles of open beaches.

2. Capelin spawn offshofe and onshore in the Bering Sea, not limiting
themselves to the intertidal area.

3. Capelin in the study area are only half as fecund as those in the
Atlantic.

I

4. Capelin occur on their spawning grounds for periods exceeding twovweeks.

5. Surf smelt occur in the Bering Sea.

6. Boreal smelt are the dominant forage fish in the Meshik/Port Heiden
estuary, being active there between May and July.

7. Boreal smelt show two patterns of scale topography which indicate
variances in spawning and/or habitat patterns within the same
population of fish. E :

8. Capelin and boreal smelt are able to spawn more than‘once.

9. Herring age composition in the Bering Sea area contained two strong year
classes during 1977 studies.

10. Herring utilize Port Heiden for spawning.

11. More forage fish schools were seen north of Cape Constantine by
aerial observers than on the north coast of the Alaska Peninsula.
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12.

13’

Aerial surveys are able to determine relative abundances of
forage fish, though species composition of sighteu mchools caunot
be determined.

Water temperature and salinity changed considerably during brief
time periods at Meshik-Port Heiden, and forage fish spawning took
place during, after and before these changes.
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APPENDIX A

AN UNUSUAL SMELT RUN AND ITS POSSIBLE EFFECTS ON RED SALMON ESCAPEMENTS

INTO THE BEAR RIVER SYSTEM IN 1959

The Bear River red salmon system received an unusual and heavy spawning
population of what was determined to be eulachon smelt in 1959. The Bear
River spawning system counsists of the headwaters of the lake, the lake
shore, and the river which flows into the Bering Sea.

The timing of the smelt run coincided with the expected red salmon
run throughout the month of July. Red salmon failed to ascend the river
despite their abundance off the mouth of the river and in the offshore
waters.

The vast size of the smelt run, its timing in conjunction with the red
salmon run, and the subsequent demise of the spawning smelt could have re-
sulted in an avoidance reaction by red salmon to enter the river in usual
numbers, and also could have produced a temporary pollution condition in
the stream. »

The first aerial survey of Bear River was made on July 7th. The survey-
revealed the presence of an abnormal number of fish in the stream commencing ~~
from the juncture of the Milk and Bear Rivers to the ‘entrance on the Bering
Sea, a distance of approximately ten miles.

A second aerial survey of Bear River was completed on July 10th. The
fish population in the stream had increased considerable since the previous
survey on July 7th. It was estimated that the ten mile concentration num-
bered from two to five million fish or more. A low level flight revealed
many fresh carcasses along the stream banks and also indicated the fish were
probably a species of smelt.

A Super Cub was chartered from Sand Point on July 1lth, and a landing
was made on one of the numerous gravel bars in the river. It was a simple
matter to reach in among the mass of fish to obtain specimens for indenti-
fication of the species of smelt. The specimens were identified as eulachon
smelt, and several samples were frozen for shipment to Juneau for corro—
beration of the field indentification. Carcasses had increased considerable,
although fresh smelt were still entering the river. A landing was also '
effected at the mouth of the river the same day. The dead carcasses were
approximately eight to ten inches deep along the entire shore, and liter-
ally hundreds of thousands were lying along the banks of the stream.

The stream guard stationed at the mouth of the river stated the run had
commenced about a week before the first survey which would place the entrance

date at approximately the first week in July.




Appendix A

A third survey on July 15th revealed the run had peaked and was
terminated. The banks of the stream were covered with dead smelt, but
particularly in the lower sections of the river.

The stream guard reported the water had become badly polluted from
the decaying carcasses, and also stated his drinking water was so badly
contaminated that it was unfit for drinking purposes even after having
been boiled. Water purification tablets were of little benefit.

Several fishermen reported at a later date that the ocean bottom
in the offshore waters was covered with decaying smelt carcasses, and thst
the water was quite odiferous in the general area, and alsc that thelir nety
were continually fouled up with the glue-like mass of degayed £lech,

The phenomenal size of the smelt run was discussed with old-time
local residents, cannery personnel and perennial fishermen of the are=.
Everybody expressed surprise over the development in the Bear River, and
could not offer any knowledge of smelt rums in past years. It may be
possible that smelt runs did exist in Bear River in the past, but in suc:
small numbers that they were unobserved.
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APPENDIX B

FECUNDITY PROCEDURES

1. Take gonads in prespawning condition, i.e. no further along in
maturity than Stage V; "Gonads fill body cavity. Eggs large, round;
some transparent. Ovaries yellowish, testes milkwhite. Eggs and sperm
do not flow; but sperm can be extruded by pressure". This stage passes
into Stage VI which is when both "eggs and sperm flow freely". If ovaries
are taken in Stage VI, there is too much of a chance of getting partially
spawned out fish, thus erroneous egg counts. Another precaution is if
there 1s doubt as to what stages the ovaries are in, check the posterior
portion of the skein for membrane degeneration; if the membrane is
intact, take the skein.

2. Preserve immediately in Gilson's Fluid' in plastic or glass jars,
NOT Whirl-a-pak bags. The bags have been used in the past and have proven
to leak. Leaking Gilson's fluid can be a serious problem!

3. Before beginning egg counts, decant Gilson's fluid and placé‘in
Lugol's Solution’ for 24 hours. This will remove mercury from sample and
decrease chances for allerglc reaction to anyone working in and around
the eggs.

4. Wash under running water or shake in jar until eggs are well
separated. Strain through a wire mesh sieve, (careful of the size diameter
opening!) lay out on paper toweling in petri dishes to drain adequately.

5. Place petri dishes of eggs in laboratory oven @ 60° C for 12 to 18
hours until eggs are entirely dry. Do not let them get dark brown and
brittle.

6. Place samples in envelopes; seal.

'Gilson's Fluid (Mueller, 1972): 88 mls H 0; 10.0 mls 95% ethanol (must be
ethanol); 2.0 gr mercuric choloride; 0.4 ml glacial acetic acid; 1.8 m
concentrated nitric acid. This solution is very good for breaking up
membranes and is used widely for ovary preservation. It is, however,
extremely toxic and corrosive. It should be used with caution. In hand-
ling preserved specimens, plastic gloves should be worn as some people
find themselves extremely allergic to the mercury. It will attack metal,
therefore, it should be stored only in glass or plastic containers.
Mueller suggests that specimens be placed in Lugol's Solution (see footnote
#2) for 24 hours to remove the mercuric chloride and then be transferred
to water wash.

2Lugol's Solution: 1 gr potassium iodide, 0.5 gr iodine. Dissolve in 3 mls
of H 0, then dilute to 50 mls.
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7. Count out three subsamples for 250 eggs each, and weigh on a
Mettler analytical balance to nearest .1 mg. Weigh whole sample to
nearest .l mg; calculate mean weight of 250 egg samples and figure
fecundity by direct proportion.

8. A test run of ten subsamples per one individual should be done
to show reliability. If two counters are involved, each should do a test
run. This gives an indication of the reliability of your counts.

Some Special Notes and Precautions:

1. A grid systeﬁ could be used for counting, such as a piece of
heavy graph paper laid in the counting dish to avoid duplication and
possibly ease eye strain.

2. It is possible that a dissecting scope or a very fine quality
magnifying glass on a stand could be used to look through while counting
the eggs.

3. Paper cupcake cups were used to hold each subsample as well as
whole samples of dried eggs in the weighing process. Eggs and cup are
weighed first; eggs dumped into whole sample cup and then paper weighed.
Care should be taken in dumping eggs to avoid spillage and to be sure all
eggs are evacuated before paper weight is recorded.

4, This author highly recommends a break in routine so that counters
do not become fatigued. For example: Egg weights done for two days,
calculation one day, then back to egg counting. For this year's egg counts
it took two persons a full seven days of steady counting and weighing to
complete the process. (This was to do 161 fecundities.) As can be seen,
this is a very tedious and lengthy process, yet if your results are to
be reliable, care should be taken to not push oneself too greatly during
this stage of the game. Eyestrain is inevitable for either the counter or
the weigher (using a Mettler analytical balance) and headaches may develop.
Obviously efficiency and data reliability decrease with physical strain.

_ 5. Mettler analytical balance is a delicate scientific instrument.

One should be trained in its use by an experienced person. Ideally, it
should be used in an enclosed room where people are not constantly coming
and going. (So delicate is the mechanism that a person walking across the
floor in its immediate vicinity can alter the reading!) Care should be
taken to rezero balance frequently during a day's weighing procedures and
to keep the inside compartment clean at all times.
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APPENDIX C

Characteristics utilized to determine maturation stages of herring and
assign maturity index numbers, Cape Sarichef to Smokey Point: April -
September, 1976 - 1977.

Maturity
Index Key Characteristics

1 Virgin herring. Gonads very small, threadlike, 2-3 mm
broad. Ovaries wine red. Testes whitish or grey brown.

II Virgin herring with small sexual organs. The height
' of ovaries and testes about 3-8 mm. Eggs not visible
to naked eye but can be seen with magnifying glass.
Ovaries a bright red color; testes a reddish grey color.

IIX Gonads occupying about half of the ventral cavity.
Breadth of sexual organs between 1 and 2 cm. Eggs small
but can be distinguished with the naked eye. Ovaries
orange; testes reddish grey or greyish.

v Gonads almost as long-as body cavity. Eggs larger
varying in size, opaque. Ovaries orange or pale
yellow; testes whitish.

A Gonads fill body cavity. Eggs large, round; some
transparent. Ovaries yellowish, testes milkwhite.
Eggs and sperm do not flow, but sperm can ‘be extruded
by pressure.

Vi Ripe gonads; eggs transparent; testes white; eggs
and sperm flow freely.

VII Spent herring. Gonads baggy and bloodshot. Ovaries
empty or containing only a few residual eggs. Testes
may contain remains of sperm.

VIII Recovering spents. Ovaries and testes firm and larger
than virgin herring in Stage II. Eggs not visible to
naked eye. Walls of gonads striated; blood vessels
prominent. Gonads wine red color. (This stage passes
into Stage III).

! From in house works; Data Collection Procedures for Herring, by Stan
Moberly, no year.

61




LITERATURE CITED

Baird, F. T. 1967. The smelt (Osmerus mordax). Fisheries Education Series,
Unit #5, Maine Dept. of Fisheries Bulletin. 7 pp.

Barton, L.H. 1978. Finfish resource surveys in Norton Sound and Kotzebue Sound.
OCSEAP, Final Report (March 1976-September 1978), ADF&G, Commercial Fish
Division, Anchorage, September.

Barton, L. H. 1979. Assessment of spawning herring and capelin stocks at
selected coastal areas in the eastern Bering Sea. Final report to North
Pacific Fishery Mgt. Council, Contract 78-5, Alaska Dept. of Fish and
Game, Commercial Fish Division, Anchorage, March.

Barton, L. H., I. Warner and P. Shafford. 1977. Alaska Marine Envirommental
Assessment Project. Herriag Spawning Surveys - Southern Bering Sea. Annual
RepoRU 19. April 1977. 81 pp. o .

Blackburn, J. E. 1980. Pelagic fish along east coast of Kodiak, Afognak Isalnd
OCSEAP RU 552~A. Project completion. Report in progress. )

Boyer, H.C. and R.A. CLIFFORD. 1967. An automatic device for counting dry £i=h
eggs. Transactions of the American Fisheries Society, 96(3):361-363.

Campbell, J.S. 1973. Some characteristics of inshore spawning capelin.

In Andrew Duthrie (ed.): Newfoundland inshore capelin development
program, report. St. Johns, Newfoundland. Appendix seven.

Ciuganova, N. I. 1963. Age and growth studies in fish. Israel Program for
Scientific Translations. Jerusalem. 132 pp.

Dushkina, L.A. 1971. Is there a local form of the Pacific herring in the Kara
Sea? Polar Research and Planning Institute for Sea Fisheries and Ocean-
ography (PINRO). Murmansk. =

Eddy, S. 1969. How to know the freshwater fishes. Wm. C. Brown Co. Publishers.
Dubuque, Iowa. 286 pp.

Favorite, F., T. Laevastu and R. R. Straty. 1977. Oceanography of the North-
eastern Pacific Ocean and Eastern Bering Sea and relations to various
living marine sources. Northwest and Alaska Fisheries Center Processed
Report. USDC, NOAA.

Hart, J.L. and J.L. McHugh. 1944. The smelts (Osmeridae) of British Columbia.
Fisheries Research Board of Canada. Bulletin #64. 27 pp.

Hart, J.L. 1973. Pacific fishes of Canada. Fisheries Research Board of Canada.
Bulletin #180. 740 pp. '

Hemming, J.E., G.S. Harrison and S.R. Braund. 1978. The social and economic
impacts of a commercial herring fishery on the coastal villages of the
Arctic/Yukon/Kuskokwim area. Report prepared under contract for the North
Pacific Fishery Mgmt. Council by Dames and Moore. Unpublished.

Hodder, V.M. 1972. The fecundity of some herring in some parts of the Newfoundland
area. ICNAF Bulletin #9:99-107.

Jangaard, P.M. 1974. The capelin (Mallotus villosus): biology, distribution,
exploitation, utilization and composition. Bulletin FRBC #186: 71 pp.

Jeffers, G. W. 1931, The life history of the capelin. Biological Board of
Canada, Annual Report 1930. Pages 17-18.

Jones, F.R.H. 1968. Fish Migration. Edward Arnold Ltd., London 1968.

Reprint 1970. 325 pp. (pp: 141-142).
Katz, M. 1945. The fecundity of herring from various parts of the North Pacific.

Trans. American Fisheries Society. 75:72-76.

62




Kuhnhold, W. W. 1970, The influence of crude oils on fish fi. F.A.0. Tech-
nical Conference on Marine Pollution and It's Effect on ;.ving Resources
and Fishing. Rome. 10 pp.

Laevastu, T. and F. Favorite. 1977. Ecosystem model estimatlons of the
distribution of biomass and predation with age for five Fpecies in
eastern Bering Sea. U.S. Dept. Commerce, Natl. Marine !isheries Service
Northwest and Alaska Fisheries Center, Seattle, Unpubll.}ed

McKensie, R.A. 1958, Age and growth of smelt, Osmerus mord :, of the Merachimi
River, New Brunswick. J.F.R.B.C., 15(6): 1313-1327. f

McPhail, J.D. and C.C. Lindsey. 1970. Freshwater fishes of, ‘northwestern
Canada and Alaska. J.F.R.B.C., Bulletin #173. 381 pp.

Miller, D.J. and J. Schmidtke. 1956. Report on the distrit;tion and
abundance of Pacific herring (Clupea pallasi) along theizoast of central
and southern California. Calif. Fish and Game, 42(3):1{3-187.

Messieh, S.N. 1976, Fecundity studies on Atlantic herring rom the Southern
Gulf of St. Lawrence and along the Nova Scotia Coast. /'rans. Amer. Fish
Society, 105(3):384-394.

. 1976. Fecundity studies on Atlantic herring froyf the Southern
Gulf of St. Lawrence and along the Nova Scotia Coast./ Trans. Amer, Fish.
Society, 105(3):384-394.

Moiseev, P.A. (ed.). 1970. Soviet Investigation in the %;rtheast Pacific. IPST
#67-51204.» : I '

Mueller, G. J. Field Preparation of Marine Specimens. U iversity of Alaska
Museum. 43 pp. |

Nagasaki, F. 1958, F. Fecundity of Pacific. herring (Clufea pallasi) in British
Columbiacoastal waters. J.F.R.B.C., 15(3):313-330

Outram, D.N. and R.D. Humphreys. The Pacific Herring in}!rltish Columbia Waters.
Fisheries and Marine Services, Pacific Biological Station. Nanaimo, B.C.
Circular #100. December, 1974, 37 pp.

Paulson, A. and R. Smith. 1977. Latitudinal variationfof Pacific herring
fecundity. Transactions Amer. Fisheries Society, 106 (3) : 244247,

Pitt, T.K. 1958. Age and Growth of the Capelin, Malldtus villosus (Muller),
from Newfoundland and Grand Bank areas. J.F.R.B.G., 15¢3):205-311.

. 1958. Distribution, spawning and racial studies of the capelin, Mallotus
villosus (Muller), in the offshore Newfoundland a?ea. JFRBC, 15(3):275-293,

Prokhorov, V.S. 1968. Materials on the ecology of capelin in the Barents Sea.
Conseil Perm. International pour 1' Explor. de la Mer, Rapport et Proces-
Verlaux des Recenions, 158:23-31.

Pruter, A. T. aud D. L. Alverson. 1962, Abundance, distribution and growth
of flounders in the southeastern Chukchi Sea. Journal du Conseil, 27(1):81-99.

Randall, R. 1976, The Bristol Bay herring fishery from 1967-1975. ADF&G Report.

Ricker, W.F. 1962. Comparison of ocean growth and mortality of sockeye salmon
duritheir last two years. J.F.R.B.C., 19:531-560.

Rounsefell, G. A. 1929. Contribution to the biology of the Pacific herring
(Clupea pallasi) and the condition of the fishery in Alaska. Bull. Bureau
Fish., 45(1080):227-320.

e

‘\A_

63




Rumyantsev, A.I. and M.A. Darda. "1970. Summer herring in the Eastern Bering
Sea. Soviet Fisheries Investigations in Northeastern Pacific, Part V. pp
409-441. Translated by IPST, Jerusalem 1972.

Sanger, G. A. and P. A. Baird. 1977. The trophic relationships of marine
birds in the Gulf of Alaska and the Southern Bering Sea. Annual Report.
NOAA/OCSEAP, RU 341-342. 57 pp.

Scagel, R. F. 1967. Guide to Common Seaweeds of British Columbia. Provincial
Museum, Dept. of Recreation and Conservation. Handbook #27. 330 pp.

Shaboneev, I.E. 1972. Biology and fishing of herring in the Eastern Bering Sea.
Soviet Fisheries in the Northeast Pacific, Part III, Pages 130-146. Trans.
by IPST, Jerusalem. _

Smith, W. and R, W. Saalfield. 1955. Studies on Columbia River Smelt. Fishervies
Research Papers. Washington Dept. of Fisheries. 1955. . pp 3-%6.

Speggs, G.F. 1933. Observations upon the economic biology of the capelin,
Mallotus villosus. Rep. Nfld. Fish. Res. Commission. 1(3), part 1 & 2; 65 pp.

Takahashi, T. and M. KONDA. 1974. On the age composition and the hourly
changes of the catch of the herring by the trawl net in the northwestern
sea area of the Pribilof Islands in the 1971/1972 winter. Bull. Fac. Fish.
Hokkaido University. 25(1):47-54. 1In Japanese, Eng. abst.

Templeman, W. 1948. The life history of the capelin (Mallotus villosus
¢. F. Muller) in Newfoundland waters. Newfoundland Gov't. Laboratory
Julletin #17. St. Johns, Newfoundland. 151 pp.

Trumble, R, J. 1973, Distribution, relative abundance and general biology
of selected underutilized fishery resources of the eastern North Pacific
Ocean. M.S. Thesis, University of Washingtom, Seattle, Wa. 178 pp.

Waruner, I. and M. Dick. 1980. Forage Fish Stocks along Eastern portion of
Kodiak-Afognak Islands, OCSEAP, RU 552-B. Project completion. Report in
progress.

