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I. INTRODUCTION

The phytoplankton and primary productivity studies in the northeastern Gulf

of Alaska and lower Cook Inlet conducted for OCSEAP were designed to provide a

baseline of phytoplankton standing stocks and rates of primary production in

those areas. Although initial guidelines placed emphasis on broad areal distri-

butions of these parameters in the Gulf, a shift was made to concentrate the

investigations in selected nearshore areas, principally lower Cook Inlet. This

concentration of effort focused the studies in areas of high probable impact

caused by oil and gas development activity, i.e., the potential lease area in

lower Cook Inlet. It also permitted more thorough descriptions to be made of

seasonal sequences of phytoplankton and related parameters.

The general intent of the study was to document the species composition

and standing stock of the phytoplankton, primary productivity, and the environ-

mental factors controlling production. These parameters were measured in lower

Cook Inlet with sufficient frequency during spring and summer 1976, to develop

a picture of the seasonal succession of events involving productivity and

species composition.

Measurements were made within the upper 50 m of water of chlorophyll a,

primary production, inorganic nutrient concentrations, temperature, salinity,

and incident and underwater ambient irradiance. The several dominant phyto-

plankton species and their population densities were determined. The data have

been examined for relationships to productivity and standing stocks in order to

gain insights into the major forces which drive primary production.

The information obtained during this study provides a baseline against

which future data can be compared in an attempt to ascertain effects of possible

contamination. The data help define areas and seasons of particularly high

biological production and can further be applied to develop models for estimating
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timing and size of phytoplankton blooms. The models, in turn, may be applied

to help understand the dynamics of primary production in lower Cook Inlet and,

in conjunction with monitored variables, to facilitate detection of future

changes in the ecosystem should they occur.

Although phytoplankton are likely to repopulate an area shortly following

an oil spill, the species composition may be very different after prolonged

contamination. The new dominant species may be inadequate to nourish grazers,

and thus significant changes may occur in the food web. In addition to large

spills, continuous or intermittent low-level contamination is almost certain to

exist in the area around and downstream of an oil field. The resultant chronic

effects on phytoplankton production is virtually unknown. Unless predevelopment

conditions are determined, these chronic effects cannot be detected.

II. FIELD ACTIVITIES

Six oceanographic cruises were completed from October 1975 through August

1976 (Table 1). The first cruise in October-November 1975 was a broad scale

survey of the northeastern Gulf of Alaska (Figure 1). The five subsequent

cruises were conducted in lower Cook Inlet from April-August 1975 (Figure 2) in

order to determine seasonal patterns of primary productivity, standing stocks,

and related variables in that region. During cruise GOA-1 studies of zooplank-

ton, low-molecular weight hydrocarbons and suspended particulate matter distri-

butions were conducted concurrently. Only the zooplankton studies accompanied

our efforts in Cook Inlet.

Time-series observations were made for 24-hour periods at selected stations

to determine variability. On cruise GOA-1, 24-hour stations were occupied at

stations 6, 46, and 62. During the Cook Inlet cruises, 24-hour stations were

taken at stations 6, 11, and 13 as time permitted.

3



Figure 1. Station locations in the Gulf of Alaska, October-November 1975.



Figure 2. Station locations in lower Cook Inlet, April-August 1976.
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Table 1. Plankton sampling schedule for Gulf of Alaska and lower
Cook Inlet, 1975-1976.

III. METHODS

Water samples were collected by Niskin bottles and CTD (Conductivity-

Temperature-Depth) profiles were simultaneously recorded. Usually, 8 to 10

samples were taken from the upper 50 m. Portions of the sample were taken for

phytoplankton, nutrient, and chlorophyll a and phaeopigment analyses and for

primary productivity experiments. The sampling during GOA-1 was closely coor-

dinated with the suspended matter and hydrocarbon programs.

The phytoplankton samples were preserved in 1 percent formalin buffered

with sodium acetate and returned to Seattle for analysis using the Utermöhl

(1931) inverted microscope technique. Cells were identified to the lowest

practicable taxon and counted. Sufficient numbers of cells of the dominant

species were counted to bring the random counting error within acceptable

limits (Lund et al., 1958).

6



Chlorophyll a and phaeopigment concentrations were determined by fluoro-

metric techniques described by Strickland and Parsons (1968) and Yentsch and

Menzel (1963). Modifications to the basic techniques were applied so that

smaller sample volumes could be used and more complete extraction of pigments

could be obtained using sonification. Seawater samples of 253 ml were filtered

through glass-fiber filters with a few mg MgC0[subscript]3 on top. The filter was immersed

in 10 ml of 90 percent distilled acetone and sonicated for 1 min using a sonic

disintegrator. The samples were then centrifuged or refiltered and the fluores-

cence of the supernatant determined according to standard techniques. All pig-

ment analyses were conducted immediately after sampling.

Primary productivity was measured by standard carbon-14 techniques

(Strickland and Parsons, 1968). Two bottle casts were taken each day--predawn

and prenoon. Half-day photosynthesis experiments were conducted using simulated

in situ incubations. Incubation periods were dawn to LAN (local apparent noon)

and LAN to dark. Five to eight depths were sampled at each station according to

a fixed set of light transmission ratings. During GOA-1 these light depths were

95, 75, 50, 30, 18, 5.5, and 2 percent of the incident surface light. The depths

were 92, 61, 46, 24, 11, 5.5, 1.5, and 1 percent for the remainder of the cruises.

At noon stations, sampling depths were determined from underwater quantum sensor

and secchd disk readings. The quantum sensor measures light quanta in the photo-

synthetically active region (approx. 400-680 nm). Sampling depths for the morn-

ing stations were selected based on data from previous stations.

Two light and one dark bottles from each depth were incubated. The result-

ing filters were immersed in scintillation-fluor solution and returned to Seattle

and analyzed by liquid-scintillation techniques.

Incident solar radiation between wave lengths of 3 and 0.3 nm were measured

at the ship's deck by an Eppley Model 8-48 pyranometer and by a quantum sensor

7
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identical to the underwater instrument. Continuous recordings were made by a

strip chart recorder equipped with an integrator to give total energy over a

given time period, e.g., each day or each incubation period.

Seawater samples for determination of dissolved inorganic nutrient concen-

trations were frozen and returned to the University of Washington, Department of

Oceanography, for analysis. Dissolved nitrate, nitrite, ammonia, silicate, and

phosphate were determined using Auto Analyzer techniques.

A. Statistical Reliability

Hobson (1964) studied the error inherent in enumeration of phytoplankton

samples. Three possible error sources were listed:

1. Distribution in the field (e.g., patchiness),

2. Subsampling from the water bottle,

3. Errors associated with counting technique.

He concluded that for less numerous cells (species) errors 1 and 3 are about

the same. Error 2 was found to be small. For microflagellates error 2 becomes

the largest component of variability. There seems to be no explanation other than

that swarming may occur in the water bottle.

Lund, Kipling, and LaCren (1958) looked at errors in the counting procedure.

Their results for 95 percent confidence levels about a count are shown in Figure 3.

In this study we tried to attain counts of at least 100 individuals each for the

three or four most abundant species. This results in a counting accuracy of

± 20 percent. The sources of error for chlorophyll concentration are similar to

those for phytoplankton enumeration, except that the analytical error is of a

different nature and is generally smaller than for cell counts. Replicate analy-

ses performed during this study indicate that the analytical error was usually

less than 6 percent for chlorophyll values exceeding 0.5 mg/m³.

8



Figure 3. 95% of confidence intervals about phytoplankton
counts. For the confidence limits of a single
count find the count on the horizontal axis and
draw a vertical line through it. The limits are
read off from the vertical axis at the points
where this line cuts the upper and lower boundaries
of the shaded zone.
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The chlorophyll variability measured over 24-hour periods in Kachemak Bay

was calculated from data collected on several cruises. As with typical count

data from heterogeneously distributed populations, the variance of chlorophyll

values is proportional to the mean. Thus, a log transformation of the data was

employed to reduce this dependency. Variances were calculated for each depth

and used to determine confidence limits. The overall 95 percent confidence

intervals for a single chlorophyll observation can be calculated by multiplying

or dividing the value by 1.6. This factor ranged from 1.1 when chlorophyll was

uniformly distributed with depth (early spring) to 2.7 during the chlorophyll

maximum in late May when vertical patchiness was accentuated.

IV. CURRENT STATE OF KNOWLEDGE

A. Gulf of Alaska

The information available in the literature on phytoplankton standing stocks

in the Gulf of Alaska is limited mainly to open waters of the southern portion of

the Gulf. Several Japanese workers have reported diatom species from the south-

ern Gulf of Alaska sampled by fine mesh nets. Karohji (1972) summarized Alaskan

Gyre populations as dominated by Nitzschia seriata, Phaeoceros, and Rhizosolenia

hebatata f. spinifera. Ohwada and Kon (1963) concentrated algae from water sam-

ples by centrifugation. Their results from open water agree in general with

Karohji's (1972) and they found 3 x 10[superscript]6 cells L-[superscript]1 near Juneau of which 88 percent

were Skeletonema costatum.

Phytoplankton of the Pacific Subarctic Region appear to be primarily nano-

plankton (cell diameters < 20 nm). McAllister et al. (1960) reported the domi-

nant group at Ocean Station "P" (lat. 50°N, long. 145°W) were coccolithophores

(nanoplankton size). Parsons (1972) measured particle sizes during a trans-

pacific crossing and found the dominant sizes were 8-16 nm. The average size of

half the diatom species reported from the subarctic region was < 20 nm (Semina

and Tarkova, 1972).

10
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Koblents-Mishke, O.I. (1961) attempted to show the phytogeographical

regionalization of the northeastern Pacific. She characterized a boreal group

of phytoplankton including Thalassiothrix longissima, Denticula marina, Chaeto-

ceros decipiens, and Ceratium pentagonum.

Larrance (1971) reported primary productivity, nutrients, and chlorophyll a

data south of Adak Island. During and before the 1960's, Canadian scientists of

the Pacific Oceanographic Group at Nanaimo, B.C. conducted studies of chloro-

phyll a, primary production, and zooplankton at Ocean Station "P." The data

from these measurements can be found in several numbers of the Fisheries Research

Board of Canada, Manuscript Report Series (Oceanographic and Limnological). From

the Canadian data, McAllister (1969) estimated the mean annual primary production

at Station "P" was 48 gCm-² and Larrance (1971) estimated annual production be-

tween 80 and 200 gCm-² at the 176°W meridian. Koblents-Mishke (1965) estimated

annual production at 102 gCm -² in the Gulf of Alaska.

Spring blooms of phytoplankton in the Gulf of Alaska typically commence in

April in nearshore areas and offshore in May and June (Anderson and Munson,

1972; Parsons et al., 1966). The onset of the blooms requires shallower stabi-

lization of the upper waters than in winter and an increase in incident sunlight

(Sverdrup, 1953; Parsons et al., 1966; Taniguchi, 1969; Larrance, 1971; and

Semina and Tarkova, 1972). At Station "P" (McAllister, 1969) and south of the

Aleutian Islands (Larrance, 1971) phytoplankton standing stocks do not reach

high levels in spring and summer even though photosynthesis is stimulated by

higher light energy. As a consequence, nutrient depletion in the euphotic zone

does not occur in summer as in many temperate waters.

Although the referenced information given here is incomplete, three perti-

nent points are apparent: (1) The existing information describes primarily the

southern offshore portion of the Gulf of Alaska and limited data are available

11
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along the northern Gulf of Alaska continental shelf. (2) No previous sampling

program has produced phytoplankton and primary production data applicable to

the OCSEAP objectives in terms of spatial and temporal continuity and frequency

in the study region. (3) A coherent picture of phytoplankton species distribu-

tion cannot be presented from information in previous reports.

B. Cook Inlet and Other Inshore Areas

Information on Cook Inlet was synthesized by Evans et al. (1972). The net

circulation pattern in lower Cook Inlet is consistent with many observed water

properties. Inflow from the Gulf of Alaska is on the eastern side of the Inlet

between the Barren Islands and Kenai Peninsula. Outflow is past Cape Douglas

on the west side. The highly saline oceanic water flows north along the eastern

side and water freshened by runoff and heavily laden with particulate matter

flows south along the west side of the Inlet. Intense shear zones are reported

between these two opposing currents.

During the spring, large amounts of nitrate and silicate are supplied by

runoff from upper Cook Inlet. In the lower Inlet spring and summer phytoplank-

ton blooms reduce these nutrients. Nutrients are also supplied by cold ocean

water entering the Inlet at depth and rising as the bottom shoals to the north.

Kinney et al. (1970) presented hydrographic and nutrient data taken in

late May 1968, the same season as GOA-4 in the present study. There was evidence

of a decrease in nitrate and silicate concentrations in the lower Inlet. Surface

water flowing out of the Inlet (one station) was totally depleted of nitrate.

Nitrate in Kachemak Bay declined to very low values at the surface between April

and July 1969, and was substantially replenished by October (Knull and Williamson,

1969a,b,c).

Knull and Williamson also reported Thalassiosira and Chaetoceros blooms in

Kachemak Bay in spring and summer. Other studies conducted inshore include

12
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Iverson et al. (1974), who reported successive summer blooms of the Thalassiosira

aestivalis and Skeletonema costatum in Auke Bay, Alaska; and Horner et al. (1973),

who found a major diatom bloom in March-April in the Valdez area followed by a

summer population composed principally of small flagellates and dinoflagellates

in the fall. The major peaks of chlorophyll and primary production in Prince

William Sound coincided with the spring diatom bloom (Goering et al., 1973).

They estimated net annual primary production at 185 gCm-² .

V. RESULTS

The detailed data have been submitted to the Environmental Data Service

according to procedures by the OCSEAP Project Office.

A. Gulf of Alaska

1. Phytoplankton Distribution

The results presented here are based on analyses of phytoplankton samples

taken from 10 m depth. The areal distributions of phytoplankton species are

probably more important than the depth distributions for these baseline studies.

Unidentified microflagellates of various species ranging in diameter from

5-25 µm were ubiquitous in the study area. They were the most numerous group at

27 stations and were within the three most numerous groups at all but a few sta-

tions (Table 2). Two areas of high abundance of microflagellates occurred off

the continental shelf in the central and eastern portions of the study area and

nearshore southeast of Prince William Sound, but they were not abundant in the

Sound (Figure 4). Their concentrations were as high as 1·10[superscript]5 cells/l at sta-

tion 15 and averaged 5·10[superscript]3 cells/l for all stations.

The distributions of substantial quantities of two species, Dictyocha

fibula (a silicoflagellate) and Fragillariopsis sp. (a diatom), were nearly

mutually exclusive (Figures 5 and 6). These distributions are based on

13



Table 2. Rank order of cell concentrations of most frequently
recurring phytoplankton groups in northeastern Gulf of
Alaska, October-November 1975¹
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Table 2. (contd.)
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Figure 4. Distribution of Microflagellates at 10 m, October-November 1975.



Figure 5. Distribution of Dictyocha fibula at 10 m, October-November 1975.



Figure 6. Distribution of Fragillariopsis spp. at 10 m, October-November 1975.



Figure 7. Distribution of Thalassionema nitzschioides at 10 m, October-November 1975.
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population densities greater than 200 cells/l; lower concentrations were not

considered. Dictyocha fibula averaged 1300 cells/l among those samples in which

it was found and reached a maximum of 5000 cells/l. The mean concentration of

Fragillariopsis was 1700 cells/l and ranged up to 43·10[superscript]3 cells/l. Neither spe-

cies was found in significant abundance nearshore west from Yakutat Bay nearly

to the Copper River.

In addition, the pennate diatom Thalassionema nitzschioides was nearly

ubiquitous, but its highest abundances occurred in the western area almost iden-

tical to that of Dictyocha (Figure 7). The diatom Skeletonema costatum was

found only in Prince William Sound where it was responsible for the large bloom

at station 40. The concentration at 5 m was 1.7·10[superscript]6 cells/l. The populations

in Prince William Sound were almost all diatoms as contrasted to the other areas

where flagellates were always a large proportion of the community.

Data from cruise GOA-1 describes phytoplankton populations only in the fall

season. Because phytoplankton communities normally display short-term changes

in composition of species and in levels of production, conditions at other sea-

sons can be expected to be very different. To obtain an "adequate" baseline of

phytoplankton in an area, observations must be made at intervals frequent enough

to determine the seasonal succession of dominant species. The most abundant

species are listed in Table 3.

2. Chlorophyll, Primary Productivity, Light, and Nutrients

Station locations, incident solar radiation, and integrated water column

values of chlorophyll a and carbon assimilation are given in Table 4. Chloro-

phyll in the upper 50 m is generally more abundant offshore of the continental

shelf than on the shelf (Figure 8). The mean chlorophyll value on the shelf

(omitting stations in Prince William Sound) was 18 mg chlorophyll a m-² while

the mean in deeper water was 33 mg m-². The distribution appeared somewhat

20



Table 3. Most abundant phytoplankton species and groups occuring at
10 m in northeastern Gulf of Alaska, October-November 1975
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Table 4. Chlorophyll in the upper 50 m, primary productivity in the
euphotic zone, and daily light intensities at the surface,
northeast Gulf of Alaska in October-November 1975
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Table 4. (contd.)
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Table 4. (contd.)
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Figure 8. Chlorophyll a (mg/m²) in the upper 50 m, October - November 1975.
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patchy to the west and south of Kayak Island, which may be related to the plumes

of the Copper River and other drainages east of Kayak Island.

At station 40 in Prince William Sound there was about twice as much chloro-

phyll a (80.6 mg/m²) as the next highest value measured (45.5 mg/m² at station 13

which is offshore). A bloom of Skeletonema costatum was in progress at station 40

and Prince William Sound was the only place this species was found in the phyto-

plankton samples. Clearly, population size and composition at station 40 were

anomalous for autumn conditions in the Gulf, but similar local blooms may be com-

mon in the inshore waters.

Daily primary productivity integrated from the surface down to the 1 percent

light depth ranged between 39 and 736 mgC/m², except for station 40 where daily

production was 2.9 gC/m 2 . The areal distribution of productivity (Figure 9) was

somewhat similar to chlorophyll in that the values were higher offshore. However,

on the continental shelf west of 146°30'W, the productivity inside the 100 fathom

(183 m) isobath east of Prince William Sound averaged 141 mgC/m² with a range of

39-204 mgC/m 2 , and in the remainder of the area the mean was 522 with a range of

193-736 mgC/m².

Nitrate at the surface ranged between 2.7 and 12 µg-at/l. The surface nitrate

was less than 5 µg-at/l at all the Prince William Sound stations and only one other

(nearshore). Values greater than 10 were found offshore and near Yakutat Bay.

Although nitrate concentrations less than 5 µg-at/l are in the normal range to

26
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limit primary production, that did not appear to be the case here. The assimila-

tion numbers (mg carbon assimilated/hour x mg chlorophyll a) were moderate to

high (greater than 6) in Prince William Sound. Low assimilation numbers could

indicate possible nutrient limitation.

Surface silicate concentrations ranged between 15 and 20 µg-at/l except in

Prince William Sound where values were 8.7-14.6, and in the vicinity of Icy

Bay and Yakutat Bay where silicates were as high as 23.1 µg-at/l. These higher

values could be associated with runoff from glaciers in the region.

It does not appear that any of the measured nutrients (nitrate, ammonia,

nitrite, phosphate, and silicate) limited phytoplankton production.

The significant difference between primary productivity in the nearshore

area east of Prince William Sound and the remainder of the area (Figure 9) may

be explained by suspended particulate matter distributions. Values are given

in Table 5 for mean 1 percent light depths (determined from Secchi disk read-

ings) and corresponding suspended matter and productivity. The suspended mat-

ter data were kindly provided by Dr. Richard Feely of our Laboratory, whose

field studies were conducted concurrently with ours. The high total suspended

particulate matter at the surface correlated with low productivity and with a

shallow euphotic zone (Table 5).

The data in Table 5 suggest that the nearshore waters east of Prince

William Sound contained large amounts of suspended matter draining from nearby

glaciers in the Icy Bay and Copper River drainages which caused high attenua-

tion of light in the water, and thus lowered primary productivity.

A comparison of the suspended matter and chlorophyll distributions indicates

that a smaller proportion of the high suspended matter concentrations in the near-

shore area was attributable to phytoplankton than in the offshore area. An in-

verse correlation existed between the two, similar to that between primary

27



Figure 9. Primary production (mgC/m²-day) in the euphotic zone, October - November 1975.



Table 5. Mean values of 1% light depths, total suspended matter (TSM)
in the upper 20 m, and daily primary production at three
nearshore and five offshore stations

production and suspended matter. The mean chlorophyll a concentration was

16 mg/l in the upper 50 m at those stations where suspended matter was greater

than 1.0 mg/l and in the remainder of the area (except Prince William Sound)

the chlorophyll averaged 24 mg/l.

3. Conclusions

The conclusions summarized here must be regarded as tentative for reasons

discussed in the previous section.

a. Several unidentified species of microflagellates were dominant

in the phytoplankton populations of the Gulf. A silicoflagellate,

Dictyocha fibula, and a diatom, Fragillariopsis sp., appeared to have

nearly mutually exclusive distributions. Thalassionema nitzschioides

was nearly ubiquitous in the study area. Diatoms dominated the Prince

William Sound populations with Skeletonema costatum principally respon-

sible for a local bloom.

b. Primary productivity in the northern Gulf of Alaska during mid-

autumn was on the order of 400 mgC/m² day.
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c. Primary productivity was inhibited in nearshore areas influenced

by runoff where suspended matter loads were high. The suspended matter

increased light attenuation which decreased the euphotic zone and, hence,

primary productivity.

d. Nutrient concentrations were sufficient to sustain high rates of

primary production.

B. Lower Cook Inlet

1. Phytoplankton Distribution

The distributions of major phytoplankton groups were somewhat coherent

seasonally and by area in the study region (Figures 10-14; Tables 6 and 7). The

spring and summer populations were dominated by diatoms and microflagellates with

chrysophytes, dinoflagellates, and green algae appearing less frequently and in

much lower abundance.

In April, production was uniformly low throughout the area without the

appearance of a pronounced spring bloom except in Prince William Sound. Micro-

flagellates dominated the populations offshore, at the southernmost stations in

Cook Inlet, and in Prince William Sound (station 13). At the latter station

microflagellate cell concentrations were 7·10[superscript]5 cells/l, while elsewhere concen-

trations were < 10[superscript]4 cells/l. Several species of Thalassiosira dominated the

Kachemak Bay area, especially station 5 where Thalassiosira decipiens, T. gravida,

and T. rotula were all prominent. The northern stations (3 and 4) were dominated

by Melosira sulcata which was always dominant at station 4, just south of the

Forelands.

In early May station 13 was not occupied. Microflagellates dominated off-

shore where their concentrations were > 10[superscript]5 cells/l at stations 10 and 11. Simi-

lar abundances persisted through August at station 11. Thalassiosira increased
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Figure 10. Distribution of Microflagellates at 10 m, April-
August 1976.
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Figure 11. Distribution of Thalassiosira spp. at 10 m, April-
August 1976.
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Figure 12. Distribution of Chaetoceros spp. at 10 m, April-
August 1976.
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Figure 13. Distribution of dominant phytoplankton groups, April-
August 1976.
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Figure 14. Phytoplankton abundance by major groups, lower Cook Inlet, 1976.



Table 6. Phytoplankton species present in abundances > 1000 cells/l
in lower Cook Inlet, April-August 1976
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Table 6 contd.
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Table 7. Rank order of most frequently occurring phytoplankton groups
in lower Cook Inlet. April-August 1976.
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Table 7. contd.
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Table 7. contd.

40



Table 7. contd.
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throughout the area and was dominant in the lower Inlet except at station 4. In

Kachemak Bay, numbers of Thalassiosira aestivalis were as high as 106 cells/l.

A distinct cross Inlet gradient in Thalassiosira abundances occurred with low

concentrations on the west side in Kamishak Bay, 10[superscript]4-10[superscript]5 cells/l in midchannel,

and the Kachemak Bay bloom to the east. Concentrations of several Chaetoceros

species reached 10[superscript]4-10[superscript]5 cells/l southeast of the Kenai Peninsula (station 10)

where they were codominant with microflagellates. They were secondarily dominant

to Thalassiosira in midchannel of the lower Inlet.

By late May, Thalassiosira aestivalis still dominated inner Kachemak Bay

(> 10[superscript]5 cells/l) and shared dominance with T. decipiens and T. nordenskioldii at

concentrations of 10[superscript]5-10[superscript]6 cells/l in Kamishak Bay and between Cape Douglas and

the Barren Islands (station 1). The concentration of T. aestivalis at station 13

in Prince William Sound was 3·10[superscript]6 cells/l, the largest observed during the entire

study. Chaetoceros numbers had increased significantly in the Inlet since early

May and were between 10[superscript]4 and 10[superscript]6 cells/l, except in Kamishak Bay where the Thalas-

siosira bloom was occurring. Microflagellates were present in moderate to high

concentrations except in Kamishak Bay and at station 4. Especially high concen-

trations were observed in Prince William Sound and offshore at station 11 (10[superscript]5-

10[superscript]6 cells/l).