Wespestad, V.H. 1977. Status of the Pacific herring fisheries and resource of
the eastern Bering Sea. In house report. N.M.F.S., Seattle, Wa. 16 pp.

. 1978, Exploitation, Distribution and Life History features of Pacific
Herring in the Bering Sea, N. M. F. S., 1978. .

Wilimovsky, N. J. 1958. Provisional key to the fishes of Alaska. ~Fish. Res.
USFWS, Juneau, Alaska. 111 pp.

Winters, G.H. 1966. Contribution to the life history of the capelin, Mallotus
villosus, in Newfoundland waters. FRBC Manuscript Report Series, No. 870.

56 pp.

64




EFFECTS OF OIL CONTAMINATION IN-THE SEA OTTER, ENHYDRA LUTRIS

By

D.P. COSTA
G.L. KOOYMAN

Physiological Research Laboratory
Scripps Institution of Oceanography:
University of California, San Diego

La Jolla, California 92093

Final Report
Research Unit No. 71
- Outer Continental Shelf Environmental Assessment Program
NOAA Contract No. 03-7-022-~35130

65




1. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATION WITH RESPECT TO
OCS OIL AND GAS DEVELOPMENT

A. The objective of this study was to measure effects of crude oil
contamination on sea otters through studies on the changes in the animal's
physiology and behavior before and after contact with oil. A second objective
was to attempt to rehabilitate the otters after crude o0il contamination.

B. Conclusions:

The study has shown that small amounts of crude 0il contamination have
large effects on the metabolic rate of sea otters. Light oiling of appro-
ximately 25% of the animal's pelt surface area resulted in a 1.4X increase
in metabolic rate while immersed in water at 15°C. Furthermore, when the
0il was removed by detergent, the animal's metabolic rate increase 2.1X
while immersed in water at 15°C. Of the three animals studied, two
contracted pneumonia and one died. Studies upon free ranging sea otters
have established that under certain conditions, sea otters can sustain low
levels of oil contamination when 20% or less of the body surface 1s oiled.

C. Implications:

Any contact with oil at any time of year would have a profound influence
on the health of individual sea otters through increases in the animal's
thermal conductance and the subsequent increase in metabolic rate. It is
probable that death may follow from pneumonia or hypothermia depending upon
the amount of the animal's fur fouled. Rehabilitation of oil-fouled sea
otters would be very costly requiring holding facilities to keep the animals
for at least two weeks. Even if adequate facilities were available, the
success rate of rehabilitating oil-fouled sea otters is likely to be rather low.

IT. INTRODUCTION
A. General Nature and Scope of Study

This project represents an extension of studies that began with the
investigations of diving and feeding behavior, and thermoregulatory effects
of o0il pollution in fur seals (Kooyman et al., 1976a). In this species,
which relies on fur for insulation against cold sea water, the effects
of oiling were profound. It is thought, but not measured, that sea otters
are even more dependent on their fur for insulation.

It was predicted that oil would have an impact on sea otters through
increases in their maintenance costs due to increased heat loss in air and
in water as a result of pelage contamination. The magnitude of this increase
will also vary between neonates and adults. External oil may also impair
their diving and feeding abilities. Kenyon (1974) noted that malnutrition
was common in contaminated fur seals. Finally, we anticipated direct
metabolic effects of ingested oil. This research continued physiological
research on sea otters, and included an analysis and evaluation of other
srudies on effects of oil pollution on sea otters. The results will provide
an answer to such questions as well as help in providing basic information
on the general aspects of respiration in all marine mammals.
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Furthermore, determination of the characteristics of diving and measurements
of the energetics involved will help to provide general information on the
energy requirements of the various marine mammals and their different modes
of propulsion.

B. Specific Objectives:
1. Energy requirements of normal sea otters at various water temperatures.
2. Energy requirementsvof sea otters after oiling.
3. Appropriate procedures for rehabilitating oiled sea otters.

4. Energy requireménts of washed sea otters and time required for
complete recovery.

5. At-sea behavior of sea otters.
6. At-sea behavior after oiling. ..

Information of this kind will provide a data base from which the assessment
of any kind of o0il contamination or other activity which may alter the nature
of the otter's food sources can be derived. In addition, relative to oil
contamination, the difficulties and costs of protecting from oiling and the
rehabilitating of oiled otters can be estimated.

C. Relevance to problems of petroleum development:

The sea otter is a conspicuous faunal element of many nearshore communities
in Alaska and California where offshore oil development and transportation is
either underway or planned. As fur bearers, they are among the marine mammals
most likely to be affected by oil. Furthermore, the California sea otter
population has been determined to be a threatened population by the Department
of the Interior due primarily to the threat of an offshore oil spill. By
measuring the physiological responses of individual animals to surface contami-
nation, the present research effort provides basic information from which the
impact of an oil spill ‘within the sea otter's range can be predicted.

IIT. CURRENT STATE OF KNOWLEDGE

The effects of o0il spills on marine mammals have been reviewed recently
by Geraci and Smith (1977), and by Davis and Anderson (1976). From both
these sources, it appears that hair -bearing marine mammals (either adult or
immature) are not usually killed by simple surface contact with oil. However,
fur-bearing marine mammals (either young or adult) are much more susceptible,
and may be killed by such contact. :

Our previous study has shown that small amounts of crude oil have a
large effect on thermal conductance of fur-bearing pelts, and no effect on
nonfur-bearing pelts. In living fur seals light oiling of approximately
30% of the pelt surface area resulted in a 1.5X increase in metabolic rate
while immersed in water of various temperatures. Furthermore, this effect
lasted at least two weeks.
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Preliminary research by Siniff Johnson and Williams (1%77) indicates
that crude oil contamination  of live sea otters results in death under
certain circumstances. However, their investigation was.of a limited nature
and no conclusions can be made from their study. Metabolic rates of immersed
sea otters have been measured previously (Morrison, Rosenmann and Estes, 1%75;
Iverson and Krog, 1973) and are useful only in comparisons with control animals
used in the present study.

IV STUDY AREA

Laboratory experiments were conducted at the Physiological Research
Laboratory, Scripps Institution of Oceanography, University of California
at San Diego, California. Captive sea otters were collected from Mentercy,
California with the assistance of the California Department ot Fish and Game.

Field studies were conducted in Constantine Harbor, Hinchinbrook Island,
Prince William Sound, Alaska (146° 38' north latitude; 60° 22' west longitude}
during July 7-22, 1978 and June 20-August 17, 1979.

V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A. Laboratory studies

Five female sea otters, Enhydra lutris weighing 12 to 20.9 kg were used.
They were captured near Pacific Grove, California by employees of the Cali-
foraia Department of Fish and Game utilizing the diver held sea otter capture
device. (Wild & Ames, 1974). Soon after capture, the animals were transported
by rented aircraft to a holding tank at the Physiological Research Laboratory,
Scripps Institution of Oceanography, San Diego, California. The time of
capture to release in the Scripps pool was about 5 hours. Animals were
maintained for periods of 2 moaths to 2 years in aholding tank that was
6.1 m wide, 12.2 m long, 3 m deep. The tank was filled with sea water to a
depth of 1.2 m. Fresh sea water flowed through the tank at approximately
110 &/min. Water temperature within the holding tank varied with changes
in the ambient ocean water. Summer temperature averaged 19°C and the winter
temperature averaged 16°C. Five times a day , the sea otters were fed a
variety of food items including commercially obtained frozen clam,
Spisula solidissima, squid Loligo opalescens, rock crabs, Cancer spp., abalone
trimmings, Haliotus spp., and locally collected sea urchins, Strongylocentrotus spp.
Upon completion of the study, the otters were transferred to Sea World, San Diego,
California.

Metabolic Rates during Immersion - Prior to each metabolic analysis, the sea
otters were fasted for 12 hours. The otters were weighed wet to within 50 g

on a platform beam balance just prior to each experiment. Soon after weighing,
all animals were placed in a metabolic chamber specially designed for these
studies. The chamber, which was 151 cm long 84 cm wide, 84 cm deep, held about
1400 liters of fresh water. It was constructed of styrofoam sheets, 9.5 cm
thick, which were covered with a wood veneer and fiber glassed for strength.
Within the 1id was a 30 x 60 cm lucite dome fastened tightly over a neoprene
gasket. The box was filled with fresh water to 2 cm into the dome. Opposed
ports in the lower portion of the dome functioned as intake and exhaust for

air drawn through this air space. The dome was covered with black plastic to
prevent the otter from being disturbed by the personnel conducting the experiment.
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The rate of air flow was measured with a Wright respirometer accurate
to within 1% at flow rates used. Humidity was determined with a dial hygrometer,
and barometric pressure was measured with an aneroid barometer checked against
a mercury barometer. Air and water temperature of the box were monitored with
an accuracy of 0.1°C with a Bailey bat 4 coupled to a digital voltmeter.
The thermocouple probes were placed at the mouth of the air intake and’ on
the upper portion of the chamber wall about 2 cm below the water level.
Water was slowly, constantly and uniformly stirred in the box by means of a
series of outlet and inlet manifolds. Water temperature usually varied less
than 0.5°C. '

A sample of the exhaust from the dome was drawn continuously through a
complex of 3 glass "U'" tubes filled with drierite, barlyme (aCOy absorber),
and drierite, in that order, before entering the sensing cell of an Applied
Electrochemistry Industries oxygen analyzer (AEI). In those experiments with
oiled or washed animals, a "U" tube of 4-12 mesh activated charcoal preceded
the first drierite '""U' tube to absorb all oil fumes.

The AEI 0, analyzer signal was recorded continuously on a 25 cm chart
recorder adjus%ed to record from 19-21% full scale. At 60-minute intervals,
the inlet air sample was checked and the instrument's reference cell adjusted
if it had drifted. At this time, the analyzer was calibrated by flushing the
sensing cell with room air, which was presumed to be 20.93% 02.

The recorded curves of 0., concentration were smoothed by eye and the
difference in 0_ concentratiofi from the intake and exhaust were determined
every minute. %he averages for 60 minute intervals were collated. Appropriate
factors for correction of gas volumes to STPD were incorporated into a computer
program, and oxygen consumption rates (Vg,) were calcualted using the following
equation (Depocas § Hart, 1957): 2

v (F . Ft )
: 1st d 0 Fo
v() = P 2 2 (1)
2 (1-F' )
EO
2
where
V0 = oxygen consumption (liter/min)
2
Y = Incoming air flow
1 .
stpd
Fl = Fraction of oxygen in dry ambient air (.2093)
0
2
1]
FEO = Fraction of O2 in CO2 and water free exhaust
2
Surface Area Measurements - The surface area of 5 fresh pelts were measured

by tracing the pelt, paws, tail and flippers on an acetate sheet. The outline
was then transferred to tracing vellum and the outlines were cut out and weighed.
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The determined surface area to weight ratio of the tracing material was then
used to calculate surface area. Total surface area of one pelt was measured
by planimetry and by weighing; both procedures agreed to within 1%.

The surface area of the otters' appendages (tail, paws, flippers) were
measured separately by planimetry. The surface areas of the hind flippers
were measured while both the flippers were expanded and while they were closed.
A surface area constant a was derived from these measurements and it was used
in the equation (Iverson § Krog 1973):

S=aW2/3 _ (2)
where:

. 2
S = total surface area in square meters (meters)
a = constant derived from surface area measured from the 5 otter pelts.
W = weight of animals (kg)

in order to calculate the surface area of the experimental otters.

Deep Core and Subcutaneous Temperature Measurements - Deep body temperatures
were obtained by inserting an encapsulated radio transmitter down the esophagus
of anesthetized animals. Two deep core temperature transmitter systems were
utilized. One system used a procedure in which temperature was modulated into
a varying pulsed interval ratio. The receiver then demodulated this signal to
an analog voltage which was then measured on an oscilloscope. The other method
used a design of Mattison and Seeley (1974). In this unit, the transmitted
pulse rate varied with temperature and was determined by counting the number
of pulses per minute timed with a stopwatch. The accuracy of these systems

was accurate to + 0.1°C.

Subcutaneous temperatures were determined with small (approx. 2 cm x 1 cm)
surgically implanted AM radio transmitters designed by Mckay (1970). The
transmitted signal and temperature measurement was similar in procedure to
that of Mattison and Seeley (1974).

Experiments with Oiled and Washed Otters - In order to measure the loss of
insulation due to crude o0il contamination and due to the washing of the fur
to remove the oil, four experiments were conducted on 3 of the 5 otters
{(once each on otters 2 and 4 and twice on otter 1).

Sea otters were oiled under light anesthesia. This was accomplished by
placing the whole animal in a nylon bag and flowing air containing 5% vaporized
halothane into the bag until the animal was unconscious. After the induction,
the otter was removed from the bag and the otter's head was placed in a plastic
cylinder through which gas at a known concentration of halothane was flowing.
Gas flow rate and concentration were maintained with a Bird MK 5 respiratory
and fluotec vaporizer.

Prudhoe Bay crude oil was brushed over a prescribed area of the animal's
back. This process took no more than 15 minutes. After oiling, the animals
were permitted to swim in a clean pool of sea water for 30 minutes before
the metabolic test.
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Upon completion of three of the metabolic tests, the animals were
anesthetized and cleaned with Amberlux detergent. Cleaning took 30-45
minutes after which the animals were returned to the holding tanks and fed.
Twenty- four hours later, a second metabolic test wdas run to measure the
effect of washing. In the first oiling experiment, otter 1 was washed twice,
once immediately after the post-oiling metabolic measurement and again the
next day. In the final experiment, oil was left on otter 5 for 8 days prior
to washing. Post-oiling metabolic measurements were made twice during this
period on days 1 and 6. This 0il was removed with a shampoo and conditioner,
formulated by Redkin Laboratories, Los Angeles, California.

B. Studies on Free-ranging Sea Otters:

In order to study the behavioral response of o0il contaminated sea otters,
a field camp was set up on the south shore of Constantine Harbor, Hinchinbrook
Island, Prince William Sound, Alaska (146°38' north latitude; 60° 22' west
longitude). The behavior patterns of oiled and control (unoiled) animals
were monitored by radio telemetry. Activity patterns were monitored by a
remote telemetry station located on a hillside overlooking the study area
at an elevation of 1000 ft. A Telonics (Mesa, Arizona) TR-2, 150-152 mhz
biomedical telemetry receiver with a Telonics TS-1 Scanner/Processor was
interfaced to an Esterline Angus 20 channel event recorder via a specially
designed pulse detector. This detector converted the audio output of the
receiver to a voltage which deflected the appropriate event recorder pen
when a signal from a otter radio transmitter was received. Each channel was
scanned at least once every 30 seconds. Radio telemetry collars were cons-
tructed so as to float upon release from the animal. The collars were
constructed of an inner core consisting of closed cell urethane foam which
was sealed with a thick coating of silicone rubber, to prevent the collar
from becoming saturated with water. The collar base was then covered with
a brilliantorange polyester jacket onto which a Telonics 150 mhz band B-5
tracking transmitter was attached. The collars were fastened around the
otters'neck with velcro strips which went through magnesium-stainless steel
buckles. The buckles were designed to corrode away,releasing the collars
after 4 days for collarswith depth recorders attached or 14 days for collars
with tracking tansmitters alone.

The foraging depth of sea otters was to be studied with specially
designed maximum-depth recorders attached to the telemetry collars of 4

sea otters. These recorders digitally recorded the depth of the last 64 dives.

Upon release, the collars were to be recovered and the data retrieved from
the depth recorders.

Sea otters were captured using ''tangle nets". The tangle nets were
modified 9" mesh gill-nets which floated on the surface of the water. They
did not possess lead lines and were 150 ft long and 10 ft deep. One end of
the surface line was anchored via a float to the bottom so that the net could

swing with the tide. Two nets were deployed in areas frequented by sea otters.

While foraging or swimming, otters would wander into or under the nets and
become entangled. Once the otters were entangled, we would come along side
the net in a boat, haul the otter aboard and anesthetize it with a portable
halothane gas anesthesia apparatus. While under anesthesia, radio collars
and flippers tags were attached. Oiled animals were treated the same as
controls except that 10-30 mls of Prudhoe bay crude 0il was brushed onto the
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the fur covering no more than 30% of the dorsal surface. The otters were
maintained on board untilthey recovered from anesthesia, whereupon they were
released into the water.

Activity and behavior patterns of the oiled and control sea otters
were monitored by the received radio signal patterns. Upon submersion,
the telemetry collar signal was lost to the salt water and was not received
by our telemetry receiver. Active periods were typified by a broken signal
pattern and rafting periods (resting on the surface),a constant signal
pattern. During daylight hours, observations were made to validate the
recorded telemetry patterns with the animals' behavior. Observations of
the grooming pattern of oiled animals were also made at this time.

Sea otter population surveys were also conducted during the field seasons.
During July, 1978 approximately 2/3 of Prince William Sound was surveyed
utilizing a Bell Jet Ranger 200. During August,1979, a UH-1H helicopter
was used to survey the coastline between Cordova, Valdez and the Columbia
Glacier due to poor weather and helicopter mechanical problems. Two peopie
counted and a third person recorded the otter sightings on the appropriate
charts.

VI. RESULTS
A. Laboratory Studies

A total of 67 control metabolic experiments, totalling over 402 hr
metabolic measurements were made on five female sea otters immersed in
water at 5,10,15,20,25 and 30°C. The mean resting or standard metabolic
rate measured in these animals at all water temperatures was 12.0 + 1.2 ml
0,/kg-min or 4.0 + 0.4 Watts/kg (Table 1).

A significant difference was not measured in resting V., from 5° to 30°C;
however, a significant increase in both average and active 2 V, was
observed as the water temperature decreased (P < .001,Analysis 2 of Variance,
Figure 1). The mean amount of the time spent active appeared to increase as
the water temperature decreased (Figure 3).

Surface area measurements for the five sea otters are presented in
Table 2. The total body surface area can be calculated from equation (2)
where a = 0.087. The appendages, including the tail, accounted for 21.4% of
the the total body surface (hind flippers 12.4%, tail 4.8%, paws 4.2%). The
hind flippers can be expanded or closed, resulting in a 25% reduction in
flipper surface area or a 3% reduction in the animals' total surface area.

Mean body temperature for three animals was 37.2°C (R = 36.7 - 38.1).
There was a 12°C difference between the subcutaneous temperatures in a
control otter immersed in 15°C and 5°C water. Upon oiling, the overall body
temperature beneath the oiled area dropped 5-10°C (Table 3). Once the otter
was washed or if oil was left on for several days, the subcutaneous
temperature underneath the oiled area increased, approaching body temperature
(Table 3). Figure 3 displays the variability of body temperature in otter 5
which was washed and immersed in 15°C water. Changes in Ty, correspond with
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“changes in Tsq in otter 5 after washing. The lowest body temperature are
coincident with the start of activity and an increased heat production
(Figure 3).

.0iling experiments were conducted on three sea otters, once on otter 3
and 5, and twice on otter 1 (Figure 4). The subcutaneous and core body
temperatures for the four oiling experiments can be seen in Table 2. The
average metabolic rate of otter 1 increased 22% after oiling 16% of her
. body surface with 38 mls of crude oil. After washing, her metabolic rate
increased 102% above the control rate. Eight days after oiling, her metabolic
rate returned to normal. In the second experiment, 13% of otter 1's surface
was oiled with 60 mls of crude oil. After oiling, there was a 69% increase
in her normal metabolic rate. After washing, her metabolic rate was 125%
‘above normal and was still 33% higher than normal after 14 days. In the
third oiling experiment, 25% of the body surface of otter 3 was oiled with
- 60 mls of oil. Her average metabolic rate increased 36% after oiling and 111%
after washing. In the fourth oiling experiment, 23% of otter 5's body surface
was oiled with 35 mls of crude oil. After oiling, her average metabolic rate
increased .35%. In this experiment, o0il remained on the otter for 8 days.

The average metabolic rate was 63% greater than the control 1 day after
0111ng and was 98% higher than control 6 days later. Washing the otter

with a shampoo and conditioner supplied by Redkin Laboratories (Los Angeles,
" California) resulted in a metabolic rate that was 87% higher than control,
three days later, the metabolic rate was 75% higher than control and 8 days
post washing, it was still 75% higher than control. After washing, the

sea otters' furs appeared wet and the animals were observed shivering. The
;1ower subcutaneous temperatures observed in oiled pelt areas suggests an
increased thermal conductance of oiled fur.

After the’ flrst oiling, otterlrecovered in our normal holding facility.
However, after the second and third oiling experiments, the washed otters
were incapable of completely grooming their fur into its normal condition.
Forty-eight hours after washing, otter 1 had groomed only her upper torso
and the fur ‘on her lower abdomen was totally wetted. During this time, she
was constantly shivering. ' The water temperature of our holding tank was
16.7°C. Due to constant shivering and the inability of otter 1 to groom
herself properly, she was removed from the holding tank and placed in a
small tub filled with 25-30°C water. The tank was left filled for three
~ hours and then drained and left empty for 1-2 hours and then filled again.
This procedure was carried out for 24 hours. After the 24 hour period, the
otter had managed to successfully groom her entire body and was returned to
our regular holding tank where she continued to groom normally and was not
-observed to shiver again.

Two weeks after oiling otter 1, we took a routine blood sample and
~measured a white blood cell count of 16,500 cells/mm3 The normal white

count is around 8,000 cells/mm3. Otter 1 was then transferred to Sea World

for veterinary care, where they diagnosed pneumonia. Otter 1 recovered after
treatment with antibiotics. ~When she was returned to the Physiological
Research Laboratory 100 days after oiling, her fur was matted and her metabolic
rate was 71% greater than normal.

After washing otter 3, we put her into a tank of warmwater (26-30°C).
However, unlike otter 1, she would not groom. Over the next six day period,
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we put her into cold water then warm water and then left her dry. She did
attempt to do some grooming but was unsuccessful in restoring the air layer
into her fur. On the sixth day after oiling, we transferred her to Sea
World, where they diagnosed initial signs of pneumonia. Five days later,
she died (11 days post-.oiling). A necropsy was conducted and revealed gross
inflammation of the lung from acute pneumonia. No problems were encountered
with otter 5 after washing. She appeared to be able to withstand the thermal
stress without grossly noticeable ill effects. However, otter 5's fur
retained a slick appearance long after the washing. This was probably due
to the inability of the new shampoo to completely remove the crude oil.

The otter was transferred to Sea World and when observed four months later
otter 5's fur appeared normal.

The holding tank temperature on the day of the 0iling experiments was .
1st experiment otter 1, 20.2°C, 2nd experiment, otter 1, 16.4°C, otrer 7.
16.1°C and otter 5,20°C.

B. Field Studies

A total of 31 sea otters were captured using the tangle net capture
device during the 1979 field season. Of these 31 animals, 3 drowned during
capture, 7 were oiled, 15 were used as controls, and 4 were used as depth
recorder controls. Two were a mother and pup pair which had to be anesthesized
to be removed from the net and were then released untagged and uncollared.
Temple cattle ear sized tags were used to identify individual animals after
the radio collars released (Table 4).

We collected consistent telemetry data from 4 of the 19 control animals
and 3 of the 7 oiled. Some of the telemetered animals removed their radio
collars immediately upon release and others left the area or transmitted
intermittant signals. Intermittent two-to-five-hour direct observational
periods were correlated with the strip chart records and used for interpre-
tation of these data. Three types of behavior were identified in the strip
chart records; rafting, floating quietly on back with very infrequent
activity such as one or two rolls, or rubbing of paws or face; low level
activity, low intensity grooming with rolling or slow swimming; high level
activity, vigorous grooming or foraging. These three behaviors were
summarized as 1) percent of time spent in each activity for each animal,

2) mean percent time spent in each activity for control versus oiled animals,
3) mean time spent in a rafting bout per animal and for control versus oiled,
and 4) mean number of rafting bouts per day per animal.

The radio-collared otters were monitored for anywhere from one to
twenty -one days. The daily activity patterns of six animals (four control
and two oiled) are presented in Tables 5-7. Oiled animals spent a mean of
20% of their time in low level activity, 20% in high level activity, and 60%
in rafting. Oiled animals spent a mean of 113 min in a rafting bout and
rafting bouts took place an average of 9 times per 24 hour period. Control
animals spent a mean of 115 min in a rafting bout and rafting bouts took
place an average of 8 times per 24 hour period. However, significant
differences were not observed between the activity of oiled and control
sea otters.
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The location of two of the oiled otters (tag #671,672) which moved
out of range of our telemetry receiving station were monitored with a
hand-held telemetry receiver from a boat. The seven oiled otters were
oiled with 10-30 mls of crude oil covering 1-10% of their body surface.
Two of the oiled otters left the study area within the first 12-24 hrs
of capture (tag #s 665,669). One left the study area within 48 hours of
capture (#662).

One oiled otter died 18 hrs after capture. Upon necropsy, severe
peritonitis was determined to be the cause of death. We believe the animal
- was i1l when captured and that the oil was not the direct cause of death.
Otters 664 and 672 had 2.3% and 10% of their body surface oiled with 15 mls
- and 30 mls of crude oil, respectively. They both were alive and in
apparently good condition when the study ended. Otter 664 was monitored
for 43 days and otter 672 for 20 days. We were able to visually observe the
behavior of otter 664 on 4 occasions for a total of 14 hours. During these
.observations, otter 664 spent 63% of her total grooming time grooming her
- oiled fur. After 21 days, she had substantially reduced the area of visibly
oiled fur. Thirty days after oiling, a matted area of fur could still be seen.

 Otter 671 had 8.1% of her dorsal surface oiled and appeared healthy
20 days after oiling. However, 26 days after capture and oiling, she was
found dead. She apparently died from a large open neck abrasion caused from
. the tightness of the telemetry collar. The severity of the neck wound
indicated to us that oil contamination was not the primary cause of dath.

The depth of six dives were recorded from otter 663, 5 of the dives were
to 33 ft and 1 dive was to 52 ft.

The results of the population survey can be seen in Figures 5-9. Figures 5
shows the overall area surveyed. These figures are modified from Calkins,
Pitcher & Schneider (1975).

~ VII.  DISCUSSION

A. The mean standard metabolic rate in water of 12.0 ml 0 /kg-min is slightly
different from the 11.2 ml 0,/kg-minin air and 14.2 ml 0 /%g-min in water
reported for sea otters by MOrrison et al. (1974). Thig oxygen consumption
rate is 2.4 times the rate predicted for a terrestrial animal of equal size-
(Kleiber, 1975). It is 1.8 times more than other mustelids (Iverson, 1972)
and is similar to the resting level of other marine mammals. Thermal adap-
" tation to the marine environment seems to result in increased rates of
metabolism in'marine mammals (Hart § Irving, 1959; Morrison et al., 1974).
It is possible that this increased metabolism is necessary to compensate for
‘the greater thermal conductivity of water, which is 20-26 times greater than
~air (West, R.D., 1977). Hart and Irving (1959) found that the thermal
conductance in harbor seals doubled upon immersion in water. For comparative
purposes, we can calculate the thermal conductance across the pelt of the
sea otters resting in water, if these conditions are met or assumed :
% 1. body temperature remains constant, 2. cutaneous and respiratory heat
‘loss are insignificant when compared to overall heat flux, 3. The relationship
~of oxygen consumed to energy produced is 1 ml Oz/min-kg = 0.335 W/kg. Thus,
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we can calculate the total thermal conductance from the following expression:

M
C = ——— (3)
where
TSQ = subcutaneous temperature (°C)
.TA = ambient temperature (°C)
M = metabolic rate (Watts)
C = total thermal conductance (Watts/°C m2)
S = surface area (mz)

Utilizing the above equation, we calculated a mean thermal conductarce
of 5.9 + 0.8 for the otters studied at 15°C. The sea otter, polar bear,
adelie penguin and fur seal all have similar thermal conductances (Frisch et al.,
1974, Kooyman et al., 1976b, Kooyman et al., 1977). Polar bear skin does not
remain dry when immersed, but relies on a stagnant water layer for insulation

(Frisch et al., 1974).

There is a disparity in the conductances between pelts and the coats of
animals in both sea otters and fur seals. This difference is a result of
the need to groom the fur frequently in order to prevent water penetration
and restore dryness of the fur (Kooyman et al., 1977).

The sea otter's ability to adjust to varying water temperatures without
increasing resting oxygen consumption is striking (Fig. 1). Since heat
production equals heat loss, the sea otter must be employing mechanisms which
reduce its heat loss or increase 1its overall total heat production or both.
One mechanism for reducing heat loss without increasing oxygen consumption
is by peripheral vasoconstriction. Peripheral vasoconstriction in sea otters
was quite striking with a drop in subcutaneous temperature of 12°C in water,
between 5° and 15°C(Table 2). The thermal flux calculated at 5°C was 7 w/m4°C
and 5 w/m2°C at 15°C. The small increase in thermal flux at 5°C was probably
due to the 12°C drop in Tsq-

Morrison et al. (1974) noted that sea otters immersed in 30°C water
floated very low with their abdomen almost submerged. They postulated that
the otters allowed water to infiltrate their fur decreasing the fur's
conductance and the otter's buoyancy. We also observed our sea otters
floating very low in the water at higher temperatures(30°C). However, we did
not observe water infiltrating the fur. The texture and appearance of the
fur remained the same before, during, and after the metabolic experiments.

As the water temperature declined, the otters seemed to float higher in the
water. Sea otters may vary their lung volume at different water temperatures
to increase or decrease the body surface in contact with the water. This would
alter the heat flux of the animal. This orientation in the water could partly
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explain the lack of increased 0, consumption with decreasing water tempera-
ture.  Increasing the amount of body surface in contact with the water at
high water tempertures would increase heat flux. However, in nature, there
may be a compromise, such that at high wind velocities and very low ambient
air tempertures, heat loss could be lower with total immersion in cold sea
water (Miller et al., 1975).

Sea otters seem to increase their overall heat production but not their
resting metabolism. The level and duration of activity, such as grooming,
increase as the water temperature declines. For example, we measured a
significant increase in overall oxygen consumption -below 20°C and a signifi-
cant rise in the intensity of activity below 20°C (Fig. 1). The relative
time spent active also increased at lower water temperatures (Fig. 2). Core
body temperature varied over a 1.0°C range and it was correlated with active
and quiet periods (Fig. 3). The metabolic heat produced during activity seems
to be stored ,which results in an increase in body temperature. In quiet
periods the resting metabolism of the sea otter is normal which results in a
gradual loss of heat and TB declines.

Variations in core body tempertures of 1°C or more with activity have
been recorded in other marine mammals, such as elephant seals (McGinnis and
Southworth, 1971), spinner dolphins (Hampton and Whittow, 1976), monk seals
(Ohata et al., 1972), and sea lions (Whittow et al., 1972).

The flipper surface relative to total body surface is smaller in sea
otters than in other marine mammals and in the river otter Lutra (Iversen
and Krog, 1973; Tarasoff, 1974). A smaller surface area to mass relationship
may be important to sea otters which apparently have not evolved the elaborate
vascular counter-current exchange systems found in the flippers of other
marine mammals (Tarasoff, 1974). The hind flipper temperatures in sea otters
are high (32°C) and are usually greater than abdominal skin temperatures
(18-25°C) (D. Costa, unpublished observation). The ability to expand the
flipper surface by 25% may be an important mechanism for altering heat flow
from the body during rest or activity. Sea otter flippers are highly vas-
cularized (Tarasoff, 1974) and would act as an effective heat radiator. Prior
to every rafting bout, sea otters groom their fur. The last areas of the
body groomed are the flippers and paws (Loughlin, 1977). As the flippers,
head and paws are groomed, they are licked dry by the otter; and while
rafting, they remain out of the water (D. Costa, personal observation). This
behavior would aid in heat retention during rafting when heat production 1is
low and aid in heat loss during activity (while flippers are in contact with
water ) when heat production is high.

The changes in the sea otter's metabolic rate after oiling and washing
parallel those previously observed in live fur seals and in pelts (Kooyman
et al., 1976a). In both studies, the post-wash rate was twice that of the
control. The fact that the fur becomes wet to the skin after washing suggests
that the natural fur oils have been removed. If this is true, our data
indicate that a minimum of 8 days is required for the natural fur oils to be
replaced before the metabolic rate{therefore overall thermal conductance)
return to control levels (fig. 4).
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The difficulty encountered during recovery in two of :the oiling and
washing experiments correlates with the holding tank temperatures. In the
first and fourth oiling experiments (otters 1 and 5), the tank temperature
was above 20°C and the animals recovered without special handling. In the
second and third oiling experiments (otters 1 and 3), the tank temperatures
were around 16°C and both animals became i1l and one died.

The high subcutaneous temperature in otters emphasizes the importance
of the fur in maintaining a thermal gradient to reduce heat loss (Frisch et al.,
1974). The lower subcutaneous temperature under the oiled fur indicates that
due to the loss of insulation, there is a localized reduction in peripheral
circulation. The increased subcutaneous temperature below the washed fur and
below fur left oiled is unexpected (Table 3). There may be a limit to how
long and widespread the otter can maintain peripheral vasoconstriction.

Because of the high subcutaneous temperatures measured under washed fur,
there must be a larger heat loss due to the thermal gradient between the water

and the otter's skin.

We can calculate the thermal conductance across oiled and washed fur by
utilizing a modification of equation 3:

My - Mo) Co = Cy (4)
(FSQ - TA)SX
where
MX = oiled or washed heat production (Watts)
MC = control heat production (Watts)
SX = surface area ciled (m2)
TSQ = subcutaneous temperature under oiled or washed area (°C)
Ty = ambient water temperature (15°C)
- C = control thermal conductance calculated for each animal with
C . °
equation 3 (W/m2 )
[<]
Cx = oiled or washed thermal conductance (W/mzc )
The changes in thermal conductance can be seen in Table 8. The surface
area affected by washing was estimated to be twice the area oiled. These o.

results are about the same as 27 W/m? C for oiled and greater than the 21 W/m“ C
on washed pelts measured by Kooyman et al. (1977).

Heat flux across the oiled fur is a function of the density of crude oil
contaminating the fur (Fig. 10). Utilizing the mean oiled thermal conductance
we can calculate the total heat production of an 18 kg otter entirely covered
with crude oil to be 224 Watts or 3.1 times the resting level. This is close
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to the resting level we recorded of 2.6 times resting after otter 1 was
washed. Under this condition, the fur offers little insulation and
therefore seems to substantiate the validity of our oiled calculation.

In this state, the otter was shivering violently, a sign of great thermal
stress. It is unlikely that an otter completely oiled with crude oil
while in a cold water environment of 15°C or less could survive. Note
that the above calculation only represents the initial increase in thermal
conductance. Several days after the initial oiling, the fur's conductance
might increase as much as twofold, as in otter § (Table 5).

From the above, one might draw some useful conclusions about proper
procedures in the treatment of oiled otters. It is apparent that washing
can be quite destructive to the fur's insulating quality. The high conductance
values measured after washing in otter 1 are probably an overestimate due to
a greater area of fur being affected than was actually used to calculate
conductance. In order to gain an estimate of the lower limit (and probably
a more valid estimate) of thermal conductance after washing, we can assume
all of the animal's fur was affected by washing. In this condition, we can
use the animal's total surface.area and equation 4 to get conductances of
15.3, 14.1, 14.8, and 15.1 W/m™ C for the four experimenﬁ;respectively. It
is likely that the higher oxygen consumption measured after washing was not
entirely due to the greater thermal conductance of the washed fur, but due
to a marked increase in the overall surface area affected. Therefore,. when
planning to wash oil-fouled sea otters, it would seem prudent to clean only
those areas which were soiled, thereby decreasing thermal stress to the animal.

B. The most striking results of our field studies are that the sea otters
survived small amounts of oil contamination and that we did not measure a
difference in their activity patterns. These results appear to contradict
our laboratory studies. However, the amount of oil contaminating the wild
sea otters was less than that contaminating the captive animals. ’

For comparison, we can estimate the increased thermal load experienced
by the wild otters utilizing the data derived from the captive otter studies.
The increased heat lost through the oiled fur can be calculated by rewriting
equation 3:

M = (TSQ - T,) °C-S (5)
where: TSQ = subcutaneous temperature under the oiled fur °Q)
TA = ambient water temperature(°C)
C = thermal conductance of oiled fur (W/°Cm2)
S = surface area oiled (mz)
M = heat flux (Watts)

The thermal conductance of the oiled fur, C, can be derived from Figure 10
given the density (volume/area) of oil applied to the fur. The oiled
subcutaneous temperature is assumed to be the same as in our captive
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animals since the ambient temperature of oiled captive animals and oiled wild
otters were similar (15°C, 14°C respectively). The resuits of these
calculations as well as the relative increase in the resting energy con-
sumption (derived from resting energy consumption of captive sea otters)

are presented in Table 9. The increase in resting heat production needed

to offset the additional heat loss due to oiling was only 11-22% in otter
662,664 and 671. The increased heat production ranged from 22 to 39% in
oiled captive sea otters (Table 1). The increased activity or other thermo-
regulatory mechanisms utilized to offset the heat loss due to oiling may not
have been detectable with our activity telemetry system. However, we visually
observed that otters 664 and 671 spent greater amounts of time grooming the
oiled areas than the unoiled areas. We have no data for otter 672, who was
expected to have the greatest increase in energy production, because it
wandered out of the range of our primary telemetry receiver.

Another complicating variable between captive and free-ranging sca otters
is the added stress of captivity. Smith § Geraci (1975) found zero mortality
in experimentally oiled harp seals in the wild, but observed high mortality
in oiled captive harp seals. They attributed this difference in part to the
increased stress of captivity. Captivity stress would be an important compli-
cation in any rehabilitation of oil-fouled sea otters.

Using the preceeding methodology, we can estimate the increased metabolism
for an average wild Alaskan sea otter receiving differing amounts of o0il over
varying areas of fur. The effects of oil-fouling on an Alaskan sea otter
weighing 28 kg (=mean weight of those captured) can be seen in Figure 1l.
Notice that when oil densities exceed 600 ml/m? covering 8% or more of the
animal's body, the calculated increase in metabolism is greater than the
highest level measured in captive sea otters under any condition.