The large Thalassiosira blooms in May had subsided to low levels by July

with concentrations generally < 10[superscript]4 cells/l. Chaetoceros was the dominant genus

at that time represented by concentrations of 10[superscript]5-10[superscript]6 cells/l in the lower Inlet

including Kamishak and Kachemak Bays and lesser amounts (10[superscript]3-10[superscript]4 cells/l) north

of Kachemak. Offshore at station 11 and southeast of Kenai Peninsula concentra-

tions were moderately high (10[superscript]4-10[superscript]5 cells/l). Microflagellates were in moderate

to high abundance both in the southern Inlet and offshore.
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By late August, the diatom populations had subsided and microflagellates

were dominant in the lower Inlet, offshore, and in Prince William Sound. Cell

concentrations were low for all species except microflagellates offshore where

they persisted in high numbers. Moderate concentrations of flagellates occurred

in Kennedy Entrance and in Prince William Sound.

In addition to the diatoms and microflagellates discussed above, several

other forms were prominent but seasonal or areal distributional patterns in

their occurrence or abundance are not readily discernible. The pennate diatom

Thalassionema nitzschioides was ubiquitous in the study region from May through

August, often in concentrations of 10[superscript]3-10[superscript]4 cells/l. In late May, substantial

numbers (8·10[superscript]4 cells/l) of T. nitzschioides occurred in Prince William Sound.

Another diatom, Denticula semina, occurred in moderately high quantities in late

May and July (10[superscript]4-10[superscript]5 cells/l) offshore, but was not found elsewhere at any

time. Several species of Fragilariopsis appeared occasionally in low numbers

during the study, but were high only in Prince William Sound in April and May.

Nitzschia delicatissima, N. longissima, and other Nitzschia species occurred at

all sampling times, but usually in low numbers. Dinoflagellates were never pres-

ent in large quantities, but seemed to be most prevalent in July and August.

Ceratium and Peridinium were the genera most often represented.

The composition of phytoplankton populations in lower Cook Inlet exhibits

a species succession through the season as well as distinct features in differ-

ent areas. The northern portion of the study area was always dominated by

Melosira sulcata and populations were never abundant. In the middle and southern

areas of the Inlet, the "initial" population in April was low and dominated by

microflagellates with some Thalassiosira occurring in Kachemak and Kamishak Bays

as well as the middle portion of the Inlet and off the southeastern coast of the

Kenai Peninsula. The Thalassiosira present at that time (chiefly T. aestivalis)
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could mark the initiation of the bloom which followed in early May in Kachemak

Bay and subsequently seemed to spread westward throughout the middle and southern

Inlet by late May.

The Thalassiosira bloom had subsided by July, but the Chaetoceros bloom fol-

lowed the Thalassiosira bloom by about one to two months. Chaetoceros had begun

to increase in the Inlet in early May simultaneously with the peak of the Thalas-

siosira bloom in Kachemak Bay and the subsequent pattern for Chaetoceros in space

and time was similar to that for Thalassiosira reaching peak abundances in July.

By August Thalassiosira and Chaetoceros were both present in very low numbers

throughout the lower Inlet and microflagellates once again prevailed, although in

low numbers. (The primary Chaetoceros bloom species was C. debilis.)

A bloom of Thalassiosira aestivalis occurred concurrently in Prince William

Sound and lower Cook Inlet. It was 3·10[superscript]6 cells/l in late May, but barely present

in August. Only trace quantities of Chaetoceros were found in Prince William

Sound, however. Thalassiosira has been recorded as an early spring bloom genus

also in Puget Sound and Prince William Sound.

The offshore station (11) was included in the study to compare open Gulf of

Alaska populations and seasonal sequences to those inshore. Microflagellates

dominated that station throughout spring and summer in moderately high numbers

(10[superscript]5-10[superscript]6 cells/l). Moderate increases of Thalassiosira and Chaetoceros occurred

at station 11 and in the lower Inlet simultaneously. Although several species of

Thalassiosira were represented, the major species was T. aestivalis. Unlike the

inshore blooms of Chaetoceros debilis, however, the major species offshore was

C. concavicornis, a much larger and robust form.

2. Distributions of Chlorophyll, Primary Productivity,
and Nutrients

A summary of chlorophyll, primary productivity, and nitrate values in the

upper layers is listed in Table 8 along with incident solar radiation for general
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Table 8. Lower Cook Inlet data summary. April-August 1976. Chlorophyll
and nitrate values are integrated to 25 m. Primary production
is integrated to the 1% light depth.
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Table 8. contd.

46



Table 8. contd.
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Table 8. contd.
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comparisons by season and area. The concentration of nitrate (Table 9) was

selected for discussion because it is most often the critical plant nutrient when

nutrient limitation of primary production occurs.

Table 9. Nitrate concentrations (mg at/m²) integrated from surface
to 25 m in lower Cook Inlet, 1976.
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a. Lower Cook Inlet

The changes in chlorophyll a and primary productivity from April through

August were typical of spring and summer successions of phytoplankton quantities

and production in northern temperate waters (Figures 15-17). Mean values of

chlorophyll, nitrate, insolation, and productivity for stations 1-9 are shown in

Figures 18 and 19. Chlorophyll a throughout lower Cook Inlet was low (< 25 mg/m²)

in early April, increased steadily through early July (25-240 mg/m²), then de-

creased to less than 25 mg/m² again by late August. Primary productivity reached

a peak of about 4.9 gC/m2 day in late May and decreased to about 0.7 gC/m² day by

late August. During early April there were sufficient amounts of nitrate for vig-

orous phytoplankton growth but sunlight values were low. As light energy increased

with time there was a concomitant increase in chlorophyll a and primary productiv-

ity and decrease in nitrate concentration until early July. By late August chloro-

phyll a was less than one-third of what it was in July, nitrate increased slightly,

and insolation decreased sharply.

b. Kachemak and Kamishak Bays

Kachemak Bay (stations 5 and 6) was the most productive area in lower Cook

Inlet. Primary productivity and chlorophyll a concentrations were consistently

greater than elsewhere in lower Cook Inlet by as much as two orders of magnitude

(Figures 15-17). Productivity in Kachemak Bay increased about ten-fold between

early April and early May to 7.7 gC/m 2 day, then steadily decreased to roughly

its original levels by late August. Chlorophyll a concentrations increased at a

similar rate and returned to nearly the April concentrations by late August.

Primary productivity in Kamishak Bay increased almost 100 times from April

to July while chlorophyll a concentrations increased about ten-fold. Chloro-

phyll a concentrations were typically 0.1 as high as those in Kachemak Bay and

primary productivity was about 0.1 to 0.5 as great in Kamishak as in Kachemak Bay.
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Figure 15. Distribution of Chlorophyll a (mg/m²) integrated from
0-25 m, April-August 1976.
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Figure 16. Distribution of primary productivity (mgC/m²-day)
integrated over the euphotic zone, April-August
1976.
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Figure 17. Nutrients, chlorophyll a and primary production, lower Cook Inlet, 1976.
Chlorophyll a and nutrients are integrated from 0-25 m; production is
integrated to the 1% light depth.



FIGURE 18. Nitrate, chlorophyll a and insolation values from Cook Inlet. Nitrates and chlorophyll a
are averages from stations 1-9 and integrated from surface to 25m. Insolation values are averages
from stations 1-9.



Figure 19. Average primary productivity, lower Cook Inlet,

1976.
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Nitrate concentrations in Kachemak Bay decreased rapidly from early April

to late May, then remained very low in the surface layer through late August.

Nitrate concentrations decreased sharply in Kamishak Bay between late May and

early July and increased rapidly by late August.

A pronounced pycnocline developed in Kachemak Bay by late May and persisted

at least through early July (Figure 20). A well-developed pycnocline in Kamishak

Bay, however, was never observed.

c. Stations 3 and 4

These stations were characterized by turbidity and low productivity. The

euphotic zone at station 4 was extremely shallow, ranging from 1-3 m. Primary

productivity was not measured at station 4 because of uncertainties in the re-

sults created by the shallow euphotic zone. The high turbidity was primarily

due to terrigenous material. Maximum production at station 3 was about one-

tenth that in Kachemak Bay and occurred during early July. Chlorophyll a values

increased five-fold from early April to late May and early July; maximum values

were about one-third of those in Kachemak Bay.

d. Prince William Sound

Station 13 was sampled only during early April, late May, and late August.

A phytoplankton bloom was in progress during early April; chlorophyll a concen-

trations were about 100 mg/m² (0-50 m) and primary production was about 1 g/m²

day. Nitrates were plentiful and the water column was well

mixed. By late May the chlorophyll a concentration had roughly doubled, primary

production was 2-4 times greater, the water had stratified considerably, and

nitrates were about half the April concentrations. By late August the chloro-

phyll a concentration had decreased to 39 mg/m² (0-50 m) and nitrates were de-

pleted in the surface layer. Primary productivity was about the same as in

early April. Insolation increased five-fold between April and July. The
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FIGURE 20. Temperature, salinity and [ s i g ma ] [s u b s cr i p t ]T at station 6 during early April and late May, 1976.
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progression of events at station 13 was much the same as in Kachemak Bay but the

bloom started earlier in Prince William Sound and the temporal changes in produc-

tivity were not as great.

e. Station 11

Station 11 appears to be of quasi-oceanic nature. Being about 200 miles

offshore, the suspended load (not measured) is small compared to the inshore

waters and the euphotic zone relatively deep (28-35 m). Chlorophyll a concen-

trations approximately doubled between early April and late May then decreased

20 percent by late August. Nitrate concentrations were depleted in the surface

layers by early July, then increased slightly by late August.

The major features of the seasonal and spatial distributions discussed

above are summarized below:

(1) Kachemak Bay (stations 5 and 6) and station 13 in Prince William Sound

appear to be the most productive areas sampled and remain highly productive for

the longest period of time.

(2) Primary productivity at stations 3 and especially 4 was relatively low

presumbaly because the heavy suspended load restricted light penetration.

(3) At several stations, chlorophyll a concentrations and primary produc-

tion increased about an order of magnitude between early April and late May,

maintained a high level through early July, then decreased to near the early

April levels by late August. Concomitantly, nitrate concentrations tended to

be high in early April, diminish rapidly after early May, became depleted in

surface layers by early July and were slightly replenished by late August.

Daily insolation increased several-fold and the water column became stratified

as the season progressed. Thus, the succession of events from early April

through late August was rather typical of northern temperate waters. That is,

a spring phytoplankton bloom is generated by greater daily insolation and

seasonal density stratification of the upper waters which combine to provide more
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light energy to the cells. Subsequently, nutrient depletion occurs in the upper

mixed layer caused by intense photosynthesis and production, and standing stocks

decrease in midsummer.

3. Water Properties and Primary Productivity

It has been well established that parts of lower Cook Inlet, especially

Kachemak Bay, are biologically highly productive (Kinney et al., 1970; Knull and

Williamson, 1969; and Evans et al., 1972). The descriptive data reported above

emphasize the intense phytoplankton productivity, particularly in the spring.

The general net circulation pattern in lower Cook Inlet was described by Evans

et al., 1972. The hydrographic and chemical data presented by Knull and Williamson

(1969) suggest the possibility of a gyre system present in outer Kachemak Bay.

They also estimated a "half-life" residence time of water in Kachemak Bay of 13-

14 days. From these results and those in the present study, an explanation of

the causes of the observed production can be attempted.

The contrast in times of phytoplankton blooms and subsequent nitrate deple-

tion among Kachemak Bay (stations 5 and 6), midchannel (station 2), and Kamishak

Bay (stations 7 and 8) can be explained by a combination of differences in strati-

fication, circulation, and turbidity. In the late winter and early spring, there

was probably insufficient light energy in the water column to support a substan-

tial increase of phytoplankton. This was because of low daily insolation and

shading by ice. By early April, the sunlight intensity had increased, the area

was ice free, and the nutrient concentrations were high. These conditions were

all favorable for commencement of a bloom, but the water column was well mixed

at all stations except 3 (see Appendix and Figure 2). Mixing was apparently too

deep to allow development of a bloom at those locations. In addition, highly

turbid water from northern Cook Inlet attenuated the penetration of light which

reduced the euphotic zone to a relatively shallow layer in the northern and
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western portions of the study area. At station 6, however, a slight pycnocline

was present below about 30 m. Productivity and chlorophyll were uniformly low at

all stations.

By early May there was still no stratification at stations 1, 2, and 7-9

and no significant increase in chlorophyll. Density was uniform with depth at

those stations, while a thermocline occurred at stations 5 and 6 in the upper

15 m (no machine plots of temperature and salinity are available for early May

and July). At the latter two stations, large blooms were in progress. The loss

of near-surface nitrates was about 12-14 mg at/m³ reducing the concentrations to

about 2-5 mg at/m³. Similar nutrient losses did not occur at the other stations.

In late May, slight but distinct thermoclines at stations 1 and 2 were

accompanied by surface nitrate decreases (about 5 mg at/m²) and a three- to six-

fold increase in chlorophyll. Thus a moderate bloom had begun with thermocline

formation. Similar changes in chlorophyll and nitrate occurred in Kamishak Bay,

although the water was well mixed but clearer than in April. At Kachemak Bay

stations, on the other hand, nitrate was undetectable in the upper 15 m and sub-

surface chlorophyll maxima were distinct.

From the above sequence of events, it seems probable that the key to initia-

tion of a phytoplankton bloom in lower Cook Inlet is stratification of the water

column (as is typical for temperate ocean waters). In addition, water transpar-

ency must be adequate to permit 1 percent of the light incident on the surface to

penetrate deeper than about 10 m. (The water at station 4 was always too turbid

for bloom development.)

Stratification in Cook Inlet is caused by either fresh water runoff from

adjacent drainages or by surface heating. Salinity of the oceanic water enter-

ing through Kennedy Entrance (station 9) was about 32 °/oo. Lower salinity water

was found mainly in the northern and western areas indicating runoff from northern
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Cook.Inlet. Similarly, local drainage into Kachemak Bay was often indicated by

salinity < 32 °/oo, particularly at station 6. Early in the year the runoff

water was as cold as -1°C, but by midsummer it was as warm as the inflowing

oceanic water (> 10°C).

The observation that large blooms and depletion of nitrate occurred at

stations 5 and 6 by late May at the same time that moderate to high nitrate con-

centrations were sustained in the entering oceanic water, supports the notion

that residence time of water in Kachemak Bay is sufficiently long to permit

these changes to occur locally. That is, the observed changes are nonadvective.

In the midchannel area, although productivity was high in late May and July (7.5

and 4.3 gC/m² day, respectively), dramatic nitrate depletion did not occur as

in Kachemak Bay (Tables 8 and 9). This suggests that the exchange of water in

the midchannel area was greater than in Kachemak Bay.

In terms of effects of proposed oil development on the Cook Inlet environ-

ment, it would seem important to obtain information on the transport of water

and exchange rates (or residence times) in these biologically distinct areas

and to understand how such circulation influences the biological populations and

their production in these areas.
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APPENDIX A

Vertical profiles of chlorophyll, primary
productivity, and nutrients, lower Cook
Inlet, April-August 1976.
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APPENDIX B

Vertical profiles of salinity, temperature and
sigma-t, lower Cook Inlet, April-August 1976.
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I. SUMMARY

Prince William Sound and Gulf of Alaska, 1975

Zooplankton was sampled during two cruises to the northern Gulf of Alaska:

in Prince William Sound in October, and on the continental shelf in November

1975. The zooplankton studies are part of a comprehensive environmental assess-

ment of the Alaskan shelf, in light of present and future offshore petroleum

resource development.

The fauna of the subarctic Pacific region is not particularly diverse, when

compared to warm-water plankton. Nevertheless, we are dealing, in the net-

zooplankton, with a complex that undoubtedly comprises several hundred species.

We have identified about 100 species from the fall and early winter. Relatively

few species might be treated as principal components, because of their numbers

and mass, or because of their critical roles in the transfer and conversion of

matter and energy within the ecosystem.

During late 1975, the most common zooplankton species were found to have

vertical distributions fitting into four basic patterns, including an important

group of species that spend the day in deep water, and rise into the surface

layer at night. Though the bulk of the zooplankton remained below 100 m,

there appeared to be a sixfold increase in zooplankton volume above this level

during the night. Such active movements must be considered if the daily and

seasonal cycles of distribution and abundance of organisms are to be adequately

assessed. The migrating organisms include animals which are major grazers and

which in turn are major food items for higher trophic levels, particularly com-

mercial fishes. If pollutants are introduced into the surface layers, the pollu-

tants may not be contained, but could quickly be transferred to deeper water by

these active migrators.
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Lower Cook Inlet, Gulf of Alaska,
Prince William Sound, 1976

The 0-25 m zooplankton volumes were uniformly low throughout Lower Cook

Inlet during Cruise I (April, 1976). There was an increase in plankton volume

in early May, with perhaps a maximum in Kachemak Bay. By late May, the plankton

volumes were moderately high everywhere in Lower Cook Inlet. By early July,

Kachemak Bay plankton volumes had decreased somewhat, but other Lower Cook Inlet

stations had maximum plankton volumes for the period Cruises I-V. Zooplankton

volumes in open Lower Cook Inlet were therefore roughly equivalent to and paral-

leled those from the open ocean just off the continental shelf (Station 11).

Except for larvae of benthic invertebrates, which are very important as

recruits and as food sources, the most abundant plankton in Lower Cook Inlet

are identical to those of the surface and near-surface open ocean (Station 11).

There are many more species of holoplankton in the open ocean, but the shallower

water of Cook Inlet excludes them.
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II. INTRODUCTION

A. General scope of the study

Zooplankton are important components of the environment in terms of

volume, in terms of their roles in the ecosystem, and in terms of probable

sensitivity to the kinds of development anticipated on the Alaska OCS.

Zooplankton are necessary for the maintenance of fish, shellfish, and

other living resources. Zooplankton are also important in the movement

and concentration of environmental contaminants. In the northeastern

Pacific, particularly its estuaries and coastal seas, relatively little

is known of the distribution and abundance, seasonal cycles, or vertical

distributions and migrations of zooplankton. Assessments of these factors

are necessary for the study of ecological processes relevant to environ-

mental problems.

B. Specific objectives

The objectives of this project are to determine the seasonal distri-

bution and abundance of zooplankton in selected areas of the Gulf of Alaska.

Particular attention is being given to the distributions of copepods (the

most abundant net-plankton and the key grazers), amphipods and euphausids

(important food for fishes), chaetognaths (key carnivores), larval decapods,

and some other groups. All major taxa are enumerated as such whether or

not the individual species can be identified. This work will lead to

development of a monitoring strategy. Also, it will ultimately contribute

to an ecosystem model by defining pathways and amounts of energy or material

flow and indicating the relative importance of the several populations.
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C. Relevance to problems of petroleum development

There is no doubt that we would be indifferent to the marine environ-

ment were it not for the living systems it contains and supports. Except

for possible esthetic effects, we would not be concerned about physical

degradation of an environment without life. But our coastal waters do

contain living things, in a great variety and abundance, many of which

are utilized directly as valuable foods, and all of which, indirectly or

directly, are part of a single closely-integrated environmental system.

Exploration for and production and movement of oil on the continental

shelf holds potential dangers for these sensitive organisms. Among these

organisms, the zooplankton hold a major position. Many organisms are

planktonic for their entire life cycle, and even organisms which are not

usually thought of as plankton pass through critical early life stages

in the plankton. For example, intertidal animals, which might be killed

due to local disturbances, are dependent on distant breeding stocks for

their recruitment, the new colonizers coming via the plankton. Most

benthic and nektonic organisms have planktonic eggs and/or larval stages.

These early stages are usually more sensitive than the adult forms.

We should be concerned about all levels of pollution and environ-

mental perturbations. The environment need not be so drastically altered

as to kill the plankton outright. The transfer of matter and energy

through the various links of the living system is so subtle that very

minor changes may easily upset the timing of these transfers or the path-

ways (species) on which they may occur. A seemingly small change in

timing, or a seemingly insignificant shift in pathways, may drastically

alter the occurrence and cycles of key members of the community.
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The living systems are as much a part of the environment as are the

more accessible physical features. An environmental assessment must there-

fore take into account the distribution and abundance of the living com-

ponents. Subtle changes in water quality, through any man-caused pertur-

bations, might initially be detected by the response of organisms. Probably

these responses will first be noticed by shil. in the relative abundance

of species, certain organisms being more responsive to change than others.

Such changes are impossible to document solely after the fact.

Under normal circumstances the abundances of plankton organisms are

extremely variable in time and space. Without a long series (several

years) of closely-spaced observations it is not possible to delineate

"typical" or "average" abundances. But with sufficient observations, the

probable maxima and minima can be described, together with statistical

statements as to variability, so that the likelihood of detecting given

numerical changes can be predicted.

Only with such forehand knowledge of community composition and its

variations in time and space could real changes in populations be noticed.

Catastrophic changes are easy to monitor, and normally the environment

is resilient and responsive enough to return relatively soon to a standard

condition once the stress is removed. But a slow and steady degradation

of the environment is the more serious alteration. And it is with such

changes that we should be most concerned. These are the long-range subtle

changes that ultimately would alter the environmental balance, possibly

in a very undesirable and irreversible way.
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III. CURRENT STATE OF KNOWLEDGE

North of about 45° N, the subarctic Pacific comprises a faunal as

well as a hydrographic region. Most of the zooplankton of the upper

layers are found throughout the subarctic but are not found in the central

North Pacific (below 40° N), nor are many of the southernspecies common

to the subarctic region. In the northeast Pacific, the Gulf of Alaska

is dominated by the cyclonic Alaskan gyre, a tributary of the North Pacific's

westwind drift. The center of this gyre is characterized by a slight up-

welling, with higher salinities and nutrient concentrations than are found

shoreward and to the south within the Gulf. As in the rest of the sub-

arctic Pacific, there is a permanent halocline at about 100-150 m in the

Gulf of Alaska, and a seasonal (summer) halocline at about 30-50 m. How-

ever, the permanent halocline is often absent over the shelf in winter,

since the dominant winter winds result in coastal downwelling. There is

a net dilution of the water mass as it passes counterclockwise around the

Gulf, increasing in the summer at maximum runoff.

The seasonal thermocline varies in depth and extent during the summer,

but is usually below 25 m though not below 100 m.

Plankton in the Gulf of Alaska has been studied for decades, but the

efforts have been irregular and usually limited to near-surface waters in

the summer. We have a fair idea of large-scale faunal distributions in

the water masses of the whole North Pacific, but very little information

on detailed distributions in specific areas within the Gulf of Alaska.

Much is known about the kinds of plankton organisms in the Gulf and,

except for larval stages and a few large and important groups like cyclopoid

copepods, the general taxonomic problems are manageable. However, it is
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still necessary to be familiar with a diffuse literature when dealing

with the taxonomy of Gulf of Alaska plankton, for there are no comprehen-

sive "keys" for routine identifications.

Because of the irregular space/time investigations, there is not much

information on the dynamics of plankton populations within the Gulf of

Alaska, including seasonal cycles of single species, species successions,

or recruitment. In addition, almost nothing is known about feeding pat-

terns and rates, reproduction and growth, migrations, metabolic processes,

and relative sensitivities. Limits of variability in time and space should

be outlined in such a way that we can specify subsequent sampling efforts

required to detect given changes. This is the fundamental problem and

should be given high priority.

Most of the area's information is extrapolated from studies at Station

"P" (50° N, 145° W), on the southern edge of the Gulf of Alaska. Studies

at Station "P" have given us a reasonable idea of seasonal cycles of

phytoplankton and zooplankton in general in this oceanic region, but the

populations and their cycles are probably not equivalent in the waters of

the Alaskan shelf.

Though it has not been well-substantiated, the "spring" increase in

phytoplankton activity appears to begin in February or March around the

perimeter of the Gulf of Alaska, and advances toward the center until

April or May. This follows from the progression of water-column stability

(Parsons, et al., 1966). In the oceanic region, in the deep water away

from the shelf, there is no sudden increase in phytoplankton biomass as

is typical for other temperate ocean areas (e.g., North Atlantic). This

is due to the life histories of the main species of grazing copepods. In
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the North Pacific these species (Calanus cristatus and C. plumchrus) breed

independently of the increase in phytoplankton biomass, in contrast to

the related species in the North Atlantic whose breeding depends on and

follows the spring increase in phytoplankton standing stock. Thus, in

the central Gulf of Alaska, the main biomass increase of the spring period

is expected in the zooplankton, not the phytoplankton. One might expect

the typical "North Atlantic pattern" in the shallow shelf waters, since

the critical effect of the large grazers is related to their sudden ascen-

sion from deep waters. The relationship between the phytoplankton and

the zooplankton grazers of the shallow shelf waters, therefore, may in-

clude an important lag-time, enabling the phytoplankton standing stock

to increase abruptly ("spring bloom"), although this has not yet been

well-documented for the Gulf of Alaska.

At the southern edge of the Gulf of Alaska (LeBrasseur, 1965), the

zooplankton biomass to about 150 m (the total depth is on the order of

4000 m, so that considerable zooplankton mass is not included) declines

to a yearly minimum of approximately 10 g wet weight/l000 m³. In March

there is an increase in zooplankton standing stock, reaching a yearly

maximum around late May of about 175 g wet weight/1000 m³. Copepods by.

far dominate this biomass (greater than 90%), and the increase in the

year's standing stock is in large part due to the seasonal ascent of over-

wintering populations. The second most abundant group, the chaetognaths,

account for less than 5% of the biomass. Other major zooplankton groups

are euphausids and amphipods. There is a year-to-year variation of roughly

plus or minus 50% of the mean copepod biomass.
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The vertical distributions of zooplankton are very important, for

their occurrence at the surface is often related solely to their vertical

movements. Their horizontal distributions are also determined to a great

degree by the depth ranges occupied. The impact of zooplankton on the

phytoplankton, growing only in the near-surface layer, is controlled by

the vertical distribution of the principal grazers. And the active move-

ment of zooplankton into deep water is a major biological mechanism of

energy and matter transfer in the oceans. The study of vertical distri-

butions of zooplankton in the Gulf of Alaska has barely begun. Most work

is based only on surface samples or on integrated net tows (e.g., 150 m

to the surface). Some data are available on the distributions of deep

water forms, but the only data on the vertical distributions of near-

surface plankton are from the southernedge of the Gulf of Alaska. Barra-

clough, et al. (1969), for example, have reported Calanus cristatus in a

dense layer migrating between about 30 m (day) and the surface (night).

Marlowe and Miller (1975) have recently investigated summer vertical dis-

tributions of the most common zooplankton of the upper 500 m at Station

"P." The zooplankton fit into five basic patterns of vertical distribu-

tions. Less than 10% of the species exhibited daily vertical migration

(at that time), but these were large and abundant enough to result in a

significant daily change in surface biomass.

IV. STUDY AREA

Original program guidelines called for broad area coverage a few

times a year. Consequently, the first zooplankton investigation (on

NOAA Discoverer) was to be conducted in the northeast Gulf of Alaska in
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October and November, between Resurrection Bay and Yakutat (fig. 2). Prior

to that cruise, the Principal Investigator was asked to use the University

of Alaska's Acona in Prince William Sound, although the cruise ultimately

was undertaken on the NOAA Surveyor, in early October (fig. 1 ).

Thirty stations were occupied in the Prince William Sound region

(fig. 1). The first nine stations were at a single very deep locality

well within Prince William Sound, and were occupied every 4-6 hrs for

48 hrs. This series has given a good indication of the incidence and

magnitude of zooplankton diel vertical migration. The next 20 stations

were at various locations and times throughout the Sound and its major

fjords. Station 30 was in the open Gulf at 59° N, 147° W, during the

return to Kodiak. Fifty-two stations were occupied on the open shelf

(fig.2 ). Two localities were sampled for 36 consecutive hrs (fig. 3 ).

The project was first directed into Lower Cook Inlet in April

of 1976 (fig. 4) and in subsequent months a total of five cruises were

taken to Cook Inlet:

Cruise I 6 - 13 April 1976 NOAA DISCOVERER

Cruise II 5 - 9 May 1976 NOAA DISCOVERER

Cruise III 24 - 30 May 1976 NOAA DISCOVERER

Cruise IV 8 - 15 July 1976 U. of Alaska ACONA

Cruise V 24 - 31 Aug 1976 NOAA SURVEYOR

The cruises included transects across the open continental shelf, for

comparative purposes. Cruises I, III, and V also included a transect

into another inshore area (Prince William Sound). Cruise tracklines are

shown in Figures 5 - 9.
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Figure 1. Stations and ship tracklines for Leg I, Surveyor,

30 Sep - 10 Oct 1975. The cruise track was approxi-

mately 700 km.
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Figure 2. Sampling stations, Northeast Gulf of Alaska Cruise, 21 October-14 November, 1975,
NOAA DISCOVERER.



Figure 3. Zooplankton survey, northern Gulf of Alaska, two 36-hour stations, November 1975.



Figure 4. Station locations for Cook Inlet Cruises I-V, April - August, 1976.



Figure 5. Cruise I (RP-4-DI-76A-LEG III), April 6 - April 13, 1976.



Figure 6. Cruise II (RP-4-76A-LEG V), May 5 - May 9, 1976.



Figure 7. Cruise III (RP-4-DI-76A-LEG VII), May 24 - May 30, 1976.



Figure 8. Cruise IV (R/V ACONA), July 8 - July 15, 1976.



Figure 9. Cruise V (RP-4-76B-LEG II), August 24 - August 31, 1976.



V. SOURCES OF DATA

On all cruises zooplankton was sampled primarily with closing ring

nets of 60 cm diameter and 211 mesh. These nets were hauled vertically

through strata of varying thicknesses, obtaining discrete samples as follows

(depth permitting): 25-0 m; 50-25 m; 100-50 m; 300-100 m; 500-300 m; the

bottom-500 m. In addition, some samples were obtained with Tucker trawl,

NIO net, and bongo net. In Prince William Sound (1975), 143 zooplankton

samples were taken with the vertically-hauled net, nine with Tucker trawl

(by A. Adams, University of Alaska), six with NIO net, and eight with bongo

net (by Dr. English's staff). On the shelf, 125 zooplankton samples were

collected with the vertically-hauled net and 101 with the bongo net in the

fall of 1975.

On Cruises I-V to Lower Cook Inlet in 1976, zooplankton was sampled at

noon and midnight with the closing ring nets and at each station samples

were obtained with the bongo net, mesh sizes of 333 and 505 µ , towed oblique-

ly between the surface and 200 m (or the bottom in shallow areas). The

distribution of the samples between the cruises is as follows:
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Volume of water sampled was estimated as the product of wire length

and the area of the net, assuming that filtration was 100%. There was little

evidence of mesh clogging by phytoplankton, except in Kachemak Bay on Cruise

II.

In the laboratory, each zooplankton sample is allowed to settle overnight

in a graduated cylinder and the settled volume of the sample is recorded. The

large or otherwise conspicuous organisms are then removed and enumerated. The

smaller organisms are identified and enumerated from a subsample. Displacement

plankton volumes were determined onboard during Cruises IV and V in Lower Cook

Inlet.

Data Processing: Data derived from laboratory analyses are recorded on

easily read forms from which the key punching of data cards is done. The data

are punched, the cards systematically verified and a duplicate copy is made of

each deck of data cards to be submitted.

During the year, over 4,500 data cards covering seven cruises from

October 1975 to August 1976 were processed and submitted (Table 1).

VI AND VII. RESULTS AND DISCUSSION

Prince William Sound and Gulf of Alaska, 1975

In Prince William Sound (Fig. 1) where the plankton were sampled in nine

vertical series at one deep station during 48 consecutive hours, the estimated

total zooplankton biomass (settled volume) varied between 0.1 and 7.4 ml/m³.

The average vertical distributions of zooplankton volume from the nine vertical

series are shown in Figure 10. There was a definite and consistent nighttime

increase in zooplankton volume in the upper 100 m, and especially in the surface

layer (0-25 m), due principally to daily upward migrations of some relatively large

forms (copepods, amphipods, euphausids and pteropods). The relative numerical

increase in plankton was small, but the migrants were large enough to increase the
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Table 1. Summary of Data Submitted on Punched Cards.



Figure 10. Zooplankton settled volumes (ml/m³), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 4 ml/m³.



plankton volume significantly. The night volume in the 0-100 m layer was

six times the day volume.

There was also an additional nighttime increase in the volume between

0 m and the greatest sampling depth (ca. 710 m), due to upward migration

of organisms living in the unsampled layer above the bottom. There was

probably also some avoidance of the net during daylight. The average day-

time zooplankton volume down to 730 m at the deep station in Prince William

Sound (stations 1-9, fig. 1) was ca. 1100 ml/m², while the average night-

time volume was ca. 1500 ml/m².

In the 0-25 m layer, the average daytime volume at stations 1-9 was

0.6 ml/m³ (range: 0.4-0.7), compared to 3.0 ml/m³ (range: 1.0-7.4) at

night. The 0-25 m layer at that locality can be compared (table 2) with

the 0-25 m layer in other localities within Prince William Sound (fig. 1).

No geographic pattern can yet be discerned; stations 10 and 25 showed

somewhat higher day plankton volumes than would be expected, while stations

16 and 22 showed somewhat less night volume than expected.

Table 2. Zooplankton, settled volume concentration (ml/m³),
0-25 m, Prince William Sound, Alaska, October 1975.
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The average zooplankton volume concentration of all 14 day stations

in the 0-25 m layer was 0.76 ml/m³ (range: 0.3-1.4), while the comparable

value for the 16 night stations was 2.14 ml/m³ (range: 0.4-4.9).

In November on the open shelf (fig. 3), two 36 consecutive-hr stations

were occupied, and zooplankton sampled with methods and depth intervals

comparable to those used in Prince William Sound. The average zooplankton

volume concentrations for the two day and two night sampling periods at

each station did not indicate a marked nighttime increase in the upper

layers. The average zooplankton volume concentration in the 0-25 m layer

for the two shelf stations was about 1.2 ml/m³, day and night. Neither

station was as deep as most of the stations in Prince William Sound;

station 36I was in only 55 m, although station 36II had 200 m depth. At

station 36I the lesser depth may have precluded some deep migrants, but

vertical migrations might not be significant on the shelf in November.

There was a substantial variety of plankton groups represented in

these October-November samples. The most common groups were: Copepoda

(by far the most numerous), Amphipoda, Euphausiacea, Ostracoda, Mysidacea,

Decapoda, Chaetognatha, Tunicata, Medusae, Siphonophora, Ctenophora,

Pteropoda, Polychaeta, and larval fishes.

The Copepoda of Prince William Sound were represented by about 30

species (table 3). The abundances and vertical distributions of some of

the most significant species can be mentioned. These data are based on

the 48 consecutive-hr station.

The most abundant copepods were small surface-living species, such

as Acartia longiremis, Oithona similis, and adult Pseudocalanus spp.

The significance of these small copepods comes from their key role in
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Table 3. Zooplankton species and major groups, Prince William Sound, Alaska

October 1975, April - August 1976
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Table 3 (continued).
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the conversion of plant materials into animal form, in their high

concentrations (up to 2000/m³), and in their high metabolic rates and

material/energy turnover. Some other small, though abundant (up to 500/m³),

copepods are more evenly distributed through the water column, or with

perhaps minima at mid-depths: Microcalanus spp., Oncaea borealis, and

juvenile Pseudocalanus spp.

Several common species of copepods are only found in the deeper layers;

this category includes the most important "key" grazers Calanus cristatus,

C. marshallae, and C. plumchrus. The latter showed some tendency toward

upward migration at night, but possibly this response in all of these

species is slight by October. One might expect a more definite daily

vertical migration of these species early in the year.

The most abundant dielly migrating copepods were Metridia lucens

(both adults and stage V) and M. okhotensis. Euchaeta elogata were not

particularly abundant, but their large size made them an important migrator,

probably following their prey populations.

Euphausids were not nearly as abundant as copepods, but their large

size and critical link between phytoplankton and large carnivores give

them an important place in any environmental assessment. Five species,

Euphausia pacifica, Thysanoessa inermis, T. longipes, T. raschii, and

T. spinifera, were found. The most numerous (ca. 1-3/m³) adult euphausids

were T. longipes, with a day depth maximum between 100-300 and none above

100 m. Their night depth extended into the 0-25 m layer, although the

highest concentration was between 25-50 m, with uniform concentration

below.
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Euphausid juveniles were also abundant (2-3/m³), and remained mostly

in the 0-25 m layer day and night, decreasing in concentration to ca. 100 m,

with very few below.

Only two species of chaetognath were found, Eukrohnia hamata (ca. 2/m³)

and Sagitta elegans (5-10/m³). The vertical distributions of these impor-

tant carnivores were very consistent. Sagitta elegans showed a definite

day and night surface preference, with a maximum between 0-25 m, decreasing

evenly to 600 m. Eukrohnia hamata, on the other hand, had a maximum below

300 m, and was never found above 50 m.

Ostracods showed a movement into the upper 25 m at night, with uneven

concentrations (20-50/m³) to 700 m.

The pteropod Spiratella helicina had a day maximum (ca. 1/m³) below

50 m, with none above. However, the maximum (1-4/m³) was found in the

upper 50 m during the night.

Several amphipods were collected, the most numerous (1-5/m³) being

Cyphocaris challengeri, Parathemisto japonica, and Primno sp. The latter

two species were more or less uniformly distributed night and day between

0-300 m, with very few at greater depths. Cyphocaris challengeri was not in

the upper 25 m during the day, with a maximum below 100 m. At night, how-

ever, the maximum was above 100 m, including high numbers in the 0-25 m layer.

Therefore, the most abundant species seemed to exhibit only a few patterns

of vertical distribution (table 4 and figs. 11-23); (1) surface, day and night;

(2) fairly uniform with depth; (3) only at depth (most species are in this

category); and (4) daily migrators, with deep day maximum and shallow night

maximum. Undoubtedly these patterns are a response to light, hydrographic

features, and feeding relationships. At other times of the year, and with

other species, these patterns would be expected to be modified.
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Table 4. Zooplankton vertical distribution patterns,
Prince William Sound, Alaska, October 1975.

I. Surface, day and night

Copepoda: Acartia longiremis, Oithona similis,
Pseudocalanus spp. (adults)

Euphausid juveniles

Chaetognatha: Sagitta elegans

II. Fairly uniform with depth

Copepoda: Microcalanus spp., Oncaea borealis,
Pseudocalanus spp. (juveniles)

Amphipoda: Parathemisto japonica, Primno sp.

III. Only at depth

Copepoda: Calanus marshallae, C. plumchrus

Chaetognatha: Eukrohnia hamata

IV. Diel migrators

Copepoda: Euchaeta elongata, Metrida lucens,
M. okhotensis

Euphausiacea: Thysanoessa longipes (adults)

Anphipoda: Cyphocaris challengeri

Ostracoda

Pteropoda: Spiratella helicina
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Figure 11. Calanus Plumchrus (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 20/m³.



Figure 12. Microcalanus spp. (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 600/m³.



Figure 13. Pseudocalanus spp. (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 245/m³.



Figure 14. Metridia lucens (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 85/m³.



Figure 15. Metridia okhotensis (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 750/m³.



Figure 16. Acartia longiremis (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 1040/m³



Figure 17. Oithona similis (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 640/m³.



Figure 18. Oncaea borealis (adults), Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 170/m³.October 4-6, 1975; mean of all samples, 1 inch = 170/m³.





Figure 20. Eukrohnia hamata, Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 2/m³.



Figure 21. Sagitta elegans, Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 10/m³.



Figure 22. Ostracoda, Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 640/m³.



Figure 23. Thysanoessa longipes, Prince William Sound (Stations 1-9), Alaska

October 4-6, 1975; mean of all samples, 1 inch = 0.5/m³.
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Lower Cook Inlet, Gulf of Alaska and Prince William Sound, 1976

The plankton volumes for the entire water column at Kachemak Bay (Station 6),

Lower Cook Inlet, as a measure of zooplankton biomass indicate that sometime

after an apparent peak in spring a gradual decline occurred throughout the

summer months (fig. 24 and table 5). The depth of Station 6 is 75 m and samples

were collected there in three increments of 25 m each. No night samples were

obtained during Cruise II.

Because of significant depth differences and the irregular occurrence of

dense phytoplankton "blooms" it is perhaps most useful to compare plankton

surface values (0-25 m) at Kachemak Bay with those of the more exposed stations

of open Lower Cook Inlet (fig. 25 and tables 6,7). The general pattern of

plankton standing stock with time at these stations contrasts noticeably with

that of Kachemak Bay while comparing rather favorably with the Gulf of Alaska

Station 11. No doubt the physical conditions found at the open Lower Cook

Inlet stations more closely parallel what one finds at Station 11 and this

situation clearly reflects the difficulties encountered in any attempt to

generalize about the biology of an area as diverse and dynamic as Lower Cook Inlet.

The interpretations of zooplankton volumes, though obtained relatively quickly

and simply, are complicated by the irregular occurrence of phytoplankton. Some

phytoplankters form long intertwining chains and do not settle from the sample,

but entangle zooplankton and other phytoplankton and give the appearance of a

large plankton volume. For this reason. it is often easier and more revealing to

compare the zooplankton of different times or areas by the kinds of plankton and

their relative numerical abundance.

In Kachemak Bay, the largest numerical component of the zooplankton collected

during these cruises was, throughout, the Copepoda. With this group the three
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Figure 24. Zooplankton settled volumes (ml/m³), Kachemak Bay, Alaska, 1976; 1 inch = 25 ml/m³.



Table 5. Zooplankton settled volumes (ml/m³), Kachemak Bay, Alaska

Vertical tows, 211 micron mesh.
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Figure 25. Zooplankton settled volumes, mean of all samples

April - August 1976; Upper 25 m.
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Table 6. Zooplankton settled volumes (ml/m³), mean of day samples and mean

of night samples; Kachemak Bay (Station 6) and other Lower Cook

Inlet stations (Stations 2-8A); upper 25 m.
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Table 7. Zooplankton settled volumes, mean of all samples; Kachemak Bay (Station 6) and Open Ocean (Station 11).
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most abundant animals, Pseudocalanus spp., Acartia longiremis and Oithona

similis, showed trends of increasing their numbers from spring through summer

during what appears to be an overall decline in total plankton volumes (table 8).

Also, analysis of samples from the last two cruises to Lower Cook Inlet has

resulted in the addition to the species list of two important but previously

undetected species of copepod, Centropages abdominalis and Tortanus discaudatus,

as well as several other species usually associated with the benthos and of less

significant concentrations (table 9). Additionally, the presence of Calanus

glacialis was noted in samples from the two summer cruises, again confirming

the extreme southern distribution of this Arctic species.

The abundance and vertical distributions of individual zooplankters in

Kachemak Bay throughout the period of the five cruises in 1976 are shown in

Figures 26 - 32. Among the more important animals, the chaetognaths were

represented in Kachemak Bay by Sagitta elegans in July and August and after

maintaining fairly constant concentrations from April to the end of May, sharp

increases were recorded during these latter two cruises. The pattern for the

group Euphausiacea somewhat paralleled that of Chaetognatha though the sharp

summer increase was considerably less in magnitude and concentration values

fell off again rather quickly by late August (table 8).

Cirripede (barnacle) nauplii, which undoubtedly form an important food

source for plankton-feeding animals, were very abundant in Kachemak Bay in

early April, were replaced by smaller numbers of the more advanced larval form

(cyprid) by early May, and by late May there were no specimens of either form

collected in the vertical tows. Six weeks later, however, another generation

was apparently well on its way as again the barnacle nauplii were found to be

quite abundant and the concentration of the cyprid form was several times greater

than recorded in early May. By late August, the nauplii and cyprids in the
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Table 8. Abundant Zooplankton Species and Important Groups, #/m³ in Water Column; mean values.

Kachemak Bay, Alaska, April - August 1976.



Table 9. Zooplankton species and major groups, Kachemak Bay, Alaska

April - August 1976

COPEPODA CALANOIDA COPEPODA CYCLOPOIDA

Calanidae Oithonidae

Calanus cristatus Oithona similis
C. glacialis
C. marshallae Cyclopinidae

Eucalanidae Cyclopina sp.

Eucalanus juveniles Oncaeidae

Pseudocalanidae Oncaea borealis

Microcalanus spp. COPEPODA HARPACTICOIDA
Pseudocalanus spp.

Tegastidae
Aetideidae

Tegastes sp.
Aetideus sp.

Tisbidae
Metridiidae

Tisbe gracilis
Metridia lucens

COPEPODA MONSTRILLOIDA
Centropagidae

CHAETOGNATHA
Centropages abdominalis

Sagitta elegans
Acartiidae

ECHINODERMATA
Acartia clausii
A. longiremis POLYCHAETA
A. tumida

MEDUSAE
Tortanidae

GASTROPODA
Tortanus discaudatus

CLADOCERA

Polyphemidae

Podon leuckarti
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Table 9 (continued).

CIRRIPEDIA EUPHAUSIACEA

ANOMURA Thysanopodidae

BRACHYURA Thysanoessa longipes

ISOPODA T. raschii

AMPHIPODA DECAPODA

MYSIDACEA LARVACEA

CUMACEA Oikopleuridae

Oikopleura sp.

Larval fish and fish eggs
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Figure 26. Pseudocalanus spp. (adults), Kachemak Bay, Alaska, 1976; 1 inch = 430/m³.



Figure 27. Acartia longiremis (adults), Kachemak Bay, Alaska, 1976; 1 inch = 1080/m³.



Figure 28. Oithona similis (adults), Kachemak Bay, Alaska, 1975; 1 inch = 530/m³.



Figure 29. Copepoda nauplii, Kachemak Bay, Alaska, 1976; 1 inch = 760/m³.



Figure 30. Saqitta elegans, Kachemak Bay, Alaska, 1976; 1 inch = 130/m³ .



Figure 31. Euphausiacea, Kachemak Bay, Alaska, 1976; 1 inch = 8/m³.



Figure 32. Cirripede nauplii, Kachemak Bay, Alaska, 1976; 1 inch = 1120/m³.
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water column had become extremely abundant and maxima for the five cruises

were recorded (Table 8).

Crab larvae (zoeae), while not found in great numbers during Cruise I,

reached moderate concentrations in the water column at Station 6 by Cruise II.

These values fluctuated somewhat through Cruises III and IV (at stations in and

near Kachemak Bay including Stations 2, 5, and 6) and by late August, no zoeae

were found in the zooplankton samples (Table 8).

The Amphipoda of Kachemak Bay first showed their presence in the

vertical hauls in early May, but in relatively low concentrations. The

subsequent values found for this group remained less than 1/m³ in the water

column in late May and early July. None was collected in the August samples

(Table 8).

The highest ichthyoplankton concentrations were found in early May,

during the apparent plankton biomass maximum in Kachemak Bay, and late August,

with very low values found during the two cruises between these dates (Table 8).

The list of species and major groups for Kachemak Bay (table 9) shows

only 18 species of copepods (only 4 or 5 are very abundant), while a comparable

list from the open ocean (Station 11) (table 10) shows 35 species (again, however,

only a few species would be very abundant). Of course, this is a function of the

much greater depth (1400-1500 m) of Station 11. The numerous deep-water species

are unable to enter or maintain themselves in Cook Inlet. All of the abundant

copepods of Cook Inlet are also abundant on the open shelf and at Station 11.

In addition to the benthos associated copepods, which have been found only in

Cook Inlet, several major groups are usually found only in nearshore areas, and

these have been caught in Cook Inlet but not at Station 11: cirripede (barnacle)

larvae, cladocerans, and cumaceans.
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Table 10. Zooplankton species and major groups, Open Ocean (Station 11)

Gulf of Alaska, April 1976.
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Table 10 (continued).
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Table 11 presents the total zooplankton concentrations for all tows

conducted at Station 11, Gulf of Alaska, 1976. A vertical distribution of

zooplankton volumes collected in April is shown in Figure 33, and the specific,

vertical distributions of several important species and taxonomic groups

collected during this series,from 1500 m to the surface, are also included

(figs. 34-42).

Three of the five cruises in 1976 included the station in Prince William

Sound which had been sampled continuously for 48 hours the previous fall.

The volumetric results for total zooplankton for these tows are presented in

Table 12. Figure 43, depicting near-surface layer settled volumes for the

three trips to Prince William Sound, when compared to Figure 25, shows consid-

erably higher plankton concentrations than were found at Kachemak Bay, Open

Lower Cook Inlet, or at Gulf of Alaska Station 11 on the respective cruises.

Figure 44 presents the vertical distribution of zooplankton at Station 13 in

Prince William Sound on these three cruises in 1976, while Table 13 further

compares the temporal fluctuations of zooplankton present in the water column

at Station 6 in Kachemak Bay, Station 11 in the Gulf of Alaska, and Station 13

in Prince William Sound.
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Table 11. Zooplankton settled volumes (ml/m³), Open Ocean (Station 11)

Gulf of Alaska; Vertical tows, 211 micron mesh.
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Figure 33. Zooplankton settled volumes (ml/m³), Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch - 1.5 ml/m³.
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Figure 34. Calanus marshallae (adults), Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 0.6/m³.
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Figure 35. Microcalanus spp. (adults), Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 2.5/m³.
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Figure 36. Metridia lucens (adults), Open Ocean (Station 11)

Gulf of Alaska, 10-11 Anril 1976; 1 inch = 12/m³.
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Figure 37. Oithona similis (adults). Open Ocean (Station 11)

Gulf of Alaska, 10-11 Anril 1976; 1 inch = 110/m³
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Figure 38. Eukrohnia hamata, Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 5/m³.
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Figure 39. Sagitta elegans, Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 1/m³.
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Figure 40. Ostracoda, Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 2/m³.
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Figure 41. Amphipoda, Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 1/m³.
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Figure 42. Thysanoessa lonjgies, Open Ocean (Station 11)

Gulf of Alaska, 10-11 April 1976; 1 inch = 1/m³.
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Table 12. Zooplankton settled volumes (ml/m³), Prince William Sound, Alaska

Vertical tows, 211 micron mesh.
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Figure 43. Zooplankton settled volumes, mean of all samples

April -August 1976; Upper 25 m.
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Figure 44. Zooplankton settled volumes (ml/m³), Prince William

Sound (Station 13), Alaska, 1976; 1 inch = 35/m³.
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Table 13. Zooplankton settled volumes (ml/m²), Kachemak Bay, Alaska; Open Ocean (Station 11),

Gulf of Alaska; Prince William Sound, Alaska. April - August 1976.