These relationships plotted in Figure 6 represents a model, and sea
otters may undergo a variety of thermoregulatory adjustments which this model
does not accomodate. In addition, this model only predicts the initial changes
in metabolism and we would expect the thermoregulatory stress to increase as the
otter continues to groom the oil into its fur. This effect was observed in
otter 5 who was oiled for 8 days (Figure 4). However, this model allows us
to make these useful predictions about crude oil contamination of sea otters:
1. lighter oils which result in a thin coating of oil upon the animal's fur
may not have as great an impact on sea otters as heavier oils which would
result in a thicker, denser coating of oiling; 2. otters may be capable of
thermoregulatory compensation when only a small percentage of their body
surface is o0il fouled.

C. Population Survey

Lensink (1962) estimated the 1960 Prince William Sound - Kayak Island
sea otter population at 1000 to 1500 based on fixed-wing aircraft observations
of 702 animals. According to Schneider (1971), this estimate may be in error
by as much as 100%. The Alaska Department of Fish and Game (1973).
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estimated the population at 5000, which is reasonable in light of the
numbers of otters counted in the 1973-74 surveys: 2015 in June, 1973
compared to 1441 in March 1974 (Calkins, Pitcher, and Schneider, 1975),
both were helicopter surveys. In July 1978, 2148 otters were counted -
when slightly less area was surveyed (Figure 5).

Hinchinbrook-Hawkins Islands

The number of sea otters in this census block was increased as a
result of significant growth in localized areas. Hinchinbrook Island
has several embayments and harbors in which sea otters are well established.
Constantine Harbor is still densely populated, but it appears that carrying
capacity has been reached and population growth has stahilized. On the
other hand, the Port Etches area supports a much larger population than
previously, perhaps as a result of overflow from Constantine Harbor
(Figure 6).

The southeast side of Hinchinbrook was relatively bare compared to
previous years, but the number of otters increased as the mouth of Orca
Inlet was approached. The Inlet population as observed in March, 1974
appears to be maintaining but notrapidly expanding.

The otters which have migrated from the Knowles Head-Port Gravina
area to the Sheep Bay area in the 1974 survey are still present, although
only a pod of thirty animals was observed compared to 202 otters in 1974
(Pitcher, 1975). £

Knight Island Area

There does not appear to have been a significant increase in the number
of sea otters in the Knight Island area (Figure 7). A small population with
a few pups was spotted around Eleanor Island. Around Ingot, Sphinx, and
Disk Islands, only isolated, single otters were observed. The general pattern
around Knight Island is one of small groups of otters wide-dispersed along
the coast. Very few pups were present.

Montague Island

Like Hinchinbrook Island, there is a trend evident here toward population
growth in restricted areas. The area around Graveyard Point and into Stockdale
Harbor is now the home of a sizeable population with many pups (Figure 8).
Port Chalmers inlet continues to support a dense population, and numberous
pups were present. Hanning Bay, Macleod Harbor, Jeanie Cove, and Patton Bay
all support only small groups of otters at this time. Otter sightings were
rare between Box Point and Zaikof Point, so that the east side of Montague
Island remains basically unpopulated. Significant numbers of otters exist
in both Zaikof and Rocky Bays.

Valdez Arm-Port Gravina Area
It is especially crucial to monitor the otter population in the Valde:z

Arm-Port Gravina area (Figure 9) since this is the site of heavy  oil
tanker traffic. By comparison between 1973-74 and recent survey results,
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a dramatic increase in sea otter numbers is apparent. One hundred seventy-seven
animals were observed in this area in 1973, 73 in 1974, and 974 in 1978.

After his survey, Pitcher (1975) stated:'" areas which appear to be
acceptable habitat but are not presently supporting significant sea otter
populations include Perry Island, Bligh Island and Galena Bay." A major
trend in population recovery in this direction is evident from the data,
as otters have spread to Goose Island, up into the entrance of Port Fidalgo,
especially in Snug Corner Cove and Boulder Bay, and Bligh Island, all of
which were nearly unpopulated less than five years ago. Further, range
expansion was observed in 1979. Ninety-two sea otters were spotted in
Jack Bay and 1 in Galena Bay, where none were observed in 1978.

It is evident from the data that the sea otter population in Prince
William Sound has increased in size over the past five years, and the
process appears to°fontinuing. Dense populations now exist in specific
areas which previously did not support sea otters. Of major significance
is the population growth and range extension occurring in the Valdez Arm-Port
Gravina area, since these otters are moving into sites that are in direct
contact with the oil traffic waterway. The sea otters in this area are
especially susceptible to oil contamination, due to the nature of the small
and narrow bays and ports. An oil spill could close the entrance to one of
these bays or ports, making it impossible for the otters to leave without
becoming 0il fouled.

VIII CONCLUSIONS

The impact of crude oil contamination upon sea otters can be quite
profound and subsequent rehabilitation of oil-fouled sea otters would be both
difficult and costly.

0il contamination results in a profound increase in the heat loss of
sea otters - Field studies have shown that sea otters can survive low
level 01l contamination under certain circumstances. Field studies were
conducted under optimal conditions i.e. abundant food supplies and warm
weather. In areas of marginal sea otter habitat or high sea otter popu-
lation densities, where competition for food is high (such as Amchitika
Island, where seasonal die-offs of juveniles have been reported (Kenyon,1969)
sea otters may be more sensitive to oil contamination. Weather and environ-
mental temperature will also influence sensitivity to oil contamination.
Sea otters will be more sensitive to thermoregulatory stress where the sea water
temperature is lower than in our study area (mean sea water surface temperature
14°C). Sea otters will be more sensitive during the winter when environmental
temperatures are low;periods of sustained stormy weather (times when o0il spills
are more probable) will reduce the foraging ability of sea otters, also making
sea otters more sensitive to oil contamination.

Damage to sea otter populations is more likely from large scale oil
spills where there is a higher probablity of contaminating a large proportion
of the animal's fur. Contamination of large areas of the animal's fur
(greater than 30%) will most likely result in death. Sea otter's may be
resilent to chronic low-level oil contamination, where the probability of
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large surface oil contamination of the fur is low. The probability of a
sea otter making contact with oil also is less likely with chronic low -
level oil spills. A large scale oil spill within an area populated by sea
otters could result in oil fouling of most of the sea otter population

and would most likely result in death for those animals oiled. However,
if oil contamination does not directly foul sea otters, its effect on sea
otter prey items must be considered. Sea otters must consume 20-30% of
their body weight daily in prey. An oil spill which substantially reduced
the number of available sea otter prey items would also result in a
considerable die-off of sea otters. More continued research into the
avoidance of oil spills and the effects of oil on sea otter prey and
improved rehabilitation techniques are needed.
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Table 1. Mean resting oxygen consumption (mls O /kg min} for each experimental
period at various water temperature

Water Temperture °C

Otter 5 10 15 20 25 30 0il Post 0il Wash
ml O2 ml 02 ml O2 ml O2 ml O2 ml O2 ml 02 T} O2 ml 02
kg-min kg-min kg-min  kg-min kg-min kg-min kg-min kg-min kg-min

1 14.4 12.0 12.0 12.4 12.9 12.7
17.7 10.8 13.7 14.2 12.9 10.4
11.14 9.7 14.4
13.2 10.4 11.7
11.9 12.0
12.7
Exp.1 15.9 31.2
Exp.2 16.3 27.7
3 2 15.4 -- -- 11.9 9.2 -- -- -- --
13.0
3 14.1 10.8 11.2 9.7 10.5 10.5 14.8 26.0
12.2 11.1 12.0 11.2 10.6 10.9
9.7 11.3
4 12.6 10.7 15.3 8.5 11.1 9.1
6.0 11.5 13.8 8.3 9.1 9.4
9.5 9.6
9.6
5 7.1 15.2 11.4 10.1 11.9 13.0 13.5 15.5 28.8
16.0 13.8 12.0 13.7 11.5
13.2 12.0




Table 2 - Surface areas measured from the pelts of 5 sea otters

=

g

Body Weight Hind Flippers 1 Paws Tails Maximum total
Sex ke Exnsnded  Closed m? m? Surface area
m? . m?
F 16.6 - - - - 0.5
M 0.0 1,020 0.782 0.331 0.238 0.805
M 24.9 ¢.549 0.453 0.209 0.340 0.657
F 35.8 1.388 1.12¢0 0.44¢0 £.378 6.902
M 36.3% 1.0067 0.774 0.425 0.648 {.965

08




Table 3. Subcutaneous (qu) and deep core body temperature (T,)
in °C in control, oiled washed, 1 day post-wushed ang
1 day post-oiled animals. All temperatures were measured
from otters immersed in 15°C water unless noted otherwise.
Numbers below temperature are one standard deviation,
numbers in parentheses equals the sample size.
* Temperature was recorded under normal fur of a partially
oiled otter.
Animal Control Oiled 1 day Washed Post -wash
Post-oiled T T T
sq TB qu TB T 4 B 54
5q
Otter 1
Exp. 1 36.4 36.7 26.2 37.3 - 34,2 ; 35.8
+0.3 +0.7 +0.2 +0.3 0.4
(4) (2) (19) (12) (7) SRS
Exp. 2 32.3% - 26.0 - - - .
+1.1 +0.6
(15) (14)
Otter 1 36.6 37.6 - - ~ - - -
at 15°C 0 0
| (4) (4}
Qtter 1 24.3 37.7 - - - - - -
at 5°C 0
2
- 37.2 |
Otter 2 | - 36.7 - - - - - -
at 15°C +0.22
(21)
Otter 3 - - 28.5 38.1 - 34.5
+0.3 - +2.2 - -
(21) (2) (19)
Otter 4 - 37.9
(3)
Otter 5 - - 24.6 37.6 33.7 35.0 36.8
+0.4 +0.2 +0.5 +1.3 +0.5
(37) (38) (4) (34) (24)
X 35.1 37.3 26.3 37.7 33.7 34.6 36.8 35.8
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Table 4. Summary of the tag number, weight, sex, date of capture and
treatment of the 31 sea otters captured during the 1979 field

season.
Otter Tag Sex ¥eight Treatment Date
# . kg
652 F 23.1 Control 6/28/79
653 F 21.3 Control 6/28/79
654 F 24.9 Control 6/29/79
655 F 22.7 Control 6/29/79
656 F 21.8 Control 6/30/79
657 F 23.1 Control 6/30/79
658 F 22.2 Control 6/30/79
659 F 22.2 Control 6/30/79
NT(no tag) F 21.8 Control - 6/30/79
660 M 38.6 Control . 6/30/79
661 F 22.7 Control 6/30/79
662 M 40.8 Oiled with 10 mls over 7/7/79
a 10cm x 15cm area
663 M 36.7 Control depth recorder 7/7/79
664 F 26.3 Oiled 16 mls 10x18cm area 7/7/79
665 M 34.9 Qiled 18mls over a llx15cm 7/13/79
area
666 M 41.7 Control 7/13/79
-~ F 24.0 Drowned in net 6/30/79
667 M 35.8 Oiled 30 mls 7/17/79
four dead next day of
peritonitis
668 M 37.2 Control with depth recorder 7/17/79
669 M 33.6 Oiled with 20 ml over 7/19/79
30x19 cm area
670 M 35.4 Control 7/20/79
5 . R
671 F 27.7 gléggzglz; igezl.over 7/20/79
-- M 37. Drowned in net 7/22/79
- M 36.3 Drowned in net 7/22/79
-- F with pup -- Released @other as soon 7/20/79
as seen in net
672 F 21.3 Oiled with 30 mls over a 7/30/79
26x26 cm area
673 F 20.4 Control with depth 8/1/79
recorder attached
674 M 30.1 Control 8/1/79
675 F 16.3 Control with depth 8/1/79
recorder attached
-- M 20.0 found dead on shoreline 7/22/79

died natural causes
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Table 5. Activity patterns over a 21 day period of a free-ranging oiled
sea otter (otter 664)

Date Low Level High Level Rafting Unknown
Min % Min % Min % Min
7/8 354 25 227 16 859 59
9 77 7 93 9 910 84 360
10 109 11 184 19 667 70 480
11 512 36 261 18 667 46
12 324 23 304 22 787 55 25
13 280 19 306 21 854 60
14 238 16 329 23 873 61
15 275 20 302 21 823 59 40
16 b 257 18 314 22 869 60
17 298 21 250 17 892 62
18 383 27 319 23 712 50 26
19 230 16 255 18 955 66
20 309 21 247 17 884 62
21 150 10 222 15 1068 75
22 261 18 217 15 962 67
23 57 4 366 26 1006 70 11
24 160 11 470 33 810 56
25 377 26 317 22 746 52
26 285 20 303 22 824 58 28
27 416 29 372 26 652 45
28 266 20 273 20 796 60 105
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Table 6. Mean activity patterns for six otters (otters 664, NT, 663,
675,673, 662) and for oiled versus control animals, in
percent time.

Otter Low Level High Level Rafted n(days)
664-011 19 20 61 21
NT 15 30 55 11
663 13 23 64 5
675 34 10 56 3
673 18 18 66 12
662-0i1 13 . 13 74 2
0il 16 17 67 _ 23
Control 20 20 00 31
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Table 7. Mean time spent in a rafting bout and mean number
of rafting bouts per 24 hour period for six otters

Otter X time/rafting bout X number rafting bouts/24hr
664-011 114 min. 8
NT 124 7
663 88 10
675 110 7
673 139 7
662-0il 112 10
0il 113 9
Control 115 8
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Table 8. Thermal conductance calculated for the control; oiled
and washed fur.

Oiled Control Oiled Oiled 6 days Washed

Otter density flux flux flux flux
ml/cm? W/°C m? W/°C m? W/°c m? W/°C m?
1 0.05 5.65 27 - 39
Exp 1
1 0.08 4.58 57 - 47
Exp 2 TS
) - o
3 0.04 5.75 19 - 23
5 0.03 6.03 10 37 28
X 0

.05 5.50 28 - 34




Table 9. Shows the resting metabolism, the area oiled and the oiled
fur heat flux used to calculate the increased heat production

resulting from oiling.

Otter # Resting Area Oiled Heat flux Oiled Increased in
Metabolism ’ Oiled fur Metaboilism Metabolism
W M W W %
M2ec
662 ' " 164 .0150 13 44 12
664 106 .0180 23 22
671 111 . 0650 12 11
672 86 L0676 30 34
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Map of Prince William Sound showing an overview of the area surveyed for sea otters.
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Preface
At least one of us was present and participated in collecting data at each
site. When possible, the description of the intertidal community at a
particular site was written by an individual who had participated in sampling
that site because firsthand familiarity with the physical setting, sampling

methods, and the genera! patterns of distribution of major organisms

The senior author did not participate in any of the field woik se those
descriptions written by him have not benefited from personal observaiicns in
the field. The name of each locality sampled is listed in the Tavie of
Contents and is followed by the initials of the author(s) who descrities the

biotic communities at that locality.
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I. SUMMARY OF OéJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT .TO OCS OiL AND. GAS DEVELOPMENT.

The intertidal region of most shores in the eastern Bering Sea north of
56°N is subject to scouring by sea ice in late winter and spring in most
years. We used data collected with systematically sampied belt transects and
arrays of randomly placed quadrats to compare intertidal ;ommunities on rocky
shores in the Pribilofs with those on the shores of islands in the southeastern
Bering Sea that have not been subject to recent scouring. We used the
above methods and randomly sampled belt transects and haphazard sampling to
study patterns of distribution and abundance of macrobiota at 39 intertidal
sites in the eastern Bering Sea.

In mid-summer 1975, 4 months after the most recent scouring episqde in
the Pribilof Islands, species richness of most major taxa of planté, and
invertebrates generally and Mollusca specifically (as determined by average
species counts and species-area curves respectively) was significantly lower
in the Pribilof Islands than at Amak and Akun lIslands (the shores of bwhich
had not been recently scoured by ice). Curves of the distribution of biomass
among species of Mollusca were markedly different at the Pribilof Istands as
compared with those for Amak and Akun islands. The Pribilof Island c-ur'ves
showed a greater concentration of dominange among a few species.

Fugitive species of algae had the greatest wet weight in most quadrats at
the Pribilof islands whereas canopy species were preponderant on unscoured
shores. The biomass of ephemeral algae and of known consumers of
ephemeral algae was about the same at all sites. Sessile invertebrates were
usually small and low in abundance on, or absent from, unprotected surfaces

at the Pribilof Islands.
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The availability of refuges from ice-scouring probably allows many
species which otherwise would be eliminated to survive in the intertidal
community at the Pribilof Islands. The chief impact of oil pollution on the
community would most likely be to reduce or deny access to these refuges by
intertidal organisms. All of the three types of refuges from ice-scouring
(temporal periods outside the activity range of ice-scouring, spatial zones
beyond the activity range of ice-scouring, and physical heterogeneities within
the activity range of ice-scouring) available to intertidal organisms could be
adversely affected by an oil spili. The extent to which the refuges would be
denied to the organisms would depend on the timing of the oil spill and to a

lesser extent on the viscosity of the oil.
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II. INTRODUCTION

A. General nature and scope of study.

The primary goal of our studies has been to generally characterize
intertidal communities in the Gulf of Alaska and eastern Bering Sea. The
studies were designed to provide baseline information on the patterns of
distribution and relative abundance of plants and invertebrates in these
communities prior to the development of oil and gas leases on the continental

shelf in these regions.
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B. Specific objectives.

Our specific objectives have been to determine the composition of
intertidal communities and to describe the distributions and abundances of
species in them at as many representative sites as possible near the proposed
oil and gas lease areas. In addition we have examined possible mechanisms of
community organization at our sites and how they might determine the
response of a community to oil spills.

In this report, we describe the intertidal communities at our study sites
in the» Bering Sea (those in the Gulf of Alaska have been described elsewhere
[O'Clair et al. 1978 and Zimmerman et al. 1978]), and examine the role of

scouring by sea ice in structuring intertidal communities in the Bering Sea.
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C. Relevance to problems of petroleum development.

Our descriptions of intertidal communities in the Gulf of Alaska and the
Bering Sea should provide information on the character of natural, unpolluted
communities at our study sites. Our results can be compared at some future
date with measurements of oiled communities at the same sites should an oil
spill occur. We can be reasonably confident that if a spill is sufficiently
devastating to produce profound chahges in the species composition at our
study sites we should "‘be able to document those changes with the information
at hand. However, our confidence plummets when we consider subtler
differeﬁces such as changes in the abundance or biémass of particular species
or if we attempt to extrapolate our results to nearby localities or different
seasons. Our lack of confidence derives from an appreciation of the enormous
temporal and spatial variability in biological systems in nature. Mann and
Clark (1978) recently reiterated this problem with respect to documenting the
effects of oil spills ‘on marine intertidal communities. Not surprisingly,
Zimmerman et al. (1978) found that Alaskan intertidal communities are also
highly wvariable. Some of this wvariation is stochastic and therefore
unpredictable, but as Pielou (1972) points out, if we avoid errors resulting
from (1) a dearth of factual knowledgé and (2) faulty reasoning, then we can
be fairly successful in predicting ecological change in natural systems. Until
we can do this we have no hope of adequately assessing the effects of oil
spills on biotic communities.