81

VIII. CONCLUSIONS

Prince William Sound and Gulf of Alaska, 1975

The determinations of zooplankton volumes and numbers of certain groups

were consistent enough to give confidence in the estimates for Prince William

Sound in October, 1975. The volumes of zooplankton were moderately high, about

what one would expect in that area in October. These data demonstrate the

necessity of accounting for time of day when sampling, particularly in the

upper 100 m, and especially in the upper 25 m, where there is a sixfold or so

increase in zooplankton biomass at night (October). One might expect even

greater influences of diel vertical migrations in spring or summer. Obviously.

the appearance of large organisms in the surface each night will have an affect

on the natural distributions of matter and energy, but will also be of great

importance when deep-living organisms are exposed to pollutants in surface

layers, when they incorporate such pollutants, and when they actively transport

them to deep water.

In spite of the high numbers of species, even in an area of relatively low

diversity like the subarctic Pacific, and the resultant potentially high number

of vertical distribution patterns (one for each species), the most abundant

species at this time could be grouped into one of four basic vertical distribution

patterns (table 4).

No consistent geographic patterns of zooplankton volume concentration can

yet be discerned within Prince William Sound. The same trend of night increases

was noted throughout. Probably there will be species differences from place to

place within the Sound, and these different species will result in different

cycles of energy and matter transfer.

In November, the zooplankton volume on the shelf was similar to that in

Prince William Sound in October, but there did not appear to be day-night
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changes in zooplankton volumes at these shallow shelf locations at that time.

Lower Cook Inlet and Gulf of Alaska, 1976

The plankton volumes for the entire water column at Kachemak Bay (Station 6),

Lower Cook Inlet, as a measure of zooplankton biomass indicate that sometime

after an apparent peak in spring a gradual decline occurs throughout the summer

months.

The general pattern of plankton standing stock with time at the open

Lower Cook Inlet stations (Stations 2-8) contrasts noticeably with that of

Kachemak Bay and more closely parallels concentration fluctuations found at

the Gulf of Alaska Station 11.

In Kachemak Bay, Lower Cook Inlet and at Station 11 in the Gulf of Alaska,

the largest numerical component of the zooplankton is the Copepoda. While the

diversity of species within this group is much greater at the Gulf of Alaska

station, the several most abundant species are common to both locations.

From April through August at Station 6 in Kachemak Bay, there is a

definite and consistent nighttime increase in total zooplankton volume in the

surface layer (0-25 m). It is believed this is due to daily vertical migrations

of zooplankton, particularly copepods. There was probably also some avoidance

of the net during the daylight tows. The night volumes in the 0-25 m layer

ranged from four times the day volumes in early April to approximately two times

the day volumes in May, July and August.
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IX. NEEDS FOR FURTHER STUDY

The initial objective of this study was to outline the amplitude and

duration of the seasonal cycles of zooplankton in the northeast Gulf of

Alaska. We believed this could best be done by time-intensive sampling within

a rather limited but possibly representative area. This idea was rejected by

the project management in favor of a broader areal coverage seasonally. Before

the field work began in the open Gulf of Alaska and at the request of the

Boulder project office, a preliminary survey of the zooplankton of Prince

William Sound was undertaken.

Unfortunately, after the first field efforts in the northeast Gulf, the

project direction became less certain, with interest shifting between the

Kodiak area and Lower Cook Inlet. Ultimately, the field effort was focused

on Lower Cook Inlet, although we attempted to retain some continuity with the

initial surveys by obtaining a few samples in the northeast Gulf and Prince

William Sound as time permitted.

Hydrographically, the northeast Gulf of Alaska, Prince William Sound,

Lower Cook Inlet, and the Kodiak area are not equivalent. It should not be

assumed that the zooplankton is identical, nor that the zooplankton of the

different regions would have similar seasonal distributions and abundances.

Therefore, since samples were not obtained for all seasons from any one region,

it cannot be concluded that we now have attained the study's objective.

Even with a single year's survey, because of the expected great variability in

zooplankton concentrations, doubt would remain as to the representativeness of

the data. It would be essential to continue these assessments for a few years,

to evaluate the year-to-year variability. In subsequent years, however, we

would have a better estimate of the principal zooplankters and could limit the

survey to a study of their cycles as a first approximation to modeling the
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zooplankton as a whole.

It is also likely that the principal zooplankton components (species)

would change with season, one set of species dominating the system for a time,

and succeeded by a different combination of species. With each change in species

or life history stage, the potential pathways of matter transfer alter, and

concurrently the environmental relationships of greatest concern.

It is likely that the gross patterns of matter and energy transfer within

the net zooplankton are controlled by the daily and seasonal vertical movements

of relatively few species. Therefore, comparisons of shallow and deep areas

should be undertaken to test this assumption.

Since changes in zooplankton abundance can be very rapid at any one

locality, it would be desirable to have frequent (perhaps biweekly) samples

during parts of the year. These samples could be used for studies of certain

basic zooplankton processes, such as growth rates, reproductive cycles, mortal-

ity rates, etc. Such studies are best conducted in limited areas where the

most background information is available.

Eventually the question of potential impacts of selected pollutants

will arise. There might be a tendency to rely on laboratory studies for

this information, but the reactions of laboratory animals to laboratory

stresses bears slight if any relationship to the reaction of natural populations

in the field. Laboratory studies could possible suggest sensitivities and

cause-effect relations, but the final assay is the response of the affected

populations. And this response can only be judged in light of distributions

and abundances of populations in time and space. Moreover, proper judgments

can be made only if the "natural" levels and variabilities are understood.

Then population deviations in quantity or quality might subsequently be related

to environmental perturbations.
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APPENDIX A

TABULATED ZOOPLANKTON DATA

PART I. PRINCE WILLIAM SOUND, STATIONS 1-9, OCTOBER 1975

PART II. KACHEMAK BAY, STATION 6, APRIL - AUGUST 1976

PART III. GULF OF ALASKA, STATION 11, APRIL 1976
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PART I. PRINCE WILLIAM SOUND, STATIONS 1-9, OCTOBER 1975
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PART III. GULF OF ALASKA, STATION 11, APRIL 1976
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I. SUMMARY

Zooplankton and micronekton populations are being studied in a wide

variety of habitats in the Bering and southeastern Chukchi seas. The

general results of investigations conducted at the edge of the seasonal

ice pack and in the coastal region between the Yukon River and Point Hope

are presented.

In the southeast Bering Sea an oceanic assemblage is present along

the shelf break during most seasons and extends over the shelf as the ice

edge moves northward in the spring. The influence of the ice is seemingly

related to the underlying cold, relatively low salinity water mass which

excludes all but a few euryhaline and eurythermal species.

During the summer the coastal zone from Bristol Bay to Point Hope is

characterized by a neritic community of relatively low diversity but

continuous species composition. High standing stocks of two cladocerans

and a neritic copepod were commonly observed.

Development of a simulation model to handle these data would be most

useful. This formulation (a hypothesis) would provide a way of testing

component relationships and objectively ordering numerous variables in

terms of their ecological significance.

II. INTRODUCTION

This report details some of the initial results of studies on the

unobtrusive pelagic fauna occurring in the Bering and Chukchi Seas. These

organisms are recognized as important components of pelagic food webs,

supporting unusually high standing stocks of upper level consumers, many
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of which are commercially valuable on the world market.

The problem of evaluating the potential effects of offshore petro-

leum development on this portion of the marine system is related to a

scarcity of documented information about the responses of the zooplankton

and micronekton communities to stresses likely to be imposed by industry.

Even in the worst disasters, such as the Santa Barbara blowout of 1969,

immediate reconnaissance studies in the field have usually failed to show

changes in the distribution or abundance of micro-consumer assemblages

(Smith and Lasker, 1969).

This should not be taken as evidence that massive accidental or chronic

low level introductions to the system are not detrimental, but rather that

our ability to detect short term changes and predict long term effects is

inadequate. Laboratory experiments have demonstrated the bio-toxicity of

many petroleum components. The burden of relevancy regarding the applica-

tion of these findings to natural systems seemingly rests with hypotheses

(models) which describe in detail the dependence among organisms and the

sequence of external events which define seasonal limitations on inter-

related biological processes. As a basis for constructing such a hypoth-

esis (a model), the following specific objectives have been pursued during

the past year:

1. Determine seasonal density distributions and environmental re-
quirements of principal species of zooplankton, micronekton,
and ichthyoplankton.

2. Determine the relationships of zooplankton and micronekton pop-
ulations to the edge of the seasonal ice pack in the Bering Sea.

3. Identify and characterize critical factors in the planktonic
stages of fish and shellfish species.
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4. Describe the food dependencies of common species of dielly-
migrating mesopelagic fishes.

5. Identify pathways of matter and energy transfer between primary
producers and consumers.

6. Summarize the existing literature and unpublished data on the
transfer of organic matter through the lower levels of the
pelagic food web in the northern North Pacific Ocean and Bering
Sea.

To accomplish these objectives a field research program was developed

to study the distribution and abundance of unobtrusive pelagic fauna over

the shelf of the southeast Bering Sea, in the nearshore zones of Norton

Sound and Kotzebue Sound, offshore at specific locations in the Chukchi

and north Bering Seas, and adjacent to the edge of the seasonal ice pack

in these regions.

The significance of the zooplankton and micronekton community cannot

be ignored. It includes annual representatives (early life history stages)

of many of the animal populations in the Bering and Chukchi Seas. Species

at higher trophic levels, particularly commercial fin-fishes, are dependent

on the plankton community for their food supply following hatching of their

pelagic eggs. Survival rates during the critical period when larvae begin

to feed largely determine the relative success of year-classes and future

recruitments into the commercial fisheries. Thus, the lower levels of the

pelagic marine community represent a particularly crucial component of the

Alaskan shelf ecosystem.

III. CURRENT STATE OF KNOWLEDGE

A cursory review of the understanding of the zooplankton and micro-

nekton populations of the Bering Sea was presented as part of the 1976

annual report (see Appendix I). This review stressed general distribu-

tional patterns of several common species for which late spring, summer,
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and early fall data were available for a number of years.

Some aspects of the vertical distribution of pelagic copepods are

reported for species in the northern North Pacific Ocean and Bering Sea

by Minoda (1971) as part of several long-term studies conducted by Hokkaido

University and the Fisheries Agency of Japan since the summer of 1953.

Because copepods dominate the zooplankton community in these regions, an

understanding of their ecological role in the system is probably very im-

portant. Of particular interest are the distribution patterns and behavior

of species which: (1) may be restricted to the surface waters, (2) may

migrate dielly from deep to shallow water, or (3) may be only temporary

residents of the near surface community in the early spring and summer,

after which they migrate to depth for overwintering. Representatives of

these three major types occur in the Bering Sea.

Wing (1974) describes the kinds and abundance of zooplankton col-

lected in the eastern Chukchi Sea in the fall of 1970. This information

is expected to complement similar data collected from the NOAA vessel

Discoverer this past summer in the area surveyed between the mouth of the

Yukon River and Point Hope.

The present OCS effort in the Bering Sea has now reached a stage where

interactions between those studying various trophic levels or components

would be fruitful. Our field research this year at the edge of the season-

al ice pack will emphasize on site analyses of food dependencies for sea

birds, marine mammals, and fishes which utilize zooplankton and micronekton.

Bedard (1968) has already demonstrated the importance of the unobtrusive

fauna in the diet of sea birds feeding in the northern Bering Sea. Three

species of auklets were shown to depend heavily on macrozooplankton prior
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to, during, and following chick rearing on St. Lawrence Island. Thus

the breeding season of these pelagic feeders appears to be closely cor-

related with the appearance of appropriate food items in the animal

plankton and micronekton communities offshore.

IV. STUDY AREA

Zooplankton and micronekton communities are being studied seasonally

in the southeast Bering Sea including Bristol Bay north to Nunivak Island,

and west to the open ocean adjacent to the Pribilof Islands. Norton Sound

and the nearshore southeastern Chukchi Sea from Bering Strait through

Kotzebue Sound to Point Hope have also been sampled, but on a less regular

schedule. The edge of the seasonal icepack in the Bering and Chukchi Seas

is a major study regime.

V. SOURCES, MATERIALS, AND METHODS

Field collections have been acquired from a variety of NOAA survey

vessels using a prescribed set of procedures and gear types. Zooplankton

is routinely sampled over the shelf by fishing a 1-m net (0.333 mm Nitex)

vertically through the water column from a few meters above the bottom to

the surface. The net is retrieved at a rate of about 1 m/sec, then rinsed,

and the sample preserved in 10% buffered formalin for processing at the

University of Alaska Sorting Center. The vertical tow was adopted because

the procedure is simple and can be used with equipment presently aboard

most survey vessels. In addition, as most zooplankton communities are

highly stratified, this methodology tends to reduce sampling variability
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associated with vertical patchiness. The method is not particularly well

suited for sampling the more active members of the zooplankton assemblages

or those which may occur in low abundance (i.e., larval fishes). Since

our work was directed at the zooplankton community as a whole rather than

specific components (i.e., ichthyoplankton), this approach was considered

a reasonable compromise between detail and the availability of samples.

At stations seaward of the shelf break, some vertical tows were taken from

depths of 500 m to the surface to obtain samples of the deeper water fauna.

Organisms ranging from 10 to 100 mm total length (micronekton) were

collected at specific locations using a 2-m Tucker midwater trawl (Tucker,

1951). This net presents a 4 m² mouth opening while being towed either

horizontally or in a double oblique manner. Animals retained by 1/8-inch

knotless nylon netting were removed and preserved (see above) for later

identification and enumeration. The depth of most tows was monitored

using a mechanical time-depth recorder, and the amount of water filtered

determined using a flowmeter mounted in the mouth of the net. Most tows

were made at night in the upper 100 m to take advantage of diel migration

patterns which tend to concentrate organisms near the surface at this time.

This small midwater trawl was towed at 2 to 3 m/sec at most locations.

·Occasionally, a 60-cm standard MARMAP bongo net was fished to sample

the rarer animal plankters. Nets of mesh size 0.303 mm and 0.505 mm were

used, and a flowmeter was attached to measure volumes filtered. Tows were

generally fished in a double oblique manner to a depth of 100 m at a speed

of 1 to 2 m/sec. These procedures permitted sample acquisition at most

times and locations without restrictions from weather or ship capabilities.

A unique sampling design was developed for each of the three major
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components of the study: (1) distribution and abundance measured over the

shelf in the southeast Bering Sea, (2) distribution and abundance related

to the edge of the seasonal ice pack, and (3) distribution and abundance

in the nearshore areas between the Yukon River and Point Hope in the eastern

Chukchi Sea.

As previously reported (1976 annual report) the southeast shelf was

initially divided into eight statistical sub-regimes. A first order

evaluation of data from the field now indicates that four major regimes

(a pooling of sub-regimes) will be considered in the final statistical

analyses (ANOVA and numerical clustering). These sub-units are: an open

ocean regime (depths greater than 2000 m); a slope regime (depths between

2000 and 200 m); an outer shelf regime (depths between 200 and 50 m); and

an inner shelf or coastal region (depths less than 50 m). These areas

have been visited during several distinct seasons of the year to measure

changes in standing stocks and species composition which accompany the

formation and subsequent breakup of sea ice. The sampling design provides

estimates of variance associated with sampling a station, sampling a sub-

area, and sampling sub-areas within seasons.

The strategy employed in the ice-edge zone was similar. However,

instead of considering discrete spatial provinces, questions were directed

toward descriptions of the zooplankton and micronekton community as it

might change along the east-west extent of the pack ice, and also along

transects normal to the ice. In the latter case, collections were made

as the vessel moved into the ice from open water. Vertical plankton tows,

midwater trawls and some surface tows with a small neuston net were routinely

taken. A sufficient number of replicate samples was taken to estimate
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sampling error and the variability associated with occupying a station

for 24 hours.

The study of the nearshore zooplankton and micronekton communities

from Norton Sound north to Point Hope was conducted in two ways: (1) a

small boat (skiff) operation based at Unalakleet in cooperation with the

Alaska Department of Fish and Game, and (2) a nearshore cruise aboard the

NOAA vessel Discoverer (3-17 August 1976). The small boat oceanography

included collections of zooplankton and micronekton taken with a 0.5-m

net (0.333 mm Nitex) fished in a horizontal or double oblique manner at

locations no more than 1 mile off the beach. Samples were taken in the

area between Tolstoi Point and Cape Denbigh from June 23 to September 10,

1976. In addition to plankton, samples were taken for temperature, salin-

ity, chlorophyll a, and nutrients (see Appendix II). Again, there was

sufficient replication to describe variance in the data. Aboard the

Discoverer, the collecting strategies were the same as described for the

ice edge and shelf studies. It was necessary at some of the shallow sta-

tions to combine two or more vertical tows to obtain a sample of sufficient

size.

Zooplankton and micronekton collections are processed quantitatively

and qualitatively at the University of Alaska Marine Sorting Center. Most

individual catches contain many more organisms than can be analysed direct-

ly, so the whole sample is initially screened for the large and rarer

animals, and then specimens are sorted from smaller subsamples and enu-

merated. A fraction (usually one-fourth) of the original sample is

archived for future reference. This technique provides estimates of the

numbers of animals per sample for the numerically dominant taxa, and direct
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counts of the larger rarer organisms. A sufficient number of replicate

subsamples is available to describe the variability associated with the

standardized procedure.

A high-frequency (100 kHz) recording echo sounder is being evaluated

for remote censusing of certain larger zooplankton and micronekton

organisms. The system is sensitive to particles in the size range 5 mm

and larger, and has been used experimentally to locate and census

euphausiids in the upper 100 m (Cooney, 1971). The quantitative acoustic

equipment was used at specific locations in the ice edge zone in conjunc-

tion with direct sampling by nets and trawls.

Organic matter pathway information and the rates at which phytoplankton

is utilized by pelagic microconsumers have been examined at sea using common

grazing species cultured for specific periods of time. Plant cells taken in

water bottle samples were grazed by various zooplankters in experimental

containers cooled by surface water. A Coulter counter was employed to

monitor changes with time in the size composition of plant cells being

removed by the grazers (see Dr. Alexander's annual report for a preliminary

evaluation of this grazing rate study).

As part of a developing ecosystem study of the ice edge zone, the

major components of a computer simulation model have been specified for

the Bering Sea and some initial analyses conducted to identify the more

sensitive components at the primary producer level. This work is being

supervised by Dr. K. Green and Dr. Charles Geist.
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VI. RESULTS

Field efforts this past year (1976-1977) have been directed toward

completing a reconnaissance survey of zooplankton and micronekton over

the shelf of the southeast Bering Sea and examining this same assemblage

as it occurs in the nearshore and coastal areas from Bristol Bay to

Point Hope. In addition, a more complex study of the unobtrusive fauna

found adjacent to and in the edge zone of the seasonal icepack was initiated.

This latter investigation represents the first step, beginning with first

and second order pelagic consumers, in a developing coordinated ecosystem

study of seasonal ice-related biological phenomena.

The overall results of the reconnaissance survey of the southeast

Bering Sea and nearshore areas to the north will be submitted as an end-of-

contract final report, 30 September 1977. However, some of the general

descriptive information can now be reported.

In August 1976 the NOAA vessel Discoverer occupied 116 stations

between the Yukon River and Point Hope (Fig. 1). A comparison of the species

composition at seven selected sites, ranging from nearshore to midshelf,

reveals a somewhat impoverished community with considerable continuity of

dominant species (Table I). The most diverse assemblage occurred at Station

51 in the Bering Strait (also the deepest location). Using this grouping as

a basis for comparison, the percentage of species in common with this rela-

tively deep location ranged from a low of 61 in the far eastern portion of

Norton Sound to 88 over the shelf directly south of the strait. The near-

shore brackish water community (Stations 25 and 82) was characterized by

high numbers of cladocerans, Evadne and Podon, and the neritic copepod,

Acartia clausi. Five species (or composite taxa) were common to all areas:
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Figure 1. The location of stations occupied for samples of zooplankton and micro-
nekton in the nearshore areas of the northern Bering Sea (Norton Sound)
and southeastern Chukchi; August, 1976.
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TABLE I

SPECIES COMPOSITION AT SELECTED STATIONS OCCUPIED BETWEEN
THE YUKON RIVER AND POINT HOPE, AUGUST, 1976
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the hydrozoan, Aglantha digitale; the copepods, Calanus glacialis, Acartia

longiremis, and Pseudocalanus spp.; and the chaetognath, Sagitta elegans.

These organisms are also members of the dominant zooplankton community

found over the southern Bering Sea shelf.

Mr. Lee Neimark examined the unobtrusive fauna very close to shore at

16 stations in Norton Sound between 23 June and 10 September (Fig. 2). A

preliminary evaluation of a small portion of the 168 net tows taken during

this time indicates few species, with dominance shared between the copepod

Acartia clausi and the cladoceran Evadne nordmanni. Only eight of 20 cate-

gories occurred in common with the assemblage measured a few miles seaward

at Station 25 (Table II).

To the south, observations were made at the edge of the seasonal ice

pack in March and April aboard the NOAA vessel Surveyor. Four major loca-

tions were examined for species composition and standing stock (Fig. 3).

The most diverse community during the early spring was found in the

ice edge zone at location A, northwest of the Pribilof Islands. The

groupings at the other locations were less diverse, but contained a very

high percentage (> 80) of taxa in common with location A (Table III). The

numerically dominant species included Aglantha digitale, juvenile Calanus

spp. (probably mostly C. plumchrus), Pseudocalanus spp., Metridia lucens,

Thysanoessa inermis and Sagitta elegans.

The vertical distributions of temperature and salinity at these loca-

tions varied quite dramatically (Fig. 4). Temperatures were generally

lower and the water more saline in the upper 50 m at the western stations,

with a definite increase in both parameters with depth. Below about 70 m,

conditions were relatively constant (locations A and B), with salinities
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Figure 2. Sampling locations in the nearshore zone of Norton Sound:

1) north side of Tolstoi Point, 0.9 km southeast from tip;

2) 2.0 km south of Poker Creek; 3) Spruce Creek; 4) Jessie

Creek; 5) 0.4 km south of Taket Creek; 6) 0.5 km north of the

Unalakleet River mouth; 7) 0.7 km south of Powers Creek;

8) 1.0 km south of Egavik Creek mouth; 9) Junction Creek;

10) near Beeson slough 11.7 km south of Shaktoolik air strip;

11) immediately north of Shaktoolik River mouth; 12) 2.0 km

west of the Sineak River mouth; 13) south side of Cape Denbigh,

1.5 km northeast from tip; 14) 0.9 km up into the south branch

of the Unalakleet River; 15) Galovnin Bay near Golovin village;

16) mouth of the Nome harbor breakwater.
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TABLE II

ZOOPLANKTON SORTED FROM SAMPLES TAKEN FROM THE NORTON
SOUND NEARSHORE ZONE (NEIMARK, 1977)
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Figure 3. The locations of ice edge sampling stations,
March and April, 1976.
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TABLE III

SPECIES COMPOSITION AT 4 LOCATIONS ALONG THE EDGE OF THE BERING
SEA SEASONAL ICE PACK, MARCH AND APRIL, 1976

297



TABLE III

CONTINUED

298



TABLE III

CONTINUED

299



Figure 4. Distribution of temperature, salinity, and density at ice
edge locations occupied in March and April, 1976.
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at about 32.9°/oo and temperatures ranging between 1.2 and 3.2°C. At

location C a very pronounced two-layered system was evident with cold,

less saline water overlying a deeper warmer layer. The shallow depth at

location D prevented the intrusion of the deep warm layer. At these latter

locations the salinity in the upper 70 m was consistently less than 32°/oo.

The ice-edge zone seemed to have little effect on the horizontal

distributions of the dominant zooplankters (Figs. 5, 6 and 7). Some taxa

(Pseudocalanus spp., Calanus plumchrus, and Acartia longiremis) exhibited

a slight increase in standing stock just inside the ice edge at location

B; while Calanus spp. juveniles, Metridia lucens, Sagitta elegans, and

Parathemisto pacifica seemed to be less abundant at the same locations.

Most of the horizontal variability was similar in magnitude to that observed

in sample replicates at each of the individual ice locations over a 24 hour

period (ranges indicated in Figs. 5, 6 and 7). The patterns of abundance

were inconsistent for the two locations examined.

The distribution of organisms larger than 5-10 mm (total length)

was examined acoustically at locations B, C, and D on the first leg of the

Surveyor cruise (Fig. 8). The profile at location B included dense diffuse

scattering layers at 60 and 110 m, with a less dense layer and returns from

discrete targets (probably large fishes) found near the bottom (160 to 178 m).

A less well-developed diffuse layer was present near the bottom (105 to

115 m) at location C. To the east at location D, a narrow band of dense

diffuse scattering was present at about 90 m (approximately 10 m above the

bottom). None of the layers demonstrated a distinct vertical migration at

twilight. There was insufficient time to pursue the identification of

these layers, a task which will be addressed this spring (1977).
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Figure 5. Distribution of selected species along a transect
moving from open water into the ice edge zone to

location B (see Fig. 3).
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Figure 6. Distribution of selected species along a transect
moving from open water into the ice edge zone to
location B (see Fig. 3),
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Figure 7. Distribution of selected species along a transect moving from

open water into the ice edge zone to location C (see Fig. 3).
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Figure 8. Representative echograms (100 kHz) taken at three of the
ice edge locations in March, 1976 (the seabed is indicated
by a small arrow).
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The meroplankton in the Bering Sea is occasionally dominated by fish

eggs and larvae. At locations B and C, large quantities of fish eggs were

collected by short tows with a small neuston net in open leads (Dr. T.