The most fruitful way of approaching the predictable domain of
community dynamics is through the.study of the most important mechanisms
controlling community' or‘ganization; These usually include competition,
predation, and physiéal disturbance. In a previous report (O'Clair et al.

1978) we briefly reviewed evidence suggesting the importance of
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understanding key interspecific interactions to the assessment of the impact of
oil pollution on marine communities and considered how dominant competitors
might influence the number and relative abundance of other species in the
community. Here we concentrate on the role of physical disturbance,
specifically scouring vby sea ice.

Scouring by sea ice is an important physical disturbance on most shores
in the eastern Bering Sea north of 56°N. It is an annual occurrence which
can scrape most organisms from upper surfaces on rocky shores and can plow
up organisms in unconsolidated sediments. Systems affected by ice scouring
are generally species-poor (McRoy and Allen 1974). Presumably, most of
those species which persist in the system have evolved life history strategies
which allow them to either escape the effects of ice-scouring or to recolonize
scoured surfaces rapidly from refuges (such as crevices and spaces beneath
and between boulders) in the intertidal or subtidal regions. Oil pollution
might be expectéd to further stress those organisms that have evolved
strategies to cope with ice scouring and thereby further reduce species
richness in an already simple system. Moreover, because it can penetrate
crevices and the interstices of boulder fields, oil could have a far greater
impact on the community by making refuges uninhabitable to both sessile and
motile species. Before we can properly evaluate the effects of oil on
ice-scoured systems we should determine such things as the effects of
scouring on community composition and trophic structure, the rates and
trajectories of ecological succession following a scouring episode and the roles
played by competition and predation in determining these rates and tra-
jectories. Once we understand the properties of unpolluted ice-scoured
systems, we can then use our knowledge of relative susceptabilities of

organisms in the system to oil toxicity, rates of decomposition of oil in cold

climates, and other factors to evaluate the effect of an oil spill on the system.




III. CURRENT STATE OF KNOWLEDGE

Local patterns of species diversity are frequently controlied by disturb-
ance. As used here, a disturbance includes any event that sets back the
progress of ecological succession to an earlier stage. Levin and Paine (1974)
have developed a model which predicts the species richness of a community
from information on the size, age, and distribution of patches of open space
created by disturbance. Two general predictions of their model are that
disturbances that are localized in space and time should increase species
richness whereas disturbances that are frequent, chronic, or severe should
simplify community structure and reduce species richness. These predictions
are supported by empirical studies in marine (Dayton 1971) and terrestrial
(Loucks 1970, Taylor 1973) systems.

Connell (1978) has proposed a conceptual model that accounts for the
high diversity of trees in tropical rain forests and corals on tropical reefs by
an intermediate disturbance mechanism. Under this model, disturbances of
intermediate frequency and magnitude promote high diversity, whereas high
or low frequencies or magnitudes of disturbance result in lower diversity
either by preventing late-arriving and slow-growing species from colonizing or
by allowing the community to develop toward a low-diversity equilibrium state.

A general hypothesis of species diversity has been offered by Huston
(1979) who claims that knowledge of the population growth rates of
competitors and the frequency of population reductions caused by predation
or disturbance is necessary to predict the diversity of a community. In all of
these models, disturbance promotes high species diversity by preventing the
system from reaching competitive equilibrium.

McRoy and Allen (1974) review the available literature on ice-stressed

ecosystems. We examine the effects of ice scour on rocky intertidal
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communities because our observations in the Bering Sea indicate that these
communities tend to be more diverse than those on sandy or gravelly beaches,
and we would expect a diverse community to be a more sensitive indicator of
the magnitude of the disturbance caused by ice scour than would a
less-diverse community. With the exception of Stephenson and Stephenson's
(1954) and Ellis and Wilce's (1961) description of intertidal zonation patterns
in northern Canada, little is known about the effects of scouring by ice on
rocky shores. We focus on the Pribilof lIslands because the intertidal
community the:‘e appears to be potentially very diverse. Moreover, these
islands are near the southern limit of sea ice, and therefore the community

there can be compared with those at ice-free islands at about the same

fatitude.
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IV. STUDY AREAS

This report considers marine intertidal communities primarily in three
coastal regions of Alaska: (1) Bristol Bay, (2) the Pfibilof Islands, and (3)
Norton Sound. Two sites (Nukshak Island and Spectacle Island) in the
western Gulf of Alaska which were not included in our previous reports are
also included here to complete the record of our intertidél reconnaissance
studies.

We established stuay sites on six!types of beaches based on predominant
substrate composition. Maps of the distribution of substrate types in the
three coastal regions cvgnsidered here are contained in Sears and Zimmerman
(1977). The types of substrate and percentages of our study sites on
beaches with each type of substrate are as follows: boulder, 27%; sand, 27%;
bedrock, 22%; mud, 17%; gravel, 4%; peat, 2%. Zimmerman et al. (1977) show
the percentage of major intertidal substrate types for the three coastal
regions we consider here. Comparing the latter percentages with the
distribution of substrate types among our sites showed that we sampled
substrate types roughly in proportion to their occurrence, although we
tended t§ oversample predominantly boulder beaches and undersample gravel
beaches..' The relativé proportion of beach types and the distribution of
substrate types among the sites in each coastal region and a more detailed
physical description of each site are included in the introductions to each

coastal region below.
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V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

A. Field methods

We used four sampling methods in this study. The one used most
extensively employed belt transects sampled systematically with 1/16 m?
qguadrats. Transects were laid roughly perpendicular to the shoreline,
usually from the level of mean high water or above the water's edge at low
tide. The number of transect lines at each site and the sampling interval on
each line depended on the slope, width, and topography of the beach.

At two sites (Cape Lapin and Eider Point) we used randomly sampted
belt transects. These transects were laid parallel to the shoreline at
arbitrarily selected tidal levels within major intertidal zones termed strata.
We sampled them with a randomized nested design. They were subdivided
into a set of contiguous 1-m? plots of which a subset was randomly selected
for subsampling; each of these plots was subdivided into 1/16 m2 quadrats
two of which were sampled randomly. Three transects were laid at each site.
These transects will hereafter be referred to as random transects to
distinguish them from those described above which were sampled
systematically.

The '"arrow" sampling method (developed by R. Myren) was used
primarily on vertical or near-vertical surfaces such as the sides of large
boulders and rock outcrops. A facsimile of the area to be sampled and the
general pattern of distribution of dominant organisms was sketched on a sheet
of Mylar plastic. Numbered, uniformly-distributed dots were then placed on
the sketch. The positions of a fraction (usually about 25%) of the dots were
selected from a random number table. The locations on the rock surface

corresponding to the randomly-selected dots were marked with numbered

arrows. A quadrat (1/16 m?) was then placed at the tip of each arrow,
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photographed, and its elevation determined (see below). The arrow site was
not disturbed; plots of the same size with similar biological cover in a nearby
area were sampled as described below.

At a few sites, transect sampling was supplemented by a method whereby
a quadrat or corer was either tossed or placed on the beach haphazardly and
sampled in the same way as the transect quadrats.

The procedure for sample collection on rocky shores was the same using
all of the above methods. The area within each frame was photographed to
record the coverage of larger organisms (visual estimates of this coverage
were often made as well), and then the plot was scraped to bare rock and the
organisms bagged and fixed in 10% formalin.

We used only transects and the haphazard sampling method at sites with
unconsolfdated sediments (mud, sand, gravel, peat). One-liter ([10 cm]3)
cores were taken. Most cores were collected from the surface of the
substrate to 10 cm deep, but occasionally deeper (depth-range 10 to 20 cm)
cores were also collected. Hereafter these depth ranges will be referred to
as surface and deep, respectively. Exceptions to the above coring methods
are as follows: (1) At_ our sites in Norton Sound 7 or 8 1-liter cores were
frequently lumped into one sample or the sediment from one spot on the beach
was shoveled into 7- or 8-Iiteyr‘ buckets. In either case the samples were
sieved on site through one or more screens, the finest having 2 mm openings,
and then fixed for subsequent sorting. (2) At Cape Glazenap and Blaine
Point in Izembek Lagoon, 1/16 m? quadrats were excavated to a depth of
5 and 7 cm respectively.

The elevations of samples taken by all of the above methods were

determined with a transit and level rod using standard surveying techniques.
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The reference level was the level of low tide predicted in the Tide Tables
(Anonymous 1976).

in addition to taking quantitative samples, we made qualitative
collections, and general observations regarding biological interactions and the
distribution, relative abundance, and natural history of obvious organisms.
Minor deviations from the procedures reviewed above are included in the

descriptions of each site when appropriate.
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B. Laboratory procedures

All samples were sorted by the Marine Sorting Center‘.of the University
of Alaska. All organisms were identified, counted (except organisms for
which individuals could not be readily distinguished, e.g., many specles of
algae, sponges, bryozoans, etc.), and weighed (wet weight and dry weight).
Organisms from most major phyla were identified to species. Invertebrates
from the following taxa were not usually identified below the level of order by
the Sorting Center: Porifera, Cnidaria, Platyhelminthes, Nemertea,
Nematoda, Oligochaeta, Coﬁepoda, Tanaidacea, Insecta, ‘Arachnida, Acarina,
Sipuncula, Bryozoa, and Ascidiacea. Counts and weights of mussels and
limpets were recorded separately for two or three size categories. When most
organisms had been removed and all that remained was a diverse mass of small
fragments, estimates of fhe remaining individuals were determined by

subsampling the residue.
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C. Sources of bias and error

Only those samples collected on the random transects at Cape Lapin and
Eider Point were strictly random; consequently, at most sites, we did not
make a truly unbiased estimate of the variability in the abundance, biomass,
or coverage of the organisms found there. When it was desirable 1o test
specific hypotheses statistically and sample sizes were large enough, we chose
at random a subset of the set of samples taken at each site.

The sample surface (i.e. the area of substrate enclosed by each quadrat
or core) was small (1/16 m? or 100 cm?) but probably adequate for sampling
most species including the dominant competitors for space in the intertidai
region. However, the sample size was clearly too small to adequately sample
large predators such as starfish. Therefore, our data cannot be used to
estimate the abundance of these species.

Other sources of bias and error that affect the usefulness of the data

from particular regions or sites are included in the Results section.
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VI. RESULTS

A. Distributions and Relative Abundances of Intertidal Biota

1. Bristol Bay and Eastern Aleutian Islands

We sampled 16 sites in Bristol Bay and the eastern Aleutian Islands (Fig.
1). About half of the beaches sampled were sandy or muddy, and half were
rocky; pertinent sampling information for these sites is contained in Table 1.

tn  addition to the above sampling activity, S. Zimmerman and J.
MacKinnon conducted a reconnaissance of the littoral region of 14 sites in
eastern Bristol Bay from the Nushagak Peninsula to Port Heiden from
29 August to 5 September 1976. Zimmerman and Merrell (1976) list their
observations.

From 6 to 12 September 1976, MacKinnon accompanied Drs. A. Salenger,
B. Hunter, and J. Dingler of the U. S. Geological Survey on a
reconnaissance of 39 sites on the north coast of the Alaska Peninsula from
Kvichak Bay to Unimak Island. His observations are summarized in
Zimmerman and Merrell (1976). |

Also included here are descriptions of intertidal communities at two sites,
Nukshak and Spectacle Isltands, in the western Gulf of Alaska (Fig. 1) which
were not included in our previous reports. Lists of species of infer‘tidal
plants and invertebrates identified in samples from all sites in this section are

contained in Appendices IIA and IIB.

1.1 Nukshak Island (Cape Nukshak)

Nukshak Island is in Shelikof Strait just off Cape Nukshak on the Alaska
Peninsula (Figs. 1 and 2*; Table 1). The island is small (0.9 km long, 40.5 m

high [U.S. Coast Pilot 1964]) with a bedrock intertidal area rising to two

* All maps of specific sites are modified from Sears and Zimmerman (1977; see

List of Figures). 135
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Table 1. Pertinent sampling information for 18 sites in the western Gulf of Alaska, Bristol Bay, and the Aleutian Islands.

Site Name Coordinates Substrate Dates Tidal Range Sampling Sample Surface le Size®
Lat.(N) Long.(W) sampled sampled (am) method (s)2 area or volume(]_.)b Samp
Western Gulf of Alaska 2
Nukshak Island 58°23'  153°59! bedrock 23,24 May 1975 -20 to 250 Transect(2) ,arrow 1/16 m, 18(T), 8(A)
8 August 1975 70 to 310 Transect(2) ,arrow 1/16 m; 22(T), 8(A)
Spectacle Island 55°07.2' 159°44,6' boulder/bedrock 25,26 May 1975 -18.3 to 195.1 Transect(2),arrow 1/16 my 21(T), 12(A)
11 August 1975 24.4 to 140.2 Transect(2),arrow 1/16 m 22(T), 4(A)
Southern Bristol Bay
Middle Point .55°51.7" 160°40.0' mud/sand 23 July 1975 not recorded Haphazard 1 6
Point Edward 55°59,5' 160°51.6" mud/sand 22 July 1975 -42 to 104 Transect 1 38
Moffet Lagoon 55°26.0' 162°31.0' mud 15 June 1976 -12.2 to 57.9 Transect 1 15
Blaine Point 55°22.3' 162°39.7' mud 15 June 1976 -9.1 to 82.3 Transect 4.4 11
Izembek Lagoon 55°18.9' 162°45.5' mud 16 June 1976 6.1 to 76.2 Transect,selected 6.25, 1 11(T), 4(S)
Operl Island 55°23.5' 162°47.0' sand 16 June 1976 not recorded Haphazard 1 2
Cape Glazenap A 55°13.2' 163°02.0' mud/sand 16 June 1976 not recorded Haphazard 1 2
Cape Glazenap B 55°12.8' 163°01.2' mud/sand 16 June 1976 -9.1 to 30.5 Transect,haphazard 3.1, 1 10(T), 3(H)
Amak Island 55°24.1' 163°09.3' boulder/bedrock 19 July 1975 -27 to 223 Transect 1/16 m, 20
— Cape Lapin 54°56.7' 164°08.0" rubble to boulder 17 June 1976 70.1 to 317.0 Transect(4), 1/16 m 24
w nested quadrat 2
~ Cape Mordvinof 54°55.8' 164°26.8' bedrock/boulder/ 24 July 1975 27.4 to 283.5 Transect,arrow 1/16 m 7(T), 4(A)
rubble
Sennet Point 54°29.1' 164°54.4°' bedrock/boulder/ 8 June 1976 6.1 to 368.8 Transect 1/16 m2 7
rubble
Aleutian Islands : 2
Akun Island 54°08.5' 165°38,7' bedrock 18 July 1975 -21 to 140 Transect,arrow, 1/16 m 20(T), 4(A)
nested quadrat 2
Eider Point 53°57.5' 166°35.1' rubble 14 June 1976 -15.2 to 216.4 Transect(4), 1/16 m 30
nested quadrat 2
Portage Bay 53°44.0' 166°45.8' bedrock 25 July 1975 80 to 161 Transect,arrow 1/16 m, 14(D), 7(A)
13 August 1975 67 to 158 Transect 1/16 m 22
Northern Bristol Bay 2
Crooked Island 58°39.5' 160°16.5' bedrock 20 July 1975 1 to 226 Transect 1/16 m, 18
Cape Peirce 58°34.4' 161°45.5' bedrock 21 July 1975 28 to 216 Haphazard,arrow 1/16 m 13(H), 4(A)

a. Numbers in parentheses indicate mmber of transects sampled per site, if more than one; b. Numbers not followed by m2 designations are liter
measurements; c. Letters in parentheses refer to sampling method: T = Transect; A = Arrow; S = Selected; H = Haphazard. .
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grass-covered knolls. Our survey site was on the south side of the island.
The bedrock was hard, granite-like, and where we sampled, gently sloping
(Fig. 3). Outside . the area we sampled in May 1975, we observed
low-gradient bedro’ck with fissures and -depressed areas filled with water. In
August 1975, we laid bTransect 2 parallel to the water's edge and
perpendicular to Transect 1 at the level of fneter 12 in order to sample the
low-gradient area.

Barnacles were the dominant organism at Nukshak Island. Four species,

pides, B. cariosus, and Chthamalus dalli were

Balanus glandula, _Q - patary
found altho‘ugh’ B. Y« éS was not identified from our May 1975 samples.
Table 2 shows the frequehcy of occurrence of selected species along transects
in May and 'August.-’i’fa‘}s. The predaceous snails Nucella lima, N. lamellosa,

and N. canaliculata wére common, but they exhibited gregarious behavior and

were inadequately sampled by the transects. Nucella lima was observed

feeding on Balanus sp. and many empty tests were present, apparently from
predation by Nucella. In August 1975, Transect 2 intersected a low-gradient

area containing some standing water and many crevices; Leptasterias hexactis

was collected in evé#ry quadrat along the transect. The large chiton

Katharina tunicata was abundant throughout the low intertidal zone at

Nukshak Island; however, it was under-represented in our quadrat

collections. MytilUs' edulis occurred in ‘ﬁ\any of our quadrats, but its

distribution was patchy and it was not abundant. Littorina sitkana was very

abundant in the high intertidal zone where it was often observed in clusters,
grazing on a filamentous green alga.

Macrophyte cover was light, except in the low intertidal zone where

Alaria spp. were abundant. #{iéus distichus was collected in most higher-

elevation quadrat viduals were - small. Porphyra spp. were
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Fig. 3. Nukshak Island sampling area. Site of Transect 1;
Transect 2 is off photo to right.
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Table 2. Frequency of occurrence of selected species along four transect

lines on Nukshak Island, May and September 1975.

May 1975 August 1975
Transect 1 Transect 2 Transect 1 Transect 2
(2.2 to 1.1m) (2.5 to -0.2m) (3.1 to 0.8m) (1.4 to 1.0m)
Species (n=17) (n=11) (n =17) (n =5)
Fucus distichus .86 .45 .82 .60
Littorina sitkana 1.00 .55 1.00 .80
Balanus glandula 1.00 .55 .65 .40
Balanus balanoides 0 0 .47 .20
Balanus cariosus .29 .64 .53 1.00
Chthamalus dalli ©.43 .64 .35 .60
Mytilus edulis <1.5 cm .71 | .55 .76 1.00
Mytilus edutis 1.5-2.0cm. .71 .18 .24 .60
Mytilus edulis >2.0 cm .71 .09 .18 .40
Collisella pelta .86 .55 .7 1.00
Nucella spp. .29 .09 .35 .80
Leptasterias hexactis 0 .45 .24 1.00
Turtonia occidentalis .71 : .36 .47 .40
Porphyra sp. .67 .45 .35 .20
Alaria spp. .14 .45 .24 .20
Polychaetes 1.00 1.00 1.00 1.00
0ligochaetes 1.00 .64 .88 1.00
Flatworms ;71 .45 .59 .40
Pagurus hirsutiusculus 0 0 .18 1.00
Katharina tunicata 0 .36 0 .40
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collected in both May and August (many species of Porphyra occur only in
the spring) at the high and mid-intertidal levels. Encrusting and foliose

coralline algae were very abundant in tide pools. Clumps of Mytilus edulis

and Modiolus modiolus growing in the tide pools were almost completely

covered with encrusting coralline algae. Laminaria sp. was also common in
tide pools and on a steep rock face seaward from the end of the transects;

conditions were too hazardous for collections to be made here.

1.2 Spectacle Island, Shumagin Islands

Spectacle Island is a small rocky island with grass-covered slopes which
lies between Nagai and Big Konuiju lIslands (Figs. 1 and 4; Table 1). Our
sampling site was located on a small islet off the southwest shore of Spectacle
Island; a gravel spit connects these two bodies. The substratum was bedrock
overlain by boulders (Figs. 5 and 6).

The Spectacle Island site has a fairly heavy cover of macrophytes, with
a predominance of grazers and filter feeders in its invertebrate population.
We found 29 species of algae along the transects in May and August.
Although the greatest number of algal species present were rhodophytes,

Fucus distichus (a phaeophyte) had the greatest biomass. Polychaetes

contributed the greatest number of invertebrate species, with 23 species
found in May and 18 species present in August. Grazers, including
pulmonates, limpets, other gastropods, and chitons, were abundant. We
found 18 species of grazers in May and 13 species of grazers in August.
Several barnacle and mussel species were found during both sampling periods,
but in small numbers. We found few predators. A single individual of the

carnivorous gastropod species Nucella lamellosa was collected in May; none

were found in August. A few small sea stars, Leptasterias hexactis, were

collected in both May and August. Nereocystis luetkeana, a floating kelp,
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Fig. 5. Replicate transect lines at Spectacle Island site, August 1975.
" Note floating kelp offshore.

Fig. 6. Arrows in place to study abundance and distribution of organisms
within zones at Spectacle Island, Alaska.
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was abundant offshore (Fig. 5). During both sampling periods we. saw sea
otters swimming among the kelp. Although we saw only a few seav otters
when we worked at the site, they are present throughout the area (Sears and
Zimmerman 1977). Sea otters may help to account for some of the conditions
we observed such as ungrazed algal beds, increased algal competition for
space, and reduced populations of sessile invertebrates (Palmisano and Estes

1977).

1.3 Middie Point, Port Moller

Middle Point is located along the western shore of Port Moller (Figs. 1
and 7; Table 1). Our site consisted of an extensive tidal flat covered with"

the eelgrass Zostera marina. The substrate was mud overlying sand and the

declination was so slight that one could walk seaward for hundreds of meters
without encountering any change in water depth; even at low tide water
remained on the flat to a depth of about 3 to 5 cm.

One of the most numerous groups or organisms at the site were caprellid
amphipods which clung to the eelg:r;ass. We estimated that thér‘e were an
average of five caprellids per square centimeter throughout the flat;b one
sample with particularly heavy eelgrass cover yielded an actual count of 1234
caprellids per 100 cm2. Polychaetes were another important group of
invertebrates in our samples with 32 species in 18 families represented,
although no single species was especially numerous. We collected five species
of bivalves at this site; none was particularly numerous except Macoma
balthica which was abundant in one sample collected on the highest part of
the beach, above the eelgrass.

Middle Point is probably a very productive site. Eelgrass beds are
generally highly productive marine systems (for recent reviews see PhiAIIips

1974 and McRoy and McMillan 1977). The rhizomes of eelgrass stabilize the
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substrate and, upon decay, the eelgrass yields detritus which nourishes the
benthic community; it aiso provides physical support and protection for many
small organisms such as caprellids. Although this area was not observed
during high tide, the abundant food supply and protective cover afforded by

the eelgrass probably provide a valuable habitat for juvenile fish.

1.4 Point Edward, Port Moller

Point Edward is at the northeastern end of Cape Rozhof near the
entrance of Port Moller (Figs. 1 and 7). We collected 1-liter samples on a
broad, gently-sloping, mud/sand beach (Table 1, Fig. 8); all cores taken
along our transect were below Mean Tide Level (MTL) and over half (60%)
were below Mean Lower Low Water (MLLW).

Most of the species in our samples were polychaetes with at least 29
species present. The Class Bivalvia was represented by six speciés,_ other
major classes of invertebrates by no more than three or four species.

Diatoms, a green alga ( Enteromorpha intestinalis), and two red algae

(Porphyra sp. and Cryptosiphonia woodii) were the only algae in our samples.

Eight of the ten species of invertebrates having the greatest average wet
weight in our cores were polychaetes (Table 3), but bivalves, e'specially

Macoma balthica, made up most of the biomass. Although Macoma was

outweighed by Mya arenaria in three cores and by Clinocardium nuttallii in

one core, the latter two species were rare in our samples and Macoma was
clearly the preponderant species (79%) in most cores.

Among the Polychaeta, sedentary forms constituted about 75% of those
species showing the greatest average wet weight in our samples and 70% of all

polychaetes present. Nephtys caeca occurred more frequently than any other

species, but Arenicola gracilis had a substantially higher median abundance

and ranked just below Macoma in average biomass.
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Fig. 8. Core sampling at Pt. Edward, Port Moller,
Alaska Peninsula. 22 July 1975.
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Table 3. Statistics for the ten species of invertebrates showing the greatest average rank on the transect

at Point Edward, Port Moller.

) Average  Wet - Frequency qf d ) o
Species rank weight (g) occurrence  Abundance Dominance
Macoma balthica 11.5 5.1, 0.2-18.8 0.92 17, 3-48 30/38
Arenicola gracilis 7.5 ' 0.2, 0.001-1.6 0.71 19, 1-44 1/38
Axinopsida serricata 7.2 0.03, 0.002-0.1 0.87 6, 1-36 0
Nephtys caeca 6.6 0.02, 0.001-1.8 0.95 4, 1-11 0
Spio filicornis 6.3 0.02, 0.001-0.2 0.87 4, 1-15 0

E% Capitella capitata 4.7 0.05, 0.001-0.7 0.55 2, 1-17 1/38
Owenia fusiformis 3.6 0.03, 0.003-0.1 0.40 2, 1-4 0
Pholoe minuta 3.4 0.005, 0.001-0.02 0.82 3, 1-12 0
Ampharete arctica 3.4 0.004, 0.001-0.05 0.68 1, 1-7 0
Polycirrus medusa 3.2 0.07, 0.001-0.6 0.29 2, 1-6 0
a. Rank of wet we1ght of each species averaged over 38 cores (1, lowest weight).

Species listed in order of decreasing rank.

b. Median and range of wet weights per liter in all cores where the species was found.

C. Proportion of quadrats that contained the species.

d. Median and range of number of individuals per liter in all cores where the species
was found.

e. Proportion of cores in which the species was among those making up 50% of the wet
weight. Summation in each core began with the heaviest species.




1.5 Moffett Lagoon

The Moffet Lagoon site located north of lzembek Lagoon was a
low-gradient mudflat facing west (Figs. 1 and 9; Table 1). The substrate
was composed of silty sediment with little eelgrass or other vegetation
present. The entire area for a considerable distance around the site was
similar with respect to an absence of eelgrass. Elevations ranged from
0.58 meters at the shoreline station to -0.12 meters at the most seaward
sampling station.

The scarcity of biota expressed as biomass wet weight per 100 cm?
sample area is summarized in Fig. 10. The most numerous species was

Rhynchospio sp. of which a total of 51 individuals was found in all the

samples. The numbers of individuals of other species included 7 Edotea sp.,

S Pontoporeia affinis, 1 Laonice cirrata, 11 nematodes, 4 oligochaetes,

1 Lysianassid, 1 nemertean, 1 Maldanid fragment, and one unidentified
amphipod.
Most of the biota was found in the 0 to 3 cm stratum of the core sample,

although Rhynchospio sp. was nearly equally divided between the 0 to 3 cm

and the 3 to 6 cm deep strata in the samples. Some contamination of the
sample may have occurred because two individuals of the genus Pontoporeia,

normally shaliow burrowers, were found in the deepest (6 to 9 cm) stratum.

1.6 Blaine Point

Blaine Point lies at the tip of the peninsula separating lzembek and
Moffet Lagoons (Figs. 1 and 9). We collected eleven 4.4-liter cores on a
152 m long transect in an eelgrass bed (Fig. 11, Table 1). All but one core
were taken below MTL; 55% were taken below MLLW. Two of the 11 cores

collected were poorly fixed and were not used in the analysis.

150




35° 25"

55° 20!

B

BRISTOL

1 whale

Operl
Island

Site

13 caribou

50 seals

*

ARxBlaine Pt.

— -

500

Legend

bedrock

boulder
greater than 2 «<q. f1
less than 2 sq. ft
mixed

gravel

sand

mud

wiidlife

vegetation

stope

@ vertical
@ steep

@ medium
@ low gradient

% eel ras—s‘ eel 9';55}
eel 0‘3000 Blaine ‘ “._; ey
grass v Point .
. S
o
*
Izembek C;:F
Lagoon o
- Site ee! gra_s’s\ p ALASKA O fight
. medium
Q . heavy

eel gra-s—s\

|
162° 30'

LA

ALASKA PENINSULA

162° 45’

Fig. 9. Location of sites at Operl Island, Izembek Lagoon, Blaine Point, and Moffet Lagoon.




EDOTEA

TOTAL PLANTS (TP) T
L T SoneS (1) N

PONTOPOREIA
0-04—4 .
o
o0
V)
o
C A
o 0.03 . &
- /M . 1 o0 <
N o0 o n 1
" < S
% 0.02 - A oo o i
2 : & L -
O .n
E 1 § B0
& e ©
0.01 1 v & -
3 i
a, = 8
o =
=
g =

=

3 10 11 12 1 14 15

STATION

Fig. 10. Biomass in core samples at Moffet Lagoon. 15 June 1976.




Fig. 11. Blaine Point site. 15 June 1976.
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Potamogetonaceae (presumably Zostera marina) occurred in all samples

and showed the greatest wet weight (Table 4) in all but one sample (at the

lowest tidal level) in which Macoma brota was preponderant.

The number of species in our samples averaged 31. Polychaetes
constituted an average of 60% of the species present in each plot; at least 43
species of polychaetes were represented in our samples (Appendix II-B).
Nine of the ten plant or animal species with the greatest average wet weight
(as indicated by average rank) in Blaine Point samples were polychaetes; five
of these species were present in all samples (Table 4).

Next to Polychaeta, Bivalvia and Gastropoda were the most diverse
groups with five and four species, respectively, found in our samples (Table
4). When they occurred, bivalves and gastropods usually ranked high in wet
weight, but no species belonging to these groups occurred in more than three
samples. Unidentified bivalves and gastropods without shells were present in
all samples.

Other major phyla of invertebrates were never represented by more than
two species. Among the algae only Ahnfeltia sp., A. plicata, and

unidentified red and brown algal fragments were present.

1.7 izembek Lagoon

The lzembek Lagoon site was on a low-gradient mud flat with a northern
exposure (Figs. 1 and 9; Table 1). The substrate was composed of silt and
mud covered with eelgrass (approximately 80%).

One transect running approximately north was established normal to the
shoreline. Nine 10 cm3 (1 2) cores were taken, one every 15 meters seaward
to 135 meters; one additional sample was taken near the water's edge, 205

meters horizontal distance along the transect. Four selective core samples

were removed in areas with little or no eelgrass cover at elevations of 0.77 m,
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Table 4. Statistics

average rank at the transect at Blaine Point,

Average

Wet

for the ten species of plants and

invertebrates showing the greatest

Izembek Lagoon.

Frequency of

Species rank Weight(g)b occurrence Abundanced Dominance®
Potamogetonaceae 33.2 318, 3.6-539.8 1 - 8/9
Haploscoloplos panamensis 28.6 0.3, 0.02-1.3 1 37, 3-94 0
Praxillella affinis 27.0 0.6, 0.04-2.5 0.89 46, 17-117 0
Anaitides maculata 22.2 0.05, 0.03-0.4 1 5, 1-17 0
Owenia fusiformis 20.9 0.07, 0.002-0.4 1 5, 1-26 0
Harmothoe imbricata 20.4 0.3, 0.06-0.5 0.78 9, 1-12 0
Nephtys caeca 19.6 0.5, 0.02-1.3 0.67 4, 2-6 0
Capitella capitata 19.1 0.05, 0.01-0.1 0.89 54, 9-155 0
Eteone longa 16.2 0.03, 0.003-0.07 1 7, 1-16 0
Pholoe minuta 14.8 0.02, 0.002-0.06 1 6, 1-35 0
a. Rank of wet we1ght of each species averaged over nine cores (1, lowest weight)

Species listed in order of decreasing rank.
b. Median and range of wet weights per liter in all cores where the species was found.

C. Proportion of quadrats that contained the species.

d. Animals only; median and range of number of individuals per liter in all cores where the
species was found.

e. Proportion of cores in which the species was among those making up 50% of

the wet weight.

Summation in each core began with the heaviest species.




0.68 m, 0.55 m, and 0.06 m. |In the analyses, mean number of species
(density/100 cm?) or wet weight biomass per station and the standard
deviation of the mean were computed for selected species and expressed as
number (density) or weight per 100 cm? area * standard deviation of mean.

The elevations along the transect gradually decreased from the high to
upper low intertidal zones, except for a slight elevation increase at station 6
(Fig. 12). The transect gradient was noticeably steeper for the two low
intertidal stations, 10 and 11. Station 10 (elevation 0.37 m) was omitted from
the analysis and figures because of poor preservation of the sample.

Eelgrass biomass varied in the higher elevation stations from a low vaiue
at station 7 (containing 1 g) to intermediate values at stations 1 and 3, and
higher values at stations 2, 4, 5, 6 (Fig. 12). Eelgrass biomass was highest
at the more seaward stations, station 8 (389 g) and station‘ﬂ (297 g; Fig.
12). At station 9, eelgrass biomass was similar to the moderate values of the
higher elevation stations.

The community at the site was composed primarily of polychaetes, one or
two species of pelecypods, and eelgrass (Fig. 13). A small unidentified
pelecypod contributed significantly to the animal biomass at every station.

Macoma balthica was found only at one station. The polychaetes dominating

the animal biomass at most stations were Haploscoloplos panamensis, Harmothoe

imbricata, Nephtys sp., and Praxillella affinis. A stalked sea anemone

contributed to the biomass significantly and was present at six stations.
Species not shown in Figure 13 which contributed large proportions of the

biomass at single stations were Telmessus cheiragonus, an unidentified

amphipod, and a stalked tunicate and anemone.
The most numerous species recorded at the site, present in every

transect station but absent in two selected samples, was the unidentified
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pelecypod with maximum count of 1,160 individuals at one station. An
unidentified gastropod occurred in six stations along our transect and in two
selected samples, with a peak count of 125 individuals. Animal biomass for
the Izembek Lagoon site is shown in Figure 13 as biomass-plants (biomass
minus plants) and ranged from 0.2 to 12 g per sample.

Polychaetes contributed the most species per taxonomic group at the site
with approximately 36 species or groups represented. The most numerous

single polychaete species at the site was Fabricia sabella with 219 individuals

at an upper intertidal station (station 2); the same species was represented

by only six individuals at one other station. Haploscoloplos panamensis was

present in every coring sample except three (of 15) and the highest density
of 51 individuals (average 21 * 6) occurred at station 9, a low intertidal

station. Capitella capitata was present in 10 samples with the highest density

of 195 individuals (average 73 * 25) also occurring at station 9. Other
polychaetes with densities usually greater than 10 per station for at least

one station included Praxilleila affinis, Eulalia bilineata, Chaetozone setosa,

Phyllodocids, Eteone longa, Sphaerosyllis pirifera, Nephtys sp., and Anaitides

groenlandica.

Crustaceans were not abundant. Caprellidae was represented in nine of
the transect stations and one selected station with a high count of 25
individuals at station 11 (average 6 * 2). Unidentified amphipods, Ampithoe
sp., and Corophium sp. were also present in densities of 21 per station or
less. Other groups present included nematodes, nemerteans, ectoprocts,
oligochaetes, tanaids, sea algae fragments, and anemones.

A correlation between total wet weight of eeigrass and number of species
present was tested for the combined sample (four selected samples and 10

transect samples) employing a regression analysis program. The correlation
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between biomass of eelgrass and number of species was highly significant
(Table 5). The correlation between biomass and species was also evident by
comparing the number of species in samples from areas of low eeigrass cover
(selected samples) with the numbers of species from areas with higher
eelgrass cover (transect samples). The average number of species in the
selected samples was 4 * 3 compared with 22 * 2 for the transect samples.
The average wet-weight eelgrass biomass of the selected samples was 8.5 %

1.2 g compared with 164 * 40 g for the transect stations.

1.8 Operl Island and Cape Glazenap

Three similar sand-spit beaches were sampled near the west entrance to
lzembek lLagoon, Alaska Peninsula (Figs. 1, 9, and 16; Table 1).

The Operl Island site (Fig. 14) was on the seaward side of Operl Island,
a narrow barrier sand spit about 16 km in length. Two cores were collected,
one at low tide at the water's edge and the other in dry sand at about mid-
tide level. The beach was exposed to the full force of the ocean surf and
was composed of loose, coarse, volcanic sand. No macrofauna were found but

numerous razor clam ( Siliqua patula) shells littered the beach at all tide

levels, evidence of a subtidal population of clams offshore. Scattered
irregularly in the mid- to high-tidal zone were distinctive patches of dark dry
sand, ranging in size up to about 100 meters in area (Fig. 15). Later
analysis revealed that these patches were of sand grains which were
magnetically attracted to each other, causing their striking appearance
compared with adjacent unmagnetized sand. This was the only site in the
Bering Sea and Norton Sound where magnetic sand was observed. No
organisms were found in later examination of the two core samples from Operl

Island.
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The Cape Glazenap site (Figs. 1 and 16) was near the eastern extremity
of Cape Glazenap. Four cores were collected, two on the seaward side of the
Cape (Site A) and two on the fagoon side of the Cape (Site B). At each of
the two sites, as at Oper! Island, one core was collected at_ low tide at the
water's edge and another was collected at about the mid-tide level.

The 1-liter core at the water's edge on the seaward side of Cape
Glazenap contained 73 polychaetes of a single genus, Saccocirrus, which was
unexpected on this apparently unproductive high-energy beach. The other
core sample from the mid-tide level had only a few fragments of Fucus sp.,

sea grass (probably Zostera marina), and polychaetes. The site is adjacent

to biologically-productive Izembek Lagoon, so most biotic fragments probably
originated in the Jlagoon.

The two core samples from the lagoon side of Cape Glazenap contained no
recognizable biota, despite this site's location inside the lagoon. The lack of
organisms was probably attributable to the unstable and constantly shifting

silt-sand substrate.

1.9 Amak Island

Amak lIsland is a rocky island of volcanic origin located in Bristol Bay
northwest of lzembek Lagoon on the Alaska Peninsula (Figs. 1 and 17; Table
1). The shoreline has stretches of beach boulders broken by steep to
vertical c¢liffs. The area we sampled is on the southwest shore of Amak
Istand, an area of low bluffs flanking a bedrock and medium-boulder beach
(Fig. 18).