Nishiyama, personal communication). The condition, stage, and identity

of these eggs has not yet been reported. A large Soviet trawl fishery was

operating for Alaska pollock in this same area, and since this abundant

species is reported to spawn from March through May, many of these eggs

were probably Theragra. The frequency of occurrence of larvae and juvenile

pollock from our reconnaissance indicates the shelf region near the Pribilof

Islands and the adjacent slope and open ocean regimes are important habitats

for the early life history stages of this valuable commercial species

(Fig. 9).

Mr. Al Adams is completing a Master's thesis describing the feeding of

some mesopelagic fishes collected in the north Pacific and Bering Sea.

Copepods, amphipods, euphausiids, ostracods, larvaceans, chaetognaths,

mysids, pelagic gastropods and polychaetes, and several unidentified fish

eggs constitute the bulk of the food items consumed by these small, dielly

migrating fish (Table IV). A surprising dependence on the Ostracoda and

large Copepoda is demonstrated. The importance of these fishes in the

slope ecosystem is yet to be determined.

Appendix III is a partial bibliography of published documents describ-

ing organic matter transfer processes and components of ecosystems found in

the northern North Pacific and Bering Sea. The completed bibliography will

be published with the end-of-contract report in September, 1977.

Work has begun on the formulation of a Bering Sea process simulation

model. Approximately 31 state variables have been identified in the
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Figure 9. Occurrence of larval and juvenile Alaska pollock
Theragra chalcogramma, in the southeastern Bering
Sea study area.
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TABLE IV

TAXA OCCURRING IN THE STOMACHS OF THREE PELAGIC FISHES SAMPLED
IN THE NORTHERN NORTH PACIFIC OCEAN AND BERING SEA

(ADAMS, 1977)
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preliminary stages of this description. A primary productivity submodel

has been constructed which relates organic matter synthesis to seasonal

variations in nutrients and available light. The present focus is on a

description of energy transfer to pelagic grazers and additional refine-

ments of the relationship of hydrographic stability and light to ice cover

and season at the ice edge.

VII. DISCUSSION

Some trends in the diversity, distribution, and abundance of zoo-

plankton and micronekton species are becoming apparent as more observations

are evaluated for the variety of habitat types present in the Bering and

southern Chukchi Seas. In general, the regional characteristics described

by Motoda and Minoda (1974; see Appendix I) for copepod assemblages appear

to be correct with some modifications for season and specific location.

The slope and open ocean regimes adjacent to the shelf in the south-

east Bering Sea support high populations of the dominant north Pacific

interzonal copepods, Calanus plumchrus, Calanus cristatus, and Eucalanus

bungii bungii. These species overwinter at depths of 500 to 1000 m, then

mature and reproduce at depth in late winter. The developing stages migrate

to the surface waters where, as juveniles, they immediately begin feeding on

phytoplankton. Cooney (1975) reports C. plumchrus was absent from the shelf

regime of the northern Gulf of Alaska in October, but juveniles were abun-

dant by February. Calanus plumchrus was abundant at the shelf break in

the Bering Sea in mid-March of 1976; however, the northern extent of this

species could not be determined at this time because the seasonal ice pack

extended nearly to the shelf break. By August, C. plumchrus was present in
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the Bering Strait and north into the central Chukchi Sea.

The extent to which the sea ice regime may influence the distribution

and abundance of the small pelagic fauna is unclear. For most dominant

species, standing stocks were as high or higher in the ice-edge zone as in

the open ocean to the south. One clue is available in this regard from

location D, the most eastern ice location. This station was shallow enough

(approximately 80 m) so that a warm, near bottom water layer, occurring at

a depth of about 80 m at location C, was not present. No interzonal

copepods occurred here and the total diversity was less than 50% of that at

location C to the west. If the zooplankton community encountered here is

representative of that occurring at similar depths (<80 m) over the shelf

to the north, then the shallow, under-ice zooplankton community has a low

diversity relative to the deeper (>80 m) community influenced by warmer

slope water. Pseudocalanus spp., Calanus marshallae (and probably C.

glacialis to the north), Eurytemora herdmani, Acartia longiremis, and

Oithona similis were the copepod representatives of the cold, relatively

low salinity under-ice regime; all occurred at the other locations as well.

The coastal and northern shelf (Bering and southern Chukchi Seas)

regime supports fewer pelagic species than the shelf break and slope regimes

to the south. This is to be expected to some extent since the water column

shoals to less than 50 m for many hundreds of km² north of Nunivak and

St. Matthew Island. The influence of fresh water runoff is also quite

evident in the very nearshore and coastal areas. Here, the zooplankton and

micronekton communities exhibit a distinctly neretic character; two

cladoceran genera, Evadne and Podon, together with the copepods Acartia,

Pseudocalanus, and Centropages dominate. The relatively low percentage
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(<·70) of outer shelf species in the coastal zone indicates that unlike the

under-ice fauna, the nearshore group is composed of some species which are

endemic to this highly stressed environment (i.e., Podon, Evadne, Acartia

clausi).

It should be noted that a few species or composites of the zooplankton

group may be found in all habitat types. This eurythermal and euryhaline

near surface assemblage includes Pseudocalanus spp., Acartia longiremis,

Sagitta elegans, and Aglantha digitale. The genus Calanus, as previously

mentioned, also exhibits a considerable adaptation to environmental types.

Calanus plumchrus and C. cristatus must be considered seasonal residents of

the shelf, being advected northward as developing juveniles during the

spring and early summer months. Calanus marshallae prefers the Bristol Bay

southern shelf region and can apparently tolerate the cold, relatively low

salinity under-ice regime. Calanus glacialis is a shelf and coastal species

becoming dominant north of St. Matthew Island. These copepods (genus

Calanus) are all relatively large (2 to 8 mm) and thought to be primary

consumers. As such, they probably represent critical species in the transfer

of energy through the system.

Our preliminary evaluation of the quantitative acoustic data acquisi-

tion system indicates that it can detect structure in the water column with

far more precision than direct sampling. Not only discrete targets (fishes)

but narrow diffuse layers, probably composed of euphausiids or small fishes,

were recorded and occurred over wide areas of the shelf. Although the

identities of these phenomena are not yet determined, our effort this coming

year will stress midwater trawling at depths of well-defined diffuse scatter-

ing layers to quantitatively sample these organisms.
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The development of a computer simulation of the ice edge ecosystem

was conceived as a tool for stimulating more precise field research and

for testing hypotheses concerning the relative importance of biotic and

abiotic factors in this regime. An increasingly representative simula-

tion (the model) necessitates identification of principal components

(ecologically critical species in terms of energy transfer) and determina-

tion of rates of exchange. In addition, the sequencing and timing of

events are thought to be of considerable importance, particularly with

regard to the annual success of species with meroplanktonic stages (eggs

and larvae specifically). Most pelagic and many demersal fishes fit this

category, passing through a so-called critical period following yoke sac

absorption, during wich more than 95% of the total mortality for a year-

class usually occurs. Since the potential for unusually high survival is

always present (given proper food, lowered predation and competition pres-

sure), some exceptional cohorts are to be expected; the fishery literature

documents this phenomenon for most exploited stocks. The extent to which

the seasonal ice pack may be a factor determining year-class strength is

unknown, but probably not unknowable.

VIII. CONCLUSIONS

1. Some generalized distribution patterns can be described for

numerically dominant zooplankton and micronekton species occurring adjacent

to and over the shelf in the Bering and Chukchi Seas. An open ocean,

near surface assemblage (upper 200 m) is advected over the shelf in the

spring and early summer in association with the northward intrusion of

oceanic water which apparently pushes under the cold, less saline, wind-mixed
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or ice-influenced surface layer. The extent to which this community

maintains its continuity northward with the season is unknown; some com-

ponents (Calanus plumchrus, Eucalanus bungii bungii) can be found in the

Bering Strait and the eastern Chukchi Sea in late summer and fall.

A coastal community is also present, with continuity of species found

between Bristol Bay and Point Hope. Neritic copepods and two clodocerans,

Podon and Evadne, together with numerous meroplanktonic species charac-

terize the shallow water nearshore unobtrusive fauna.

2. The influence of the seasonal ice pack on the diversity, abundance

and distributions of zooplankton and micronekton is seemingly related to

the water mass characteristics found adjacent to and under the ice. In

years when the ice edge extends to the shelf break, the under-ice water

mass is a mixture of oceanic and shelf water, carrying a relatively diverse

zooplankton community. To the north, beyond the intrusion of the warmer

oceanic water (shelf depths shallower than about 80 m in 1976), the under-

ice regime is cold, -1.3 to 0.5°C, and less than 32°/oo salinity. The

plankton community in this water is sparse, both in kinds and abundance,

and probably representative of much of the shelf area during late fall,

winter, and early spring. In years when the ice is less well-developed,

this restrictive, very cold and relatively low salinity water mass would

probably influence a much smaller portion of the shelf.

3. It has become necessary to order our vast number of observations

in the framework of a formal hypothesis concerning distribution and abun-

dance patterns as they relate to temporal, spatial, and other factors.

The development and implementation of an ice-edge ecosystem simulation

model (with Drs. Alexander, Green and Geist) has already been useful in
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structuring our upcoming field work. The model will soon be operating with

primary consumer (grazer) information resulting from rate measurement exper-

iments and standing stock estimates now available.

IX. NEEDS FOR FUTURE STUDY

A close integration of effort between workers examining the various

trophic levels (phytoplankton, zooplankton, micronekton including forage

fishes, nekton, and marine birds and mammals) interacting at the ice edge

would do much to further our understanding of the dynamics of this system.

This field season (spring-summer, 1977) scientists working with both the

plankton and micronekton communities, and marine birds and mammals will

attempt to describe the feeding dependencies of species as they are col-

lected, rather than preserving massive collections at sea for future

examination. This approach will utilize the expertise of the investigators

in a unique interaction that makes use of the vessel as both a sampling

platform and laboratory.

One of the most interesting observations from last year's work was

made on the basis of these kinds of shipboard analyses. During leg I of

the March (1976) Surveyor cruise, large numbers of birds and mammals were

encountered at several locations along the ice edge; most appeared to be

vigorously feeding. At this time, the rates of organic matter synthesis

in the photic zone were extremely low, as was the standing stock of phyto-

plankton. A number of preliminary stomach content analyses performed on

birds revealed that they were feeding on organisms which were either over-

wintering populations of holoplanktonic species with life spans exceeding

one year (amphipods and euphausiids) or micronekton which were previously
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planktonic (first year-class fishes, mostly Alaska pollock). Thus the

upper level consumers during any spring are apparently dependent on the

success of overwintering plankters and juvenile fishes from the previous

year. This dependency seems very advantageous since the timing of the

spring bloom may vary unpredictively (from the point of view of migrating

birds) each year in response to shifts in hydrography and climate.

The results of this past year's observations also indicate that a

knowledge of the vertical distribution of populations in the water column

will greatly aid the interpretation of large-scale distribution patterns.

Considerable effort will be taken this spring to describe vertical struc-

ture in the plankton community related to such variables as light, tempera-

ture and salinity. We also plan to occupy some locations in the ice-edge

zone for periods long enough to identify the components of sonic phenomena

(diffuse layers) detected between the seabed and the surface.

It seems obvious that the biological processes occurring annually

in the Bering and Chukchi Seas are adapted to the physical constraints

of these regimes. Although much physical oceanographic data has been

collected and processed, exchange between plankton ecologists and the

physical oceanographers is not occurring. The fact that some rewarding

verbal exchanges have developed at the now more frequent synthesis meetings

suggests that the efficiency of information exchange at the scientific

level (as distinguished from management and reporting) would be greatly

enhanced by scheduling regional workshops prior to annual report submis-

sion. At this time the various investigators could bring their observations

and hypotheses for scientific evaluation in the context of an overall study.

I suggest these meetings be convened by the scientists with no obligation
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on the attendees to provide documentation of the proceedings other than

what they may wish to present in their subsequent annual reports. It is

further suggested that administrative representatives from the various

project offices be excluded unless they have some science to present or

discuss.

X. SUMMARY OF FOURTH QUARTER OPERATIONS

Work this past quarter has been devoted almost exclusively to staging

the extensive field work planned aboard the Surveyor and Discoverer this

spring and early summer, 15 March through 9 July. A large inventory of

samples collected in eastern Norton Sound (Neimark) is presently being

analysed and will be included in the end-of-contract report this September.

Delays in funding OCSEAP Research Unit No. (156)427 - Bering Sea Ice

Edge Ecosystem Study: Nutrient Cycling and Organic Matter Transfer

(Alexander/Cooney) - have caused great difficulty in preparing for this

proposed research, particularly in terms of major equipment purchases, even

though most vendors have been extremely helpful in attempting to meet cruise

deadlines. This last minute acquisition of equipment has hindered any rig-

orous evaluation in the laboratory prior to shipboard use, a situation which

is extremely undesirable but apparently unavoidable at this time. We were

fortunate to obtain a prototype demonstration model in situ fluorometer for

use with the NOAA onboard CTD systems. Had this equipment not been available

at the last minute, much of the detailed phytoplankton work we have proposed

would not be possible.
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CURRENT STATE OF KNOWLEDGE

Much of the present state of knowledge concerning seasonal distribu-

tions of zooplankton and micronekton in the Bering Sea has been summarized

in Hood and Kelley (1974) and Hood and Takenouti (1975). Although U.S.

workers have been active in northern ocean studies, most of the recent

descriptive information concerning the pelagic community is the result of

Japanese efforts in conjunction with hydrographic and high-sea fishery

surveys, 1956-1970. The bulk of these data is now available as gener-

alized distributional maps for dominant species or composites occurring

in the near surface (shelf) water during the summer season. The net

zooplankton biomass is consistently highest over the shelf in the eastern

Bering Sea (Appendix Fig. 1).

Motoda and Minoda (1974) report the spatial characteristics of several

zooplankton and micronekton species in the Bering Sea. A typical North

Pacific oceanic community is described for the deep water south of the

shelf break grading through a mixed assemblage to more neritic species

occurring over the shelf to the north and east (Appendix Figs. 2, 3, and

4). The southeastern Bering Sea appears to be very complex in this respect,

probably reflecting the nature of the oceanographic circulation and inter-

action with the north Pacific through the Aleutian passes to the south.

For reasons not fully understood, the immense area of the shelf, the water

circulation patterns, and possibly the presence of seasonal sea ice inter-

act to make this region one of the most productive in the world.

Trophic relationships are exceedingly complex in any marine system

and the pelagial system of the southeast Bering Sea is no exception. Most

organic matter synthesis occurs in the water column as a short period

320



Appendix
Figure 1. Average summer zooplankton biomass for 15 years from 1956 to 1970 in each

5-degree grid. Values are expressed in wet wt. g/m² in 80-m water column
(Motoda and Minoda, 1974).
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Appendix
Figure 2. Composite figure showing regional characteristics of species composition

of copepod communities in the upper water in early to mid-summer (Motoda
and Minoda, 1974).
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Appendix
Figure 3. Regional difference in dominant species of amphipods in early to mid-summer

(Motoda and Minoda, 1974).
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Appendix
Figure 4. Regional difference in dominant species of euphausiids in early to mid-

summer (Motoda and Minoda, 1974).
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pulse during the oceanographic spring season, but a "benthic" algal

community developing on the undersurface of the sea ice in late winter

together with seagrasses and nearshore epibenthic algae also contribute

to the overall annual production. McRoy and Goering (1975) estimate the

total shelf primary production to be approximately 140 million metric

tons of carbon per year. A simple conversion of average wet weight stand-

ing stock per square meter to carbon (0.1 x wet weight) for net zooplankton

provides an estimate of 5.2 million metric tons at this level consuming

probably no more than 50 million tons of plant matter or about one-third

of the yearly production. Thus, much of the organic matter synthesized

in the water column (perhaps nearly two-thirds) is available for benthic

filter and deposit feeders. Indeed, the shelf benthos is very abundant

in the Bering Sea.

Measurements of secondary productivity are nearly non-existent for

this region, although the very obvious populations of sea birds and

marine mammals, coupled with the size of the historical commercial

fisheries catch suggests a very efficient transfer mechanism to higher

trophic levels. This problem will be the focus of an international study

of processes and resources of the Bering Sea shelf (PROBES) scheduled to

begin in the spring of 1976.
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XII. APPENDIX II

AN INVENTORY OF SAMPLES TAKEN FOR ZOOPLANKTON, SALINITY,

CHLOROPHYLL a, AND NUTRIENTS FROM THE NEARSHORE REGION OF EASTERN

NORTON SOUND, JUNE THROUGH SEPTEMBER, 1976
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SALINITY SAMPLES

(surface water)
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CHLOROPHYLL A

(surface water)
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NUTRIENTS

(surface water)
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I SUMMARY

This is a report of progress achieved from the time of initial funding,

May 1976, through March 31, 1977. During this time otter trawl cruises were

conducted in Ugak and Alitak Bays in June, July, August, September 1976 and

March 1977. Catches of fish and invertebrates were identified and enumerated

as accurately as possible, length frequency measurements were made on selected

taxa and stomach samples were collected for analysis of food habits.

The resulting catch information has been partially tabulated and

portions are here presented to highlight relative abundance, distribution

and seasonality by species. Length frequency analysis for growth, and food

habits analyses are incomplete.

II INTRODUCTION

General Nature and Scope of Study

This study was intended to document the use of estuaries on Kodiak

by fish and shellfish. The estuaries are generally known to be important to

production of fisheries resources but the existing level of knowledge around

Kodiak is extremely heterogeneous. Some commercial species have been studied

extensively yet the area has been only superficially reconnoitered at best

for many species.

This study and R.U. 485 are designed to sample virtually all the hab-

itats within Ugak, Kaiugnak and Alitak bays. This study, however, is ad-

dressed to the demersal epifauna that are vulnerable to capture by otter

trawl, specifically, fish and crustacean shellfish.
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Specific Objectives

A. Determine the spatial and temporal (June-September) distribution,

relative abundance and inter-relationships of the various demersal

finfish and shellfish species in the study area.

B. Determine the growth rate and food habits of selected demersal fish

species.

C. Conduct literature survey to obtain and summarize on ordinal level

documentation of commercial catch, stock assessment data, distribution

as well as species and age group composition of various shellfish

species in the study area.

D. Obtain basic oceanographic and atmospheric data to determine any

correlations between these factors and migrations and/or relative

abundance of various demersal fish and shellfish species encountered.

Relevance to Problems of Petroleum Development

Petroleum development on the Kodiak Shelf is planned for the near future

and it will have an impact on fish and fisheries of the area. The precise

impact depends upon what takes place and when and where it occurs. This

study is providing part of the basic data upon which to make decisions that

may affect natural resources.

The placement of shore facilities may result in impact in their vicinity.

Information that may provide perspective on site selection is of considerable

importance and necessarily must be quite site specific. The inshore portion

of this study, R.U. 485, will provide this type of information, more than

this study.

Contamination by oil spill will affect certain resources most acutely.

Floating oil will affect sea birds, marine mammals and intertidal life. It
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will have an unknown affect upon larvae and juveniles of demersal fish,

especially those that occupy the near surface layers. Knowledge of demersa

fishes is an important link in assessing this aspect of potential impact.

Spilled oil may also reach the bottom of the sea, where it may collect and

affect marine organisms.

Chronic contamination at low levels has a poorly understood affect

upon biota but it is potentially hazardous. This may originate from per-

manent or semi-permanent facilities, such as drilling platforms and may

affect demersal epifauna.

The activities of the drilling platforms may directly affect the sea

bottom. Placement of structures, dumping of drilling mud and cuttings may

affect seabed habitats and the biota that lives there.

Thus, many of the potential impacts of oil development may affect

those resources that this study is addressed to investigate.
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III CURRENT STATE OF KNOWLEDGE

Alaska in unique in the United States in that it remains poorly
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reconniotered icthyologically. Fish distributions, although a basic char-

acteristic, are confusing and illogically discontinuous for many species.

At the same time commercial utilization of several species is considerable

and knowledge related to the fisheries is considerable. The overall know-

ledge of fish and shellfish resources of the Kodiak area is extremely

variable.

Knowledge of fish in the Kodiak area is generally limited to dis-

tribtuion of commercial species during summer. A comprehensive survey of

demersal fish resources in the Kodiak shelf area was conducted as part of

a study by the International Pacific Halibut Commission during 1961-1963

(Hughes 1974). The National Marine Fisheries Service conducted extensive

surveys around Kodiak during late spring, summer and into early fall of

1972 and 1973 (Hughes and Alton 1974). The Fisheries Research Board of

Canada conducted otter trawl surveys of the Kodiak Shelf area with 81 samples

in August and September 1963 and 15 samples in February 1965 (Westerheim 1967).

Comprehensive work on demersal fishes within the bays of Kodiak Island

has not been conducted. The Alaska Department of Fish and Game has con-

ducted research on commercial species and certain information is available,

however, demersal fish dsitribution and abundance is not known.

Life historical information on demersal fish is generally available,

however, it is generally not specific to the Kodiak area.

IV STUDY AREA

The study area for this project includes all water deeper than 10

fathoms and inside a line drawn between headlands of Ugak and Alitak bays

on Kodiak Island (Figure 1).

Ugak Bay, located on the east side of Kodiak Island, is about 19 miles
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Figure 1. Diagram of the study areas, Ugak and Alitak bays on Kodiak Island.
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long and gradually narrows from about 4 miles wide at its mouth to the very

narrow extreme eastern end. The shoreline is rocky and precipitous and rocky

outcrops occur throughout the bay. There is no sill at the mouth of Ugak Bay

to influence bottom water conditions within the bay. A trough about 53

fathoms deep extends into Ugak Bay to about Eagle Harbor where the bottom

shoals sharply to about 14 fathoms. West of Saltery Cove is a basin at the

head of Ugak Bay with a maximum depth of 53 fathoms from which extend two arms

each with sills at their mouths of 1½ and 9 fathoms and basins 25 fathoms deep.

Alitak Bay, located on the extreme southern end of Kodiak Island, is

about 27 miles long and nearly 8 miles wide at its mouth. It narrows gradu-

ally to its head in Deadman Bay. Tributary to Alitak Bay about halfway along

its length are Portage Bay on the east and Olga Bay through Moser Bay on the

west. Olga and Moser bays were not included within the study area. The

terrain varies from rolling tundra near the mouth of the bay to rocky with

precipitous shorelines, reefs and rocky outcrops within the bay. There is a

sill about 25 fathoms deep across the mouth of Alitak Bay, where mud and

sandy shell bottom types are found. Depths increase into Portage, Sulua

and Deadman bays. In Portage Bay and Sulua Bay the depths are 30 to 40

fathoms and 25 fathoms respectively. The bottom is muddy and rocky and

modestly extensive littoral zones occur. From the shoreline in Deadman Bay

the bottom descends precipitously to 60 to 98 fathom depths and has rocky

ridges that necessitate trawling at one depth, generally along the axis of

the bay.

V SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A systematic random sampling scheme was chosen as the appropriate

method of station selection as it was deemed desirable to be able to make
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population estimates from the data. Otter trawl stations were chosen by

gridding the entire study area deeper than 10 fathoms (18m) into one nauti-

cal mile squares after eliminating areas known to be untrawlable. This

yielded 30 blocks in Ugak Bay and 57 blocks in Alitak Bay. Based upon es-

timates of four days work in each bay and about eight stations per day, all

areas in Ugak Bay and odd numbered areas in Alitak Bay were chosen as

sampling stations.

Sampling was conducted with a 400 mesh eastern otter trawl which had

a 30m footrope, a 27m headrope and was 26m in total length with a 4m long

codend. The net was constructed with 4 inch mesh at the mouth and 3½ inch

mesh in the body and cod end and had a 1¼ inch mesh cod end liner. It was

equipped with 15 floats 20 cm in diameter on the headrope, and had no tickler

or rollers. The bridles were 9m long and the doors were 2.1m (9ft) by 1.5m

(7 ft) Astoria V design. This net is considered to open 1.5m high by 12.2m

wide. The net was pulled with a 3 to 1 scope for 20 minutes at 3 knots so

that 1 nautical mile (1.85km) was covered and approximately 0.02261 km²

were covered in each standard haul. When the net was brought to the sur-

face the cod end was retrieved with a lazy line and the catch was dumped in

large tubs. Large catches, those over about 200kg, were subsampled by dumping

them directly from the net into two tubs so that the catch was randomly

split. The fuller tub was chosen for sorting. The percent of the total

catch contained in the fuller tub was visually estimated by each crew member,

the estimates were averaged and this figure was used to expand the sorted

catch into the estimate of total catch.

Catches were sorted by species as possible and each species was

weighed, counted and directly recorded on the keypunch data form. Unidenti-
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fled species were preserved for later identification. Stomach samples

and lengths were taken from selected taxa.

VI RESULTS

A total of 197 otter trawl hauls were satisfactorally completed in

Ugak and Alitak bays from June through September 1976 (Table 1). An ad-

ditional cruise was completed during March 1977 but the results are not yet

available. The catches in both bays during all months consisted almost

entirely of four major groups: flounders (Pleuronectidae), crustacea,

sculpins (Cottidae) and cod (Gadidae) (Table 2).

Predominant taxa captured were snow crab (Chionoecetes bairdi), king

crab (Paralithodes camtschatica), yellowfin sole, shrimp (Pandalidae), great

sculpin, flathead sole, yellow Irish lord, Pacific cod, Pacific halibut, and

walleye pollock (Table 2). A preliminary list of species captured is in-

cluded (Table 3).

Table 1. Number of otter trawl hauls completed with satisfactory
gear performance by bay and month.
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Table 2. Preliminary tabulation of otter trawl catch in kilograms per
20 minute haul in Ugak and Alitak bays on Kodiak Island,
June, July, August and September, 1976.
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Table 3. Preliminary list of species captured in Ugak and Alitak Bays on
Kodiak Island by otter trawl during June, July, August and
September, 1977.
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Hexagrammidae
Masked greenling Hexagrammos octogrammus
Whitespot greenling Hexagrammos stelleri
Atka mackerel Pleurogrammus monopterygius

Cottidae
Crested sculpin Blepsias bilobus
Silver spotted sculpin Blepsias cirrhosus
Spinyhead sculpin Dasycottus settiger
Antlered sculpin Enophrys diceraus

Gymnocanthus spp.
Red Irish Lord Hemilepidotus hemilepidotus
Yellow Irish Lord Hemilepidotus jordani
Bigmouth sculpin Hemitripterus bolini
Thorny sculpin Icelus spiniger
Staghorn sculpin Leptocottus armatus
Great sculpin Myoxocephalus polyacanthocephalus
Tadpole sculpin Psychrolutes paradoxus
Ribbed sculpin Triglops pingeli

Agonidae
Sturgeon poacher Agonus acipenserinus
Smooth alligatorfish Anoplagonus inermis
Tubesnout poacher Pallasina barbata

Cyclopteridae
Smooth lumpsucker Aptocyclus ventricosus
Marbled snailfish Liparis dennyi
Slipskin snailfish Liparis fucensis
Slimy snailfish Liparis mucosus

Pleuronectidae
Arrowtooth flounder Atheresthes stomias
Rex sole Glyptocephalus zachirus
Flathead sole Hippoglossoides elassodon
Pacific halibut Hippoglossus stenolepis
Butter sole Isopsetta isolepis
Rock sole Lepidopsetta bilineata
Yellowfin sole Limanda aspera
Dover sole Microstomus pacificus
Starry flounder Platichthys stellatus
Alaska plaice Pleuronectes quadrituberculatus
Sand sole Psettichthys melanostictus
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There were several differences in the catch in the two bays. The

mean catch was generally greater in Ugak Bay for yellowfin sole, Irish Lord,

flathead sole, rock sole and butter sole. The mean catch was generally

greater in Alitak Bay for snow crab, shrimp, walleye pollock and slightly

greater for great sculpin and starry flounder. In June and July in Ugak Bay

Pacific cod, Irish Lord and flathead sole were all markedly more abundant

than at any other time and place. In June in both bays the catch of king

crab was considerably lower than in other months. In August the catch of

snow crab was lower than in either months and in September the catch of

starry flounder was considerably greater than in other months. Total

catches were greatest during July in both bays.

The total catch of fish within both bays tended to be greatest near

the mouth and decrease further within the bay (Figures 2 and 3).

Flounders, Family Pleuronectidae

Yellowfin Sole

Yellowfin sole was captured in greater abundance than any other fish

species. It occurred in 94% of the hauls and the greatest catch was 127

kg per 20 minute tow in Ugak Bay.

In Ugak Bay, yellowfin sole occurred in greatest abundance in mid-bay,

between Saltery cove and Eagle Harbor and near the north side of the mouth of

Ugak Bay (Figure 4). In Alitak Bay yellowfin sole were most abundant southeast

of Tanner Head (Figure 5), on the shallow area at the mouth of the bay. The

average size of yellowfin sole was greater in deeper water (Depth range 33

to 168m) and it was greater nearer the mouth of the bays than further within

them. Attempts to relate total catch to depth yielded confusing results.
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Figure 2. Otter trawl catch of fish in kilograms per 20 minute haul in Ugak Bay by approximate distance in miles
between the area sampled and a line between the headlands of the bay.



Figure 3. Otter trawl catch of fish in kilograms per 20 minute haul in Alitak Bay by approximate distance in miles
between the area sampled and a line between the headlands of the bay.



Figure 4. Distribution of yellowfin sole (Limanda aspera) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 5. Distribution of yellowfin sole (Limanda aspera) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



Flathead sole

Flathead sole was the second most abundant flounder by weight and

it occurred in over 98% of the hauls. Catches were generally greater in

Ugak than in Alitak Bay and they were greatest in the mouth of Ugak Bay,

where the largest catch, 116 kg per 20 minute tow, occurred (Figures 6 and 7).

Pacific halibut

Pacific halibut was the third most abundant flounder by weight and

it occurred in 68% of the hauls. Catch rates were similar in both bays

(Figures 8 and 9) with greatest catches occurring near the mouth and smal-

lest catches occurring near the head of the bays. The small number of hali-

but measured ranged from 30 to 120 cm in total length with mean sizes approxi-

mately the same in each bay (Figure 10). The mean weight per fish, which

includes all fish captured, ranged from 1.03 to 1.09 kg in Ugak Bay and it

ranged from 1.03 to 1.7 kg with 3 of 4 monthly means greater than 1.4 kg in

Alitak Bay.

Rock sole

Rock sole was the fourth most abundant flounder by weight and it

occurred in 59% of the hauls. Catch rates were slightly greater in Ugak

than in Alitak Bay and catches were greater near the mouths of the bays

(Figures 11 and 12). One station near Cape Trinity in the mouth of Alitak

Bay yielded two catches greater than 44 kg per 20 minute tow.

Starry flounder

Starry flounder was the fifth most abundant flounder by weight and

it occurred in 33% of the hauls. Catch rates were slightly greater in

Alitak Bay and catches were generally larger near the mouths of the bays

(Figures 13 and 14). One catch greater than 40 kg per 20 minute tow was made

in each bay. The catch rates of starry flounder seem, subjectively, to vary
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Figure 6. Distribution of flathead sole (Hippoglossoides elassodon) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 7. Distribution of flathead sole (Hippoglossoides elassodon) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Alitak
Bay. Unsampled areas are marked with an x.



Figure 8. Distribution of Pacific halibut (Hippoglossus stenolepis) mean catch for the

months June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 9. Distribution of Pacific halibut (Hippoglossus stenolepis) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Alitak
Bay. Unsampled areas are marked with an x.



Figure 10. Count frequency of Pacific halibut(Hippoglossus

stenolepis) total length by 5 cm intervals from Ugak and Alitak

bays during July, August and September, 1976.
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Figure 11. Distribution of rocksole (Lepidopsetta bilineata) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 12. Distribution of rocksole (Lepidopsetta bilineata) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



Figure 13. Distribution of starry flounder (Platichthys stellatus) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 14. Distribution of starry flounder (Platichthys stellatus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



much more than they do for other flounders.

Arrowtooth founder

Arrowtooth flounder was the sixth most abundant flounder by weight and

it occurred in 55% of the hauls. Catch rates were greater in Ugak than

Alitak Bay and the tendency for catch rates to be greater near the mouths of

the bays appears weak (Figures 15 and 16). Only two hauls in Alitak Bay

yielded catches greater than 1 kg but a catch of 23 kg was made in Ugak Bay.

Butter sole

Butter sole was the seventh most abundant flounder by weight and it

occurred in 27% of the hauls. Catch rates were greater in Ugak than Alitak

Bay and they were greater near the mouths of the bays (Figures 17 and 18).

The largest catch, nearly 30 kg, occurred at the mouth of Ugak Bay.

Other flounders

Other flounders captured include sandsole, Alaska plaice, Dover sole

and rex sole.

Cod, Family Gadidae

Pacific cod

Pacific cod was the most abundant cod captured and it occurred in

28% of the hauls. Catch rates were greater in Ugak than Alitak Bay and

catches were quite variable, ranging as high as 43 kg in Alitak and 290 kg

in Ugak Bay. Greatest catches were made near the mouth of the bays with

complete absence in the head of the bays (Figures 19 and 20).

Walleye pollock

Walleye pollock was the second most abundant cod captured and

occurred in 70% of the hauls. Catch rates were much greater in Alitak than

Ugak Bay and throughout Ugak catch rates were fairly uniform (Figure 21).

Within Alitak Bay catches were greatest in the outer half of the bay (Figure 22).
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Figure 15. Distribution of arrowtooth flounder (Atheresthes stomias) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 16. Distribution of arrowtooth flounder (Atheresthes stomias) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Alitak
Bay. Unsampled areas are marked with an x.



Figure 17. Distribution of butter sole (Isopsetta isolepis) mean catch for the months

June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 18. Distribution of butter sole (Isopsetta isolepis) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



Figure 19. Distribution of Pacific cod (Gadus macrocephalus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 20. Distribution of Pacific cod (Gadus macrocephalus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



Figure 21. Distribution of Walleye pollock (Theragra chalcogramma) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Ugak
Bay.



Figure 22. Distribution of Walleye pollock (Theragra chalcogramma) mean catch for themonths June, July, August and September 1976 in kg/20 minute tow inAlitak Bay. Unsampled areas are marked with an x.



The fish captured were almost entirely juveniles.

Pacific tomcod

Pacific tomcod was captured in small numbers in 19% of the hauls.

They were evenly spread in the outer portion of Ugak Bay and occurred only

in the outer portion of Alitak Bay (Figures 23 and 24).

Sculpins, Family Cottidae

Great sculpin

The great sculpin was the most abundant sculpin species captured and it

occurred in 93% of the hauls. Catch rates were approximately the same in

both Ugak and Alitak bays and were fairly uniform within each bay (Figures

25 and 26).

Yellow Irish Lord

Yellow Irish Lords was the second most abundant sculpin captured and

it occurred in 80% of the hauls. Catches were considerably greater in Ugak

than in Alitak Bay and in both bays there was a tendency for greater catches

to occur near the mouth of the bays (Figures 27 and 28). The greatest catch

was 247 kg/20 min haul and occurred near the mouth of Ugak Bay in June. This

species occurred in far greater abundance in June and July than in August

and September. Some difficulties were encountered identifying this species

and separating it from the red Irish Lord. In a few cases the red Irish Lord

may have been combined with the yellow but since it occurred only in small

numbers, there is likely very little bias in the weight information.

Gymnocanthus sp(p)

Gymnocanthus sp(p) was the third most abundant sculpin captured and it

occurred in 55% of the hauls exclusive of June samples. During June this
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Figure 23. Distribution of Pacific tomcod (Microgadus proximus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 24. Distribution of Pacific tomcod (Microgadus proximus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Alitak Bay.
Unsampled areas are marked with an x.



Figure 25. Distribution of Great sculpin (Myoxocephalus polyacanthocephalus) mean catch
for the months June, July, August and September 1976 in kg/20 minute tow
in Ugak Bay.



Figure 26. Distribution of Great sculpin (Myoxocephalus polyacanthocephalus) mean catch
for the months June, July, August and September 1976 in kg/20 minute tow in
Alitak Bay. Unsampled areas are marked with an x.



Figure 27. Distribution of Yellow Irish Lord (Hemilepidotus jordani) mean catch for the

months June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 28. Distribution of Yellow Irish Lord (Hemilepidotus jordani) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Alitak
Bay. Unsampled areas are marked with an x.



taxon was not correctly identified or separated from other unidentified sculp-

ins. This taxon was captured in much greater abundance and frequency in Ugak

Bay where it occurred in 94% of the hauls and catches were as great as 34

kg/20 min tow.

Other sculpins

Several other sculpin species were captured in small numbers (Table 3),

however, information on their distribution has not yet been tabulated.

Smelt, Family Osmeridae

Capelin

Capelin was the predominant smelt, occurring in 65% of the hauls.

They were more frequent and abundant in Ugak than Alitak Bay. Within Ugak

Bay capelin were most abundant in the middle portion of the bay (Figure 29)

and within Alitak Bay capelin were most abundant at the head of Deadman Bay

and on the eastern side outside of Portage Bay (Figure 30). Capelin catch

was at a low during July with no catch over 0.6 kg/20 min tow while catches

of 18, 19 and 49 kg/20 min tow occurred during June, August and September,

respectively.

Eulachon

Eulachon occurred in 28% of the hauls and was slightly more abundant

in Ugak Bay than in Alitak. It occurred without a strong pattern of

abundance in either bay (Figure 31 and 32), however, there was a weak tend-

ency for bigger catches in the middle portion of Ugak Bay. The largest

catches of eulachon occurred in June with total catch in both bays in later

months never exceeding 1 kg.
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Figure 29. Distribution of Capelin (Mallotus villosus) mean catch for the months June,

July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 30. Distribution of Capelin (Mallotus villosus) mean catch for the months June,
July, August and September 1976 in kg/20 minute tow in Alitak Bay. Unsampled
areas are marked with an x.



Figure 31. Distribution of Eulachon (Thaleichthys pacificus) mean catch for the months
June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 32. Distribution of Eulachon (Thaleichthys pacificus) mean catch for the monthsJune, July, August and September 1976 in kg/20 minute tow in Alitak Bay.Unsampled areas are marked with an x.



Other Taxa

Pacific sandfish occurred in 47% of the hauls, usually in small weight

abundance but considerable numerical abundance. The largest weight catch

was 81 fish weighing 3.6 kg/20 min tow and the largest numerical catch was

304 fish weighing 1.62 kg/20 min tow. It was present in similar abundance

throughout both bays with the exception of the Deadman Bay portion of Alitak

where it was never captured (Figures 33 and 34). It was least frequent and

abundant in June, increasing in July, and in August the greatest frequency

occurred when it was present in 100% of the hauls in Ugak and 55% of the

hauls in Alitak Bay. The mean catch per haul was greatest in August in

Ugak Bay and was greatest in September in Alitak Bay. Average fish weight

in Alitak Bay decreased from 56 g in June to 31 g in September. Average

weight in Ugak Bay went from 77 g in June to 132 g in July to 9.5 g in

August and 10.4 g in September.

Several other taxa occurred in modest frequency and abundance, notably

the various pricklebacks, eelpouts, snailfish, and poachers, but this in-

formation is not yet tabulated.

The crustacean data is not covered in this report since it was gathered

by R.U. 517, entitled "The Distribution, Abundance and Diversity of the Epi-

faunal Benthic Organisms in Two (Alitak and Ugak) Bays of Kodiak Island, Alaska."

VII Discussion

The distinct tendency for catch rates of fish to be greatest near the

mouth and decrease further within the bays was displayed by nearly every species.

A few small sized fish (snailfish, eelpouts, and pricklebacks) were more abundant
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Figure 33. Distribution of Pacific sandfish (Trichodon trichodon) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Ugak Bay.



Figure 34. Distribution of Pacific sandfish (Trichodon trichodon) mean catch for the
months June, July, August and September 1976 in kg/20 minute tow in Alitak
Bay. Unsampled areas are marked with an x.



or only present in the heads of the bays. However, some shelf inhabiting

species (Pacific cod, arrowtooth flounder, and Pacific halibut) were in-

frequent or absent from the heads of the bays. The general increase in

fish catch closer to the mouth of the bay is provocative but without know-

ledge of catch rates around the mouth of the bays it is difficult to interpret.

It is not possible to determine whether fish are more dense near the mouth

of the bays or less dense within the bays. If the catch data presented by

Hughes and Alton (1974) are comparable, which they should be, then the area

off Ugak contains higher densities than were found in Ugak Bay or in the

mouth of the bay.

A large number of juvenile walleye pollock, flathead sole, Pacific

sandfish, and other species were captured. Since many of these juveniles

especially young-of-the-year, were smaller than the net mesh, the catches

underestimates of true density or relative abundance of juveniles. The extent

to which net selectivity for larger fish contributed to the decrease in total

fish catch within the bays cannot be estimated. The distribution within the

bays has been examined for yellowfin sole and apparently average size of fish

decreases with decreasing depth and also decreases further within a bay, at

one depth. This has not yet been statistically tested, however. Preliminary

examination of data for other species suggests that this tendency may be quite

generally true.

VIII Conclusions

The biota of the demersal zone in Ugak and Alitak Bays in summer as

reflected by otter trawl catches, consists of crustacea (48%), flounders (27%),

sculpins (12%), and cod (6%).
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The greatest biomass of fish was found nearest the mouths of Ugak

and Alitak Bays and decreased within them. Most major species reflected this

distribution pattern. Some taxa, notably cods, were fairly abundanct at the

mouths of the bays but were infrequent or absent from the heads of the bays.

A few taxa were more abundant within the bays. The distribution of yellowfin

sole apparently was affected by both distance within the bay and depth, with

smaller mean sizes occurring further within the bay (at one depth) and smaller

mean sizes occurring at shallower depths.

IX NEEDS FOR FURTHER STUDY

Additional work should be done on biological characteristics of the

resident species. Food habits will need more work than this project was able

to complete. Spawning seasons and localities of fish need to be further

documented. There may be locations where early juveniles of various species

are abundant and these should be identified. Some of the species captured in

this study were largely represented by juveniles and further work on nearshore

and juvenile fish should be done. Age and growth studies of local fish would

be of considerable value and should be pursued.
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2

MATERIALS AND METHODS

Plankton tows were made semi-monthly in Kachemak Bay beginning the
latter half of March and extending through June 1972. Samples were
collected using the National Marine Fisheries Service (NMFS) research
vessel Sablefish except during the latter half of May when a few plankton
tows were made with the University of Washington's research vessel
Commando. At the end of June we lost use of the vessels and had to stop
sampling even though zoeae were still in the water.

The station pattern consisted of 24 stations distributed somewhat
evenly over an area of about 688 km² (266 square miles) (Fig. 1). Not
all stations were sampled during each semi-monthly period because of
inclement weather, especially at the beginning of the sampling season.
The stations sampled during each semi-monthly sampling period are indicated
in the figures showing zoeal distribution.

Plankton tows were made with Miller high-speed samplers (Miller
1961). Nets with No. 0 mesh (571 microns) were used throughout the
study. This type of gear retains its theoretical filtering capacity up
to three-fourths clogging and at speeds up to 10 knots (Miller 1961).

Four samplers were towed simultaneously in a step-oblique manner at
each station. Each sampler sampled one-fourth of the water column in
five step intervals of 2 min each regardless of station depth. For
purposes of discussion, portions of the water column sampled are referred
to in the text as strata A, B, C, and D from surface to bottom respectively.
Tows were made in a circular manner to minimize effects of currents.

Because a disproportionate increase in length of wire would be
necessary to reach greater depths, no samples were taken deeper than 100
m.

Theoretical computations show that at depths of 100 m or less, the
percentage of the tow taken outside the desired sampling depth is 6% or
less (Miller 1961). Based on Miller's calculations, we have assumed
that sample contamination derived from a sampler fishing outside its
intended stratum is negligible.

Estimates of water volume filtered during each tow were calculated
from a Rigosha flow meter. The flow meter was enclosed in a PVC housing
fitted with stabilization fins and attached at the wire stop along with
the top sampler. Adjustments for water filtered by the deeper samplers
were obtained by making repeated tows at various depths with flow meters
attached at each sampler position. Once these corrections were obtained,
only the top flow meter was used. Flow meters were calibrated by towing
them over a known distance at sampling speed. The meters performed
consistently over the entire sampling period.
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DISTRIBUTION OF KING CRAB, PANDALID SHRIMP, AND
BRACHYURAN CRAB LARVAE IN KACHEMAK BAY, ALASKA, 1972

Evan B. Haynes and Bruce L. Wing¹

INTRODUCTION

Shrimp and crab support major fisheries in Alaska. Research
designed to provide management programs for optimum utilization of these
stocks has dealt mainly with the adults and pre-recruits. The only
published studies on the larvae of these forms in Alaska have been those
of Takeuchi (1962, 1968), Rodin (1966), and Haynes (1974) on the geographical
distribution of zoeae of the king crab, Paralithodes camtschatica, in
the southeastern Bering Sea and Hoffman (1968) on the morphology of
larvae of the blue king crab, P. platypus. Recently Haynes (In press)
has described the larval development of the coonstripe shrimp, Pandalus
hypsinotus, and other pandalid shrimp species.² Lastly, Jewett and
Haight have studied the morphology of the megalopa of Chionoecetes
bairdi.³

In 1971 the Northwest Fisheries Center Auke Bay Fisheries Laboratory
began a comprehensive study on the larvae of king crab and shrimp in
Kachemak Bay, Alaska. In general, the study was designed to determine
the distribution, abundance, and survival of the larvae and to develop
appropriate methods for raising the larvae for laboratory studies. The
first phase of the study was to determine the locations in Kachemak Bay
where larvae are released and their subsequent dispersal from the releasing
areas. Preliminary sampling began in spring 1971, primarily to standardize
sampling techniques and to verify expected seasonal occurrence of larval
release. Sampling in 1972 was more extensive and was designed to determine
the areas of release and the dispersal of larvae from the releasing
areas. In this report we describe the distribution and dispersal of
king crab zoeae in Kachemak Bay and compare their distribution with
known patterns of water movement. We also comment on the distribution
of pandalid shrimp and brachyuran zoeae in Kachemak Bay.

¹Northwest Fisheries Center Auke Bay Fisheries Laboratory, National
Marine Fisheries Service, NOAA, P.O. Box 155, Auke Bay, AK 99821.

²Haynes, Evan. Description of zoeae of the humpy shrimp, Pandalus
goniurus, reared in situ in Kachemak Bay, Alaska. Unpubl. manuscr. 25
p. Northwest Fisheries Center Auke Bay Fisheries Laboratory, National
Marine Fisheries Service, NOAA, Auke Bay, AK 99821.

³Jewett, S. C., and R. E. Haight. Description of megalopa of snow
crabs, Chionoecetes bairdi Rathbun (Majidae, subfamily Oregoniinae).
Unpubl. manuscr., 10 p. Northwest Fisheries Center Auke Bay Fisheries
Laboratory, National Marine Fisheries Service, NOAA, Auke Bay, AK
99821.
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Plankton tows were made during daylight except on May 10-11, when a
24-h station was occupied for the purpose of studying the diel vertical
distribution of zoeae. At this station, tows were made every 2 h beginning
at noon on May 10 and ending at noon on May 11. In addition to the four
samplers towed in the usual manner, another sampler was towed just under
the surface at each 2-h interval from 8 pm May 10 to 8 am May 11.
During the 24-h station, total radiation was measured with a Belfort
pyrheliograph. Water temperatures were taken at 10-m intervals after
each tow using a calibrated Beckman Model RS5-3 induction salinometer.
For this aspect of the study, only data on the king crab zoeae are
presented; the samples were not processed for other larvae.

In the laboratory, samples containing about 400 larvae or less were
examined in their entirety; when the sample contained more than about
400 larvae, it was divided into equal portions using a splitter similar
to that described by Cooney (1971). The splitter showed no significant
differences (P = 0.05) among either individual or pooled aliquot counts.

The charts showing distribution and abundance of zoeae were made by
plotting the number of zoeae at each station and then drawing isopleths.
Identification of zoeal stages was based on descriptions given by Sato
and Tanaka (1949), Marukawa (1933), and Kurata (1964).

GEOGRAPHICAL DISTRIBUTION

King Crab Zoeae

King crab zoeae occurred in the 1972 plankton collections from late
April to the end of June, when sampling terminated. During this time,
the distribution and abundance of zoeae varied considerably, reflecting
the period of zoeal release, changes in distribution of zoeae by water
movements, and settling (Figs. 2-8). The locations of both positive
tows (containing king crab zoeae) and negative (not containing king crab
zoeae) are indicated in the charts showing zoeal distribution. The
terms "outer bay" and "inner bay" refer to the area of the bay from
Homer Spit seaward to the outermost transect of stations and from Homer
Spit to the head of the bay, respectively.

No king crab zoeae were captured at stations occupied the last half
of March and the first half of April (Figs. 2 and 3). King crab zoeae
first occurred in the plankton samples during the latter half of April.
Area of greatest abundance occurred as a band extending seaward from off
Bluff Point to station 17. Abundance decreased rapidly on either side
of this band. All other tows were negative except for a few zoeae
collected at station 9 (near Kasitsna Bay) (Fig. 4).

During the first half of May, zoeal abundance increased markedly in
the outer bay. Greatest abundance occurred in the northern half of the
outer bay and was centered at station 17 (Fig. 5). Dispersal of zoeae
extended eastward to Homer Spit and then southward to China Poot Bay.
Lower levels of abundance were found throughout the remainder of the
outer bay and at the entrance to the inner bay. A few zoeae were also
caught at the head of the bay (station 1). No zoeae were caught during
this sampling period in either Tutka Bay or Sadie Cove.
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During the latter half of May, abundance remained highest in the
outer bay (Fig. 6). The most obvious feature of zoeal distribution at
this time was the band of highest abundance that extended across the
outer bay from south of Anchor Point to Seldovia Bay. Abundance decreased
rapidly seaward of this band but remained relatively high shoreward and
throughout most of the inner bay.