The intertidal study site on Amak Island yielded 101 species of algae and
invertebrates. 'i'he most conspicuous features along our 75 m transect were a

band of Fucus sp. from 1 m through 49 m, and a band of Alaria spp. from 25

m through 68 m; Alaria provided greater biomass than did Fucus. Many of
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Table 5. Analysis of variance of linear regression for number of species vs.

wet weight of eelgrass at lzembek Lagoon.
Source DF SS MS F

Total 13 914
Regression 1 678.8 678.8 34.6%*

Residual 12 235.2 19.6

R-Square = 0.74

DF Degrees of freedom

SS

Sums of squares
MS = Mean squares
F = F-distribution value

*¥*¥ = Significant at the 1% level of testing




Fig. 14. Operl Island sand sample site. Bering Sea on right.
16 June 1976,

Fig. 15. Operl Island site. Light-colored patch about 2 m
in diamater to left of figure is black magnetic
sand. Small, light-colored objects are razor clam
shells and pumice rocks. Bering Sea on right;
grass covered dunes on left. 16 June 1976,
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Fig. 18. View of transect at Amak Island sampling site.
19 July 1975.

166




the medium boulders in the low zone typically had a heavy cover of Alaria
sp., coralline algae, and sponges. The invertebrates were predominantly
smaller forms such as polychaetes, small gastropods, nestling pelecypods,
amphipods, and isopods. Mussels were sparse. We did not find any Mytilus,

but Modiolus modiolus was collected in two quadrats. The barnacles Balanus

glandula, B. cariosus, and Chthamalus dalli were collected in small numbers

from a total of nine quadrats for the three species. Few predators were

observed. Leptasterias hexactis and Ophiopholis aculeata were the only sea

stars collected and were not abundant. The carnivorous snails Nucella lima
and N. lamellosa were each collected in two quadrats. Although there were
bird rookeries in the area, no birds were observed in the immediate vicinity

of our study area, and there were no obvious signs of predation by birds.

1.10 Cape Lapin

The Cape Lapin site, on the north side of Unimak Island, lies below a
high bluff headland facing north (Figs. 1 and 19; Table 1). The substrate
of the site consists of large and small boulders and rubble pavement. To
either side of the sample area are sandy beaches flanked by eroding banks.
Further to the east and west, high bluffs predominate. Exposure of the site
to surf and current-transported sand and sediment was evident.

Four transects were established: one running at 340° magnetic and at
right angles to the shoreline and three placed horizontally at right angles to
the normal transect. Sampling on the normal transect was done systematically
with a 1/16 m? quadrat every 5 m, beginning at 0 m, to 40 m, which was the
level of low tide on 17 June 1976. The three parallel transects were
established by a stratifying procedure at the 8, 19, and 32 m leveis of the
normal transect. The 8 m transect fell in a relatively bare zone occupied

primarily by Littorina sitkana and Balanus glandula. The 19 m transect fell

167




?‘.
A
g £
n O
5 ®
B
55° 00
Legena
bedrock ‘1
bavider
grealer lhan 2 sg M.
Jess than 2 5g. M.
mised
frave!
sand
% e
* wititisfe
/Y wraulalion
wover sinpe
;:. hare ‘(::'\; vertio !
- R
L] ~,
L ® Peterson Logoon UNITMAK (:. light :/‘\_’l steen
AS ~ ~
o O et i
@ heavy 2 v gracienl
54° 55'- II,./
1 1
gri\w IS LAND lg%
Christianson Legoon LI'-":
l
1 brown bear I
;o
A
f
{
- |
L1 . iaglirdd i
I]: F:}zu’uj:'f‘.-,?‘i Tt 3 B | | \
T g O UNIMAK ISLAND

Fig. 19. Location of site at Cape Lapin.




in a zone dominated by Mytilus edulis and Balanus. The 32 m transect fell in

a zone dominated by Mytilus, Balanus, and Fucus distichus.

Sampling in the horizontal transects followed a randomized nested
sampling design. Each transect was subdivided into 50 contiguous 1 m plots
treferred to as plots in the rest of this section), and two plots along each
transect were selected randomly. Each plot was subdivided into 1/16 m?2
quadrats of which two were sampled randomly. Random sampiing within plots
permitted averaging and variance calculations and the application of normal
sampling theory for hypothesis testing. A further analysis of the Cape Lapin
data will be included in a separate manuscript to be published later.

The biota was subdivided into three categories depending upon relative
wet-weight biomass of the species or group. A dominant-biomass category
included each species or group that was represented in one or more samples
with a biomass exceeding 400 g wet weight. A secondary-biomass category
included species and groups in which at least one or more samples contained a
species less than 80 g wet weight and greater than 0.3 g wet weight. A
small-sized category, designated the tertiary biomass category, contained
species and groups of 0.8 g wet weight or less. The highest wet weight of
any species or group established the biomass category for all other samples
belonging to the same species or group.

To fa;ilitate graphical descriptions of the biota, the species and groups
were assigned reference numbers (Table 7).

The distribution of total biomass in random pairs of quadrats within plots
by dominant, secondary, and tertiary categories is shown in Table 6. Biomass

was lowest in the Littorina sitkana-Balanus glandula stratum (LB) within the

elevation range of 2.1 to 2.5 m when compared to the Mytilus edulis-Balanus

(MB) and the Mytilus- Balanus- Fucus distichus (MBF) strata at the 1.0 to

1.3 m and the 0.8 to 1.1 m elevations, respectively.




Table 6. Total biomass (g) and number of species or groups (in parentheses)

in pairs of 1/16 m? quadrats taken from m? plots in the Littorina

sitkana- Balanus glandula (LB) stratum, Mytilus edulis-Balanus (MB)

stratum, and the Mytilus-Balanus-Fucus distichus (MBF) stratum, Cape

Lapin.

Strata Unit Dominant Secondary Tertiary Total

LB meter 1 9.95 (2) 0? 0 9.95 (2)
meter 2 2.90 (3) 0® 0 2.90 (2)

MB meter 1 599.7 (1) 160.56 (2) 0.84 (15) 761.10 (2)
meter 2 111.2 (1) 29.9 (5) 0.03 (5) 141.13 (11)

MBF meter 1 93.1 (2) 4.3 (6) 0.32 (7) 97.72 (15)
meter 2 729.4 (2) 126.7 (6) 2.90 (19) 859.00 (27)

a. Secondary biomass for the LB stratum is classified as dominant biomass.
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Table 7.

TA.

1B.

1C.
1D.

Fucus distichus

Bangia fusco-purpurea

Monostroma sp.

Desmarestia sp.

Porphyra sp.

Pterosiphonia bipinnata
Qdonthalia cf. washingtoniensis

Mytilus edulis (>2.0 cm)
Mytlilus edulis (1.5-2.0 cm)
Mytilus edulis (<1.5 cm)

Balanus glandula
Collisella pelta
Littorina sitkana
Nucella lima

brown algae fragments
red algae fragments
flatworms

nemerteans and fragment(s)
Emplectonema gracile
nematode(s)

Nereis vexillosa
scale-worm fragment(s)
Pholoe minuta
Phytlodocidae

Eteone longa

20.

21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
37A.
38.
38A.
39.
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Key to the species and groups identified in Cape Lapin samples.

Typosyllis a. admantea
(epitoke condition not
specified)

Typosyllis a. admantea with
epitoke

Typosyllis a. admantea
Sphaerodoropsis minuta
Sphaerodoropsis sphaerulifer
Spionidae

Polydora quadrilobata
Fabricia sabella
Fabricia crenicollis
Oligochaete

Gastropod

Barleeia sp.

Pelecypod

Turtonia occidentalis
Idotea wosnesenskii
Paramoera columbiana
Diptera larvae

sea anemone

hydroid

sea cucumber
Cucumaria pseudocurata
Ischyrocerus anguipes




The distribution of mean biomass in a quadrat averaged over pairs of
quadrats within plots, and numbers of species and groups in dominant,
secondary, and tertiary categories is shown in Figure 20. Depending upon
the stratum and plot, the dominant biomass category contained between 1 and
2 species, followed by secondary biomass composed of 5 or 6 species and
groups, and the tertiary biomass composed of 5 to 20 small species and
groups (Table '7, Figure 20).

The second plot of the MBF stratum (Table 6) was richest in numbers of
species and contained several more tertiary species and groups with higher
biomass than other plots of the MBF stratum and the plots of the LB stratum.

The number of. individuals of species in the dominant and secondary

biomass categories is presented in Table 8. Balanus glandula was numerically

most abundant, followed by Littorina sitkana and small (<1.5 cm) Mytilus

edulis. Species common to every stratum were Balanus glandula, Collisella

pelta, and Littorina sitkana.

For the dominant and secondary biomass categories, the least number of
individuals occurred in the LB stratum (Table 6). Variation in numbers of

individuals was pronounced for all size categories of Mytilus edulis when

compared to other species (Table 8). Within plots, Balanus glandula showed

the highest variability.

For only the large and small size categories of Mytilus (see Table 8),
pairs of 1/16 m? gquadrat samples were more consistently similar in numbers of
individuals when comparisons were made within plots than between plots in
the same stratum. Pairs of quadrat samples within plots for small Mytilus

edulis, Collisella pelta, and Littorina sitkana were slightly less similar;

Balanus glandula samples were least similar. For quadrat pairs within plots,

the number of individuals of Nucella lima and Fucus distichus were too small

0 compare.

172




4t 1ASS CATEGORYY DOMINANT SECONDARY TERTIARY

STRATUM PLOT
NO.
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SPECIES OR GROUP NUMBER (SEE TABLE 7)

.001 to .01
34
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Fig. 20.

Mean biomass per 1/16 m? quadrat in randomized meters within lateral transects at Cape

Lapin, Unimak Island, Alaska. LB = Littorina sitkana - Balanus glandula stratum; MB =

Mytilus edulis - Balanus stratum; MBF = Mytilus-Balanus- Fucus distichus stratum. Charac-
ters shown in the key represent mean biomass (in gre: ) in dominant, secondary, and
tertiary categories, respectively.
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Table 8. Numbers of individuals of species in the dominant and secondary biomass categories by
stratum, Cape Lapin. Data from two 1/16-m? quadrats in each pict.
Stratum
LB MB MBF
meter meter meter
Species 1 2 1 2 1

Fucus distichus 0 0 0 0 1 0 5 0
Mytilus edulis (> 2.0 cm) 52 35 21 7 78 85 5 6
Mytilus edulis (1.5-2.0 cm) 13 20 3 8 39 41 0 2
Mytilus edulis (< 1.5 cm) 15 38 1 6 113 47 0 2
Balanus glandula 110 29 11 10 94 255 90 4 121 2 0 167
Collisella pelta 1 0 40 37 7 M 92 15 18 13
Littorina sitkana 15 8 3 7 70 133 15 57 36 9 16 37
Nucella lima 2 0 0 0 0 1 0 1

LB = Littorina sitkana-Balanus glandula stratum

MB = Mytilus edulis-Balanus stratum

MBF = Mytilus-Balanus-Fucus distichus stratum




Analysis of the total number of individuals in sample quadrats for the
tertiary biomass category showed oligochaetes to be the most common
organisms present. They appeared in all samples taken, both 1/16 m?

quadrats and m? plots. Eteone longa also occurred frequently, appearing in

every plot but not in every quadrat. Fabricia crenicollis was the most

abundant species with 1416 individuals observed in a single quadrat;
Oligochaeta was only slightly less abundant. F. crenicollis and F. sabella
were common to both lower-elevation strata but were not present in every plot.

Analysis of the distribution of biomass along 5-m intervals of a transect

normal to the shoreline for the systematic sample showed Balanus glandula and

Mytilus edulis to be the most common species. These organisms contributed

the dominant biomass at the 15, 20, 25, and 35 m sites.
Secondary biomass of the systematic sample contained six species (four

animal and two plant) of which Littorina sitkana was most common, followed by

Collisella pelta. Littorina contributed the highest biomass for sites at 5, 10,

and 30 m. The algae Bangia fusco-purpurea and Monostroma sp. contributed

the highest secondary biomass at the lowest elevation site, 40 m.
Tertiary biomass of the systematic sample contained 21 species or groups

of which Odonthalia cf. washingtoniensis contributed the highest biomass.

The most common species were oligochaetes which occurred in four of the nine

systematic samples.

1.11 Cape Mordvinof

Cape Mordvinof is on the northwest shore of Unimak Island, along the
southwestern boundary of Bristol Bay (Figs. 1 and 21; Table 1). The
substrate at the Cape is varied. Adjacent to our study area is a black sand
beach cut by a stream and a lowlying area of boulders and tidepools where

Fucus distichus and Odonthalia floccosa, both covered with the epiphyte
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Soranthera ulvoides, were abundant along with large patches of filimentous

green algae. The most conspicuous invertebrates in this peripheral area were

Balanus balanoides, B. cariosus, and Mytilus edulis.

We established our transect on a nearby rocky point and an additional
zonation-study site on a large isolated boulder (Fig.’li’22). This boulder had
an almost vertical, smooth face and dramatically exhibited distinct horizontal
banding--but proved rather depauperate. The highest zone was dominated by

the red alga Halosaccion glandiforme along with oligochaetes and the

herbivorous gastropod Littorina sitkana. The next band was characterized by

the presence of the red algae Porphyra sp. and Callophyllis flabellulata and

the isopod ldotea wosnesenskii. Because of tidal and surf conditions, no

samples were taken from the two lowest zones where Alaria sp. and an
unidentified bladed red alga predominated.

The bedrock substrate along the transect had a shelf-like appearance;
the substrate formed a series of plateaus separated by rather abrupt breaks.
The highest station on the transect (M19) occurred in a tidepool at 2.77 m

elevation and was dominated by Odonthalia floccosa, which occurs frequently

in low-gradient wet areas. The nestling bivalve Turtonia occidentalis, often

found with Odonthalia, was abundant as were the gastropods Littorina sitkana

and Lacuna marmorata. Mytilus edulis and limpets were also present. A

second station (M15) occurred at the same elevation but was not in a tidepool.

Here the predominant invertebrate was Balanus glandula; a moderate number

of littorines and small amounts of the red algae Porphyra sp. and Halosaccion
glandiforme were also collected. Two quadrats (M12 and M9) occurred at
approximately the same level in the mid-tidal zone, on a plateau at 2.7 m
elevation. These samples contained primarily Porphyra sp. and the barnacles

Balanus glandula and Chthamalus dalli. Of the two barnacles, C. dalli was

more numerous at this station.
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Fig. 22. Cape Mordvinof sampling site. 24 July 1975.
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Two stations (M6 and MO) located in the lower intertidal zone exhibited
the greatest species richness at the Cape Mordvinof site; at both, Balanus
cariosus contributed the greatest biomass per sample. The heavy plates of
B. cariosus and the interstices between individual barnacles provide shelter
and protection for numerous small organisms.

At station M6 (elevation 0.98 m), Mytilus edulis contributed the second

greatest biomass and B. glandula third in abundance. Turtonia occidentalis,

nestling on the red alga Pterosiphonia bipinnata, was also found at this

station as were limpets, sea anemones, Cucumaria curata, Littorina aleutica,

two kinds of oligochaetes, several polychaetes, and coralline algae. At station

MO (elevation 0.30 m), subordinate species included Katharina tunicata,

Leptasterias hexactis, Collisella pelta, Chthamalus dalli, and Alaria praelonga

(represented by one large individual, 51.8 g wet weight). Turtonia

occidentalis and the clam Hiatella arctica, which attaches with byssal threads

or bores into the substrate, were both collected. These organisms were
probably associated with the Alaria holdfast. Nine species of polychaetes
occurred in this quadrat, most of which probably found shelter in the kelp
holdfast or in the interstices of barnacles.

A third station (M3) in the low intertidal zone at an elevation of 0.78 m

wa's dominated by Balanus glandula. We collected 374 large B. glandula

(average size, approximately 20 mm) in this quadrat and noted that 90% of the
quadrat was covered with newly-settled juvenile barnacles. Small limpets

were also abundant at this station.

1.12 Sennet Point, Unimak Island

Sennet Point is south of Cape Sarichef at the southwestern end of

Unimak lIsland (Figs. 1 and 23). It is exposed to the full force of storms

from both the Bering Sea and the Guif of Alaska, although the sea was calm
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during our sampling. We sampled a bedrock bench with boulders and rubble
on its surface (Fig. 24; Table 1). One quadrat (containing no macroscopic
organisms) was located above Mean Higher High Water (MHHW). The
remaining six samples were collected between MHHW and mean lower low
water. Four of the .six samples containing organisms were taken from the
upper intertidal zone (MHHW to mean tidal level). We excluded the plot
containing no organisms from the followingl analysis.

Littorina sitkana was the only species found in all samples; it had the

highest average rank in wet weight (Table 9). Other important herbivores

which occurred in the samples were ’Collisella spp. and Katharina tunicata.
The average ranks of wet weight of C. pelta and K. tunicata were high
(Table 9), but the other herbivores Collisella sp., C. digitalis, and C.
strigatella occurred infrequently (frequency of occurrence, f <0.33) and were
low in abundance (<10 individuals per sample) and small (wet weight <0.2 g).

A single individual of Nucella lima occurred in one sample. Nucella was
the only major predator (one which ‘could play a major role in community
dynamics) in our samples. This is nof surprising because quadrat size and
the number of samples taken were too small to adequately estimate the
population sizes of major predators.

Among the primary competitors for space at Sennet Point, Mytilus edulis

was uncommon (found in two quadrats; abundance, 2 and 19), and individuals

were small (shell length < 1.5 cm) in our samples. Balanus cariosus (BC), B.

glandula (BG), and Chthamalus dalli (CD) were relatively uncommon (each

species occurred in 33% of our samples) and were highly variable in
abundance (range of number of individuals per 1/16 m? was: BC, 4-33; BG,

47-223; CD, 65-1154).
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Fig. 24. Sennet Point site; view of upper portion of
Transect 2. 8 June 1976.
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Table 9. Statistics for the 10 species of invertebrates showing the greatest

average rank on the transect at Sennet Point, Unimak island.

) Average Wet Freguency gf d ) c
Species rank weight(g) occurrence Abundance Dominance
‘Littorina sitkana 13.7 3.4, 0.002-51.2 1 23, 1-391 1/6
Porphyra sp. 10.7 32.2, 0.06-35.1 0.5 -- 2/6
Collisella pelta 10.3 ~3.4, ~1.3-4.4 0.5 18, ~9-19 0
Katharina tunicata 10.2 15.7, 8.4-23 0.33 1 1/6
Alaria sp. 10.2 10.7, 2.4-19 0.33 -- 0
Corallinaceae (crustose) 9.2 3.3, 1.4-5.2 0.33 -- 1/4
Cucumaria pseudocurata 8.5 0.7, 0.3-1.1 0.33 34, 22-47 0
Idotea fewkesi 8.3 0.1, 0.009-0.2 0.5 3, 3-4 0
Halosaccion sp. 8.2 0.4, 0.1-0.8 0.33 -- 0
Tonicella lineata 8.0 1.8, 1.7-1.9 0.33 1, 1-2 0
a. Rank of wet weight of each species averaged over 6 quadrats (1, lowest weight).

Species listed in order of decreasing rank.

b. Median and range of wet weights per liter in all quadrats where the species was

found.

Proportion of quadrats that contained the species.

Animals only; median and range of number of individuals per 1/16 m? in all

quadrats where the species was found.

e. Proportion of quadrats in which the species was among those making up 50% of the
wet weight. Summation in each quadrat began with the heaviest species.