Both distribution and abundance of zoeae continued to change throughout
the bay during the first half of June. Two areas of highest abundance
existed in the outer bay, one that included stations 16 and 17 (in the
center of the bay) and extended as a tail in a southwesterly direction
to include station 23 (Fig. 7), and another extended as a band of abundance
from Homer Spit southward to Kasitsna Bay. High abundance occurred
between these two areas, and in the inner bay. Zoeal abundance along
the outer transect of stations was relatively low except at stations 23
and 24. Low zoeal abundance also occurred along Bluff Point, at station
14, in Tutka Bay, and at the head of the bay.

A striking change in zoeal distribution and abundance occurred
during the latter half of June in the northern portion of the outer bay
between Anchor Point and Homer Spit. In this area, zoeal abundance had
increased markedly, particularly at stations 12, 13, 17, and 18 (Fig.
8). Catches of zoeae throughout the remainder of the outer bay, although
still high, had decreased from the previous sampling period, especially
along the southern shore. A sharp reduction of zoeae had occurred in
the inner bay.

In general, concentrations of Stage I larvae provide evidence of
the location of releasing sites. In this study, the zoeae caught during
April and nearly all of those caught during the first half of May were
Stage I (Fig. 9). The initial occurrence and high abundance of these
zoeae off Bluff Point indicate that this area is the major releasing
area in Kachemak Bay for king crab zoeae. This assumption is supported
by studies of female king crabs in Kachemak Bay by the State of Alaska
Department of Fish and Game which show that egg-bearing king crab congregate
in this area during spring at the time zoeae are released. Zoeae also
occurred in other areas of the bay at this time, but their relatively
low abundance and pattern of dispersal likely reflect transportation
from the primary releasing area by tidal action and water currents
rather than indicating additional release sites.

It is not known where the large numbers of zoeae that occurred off
Bluff Point in late June were released.

Sampling during early May, the major period of zoeal release, did
not extend seaward far enough to define the outer limits of the releasing
area. It is possible, therefore, that some of the zoeae released off
Bluff Point were carried seaward to return later along the northern
shore of the bay. On the other hand, subsequent sampling seemed to
indicate that the releasing area had not extended to the outer transect
of stations (stations 19-24). The nearest known population of king crab
occurs about 70 miles distant along the northern shore of Cook Inlet.
It is not known if zoeae from this population are dispersed in such a
manner that they would eventually be carried by currents into Kachemak
Bay.
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The present study was inadequate to determine areas where the zoeae
settle. Although glaucothoe possess swimming capabilities (Sato 1958),
they are characteristically a bottom-dwelling stage and not usually
caught with conventional plankton gear. The few glaucothoe caught in
this study were taken in the outer bay at stations 12, 17, 18, 22, and
23 during the latter half of June. The occurrence of glaucothoe at
these locations may indicate areas of zoeal settling. The fact that
glaucothoe were not caught elsewhere does not mean that zoeal settling
was restricted to the outer bay. Unfortunately, there are as yet no
practical means to sample glaucothoe quantitatively and attempts to
determine their distribution and abundance must await development of
appropriate sampling equipment.

Pandalid Zoeae

The geographical and seasonal distribution of pandalid zoeae in
1972 was similar to that of king crab zoeae. No pandalid zoeae were
caught until the first half of April when they appeared at stations 13
and 17 (Fig. 10). By the latter half of April abundance of pandalid
zoeae at these two stations had increased considerably. Lower levels of
zoeal abundance occurred throughout the remainder of the bay (Fig. 11).

During the first half of May, abundance of pandalid zoeae was
generally high throughout the outer bay but still low in the inner bay
(Fig. 12). Zoeal abundance was highest at station 17, having increased
from 208 zoeae/100 m³ during the latter half of April to nearly 5,000
zoeae/100 m³ during the first half of May. Zoeal abundance shifted
slightly toward the inner bay during the second half of May, being
highest at station 13, and had dropped considerably along the outer
sample transect (Fig. 13).

Pandalid zoeal abundance during the first half of June was essentially
identical to the previous sampling period except for a band of high
abundance extending from the center of Kachemak Bay southwestward past
Point Pogibshi (Fig. 14). During the latter half of June, pandalid
zoeal abundance was highest in the northwestern quarter of the outer bay
and relatively low elsewhere in the bay (Fig. 15).

Brachyuran Zoeae

The geographical distribution of brachyuran zoeae in 1972 was
similar to king crab and pandalid shrimp zoeal distributions. No brachyuran
zoeae were caught until the last half of April, when a few were collected
in Tutka Bay and at stations 11 and 14 (Fig. 16). During the first half
of May, brachyuran zoeae were distributed throughout most of the bay but
were in low numbers (Fig. 17). During the last half of May, abundance
of brachyuran zoeae increased markedly, being highest in a band from
station 17 to Homer Spit, in Sadie Cove, and at station 2 (Fig. 18).
The rest of the bay had intermediate numbers of brachyuran zoeae except
the outermost bay where abundance was lowest. In the first half of
June, numbers of brachyuran zoeae generally increased throughout the
outer bay, with highest concentrations in the band between stations 17
and Homer Spit (Fig. 19).
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In the first half of June, numbers of brachyuran zoeae generally
increased throughout the outer bay, with highest concentrations in the
band between station 17 and Homer Spit. The inner bay had a relatively
low number of zoeae (Fig. 19).

Zoeal abundance remained high throughout the outer bay but conspicuously
so at station 17 during the latter half of June (Fig. 20). Samples for
the inner bay for the latter half of June were not processed because of
lack of time.

Brachyuran megalopae were present in low numbers from late April
through the end of sampling in late June. Megalopae were captured at 12
of 24 stations in the first half of June and at only 5 or 6 stations
during other sampling periods.

Comparison of Geographical Distribution of King Crab,
Pandalid Shrimp, and Brachyuran Zoeae

Geographical distribution of king crab, pandalid shrimp and brachyuran
zoeae in Kachemak Bay were similar in area and times of occurrence in
1972. For each group initial high abundance, which indicates area of
larval release, was in the middle outer bay near station 17. As the
season progressed, abundance of larvae continued to increase in the
outer bay, especially near station 17. Abundance of larvae in inner
Kachemak Bay, Sadie Cove, and Tutka Bay remained relatively low compared
to the outer bay. During the latter half of June, abundance of king
crab and pandalid shrimp zoeae was highest in the northwestern quarter
of the outer bay. Brachyuran zoeae in late June were somewhat uniformly
distributed in the outer bay with high abundance near station 17.

VERTICAL DISTRIBUTIONS

The younger larval stages of many bottom invertebrates are positively
phototactic, whereas older larvae approaching the stage of metamorphosis
are increasingly negatively phototactic (Thorson 1950, p. 17). This
implies that the younger larvae of these forms will be caught nearer the
surface and the older larvae nearer the bottom. Takeuchi (1962) suggested
that this phenomenon is true for zoeae of P. camtschatica but his data
are too meager to substantiate his claim. In the present study the
vertical depth distribution of P. camtschatica zoeae is similar regardless
of age of zoeae.

Seasonal Vertical Distributions

To determine the vertical depth distribution of zoeae, we ranked by
depth the midpoints of positive samples and tabulated the number of
zoeae in the positive samples by stage. The resulting data were plotted
as curves smoothed by averaging the number of zoeae in various depth
intervals, the interval size depending on the depth and number of samples.

The vertical depth distribution was similar for all zoeal stages
(Fig. 21). Zoeal abundance was low near the surface. Most zoeae were
captured between 10 and 35 m depth. Few zoeae were found greater than

40 m.
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Diel Vertical Migration

King crab zoeae in Kachemak Bay migrate vertically in a diel cycle.
In the 24-h study of May 10-11, 1972, the percentage of king crab zoeae
in the surface 15 m was highest between 1800 and 0800, corresponding to
the hours of darkness and lower light levels (Fig. 22). During the
hours of higher light levels (0800-1800), the percentage of zoeae was
greatest in the 15-30 m depth stratum. In general the proportion of
king crab zoeae in the lower strata, C and D (30-60 m), follows a
pattern of being lowest during the period of low light levels and high
during the period of high light levels.

It is not known if all four stages of king crab zoeae undergo diel
vertical migration. The small percentage (1.1%) of stage II king crab
zoeae in the 24-h samples precluded a meaningful depth comparison of
this stage with stage I zoeae. Takeuchi (1962) sampled king crab zoeae
both day and night at the surface and at 50 m depth in the southeastern
Bering Sea. He found a slightly greater percentage of stage I and II
zoeae at the surface during nighttime than stage III zoeae, but his data
were insufficient to determine if this difference in zoeal abundance by
depth was real.

Vertical migration of some zooplankton may be hindered or prevented
by a thermocline (Mauchline and Fisher 1969, p. 163; Vinogradov 1968, p.
104). Temperature profiles throughout the 24-h sampling period were
essentially identical to the temperature profile for midnight (Fig. 22).
A pronounced thermocline occurred from the surface to 10 m depth with
near isothermal waters from 10 m to the bottom. The occurrence of zoeae
in all strata and the rise of king crab zoeae toward the surface at
night imply that the thermocline did not prevent their vertical migration
to the surface.

COMPARISON OF WATER CURRENT PATTERNS IN KACHEMAK BAY
WITH DISTRIBUTION OF DECAPOD LARVAE

The most complete study on water circulation in Kachemak Bay is
that of Wennekens et al. 4 They used drogues deployed at the surface and
subsurface levels (15-30 m) for seven time series of 4-17 days duration
between May and November 1975. Our summary of their subsurface drogue
data (Fig. 23) shows that water enters the bay along the southern shore
and exits along the northern shore. Two gyres, one clockwise and the
other counter clockwise, exist in the outer bay. These gyres apparently
persist at subsurface depth, although their positions may be shifted by
tidal action. Strong wind conditions may temporarily change the net
circulation and surface portion of the gyres.

4Wennekens, M. P., L. B. Flagg, L. Trasky, D. C. Burbank, R. Rosenthal,
and F. F. Wright. Kachemak Bay--A status report. Alaska Dep. Fish
Game, Habitat Protection Section, Coastal Habitat Protection Programs,
Anchorage. 228 p. (Dec. 1975--unpublished)
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The distribution of king crab, pandalid shrimp and brachyuran
larvae observed in Kachemak Bay in 1972 may be related to the water
circulation patterns in the bay. In 1972, the major release area for
the three groups of larvae appeared centered near the northern edge of
the outer gyre in the area of north westward transport observed by
Wennekens et al. in 1975. Assuming a similar transport pattern in 1972,
larvae from the release area would likely have been carried north out of
the bay shortly after release. Immigrations of larvae released outside
the bay would have occurred from the southwest, the larvae becoming
concentrated in the gyres. With such a water circulation pattern, early
stage larvae would be most abundant in the northwest quadrant of the
outer bay and older stage larvae more abundant in the southwest quadrant
and in the gyres.

The above theoretical pattern of larval distribution was not observed
in our data. In 1972 larvae were released primarily in the northwest
quadrant and the areas of highest abundance for early and late stage
larvae generally remained in the northwest quadrant throughout the
April-June sampling period. Dispersal of larvae from the release area
was predominantly toward the gyres and not northwestward out of the bay.

Continued zoeal abundance in the outer bay likely reflects entrainment
of the zoeae in the gyres. Wennekens et al. (see footnote 4) note that
variations in tidal oscillations and weather conditions may affect the
size, strength, and position of the gyres. Annual variations of Kachemak
Bay circulation have not been verified. A slight northward extension of
the gyres in 1972 would have included the release site area and resulted
in a pattern of zoeal distribution commensurate with the 1972 data.
Immigration of zoeae out of the bay along the northern shore undoubtedly
occurred, but would have been minimized. It is not known if immigration
of larvae into Kachemak Bay occurred along the southern shore in 1972.
There was no evidence of a relatively large influx of larvae in this
area in 1972 and no obvious differences from other areas of the bay in
the expected progression of larval stages with time.

The question of whether Kachemak Bay is an "open" or "closed"
system in regard to decapod larval migration cannot be answered at this
time. Our station pattern did not extend far enough seaward to determine
the existence of other areas of larval abundance and no samples were
taken after the end of June when larvae were still present. Also the
studies of larval distribution and of circulation in Kachemak Bay were
separated in time, and annual variation of both are unknown. Behavioral
patterns of the larvae are poorly known, especially whether or not they
have the ability to maintain their geographic position in spite of net
transports. Quite likely migration of decapod larvae into and out of
Kachemak Bay occurs, but its importance in relation to maintenance of
the decapod populations within the bay has not been determined.

426



9

LITERATURE CITED

Haynes, E.
1974. Distribution and relative abundance of larvae of king

crab, Paralithodes camtschatica, in the southeastern Bering Sea,
1969-70. Fish. Bull., U.S. 72:804-812.

In press. Description of zoeae of Pandalus hypsinotus reared in the
laboratory. Fish. Bull., U.S. 74(2).

Hoffman, E. G.
1968. Description of laboratory-reared larvae of Paralithodes

platypus (Decapoda, Anomura, Lithodidae). J. Fish. Res. Board
Can. 25:439-455.

Kurata, H.
1964. Larvae of decapod Crustacea of Hokkaido. 6. Lithodidae

(Anomura). [In Jap., Engl. summ.] Bull. Hokkaido Reg. Fish. Res.
Lab. 29:49-65.

Marukawa, H.
1933. Biological and fishery research on Japanese king-crab
Paralithodes camtschatica (Tilesius). [In Jap., Engl. summ.]
J. Imp. Fish. Exp. Stn. 4, 152 p., 19 plates.

Mauchline, J., and L. R. Fisher.
1969. The biology of euphausiids. Adv. Mar. Biol. 7:1-454.

Miller, D.
1961. A modification of the small Hardy plankton sampler for simultaneous
high-speed plankton hauls. Bull. Mar. Ecol. 5:165-172.

Sato, S.
1958. Studies on larval development and fishery biology of king crab,
Paralithodes camtschatica (Tilesius). [In Jap., Engl. summ.] Bull.
Hokkaido Reg. Fish. Res. Lab. 17:1-102, 10 plates.

Sato, S., and S. Tanaka.
1949. Study on the larval stage of Paralithodes camtschatica (Tilesius).
I. Morphological research. Hokkaido Fish. Exp. Stn. Res. Rep. 1:7-24.,
(Transl. by L. M. Nakatsu and available from Northwest Fish. Cent.
Natl. Mar. Fish. Serv., NOAA, Seattle.)

Takeuchi, I.
1962. On the distribution of zoea larvae of king crab, Paralithodes
camtschatica, in the southeastern Bering Sea in 1960. [In Jap., Engl.
summ.] Bull. Hokkaido Reg. Fish. Res. Lab. 24:163-170.

1968. On the distribution of zoea larva of king crab, Paralithodes
camtschatica, in the southeastern Bering Sea in 1957 and 1958. [In
Jap., Engl. summ.] Bull. Hokkaido Reg. Fish. Res. Lab. 34:22-29.
(Fish. Res. Board Can., Transl. Ser. 1195.)

427



10

Thorson, G.
1950. Reproductive and larval ecology of marine bottom invertebrates.

Biol. Rev. 25:1-45.

Vinogradov, M. E.
1968. Vertical distribution of the oceanic zooplankton. Akad. Nauk
SSSR. Inst. Okeanol. [Transl. by Israel Program for Sci. Transl.,
1970, 339 p. TT69-59015.]

428



Figure 1. Location of sampling stations to determine the relative abundance and distribution of king crab,
pandalid shrimp, and brachyuran crab zoeae in Kachemak Bay, March-June 1972.



Figure 2. Location of sampling stations for king crab zoeae, March 16-31, 1972.



Figure 3. Location of sampling stations for king crab zoeae, April 1-15, 1972.



Figure 4. Distribution of king crab zoeae in Kachemak Bay, April 16-30, 1972.



Figure 5. Distribution of king crab zoeae in Kachemak Bay, May 1-15, 1972.



Figure 6. Distribution of king crab zoeae in Kachemak Bay, May 16-31, 1972.



Figure 7. Distribution of king crab zoeae in Kachemak Bay, June 1-15, 1972.



Figure 8. Distribution of king crab zoeae in Kachemak Bay, June 16-30, 1972.



Figure 9. Percentage composition of king crab zoeal stages
in Kachemak Bay, April-June 1972.



Figure 10. Distribution of pandalid shrimp zoeae in Kachemak Bay, April 1-15, 1972.



Figure 11. Distribution of pandalid shrimp zoeae in Kachemak Bay, April 16-30, 1972.



Figure 12. Distribution of pandalid shrimp zoeae in Kachemak Bay, May 1-15, 1972.



Figure 13. Distribution of pandalid shrimp zoeae
in Kachemak Bay, May 16-31, 1972
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Figure 14. Distribution of pandalid shrimp zoeae in Kachemak Bay, June 1-15, 1972.



Figure 15. Distribution of pandalid shrimp zoeae in Kachemak Bay, June 16-30, 1972.



Figure 16. Distribution of brachyuran crab zoeae in Kachemak Bay, April 16-30, 1972.



Figure 17. Distribution of brachyuran crab zoeae in Kachemak Bay, May 1-15, 1972.



Figure 18. Distribution of brachyuran crab zoeae in Kachemak Bay, May 16-31, 1972.



Figure 19. Distribution of brachyuran crab zoeae in Kachemak Bay, June 1-15, 1972.



Figure 20. Distribution of brachyuran crab zoeae in Kachemak Bay, June 16-30, 1972.



Figure 21. Average depth distribution of king crab zoeae in Kachemak Bay,
April 16-June 30, 1972.
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Figure 22. Diel vertical migration of king crab zoeae, incident surface sunlight, and water temperature
profile in Kachemak Bay, 10-11 May 1972. The widths of the blocks are proportional to the percent of zoeae
collected within the depth strata.



Figure 23. Generalized circulation pattern in Kachemak Bay at 15-30 m (adapted from Wennekens et al [superscript]4).
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH RESPECT
TO OCS OIL AND GAS DEVELOPMENT

The objectives of this study are: (1) a qualitative inventory of

dominant benthic invertebrate epifaunal species (exclusive of gastropods)

within the study sites, (2) a description of spatial distribution patterns

of selected benthic invertebrate epifaunal species in the designated study

sites, and (3) preliminary observations of biological interrelationships

between selected segments of the benthic biota in the designated study areas.

Analysis of data on biomass, abundance, and distribution of benthic

epifaunal invertebrates as well as tabulation of species for Norton Sound

and the Chukchi Sea will be available in the Final Report. Each area will

be treated and discussed separately in that report. Currently available

data include a species list for the combined areas, and feeding data for

the starry flounder (Platichthys stellatus), 6 sea stars (Leptasterias sp.,

Leptasterias polaris ascervata, Lethasterias nanimensis, Solaster endeca,

Evasterias echinosoma, and Asterias amurensis), and 2 ophiuroids (Ophiura

sarsi and Gorgonocephalus caryi). Mollusca, Crustacea, and Echinodermata

were the dominant phyla in the study area in terms of number of species

with 91, 41, and 23 species respectively. Mollusca and Echinodermata were

the major food items taken by the species selected for food-habit studies.

The joint National Marine Fisheries Service trawl survey for inves-

tigation of demersal fishes and epifaunal invertebrates was effective,

and excellent spatial coverage of the shelf of the northeastern Bering

Sea and southeastern Chukchi Sea was obtained. Integration of informa-

tion on these two faunal groups will enhance our understanding of the

shelf ecosystem there.
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A large number of the species collected in the study area were

either sessile or slow moving forms. Many important food organisms

were deposit feeders or were species capable of using this feeding

method part of the time. Both these groups would be greatly affected

by oil spills in the area because of their inability to leave the area

or because of their dependence on the sediments for feeding.

II. INTRODUCTION

Little is known about the biology of the epifaunal invertebrate

components of the shallow, nearshore benthos of Norton Sound and the

Chukchi Sea, and yet many of these components may be the ones most

affected by the impact resulting from offshore petroleum operations.

Some basic data on species composition is essential before industrial

activities take place in the above areas. It is the intent of this

investigation to conduct a qualitative survey of the benthic epifaunal

invertebrates in conjunction with the Northwest Fisheries Center

(National Marine Fisheries Service) demersal fish trawl survey within

the identified oil-lease sites.

The specific objectives of this study are:

1. A qualitative inventory of dominant benthic invertebrate epi-

faunal species (exclusive of gastropods) within the study sites.

2. A description of spatial distribution patterns of selected

benthic invertebrate epifaunal species in the designated study

sites.

3. Preliminary observations of biological interrelationships be-

tween selected segments of the benthic biota in the designated

study areas.
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III. CURRENT STATE OF KNOWLEDGE

Few studies of benthic invertebrates have been made in the Norton

Sound-Chukchi Sea area. Sparks and Pereyra (1966) present a partial

species list and general discussion of the benthos near Cape Thompson.

Feder and Mueller (1974) present extensive data including species lists,

population density, biomass, and feeding methods for invertebrates col-

lected by otter trawl, van Veen grab, and dredge in Norton Sound near

Nome. Ellson et al. (1950) present results of an exploratory fishing

survey in the Nome area in 1949.

Most of the species collected in the present investigation were

known; also similar species have been reported for other regions of the

northeastern Bering Sea shelf by Soviet investigations (Neyman, 1960).

IV. STUDY AREA

The area for the present investigation included Norton Sound, the

eastern Bering Sea north of St. Lawrence Island, and the eastern Chukchi

Sea south of Point Hope (Figs. 1-3). All stations completed were east of

the USA-USSR boundary line.

V. SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Data was collected in conjunction with trawling activities of the

National Marine Fisheries Service. All collections were made during

30 minute tows using a 400-mesh Eastern otter trawl aboard the NOAA ship

Miller Freeman.

Invertebrates, except for gastropods, were enumerated, weighed, and

given tentative identifications onboard ship by Institute of Marine Science
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Figure 1. Northeast Bering Sea and Norton Sound station locations occupied by NOAA ship Miller Freeman,
September 2 to September 24, 1976.



Figure 2. Eastern Chukchi Sea station locations occupied by NOAA ship Miller Freeman, September 2 to September
24, 1976.



Figure 3. Northeast Bering Sea and Norton Sound station locations occupied by NOAA ship Miller Freeman,

September 27 to October 13, 1976.



personnel. The bulk of the gastropod data were collected by National Marine

Fisheries Service personnel, and taxonomic and distributional information

for this group are to be supplied by them for our Final Report. Aliquot

samples and voucher specimens of all invertebrates were preserved, and taken

to the University of Alaska for positive identification.

When laboratory examination revealed more than a single species in

a field identification, the counts and weights of the species in question

were arbitrarily expanded from the laboratory species ratio to encompass

the entire catch of the trawl.

Information on feeding, reproduction, parasites and general ecology

of the invertebrates collected was recorded whenever time permitted.

Data on occurrence of man-made debris in the trawl was also recorded.

VI. RESULTS

Trawl Study

Trawling operations in the Norton Sound-Chukchi Sea area resulted

in collection of a diverse invertebrate fauna. The invertebrate species

list (excluding gastropods) (Table I), combined for these two areas,

shows 13 phyla, 81 families, and 135 species. The gastropods collected

primarily by National Marine Fisheries Service (NMFS) personnel, are listed

in Table II. Fifty gastropod species were identified by NMFS and an addi-

tional eight species were identified in our laboratory. Thus, bringing

the total number of species (including gastropods) to 193. Mollusca,

Crustacea, and Echinodermata were the most heavily represented phyla with

91, 41, and 23 species respectively. Separate species lists for the two

areas will be available in the Final Report.
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TABLE I

PRELIMINARY SPECIES LIST FOR NORTON SOUND-CHUKCHI SEA BENTHIC

TRAWL STUDY, LEG I-II MILLER FREEMAN, 2 SEPT-13 OCT 1976

SPECIES LIST FOR GASTROPODA IN TABLE 2
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TABLE I

CONTINUED
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CONTINUED
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CONTINUED
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CONTINUED
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TABLE II

LIST OF GASTROPOD MOLLUSCS COLLECTED ON MILLER FREEMAN

CRUISE 76 IN NORTON SOUND AND THE CHUKCHI SEA, 1976
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TABLE II

CONTINUED
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Abundance and distribution data for most invertebrates are not available

at this time, but will be included in the Final Report. Numbers and weight

of gastropods collected by NMFS are included in Table III.

Food Studies

Analysis of stomach contents of the starry flounder (Plafichthys

stellatus) and sea star (Leptasterias polaris ascervata) (Tables IV and V)

showed many differences in the feeding habits of these animals between

Norton Sound and the Chukchi Sea. Starry flounders from Norton Sound

used mainly the deposit-feeding clam Yoldia sp. and the small brittle

star Amphipholis pugetana as food while starry flounders from the Chukchi

Sea concentrated on the worm Echiurus echiurus and the prickleback fish

Lumpenus fabricii. Leptasterias polaris ascervata, the only sea star

for which sufficient data exists to compare areas, fed primarily on sand

dollars (Echinarachnius parma) and barnacles (Balanus sp.) in Norton

Sound while in the Chukchi Sea it fed on the snail Natica sp. and the

polychaete worm Cistenides sp.

Only general comments on feeding are possible for the other species

examined (Tables IV and V). Both Evasterias echinosoma and Lethasterias nani-

mensis fed primarily on molluscs. The brittle star Ophiura sarsi was taking

small crustacea while the single Solaster endeca and the single Asterias

amurensis examined were using Gorgonocephalus caryi and Echinarachnius parma

respectively. All Gorgonocephalus caryi had empty stomachs.