Q0
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1.13 Akun lIsland

Akun lIsland is in the Aleutian Islands ard is the northernmost island of
the Krenitzin group. Akun Istand lies 23 miles southwest of Unimak lIsland
(Figs. 1 and 25; Table 1). Our study site was on the southwest shore of
Akun Island, facing Akun Strait, and was somewhat protected from ocean
waves by offshore rocks and reefs. The waters in the vicinity of Akun
island are well known for rip tides and strong currents. In Akun Strait,
between Akun and Akutan Islands, currents have been estimated at a
maximum velocity of 12 knots. Fig. 26 shows the study site at slack water.

The reef we sampled had a heavy cover of algae and invertebrates which
was composed of a high number of species. We collected 156 species on Akur

'stand as compared to 101 species on Amak Island. Three species of

barnacles were found (Balanus glandula, B. cariosus, and Chthamalus dalli);

Ralanus cariosus was most abundant, being found in 18 of 20 quadrats. The

mussels Mytilus edulis and Modiolus modiolus were each found in two

quadrats. Only small (<1.5 cm) Mytilus were present in one quadrat, and in
the second, which contained ma’fnly large (>2.0 cm) Mytilus, 18 of 21
individuals were dead. We found 34 species of polychaetes in samples
collected along the 58 m transect; no species occurred in more than 11 of 20
quadrats and several species occurred in only one gquadrat. Gastropods were
especially abundant and well distributed. We found 13 species of gastropods

of which Littorina sitkana, Margarites helicinus, and Barleeia sp. all occurred

in 13 or more quadrats. The nestling bivalves Turtonia occidentalis and

Musculus discors occurred in than half the quadrats and exhibited the

greatest number per quadrat of any species. Turtonia occidentalis averaged

1539 individuals per quadrat. Predators were not abundant. The

carnivorous snail Nucella lima was found in seven quadrats, and the small sea
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Fig. 26. Akun Island, Aleutian Islands. View of sampling
area at low tide. 18 July 1975.
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star Leptasterias hexactis was present in 11 quadrats. Algal cover was

moderately heavy with no particular species or group dominant. We collected
eight species of green algae, 13 species of red algae, and five species of
brown algae. Many of the red algae species were finely branched, providing
excellent habitat for the gastropods and nestling bivalves which were so

abundant at this site.

1.14 Eider Point, Unalaska Island

The Eider Point site, located on the western shore of Unalaska Bay,
Unalaska Island (Figs. 1 and 27; Table 1), consists of a low-gradient beach
facing east. The substrate was composed of cobble, medium rocks, and
boulders (Fig. 28). A steeper-gradient bedrock beach occurred north of the
site below some high bluffs and a beach spit extended in a southerly direction
from the site.

Four transects were established, one running at 50° magnetic and normal
to the shoreline and three perpéhdicular to the normal transect. Sampling on
the normal transect was systematic with a 1/16 m? quadrat placed every 5 m,
beginning'wfth 0 m at 2.17 m elevation and ending 35 m away at the zero m
(zero tide) elevation. Horizontal transects were established by a stratifying
procedure at the 0.>61 m elevation contour (range 0.40 to 1.19 m) for
Transect 2, the C.OG m contour' (range -0.12 to 0.52 m) for Transect 3, and
the 0.06 m contoub (range -0.15 to 0.24 m) for Transect 4. Transect 2 was

selectively placed in an area in which Littorina sitkana was prevalent.

Transect 3 fell in a zone dominated by Fucus. Transect 4 was placed in a

zone dominated by Balanus cariosus and Alaria sp. (Fig. 29).

Sampling in the strata followed a randomized nested sampling design.
Each stratum was subdivided into 20 contiguous 1 m2 plots (m? plots will be

called plots in the rest of this section) along each horizontal transect, and
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Fig. 28. Site at Eider Point, Unalaska Island. 14 June 1976.

Fig. 29. View of the Alaria stratum and Transect 4 at Eider
Point, Unalaska Island. 14 June 1976.
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4 plots in each stratum were randomly chosen for sampling. Each plot was
then subdivided into 16 quadrats 1/16 m? in size of which two quadrats were
sampled randomly (except in transect 4 where one random quadrat was
analyzed in one plot, three random quadrats in a second plot, and two
random quadrats in each of the remaining plots were analyzed).

The biota was subdivided into four biomass categories for each stratum
depending upon relative wet-weight biomass of the species or group. The
dominant category I included each species or group that was represented in
one or more samples and had a biomass exceeding 15 g wet weight. Category
Il included organisms which occurred in one or more samples and which were
greater than 1.7 g wet weight and less than 15 g wet weight. Category III
contained species and groups from 0.18 to 1.7 g wet weight. A small-sized
category, defined as category IV, contained species and groups of 0.18 g wet
weight of less. The greatest wet weight of any species or group established
the biomass category for all other samples belonging to the same species or
group.

Figure 30 shows the biomass by quadrat, elevation, and species. Total
biomass is divided into four categories. The first quadrat along Transect 1
was the 5 m quadrat at 1.2 m elevation which contained only an egg case; the

10 m quadrat at 0.52 m elevation contained Balanus glandula and Littorina

sitkana. The 15 m quadrat at the -0.01 m level contained Strongylocentrotus

droebachiensis in category I. Collisella pelta contributed the highest biomass

of the three species in category II. Four species were present in category

IIT of which Margarites beringensis contributed the highest biomass. Four

species were present in category IV of which Eulalia quadrioculata contributed

the highest biomass.
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The 20 m quadrat at 0.09 m elevation contained Ea .nus cariosus of

category I, three species in category II of which Collisella pelta contributed

the highest biomass for all gquadrats of the transect for that category, ten

species in category III of which Fabricia sabella contributed the highest

biomass for the quadrat, and eight species in category IV of which

Spongomorpha sp. contributed the highest biomass of the quadrat.

The 30 m quadrat at the 0.25 m level contained only Hiatella arctica for

categories I and II. In category III there were six species of which

Chiorophyta contributed the highest biomass. In category IV, Achelia chelata

contributed the highest biomass of ten species.
The 35 m quadrat at the 0.09 m elevation contained the greatest number
of species in each of the six quadrats. The highest biomass in any quadrat

was represented by Balanus cariosus in the 35 m quadrat. Five species

composed category 11 of which Nereis pelagica contributed the highest

biomass. Eight species were represented in category III, with the highest
biomass of the category for any quadrat represented by unidentified
Zoantharia. Twenty-six species were present in category IV of which
Monostroma sp. contributed the highest biomass of any species in this
category.

The plateau area landward of 35 m was sampled by the 15 m, 20 m, and
30 m quadrats. No species was common to all three quadrats and only eight
quadrat pairs shared a species. In contrast, the species-rich 35 m quadrat
shared 16 of the total 42 species that occurred once or more within three
quadrats landward of and nearest to 35 m and within the same elevation
range.

Category I, which constituted 91% of the biomass in the Littorina-Balanus

stratum of the nested random sample design, was represented by Balanus
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glandula and B. cariosus. Category II constituted 8% of the biomass of this
stratum and was composed in descending order of biomass by Notoacmea

scutum, Littorina sitkana, Collisella pelta, Nucella lima, Porifera, and

Chthamalus dalli. Category III, which constituted 1% of the stratal biomass,

was composed in descending order of biomass of Buccinum baeri, Endocladia

sp., Fucus sp., Notoacmea persona, Pagurus beringanus, Cucumaria

pseudocurata, Gigartina sp., and Pagurus sp. Category IV constituted <0.1%

of the biomass of the stratum and was composed in descending biomass of

Margarites beringensis, Typosyllis a. adamantea, Potamiila neglecta, Pzramoera

columbiana, Fabricia crenicollis, Terebellidae, and by other species ranging ir

wet weight from 0.002 to 0.02 g or those whose presence but not weight was
recorded.

The 32 species and groups collected within the Littorina-Balanus stratum

had a total wet weight of 477 g. |Littorina sitkana was common to every

quadrat within the stratum. Balanus 'sp. which constituted the highest
biomass was common to seven of the eight quadrats collected in this stratum.
Category I constituted 91% of the wet-weight biomass of the Fucus

stratum and was composed in descending biomass of Strongylocentrotus

droebachiensis, Balanus cariosus, unidentified balanids, and unidentified

coelenterates. Category II species constituted 8% of the wet weight biomass

for this stratum and included Notoacmea scutum, Collisella pelta, Katharina

tunicata, and Heliasteridae. Leptasterias sp., Balanus glandula, Chthamalus

dalli, and Rhynchocoela constituted category III and 0.4% of the stratal
biomass. The 28 category IV species and groups constituted 0.2% of the
wet-weight biomass of the Fucus stratum. The five species and groups
contributing most biomass (70%) to category IV were Echinoidea, Nereis sp.,

Porifera, Rhodophyta, and Margarites beringensis. The remaining 23 species
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and groups of category IV contributed 30% of the biomass to this category.
A total of forty species or groups was identified for the Fucus stratum; they
had a collective wet weight of 416 g.

The selection of the Fucus stratum at the 0.06 m (range -0.12 to 0.52
m) elevation level was based upon the presence of an obvious Fucus sp. band
parallelling the shoreline at the site. However, of the eight quadrat samples
taken in the Fucus stratum, only one quadrat contained Fucus sp. (0.15 g).

The distribution of mean wet-weight biomass in random auadrats within
random plots by four biomass categories is shown for the Alaria stratum at
Eider Point (Fig. 31). Category I constituted 98% of the wet-weight biomass
of the Alaria stratum and is represented in descending biomass by Balanus

cariosus, Strongylocentrotus droebachiensis, Alaria crispa, A. c. taeniata,

ancd Katharina tunicata. There were 11 species and/or groups in category II

with Hiatella arctica contributing the greatest biomass, followed by Palmaria

palmata and Mytilus edulis. Category II contained 1.7% of the biomass in this

zone. Category III comprised 34 species or groups and constituted 0.6% of

the stratal biomass. Nucella canaliculata contributed greatest biomass,

followed by tunicate fragments, Pterosiphonia bipinnata, Leptasterias

feptoderma, Monostroma fuscum, Mopalia ciliata, and Collisella sp. Category

IV consisted of 100 species or groups composing 0.1% of the total biomass for
the stratum. The 10 organisms with greatest biomass were oligochaetes,

Nucella lima, Eulalia quadrioculata, Parallorchestes ochotensis, Phytichthys

chirus, polychaete fragments, Asabellides sibirica, Delesseriaceae fragments,

Eteone longa, and Typosyllis sp.

Species common to each of the four plots in the Alaria stratum were

Balanus cariosus, Strongylocentrotus droebachiensis, Cirratulus cirratus,

ziyynchocoela, Eulalia quadrioculata, and Diptera larvae. Species present in
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only three of the four plots for category I were Alaria crispa; for category

II, Mytilus edulis and Collisella pelta; for category III, Nereis pelagica,

Molgula oregonia, Cucumaria pseudocurata, Porifera, and Capitella capitata;

and for category IV, Asabellides sibirica, Chone sp., nematodes, Margarites

beringensis, Typosyllis alternata, and Polyplacophora. The 150 species or

groups identified within the Alaria stratum had a coliective wet weight of 10.2
kg.

Variability in species represented within quadrats in particular strata
was large and required intensive sampling to adequately deter‘min‘e species

composition. For example, in the Littorina- Balanus stratum of the random

sampling design (range 0.4 to 1.19 m) 32 species or groups occurrad
compared to only two species in the 10 meter quadrat of Transect 1 at 0.52 m
elevation of the systematic sample design. Inadequate sampling effort was
aiso evident for the sS/stematic sample at the Alaria stratum elevation (range
of elevation within the Alaria stratum, -0.15 to 0.24 m). In the Alaria
stratum, the 35 m quadrat of Transect 1 (at 0.9 m elevation) yieided 41
species or groups while eight quadrats placed along a transect perpendicular
to Transect 1 produced 150 species or groups. |

The _/}__I_a_r_‘ig stratum contained far more species ahd groups than were
found elsewhere at the Eider Point site. Although this strata was the most
seaward of the areas studied, the elevation of quadrats in the Alaria zone
often equaled or exceeded that of plots located in more landward strata. For
example, the elevation at the 15 m station was -0.01 m, whereas the elevation
at the 20 m and 30 m sampling .plots was 0.09 m. Quadrats in the Alaria
stratum were between the elevation contours of -0.15 and 0.24 m and were
often comparable in elevation to the more landward quadrats of the Fucus

stratum between -0.12 and 0.52 m elevation.
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The Eider Point site could be divided into two subcommunities or zones,
one that depended more upon the seaward-landward axis than upon vertical
elevations and a more landward zone that was dependent upon elevation. The
first subdivision includes the more landward portion of the community on the
"bench" of relatively similar elevations, as well as the more seaward quadrats
represented by the Fucus stratum and the 15 m, 20 m, and 30 m quadrats of
Transect 1 (Fig. 30). The second subdivision contains the quadrats of the
Alaria stratum and the 35 m quadrat of Transect 1.

The dependency of the community upon the seaward-landward axis rather
than elevation in the "bench" zone and more seaward locations may explain
the occurrence of nearly the same numbers of species and groups in the 15
m, 20 m, and 30 m quadrats of Transect 1 as in the eight quadrats of the

Fucus stratum lying perpendicular to the systematic sample transect.

1.15 Portage Bay, Makushin Bay

Portage Bay is about 1 mile wide and 4 miles long and forms a narrow
arm of Makushin Bay on the northwest side of Unalaska Island (Figs. 1 and
32; Table 1). The site we sampled was a small, rocky point terminating in a
cluster of large rocks (Figs. 33 and 34). Most of the bedrock in this area
forms cliffs, thus has little biological cover. When lower-gradient rocky
outcrops do occur, the biota covering them is extremely rich and varied. We
collected 26 species of algae and 123 invertebrate species in our quadrat
samples.

The lower intertidal zome with its well-developed growth of Balanus

cariosus was of particular interest. Balanus cariosus cover was extremely

heavy particularly below MLW (averaging 1424 individuals/m2 and 14.9 kg/m?)
and their large, heavy plates provided evidence of an old population. Bare

spots with isolated B. cariosus were observed (Fig. 35) but for the most part
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Fig. 33. Aerial view of the sampling site at Portage Bay,

Unalaska Island, Aleutian Islands. Rocky out-

crops of this type are uncommon in Portage Bay.
25 July 1975.

Fig. 34. Portage Bay sampling area. 13 August 1975.
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Figs

s

3§. Typical invertebrate assemblage in Balanus cariosus zone at
" -Portage Bay site; note old, crowded barnacles. 25 July 1975.

~ &
2
- Ve .,

L4

Fig. 36. View of sampling area showing part of transect line, zonation

study site and plethora of workers. Inadvertent trampling by
the sampling crew on this small, heavily-covered area had a
devastating effect on barnacles and mussels. 25 July 1975.
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their density was remarkably uniform. Trampling by many people
concentrated in a small area proved to be a major disturbance to the barnacle
population (Fig. 36). This was evident when we returned to the area in
August when we saw not only cleared, uncolonized patches of bare rock
where our quantitative samples had been removed but also remains of crushed
B. cariosus that had been trampled by the overabundance of workers. 1in
August, we concentrated our efforts higher on the beach in order to complete
our survey of the site and to avoid the disturbed low zone.

Three species of barnacles, Balanus glandula, B. cariosus, and

Chthamalus dalli, were found in our quadrat collections. Although B.

glandula was numerically dominant in more quadrats than were the other two
species (Table 10), B. cariosus dominance in the low zone was strikingly
apparent because of its greater biomass.

Predation on barnacles appeared to be minimal. Potential predators such

as Nucella spp. and sea stars were not abundant. Leptasterias hexactis, a

small sea star, was present, but it was probably not an important source of

barnacle mortality. Mature Balanus cariosus probably experience only minor

predation pressure due to their large size. One possible major source of

predation to large Balanus was the black oystercatcher, Haematopus bachmani,

which was abundant and which we observed eating barnacles.

The extensive barnacle cover provided a shelter for two diverse groups.
We collected 12 families and 26 species of polychaetes, many of which were
found in the interstices between barnacies. We also collected an unusually
large number of gastropods (17 species) of which many individuals measured
only a few millimeters in length. These gastropods also take shelter in the

interstices between barnacles or in empty barnacle tests.
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Table 10. Constancy, dominance, and tidal range of three species of barnacles
collected at Portage Bay, Alaska. Constancy is the proportion of
guadrats that contained the barnacle. Dominance is the proportion
of quadrats in which the barnacle was numerically dominant over
other barnacles. There were two quadrats (at 0.67 m and 1.62 m)
where no barnacles were found. (a) and (b) refer to the ranges of
elevations of samples used in calculating constancy and dominance,

respectively.

Tidal range

Species Constancy Dominance (m)
Balanus glandula 29/42 24/42 (a) 0.46 to 1.25
(b) 0.73 to 1.25
Balanus cariosus 22/42 13/42 (a) 0.09 to 0.91
(b) 0.09 to 0.79
Chthamalus dalli 5/42 5/42 (a) 0.40 to 0.82
(b) 0.40 to 0.82
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The littorine snail Littorina sitkana was found in almost every quadrat,

and was most abundant in the upper intertidal zone. Although the abundance
of L. sitkana along our transect was adequately assessed in our quadrat
collections, even greater numbers were observed in damp shaded areas

several meters shoreward of our sampling area (Fig. 37).

1.16 Crooked Island

Crooked Island is a member of the Walrus Island group in northeastern
Bristol Bay (Figs. 1 and" 38; Table 1).‘ Of all the sites we sampled
quantitatively, Crooked Island was the one most influenced by freshwater
runoff from :the rivers of.f-the Alaska Peninsula. In this area, a large shoal
extendsvwellv- offshore. The Walrus Islands lie about 16 km offshore from the
entrance of Togiak Bay. The head of Togiak Bay is emersed southward to a
distance of 8 to 10 km at low tide (U.S. Coast Pilot #9, 1964). The influence
of the silt-laden freshwafer‘ from the Togiak River .extended to Crooked
Istand. A thin layer of very fine silt covered everything, and the low-lying
areas between bedrock ou’vtc'r‘ops were filled with mud. Crooked Island is also
subject to the effecté of sea ice. The mean southern limit of sea ice is shown
at or south of Crooked Island from 1 November through 31 May on\ the charts
of Wise and Searby (1977)-.

We sarﬁp‘led a beach ‘co:'mposed of gravel and small angular rock and a flat
bedrock bench seaward of the beach (Fig. 39). A single transect was placed
perpendicular to the shore and sampled every 5 m (Table 1); all but four
quadrats fell below mean tide level. We made qualitative observations of the
biota in the muddy areas.

Fucus distichus, in poor condition with ragged fronds and generally

desiccated appearance, had the greatest biomass in half of the quadrats; one

quadrat contained no organisms; and Zostera marina occurred in one quadrat
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Fig. 37. Concentration of littorine snails along supralittoral fringe
at Portage Bay sampling site. 25 July 1975.
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Fig. 38.

Location of site

at Crooked lIsland.
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Fig. 39. Looking seaward along the transect line at Crooked
Island. 20 July 1975.
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and was dominant there. Dominance in the other quadrats was distributed
fairly evenly among