VII. DISCUSSION

Station Coverage

Station coverage was relatively uniform over the study area with

Norton Sound covered more intensively than other areas (see Figs. 1-3).
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TABLE III

SNAIL SPECIES LISTED IN ORDER OF DECREASING ABUNDANCE BY BOTH
NUMBER AND WEIGHT - MILLER FREEMAN CRUISE, SEPT 2 - OCT 13, 1976
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TABLE IV

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS (LISTED ACCORDING TO LOWEST LEVEL OF

TAXONOMIC IDENTIFICATION) FOUND IN THE STOMACHS OF FISHES AND INVERTEBRATES

FROM THE CHUKCHI SEA, 1976 (N=NUMBER OF STOMACHS EXAMINED)



TABLE IV

CONTINUED



TABLE V

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS (LISTED ACCORDING TO LOWEST LEVEL OF TAXONOMIC IDENTIFICATION) FOUND IN
THE STOMACHS OF FISHES AND INVERTEBRATES COLLECTED IN NORTON SOUND, 1976 (N=number of stomachs examined)



TABLE V

CONTINUED
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CONTINUED



Trawl Study

Available computer programs will be used to generate separate species

lists for Norton Sound and the Chukchi Sea as well as distribution, fre-

quency of occurrence, and biomass estimates for all epibenthic invertebrates

collected in the study area.

The combined-area species list shows that Mollusca, Arthropoda, and

Echinodermata, in that order, are the dominant phyla based on number of spe-

cies. Jewett and Feder (in press) showed similar dominance in number of

species for these groups in trawl samples from the northeast Gulf of Alaska.

Biomass and abundance data, available for the Final Report, will allow

analysis of species dominance by number of organisms and weight.

Food Studies

Primary food items of the starry flounder (Platichthys stellatus) and

the sea star (Leptasterias polaris ascervata) differed between Norton Sound

and the Chukchi Sea. Due to lack of dredge or grab data on the abundance

of infauna in the area it is not known whether these differences in food

items are due to preference or availability of the items.

The dominant items in the stomachs of all organisms examined were

molluscs and echinoderms. Crustaceans were a food source little used by

the organisms examined.

VIII. CONCLUSIONS

Trawling operations in the Norton Sound-Chukchi Sea area have resulted

in the collection of 13 phyla and 193 species. Mollusca, Crustacea, and

Echinodermata are the most heavily represented phyla with 91, 41, and 23

species respectively.
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Distribution and abundance data for invertebrates are not available

at this time, but will be included in the final report.

Analysis of stomach contents of the starry flounder Platichthys

stellatus and sea star Leptasterias polaris ascervata show many differ-

ences in the feeding habits between Norton Sound and the Chukchi Sea.

Starry flounders from Norton Sound use mainly the deposit-feeding clam

Yoldia sp. and the small brittle star Amphipholis pugetana as food, while

starry flounders from Chukchi Sea mainly consume the worm Echiurus

echiurus and the prickleback fish Lumpenus fabricii. Leptasterias

polaris ascervata, the only sea star for which sufficient data exists to

compare areas, feed primarily on sand dollars, Echinarachnius parma, and

barnacles, Balanus sp. in Norton Sound while in the Chukchi Sea it feeds

on the snail Natica sp. and the polychaete worm Cistenides sp..

Further stomach analysis of starry flounder and the brittle star

Ophiura sarsi will appear in the final report and should broaden our

understanding of benthic trophic interactions of these areas.

The importance of deposit-feeding clams in the diet of starry floun-

ders from Norton Sound is demonstrated; this situation is also true for

starry flounder observed elsewhere. A high probability exists that oil

hydrocarbons will enter crabs via these deposit-feeding molluscs, sug-

gesting that studies interrelating sediment, oil, deposit-feeding clams,

and appropriate predator species should be initiated soon.

IX. NEEDS FOR FURTHER STUDY

1. Although the trawling activities were expected to be satisfactory

for determination of the distribution and abundance of epifauna, a sub-

stantial component of both areas - the infauna - was not sampled. Since
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infaunal species represent important food items, it is essential that

dredging be accomplished here in the near future.

2. Additional studies are needed during other seasons and years

to describe seasonal and year-to-year variations in the distribution and

relative abundance of the epifauna.

3. Seasonal predator-prey relationships should be examined in con-

junction with simultaneous infaunal sampling.

4. It is essential that large samples of the dominant clam prey

species be obtained to initiate recruitment, age, growth, and mortality

studies. These data will then be comparable to similar data being col-

lected for clams of Cook Inlet and the Bering Sea (Feder et al., 1977).

Any future modeling efforts concerned with carbon or energy flow in

the Norton Sound-Chukchi Sea area will need this type of information.

5. No physical and chemical data are currently available. This

information should be obtained in the future in conjunction with all

biological sampling efforts.
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X. SUMMARY OF THE 4th QUARTER OPERATIONS

A. Ship or Laboratory Activities

1. No ship activity

2. Scientific party - not applicable

3. Methods - laboratory analysis

a. Verification of field identifications is underway at

Institute of Maine Science, University of Alaska, Fairbanks.

b. Further examination of predator-prey relationships is in

progress.

c. Cluster analysis techniques are being developed.

4. Sample localities - not applicable

5. Data analyzed

Approximately 75 starry flounder stomachs were examined in the

laboratory. Analysis of prey data included frequency of occurrence and

numerical and volumetric determinations.

6. Distribution and abundance data, cluster analysis, predator-prey

relationships and reproductive notes will be included in the Final Report.

Data will be examined within and between Norton Sound and Chukchi Sea.

See data submission schedule.

B. Problems Encountered/Recommended Changes

During the present study National Marine Fisheries Service collected

data on commercial crabs and all gastropod molluscs. To insure accuracy

and consistency of identification of species as well as biological and

biomass data, it is suggested that Institute of Marine Science personnel be

responsible for collection of all data on benthic invertebrates.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1977

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 30 R.U. NUMBER: 502

PRINCIPAL INVESTIGATOR: H. M. Feder
University of Alaska

Submission dates are estimated only and will be
updated, if necessary, each quarter. Data batches
refer to data as identified in the data management
plan

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1

Miller Freeman 9/1/76 10/15/76 7/30 /7 7
a

Note: 1 Data management plan was submitted on 8/30/76, approved by
M. Pelto on 9/13/76; we await approval by the contracting
officer.

a Raw field data was submitted at the end of the cruise.
Verified and formated data will be submitted on above date.
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I SUMMARY

This is a report of progress achieved from the time of initial funding,

April 1976, through March 31, 1977. During this time sampling was conducted

with otter trawl, beach seine, tow net, purse seine and gill net throughout

most of lower Cook Inlet from late May through early October 1976 and in

March 1977 otter trawling was conducted. Catches of fish and invertebrates

were identified and enumerated as accurately as possible, and on selected taxa

length weight and length frequency measurements were taken and stomach samples

were collected.

The resulting catch information has been partially tabulated and 'ions are

here presented to highlight relative abundance, distribution and seasr ty by

species. Length frequency analyses for growth, and food habits analyses are in-

complete. Additional objectives concerning literature surveys are not yet com-

plete.

Information gathered was inadequate to fully accomplish two of the ob-

jectives. The purse seine did not produce sufficient data to adequately

assess pelagic fish abundance or locations. Information on these fish is

provided by beach seine and tow net. The oceanographic and atmospheric data

collected was insufficient to attempt correlation with fish distribution or

movement.

II INTRODUCTION

General Nature and Scope of Study

This study was intended to document the use of lower Cook Inlet by fish

and shellfish and its use by the fishery. Few such studies have been done in

Alaska and there has been very little work conducted in lower Cook Inlet,
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except in Kachemak Bay.

This study was formulated to sample virtually all the depth zones and

habitats within lower Cook Inlet with the practical limitation of a limited

budget in this logistically difficult area to work. Beach seines and surface

tow nets were used from 17 ft Boston Whalers to cover the shoreline to 3 m

deep and the surface 3 m in the less than 18 m depth zone. A power purse

seine was used to sample the surface beyond 18 m depth and an otter trawl was

used to sample the bottom community at depths beyond 18 m.

The scope of the study, however broad, was affected by limitations of

the gears. Sampling the shore zone on the west side of the inlet proved to be

expensive since it required two Boston Whalers with a crew of four camping on

the beach and the chartered vessel readily available for support. Thus, areas

where the chartered vessel was working dictated the shoreline areas that were

sampled.

The well known currents in lower Cook Inlet severely restricted areas

where the power purse seine could be used just as weather affected the time

that it could be used. The otter trawl was restricted by rocky bottom to area

south of 59°50'N and a fair portion of the inlet in this area was too rocky

to sample.

Specific Objectives

A. Determine the spatial and temporal (May-September) distribution,
relative abundance and inter-relationships of the various pelagic
and demersal finfish and shellfish species in the study area.

B. Determine when, where, at what rate and in what relative abundance
pleagic fish species (primarily salmonids) migrate into and
through the study area.

C. Determine the growth rate and food habits of selected pelagic and
demersal fish species.

D. Survey the literature to obtain and summarize an ordinal level
documentation of commercial catch, stock assessment data, dis-
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tribution, as well as species and age group composition of
various shellfish species in the study area.

E. Survey the literature to inventory and characterize salmon
spawning streams as well as timing of fry and smolt migrations.

F. Obtain basic oceanographic and atmospheric data to determine
any correlations between these factors and migrations and/or
relative abundance of various pelagic and demersal fish and
shellfish species encountered.

Relevance to Problems of Petroleum Development

Petroleum development in lower Cook Inlet is planned for the near

future wnd it will have an impact on fish and fisheries of the area. The pre-

cise impact depends upon what takes place and when and where it occurs. This

study is providing part of the basic data upon which to make decisions that

may affect natural resources.

The placement of shore facilities may result in impact in their vicinity.

Information that may provide perspective on site selection is of considerable

importance and necessarily must be quite site specific. The inshore portion

of this study will provide this type of information.

Contamination by oil spill will affect certain resources most acutely.

Floating oil will affect sea birds, marine mammals and intertidal life. It

will have an unknown affect upon larvae and juveniles of demersal fish,

especially those that occupy the near surface layers. Knowledge of demersal

fishes is an important link in assessing this aspect of potential impact.

Spilled oil may also reach the bottom of the sea, where it may collect and

affect marine organisms.

Chronic contamination at low levels has a poorly understood affect

upon biota but it is potentially hazardous. This may originate from per-

manent or semi-permanent facilities, such as drilling platforms and may
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affect demersal epifauna.

The activities of the drilling platforms may directly affect the sea

bottom. Placement of structures, dumping of drilling mud and cuttings may

affect seabed habitats and the biota that lives there.

Thus, many of the potential impacts of oil development may affect

those resources that this study is addressed to investigate.
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III CURRENT STATE OF KNOWLEDGE

Alaska is unique in the United States in that it remains poorly re-

connoitered, ichthyologically. Fish distributions, although a basic char-

acteristic, are confusing and illogically discontinuous for many species.

At the same time commercial utilization of several species is considerable

and knowledge related to the fisheries is considerable. The knowledge of

fish and shellfish resources of lower Cook Inlet is variable, but largely

lacking.
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The National Marine Fisheries Service conducted approximately 85 otter

trawl hauls in Cook Inlet during 1958, 1961 and 1963, however, they were

rigged for shrimp or crab and operated only between mid-July and late September.

In addition, the International Pacific Halibut Commission conducted 26 otter

trawl hauls in July of 1974 and 1976 in the mouth of Kachemak Bay.

Rounsfell (1929) documented the fishery and presented biological data

for herring of the south Kenai Peninsula and Kachemak Bay. Alaska Depart-

ment of Fish and Game has conducted research on invertebrate resources of

lower Cook Inlet. In 1974 a pot index program for king and tanner crab

abundance was initiated in Kachemak Bay and in 1975 the program was expanded

to the Kamishak Bay area (Davis 1975 and 1976a). Tagging studies of Dungen-

ess crab in Kachemak Bay were conducted in 1963 and 1975, providing migration

and fishing mortality information (Davis 1976b). Shrimp research in Kache-

mak Bay has included fishery documentation and since 1971 trawl surveys have

been conducted during May (Davis 1976c).

IV STUDY AREA

The study area for this project includes lower Cook Inlet from the

Forelands to 59°N latitude. Across Kennedy Entrance south of Pt. Bede it is

bounded on the east by 152°W longitude. This encompasses approximately

4400 square miles.

Cook Inlet receives the waters of several substantial rivers including

the Susitna, Matanuska, Knick, 20-mile, Kenai and Kasilof. These and others

are glacier fed and contribute sufficient suspended material to the inlet that

the entire upper inlet and a substantial portion of lower Cook Inlet contains

intensely silty waters. The shorelines around Anchorage and into lower Cook

Inletconsist of vast deposits of silt. Apparently, considerable areas of the
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bottom of lower Cook inlet are covered by sand which apparently shifts with the

tide. This factor may be of overriding importance in the ecology of consider-

able portions of the inlet.

Water circulation in lower Cook Inlet was recently discussed at the

BLM/OCSEAP lower Cook Inlet Synthesis workshop November 16-18, 1976 and was

discussed again in March. Water circulation is not well understood but sever-

al points are clear. There is a substantial net flow through Kennedy Entrance

into lower Cook Inlet and a general southerly flow in the vicinity of Kamishak

Bay. North of approximately Anchor Pt. (59°46'N) the currents are stronger

than to the south and in the center of the inlet south of Kalgin Island is a

pronounced tide rip, which is poorly understood. The water in Kachemak Bay,

in contrast, is to some extent confined within the bay.

Tidal currents are superimposed upon the above current patterns and

are substantial since tidal excursions are well in excess of 30 ft. Veloci-

ties up to 12 knots have been reported in the vicinity of the Forelands.

The extremely dynamic current is an important marine habitat factor in lower

Cook Inlet, as is the generally modest depth.

Only a small area in Kennedy Entrance is over 100 fathoms deep. The

50 fathom contour extends only to 59°18'N although other localized areas

deeper than 50 fathoms occur, notably within Kachemak Bay. Virtually the

entire inlet is less than 50 fathoms deep and all shallower depth zones are

extensive throughout its length.

V SOURCES METHODS AND RATIONALE OF DATA COLLECTION

The study area was artificially divided into the following areas accord-

ing to the suitability of gear to that area. Beach seines were used to sample

the 0 to 3 m depth zone for pelagic and demersal fish. A surface tow net was
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used to sample the surface 3 m in water 3 to 18 m deep. A small mesh purse

seine and variable mesh gill nets were used to sample pelagic fish in surf-

ace waters over depths greater than 18 m and an otter trawl was used to

sample demersal epifauna at depths greater than 18 m.

Otter Trawl

A systematic random sampling scheme was chosen as the appropriate

method of station selection as it was deemed desirable to be able to make

population estimates from the data.

Otter trawling stations were initially chosen by gridding the entire

study area deeper than ten fathoms (18 M) into one nautical mile squares,

and numbering the squares beginning in the northwest corner and progressing

west to east and north to south. The study area contained 3,337 square

miles, each representing a potential station. The first station was chosen

by randomly selecting a number between one and ten, and every 95th  square

thereafter was chosen systematically as a station, yielding 35 sampling

stations. This sampling intensity was based on estimated sampling rate and time

available. As initial trawl hauls resulted in torn nets and lost time due

to rocky bottom, a field decision was made to redefine the sampling area

to exclude obviously untrawlable bottom types. This redefinition of the

trawl area to be considered, accomplished with the advice of local fishermen,

resulted in a reduction of the size of the total area to 795 mi². A second

field decision to reduce the total number of stations sampled per survey

within this redefined area from 35 to 20 was necessitated by the excessive

running time required between stations. Trawl stations within this rede-

fined area (Figure 1) were selected by the same procedure originally em-

ployed.
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Sampling was conducted with a 700 mesh eastern otter trawl which had

a 30 m footrope, a 27 m headrope, and was 26 m in total length with a 4m

long cod end. The net was constructed with 4 inch mesh at the mouth and

3½ inch mesh in the body and cod end and had a 1¼ inch mesh cod end liner.

It was equipped with 15 floats 20 cm in diameter on the headrope, and had

no tickler or rollers. The bridles were 9 m long and the doors were 2.7 m

(9 ft) by 1.8 m (7 ft) Astoria V design. This net is considered to open 1.5 m

high by 12.2 m wide. The net was pulled with a 3 to 1 scope for 30 minutes

at 3 knots so that 1 nautical mile (1.85 km) was covered and 0.02261 km²

were covered in each standard haul. When the net was brought to the surface,

the cod end was retrieved with a lazy line and the catch was dumped in large

tubs. Catches were sorted by species as possible and each species was

weighed, counted and directly recorded on the keypunch data form. Unidenti-

fied species were preserved for later identification. Stomach samples and

lengths were taken from selected taxa.

Tow Net

The tow net sampled the surface pelagic fish in the 3 to 10 fathom

depth zone and over deeper waters in the deep estuaries around Kachemak

Bay. Stations were selected informally to cover the length of this area.

The net was 9 ft by 9 ft (square) at the mouth by 27 ft long. It was made

of an 8 ft forward section of 1½ inch mesh, a 9 ft midsection of ½ inch mesh,

a 10 ft cod end of ¼ inch mesh with a 1/8 inch mesh liner in the last 2 ft

and a zipper on the cod end. The net was held open vertically by spreader

bars and horizontally by a towing vessel on each side. The net was pulled

for standard 10 minute tows at approximately 3 knots by two 17 ft skiffs with

70 hp outboards using 20 m of cable. Catches were immediately sorted by

species, counted, weighed, recorded and samples preserved.
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Beach Seine

The beach seine was 155 ft long by 12 ft deep in the middle and

tapered to 3 ft deep at the ends and dyed green. It was constructed of

knotless nylon throughout with 12 ft by 35 ft rectangular ¼ inch stretch

measure (sm) midsection, two 20 ft long by 12 ft by 10 ft tapered inner

wings of ½ inch sm and two 40 ft long by 10 ft by 3 ft tapered outer wings of

2½ inch sm. Approximately 50 ft lines with anchors were attached to each end.

The net was set from the skiff by approaching the beach as closely as pos-

sible, tossing the anchor onto the beach, usually with 10 to 30 ft of line

between the edge of the water and the end of the net. The net was set in

an arc roughly parallel to the beach and the boat beached and the net im-

mediately retrieved by the two crew members. Catches were immediately

sorted by species, counted, weighed, recorded and samples preserved.

Purse Seine

Purse seine locations were selected at five mile intervals along

transect lines (Figure 2) located between major salmon spawning areas. This

strategy was chosen to cover lower Cook Inlet and facilitate delineation

of in and out migrants of major tributaries. The number of stations was

based on an estimate of 9 sampling days each month and 4 sets each day.

The purse seine was 200 fm (366 m) long by 10 fm (18 m) deep. Mesh

size was 1 1/8 inch stretch measure throughout the body and 1 inch stretch

measure in the bunt. The seine was set in a circle and immediately pursed.

This round haul procedure was utilized in preference to holding the net open

at all stations. All catches were immediately sorted, identified, counted

weighed and recorded on fish resource format (file type 023) key punch data

forms.
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Gill Nets

There were 4 monofilament and 4 multifilament experimental gill nets

used. They were constructed of 8 ft by 25 ft panels with a total of 8

panels of 1 inch sm, 4 panels of 1½ inch sm, 8 panels of 2 inch sm, and 4

panels each of 2½ inch, 3 inch, 4 inch and 5 inch sm. These nets were

fastened together and used as a unit. The nets were drifted for four hours,

attached to the M/V BIG VALLEY. Catches were immediately sorted by species,

counted, weighed, recorded and samples preserved.

VI RESULTS

A total of 58 otter trawl hauls, 22 purse seine hauls, 215 tow net tows,

262 beach seine hauls and 58 gill net sets were completed in lower Cook Inlet

during May through October 1976 (Table 1). An additional cruise was completed

during March 1977 but the results are not yet available. A total of 76

species of fish were identified in lower Cook Inlet (Table 2) and several of

the prominent invertebrates were identified.

Otter Trawl

The otter trawl catch consisted almost entirely of flounders, crustacea,

cod, and sculpins. Predominant species captured were snow crab (Chionoecetes

bairdi), walleye pollock, yellowfin sole, Pacific halibut, rock sole, Pacific

cod, king crab (Paralithodes camtschatica), butter sole, Irish Lord, great

sculpin and arrowtooth flounder (Table 3)

Crustaceans, Order Decapoda

Snow Crab. Snow crab occurred in greater abundance than any other taxon

and occurred in 86% of the hauls. They occurred in greatest biomass at one

station near Seldovia and in the western half of lower Cook Inlet south
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Table 1. Preliminary list of number of hauls completed with satisfactory
gear performance by gear type and month during 1976 in lower
Cook Inlet.

494



Table 2. Preliminary list of fish species captured in Cook Inlet by
otter trawl , beach seine, surface tow net, purse seine and
gill net during summer 1976.
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Table 3. Preliminary tabulation of otter trawl catch in kilograms per
haul in lower Cook Inlet in June, July, August and September 1976.
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of about 59°25'N (Figure 1).

The average catch per haul by month shown in Table 3 is strongly

affected by which stations were sampled. The stations at which the great-

est catches occurred were not all sampled in June or September. Fre-

quency of occurrence was similar in June, July, and August but declined

in September, especially in the inshore and more northerly areas. At

several stations, catches were greater in July than in June; catches were

similar in July and August but had a tendency to increase in the south and

decrease in the north; and in September catches were generally less than in

August.

King Crab. King crab was the second most abundant crustacean and the

seventh most abundant taxon captured. It occurred in 60% of the hauls.

Like snow crab, king crab occurred in greatest biomass at one station near

Seldovia and in the western half of lower Cook Inlet south of about 59°25'N

(Figure 2). Unlike snow crab, king crab occurred in Kennedy Entrance and

was uncommon at the most southwestern two stations. Seasonal patterns of

catch distribution are not apparent, partly due to high variability of the

catch.

Flounders, family Pleuronectidae

Yellowfin Sole. Yellowfin sole was the most abundant flatfish and

it occurred in 58% of the hauls. This species was most abundant in

several areas: the central inlet east of Augustine Island where water depths

were 55 to 100 m, at a station south of Oil Bay in 29 m deep water, at one

station off Seldovia, and only during June at one station in the cent

Inlet west of Anchor Point. They never occurred at the most northern

station, which was 82 to 91 m deep, were not common in the central inlet

north of Augustine Island and they infrequently occurred in the southern
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Figure 1. Preliminary presentation of 20 minute otter trawl catch of

snow crab (Chionoecetes bairdi) in Kg by location and month.

Catches in early June, July, August and September are shown left

to right respectively for each location.
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Figure 2. Preliminary presentation of 20 minute otter trawl catch of king
crab (Paralithodes camtschatica) in Kg by location and month.
Catches in early June, July, August and September are shown left
to right respectively for each location.
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portion of the inlet where water depths exceeded 125 m.

The catch of yellowfin sole at the 29 m deep station off Oil Bay was

90 kg/20 min tow in July and 24 kg/20 min tow in September. At the stations

in the central inlet east of Augustine Island the catch increased each

month to a maximum in September. The increases were most pronounced in the

westerly and southerly stations where catches increased from 5 and 6 kg/20

min tow in June and July to 87 and 143 kg/20 min tow in September. The

same information expressed differently: greatest catches in July, August

and September were in 29 m, 57 m and 76 m, respectively, suggesting move-

ment into deeper water. (No catches of comparable magnitude were made

during June.

Small samples of yellowfin sole were measured at some stations during

August and September. Lengths ranged from 135 mm to 345 mm (Figure 3).

Pacific Halibut. Pacific halibut was the second most abundant flatfish

and it occurred in 66% of the hauls. Pacific halibut were most numerous

nearer shore, in the mouth of Kachemak Bay and in Kamishak Bay. Modest numbers

occurred in mid-inlet north 59°10'N (Figure 4). Only 3 individuals were

captured south of this latitude. There was a tendency for smaller indivi-

duals to occur near shore, especially on the west side of the inlet.

Rock Sole. Rock sole was the third most abundant flatfish and it oc-

ucrred in 79% of the hauls. They were fairly widespread in distribution

but abundance was definitely greatest in the central inlet east of Augustine

Island and north of 59°15'N. North of Augustine Island in the central inlet

they occurred in 100% of the hauls but the maximum catch was 13 kg/20 win tow

and most tows yielded considerably less. South of 59°15'N one catch of

26 kg/20 min tow was made in Kennedy Entrance at 113 m in August but all

other tows were 2.5 kg/20 min tow or less. Within the area of greatest
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Figure 3. Percent frequency of yellowfin sole (Limanda aspera) total
length by 5 mm intervals from lower Cook Inlet during August
and September, 1976.
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Figure 4. Preliminary presentation of 20 minute otter trawl catch of Pacific
halibut (Hippoglossus stenolepis) numbers by locationand month.
Catches in early June, July, August and September are shown left to
right respectively and mean weight in Kg is given for each location.
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abundance the largest catch, 83 kg/20 min tow, was made at the eastern most

station in August.

Catch rate of rock sole in August and September was approximately 4

times that of the first two months. At virtually all stations south of the

northern shore of Augustine Island the catch was greater in August than in

June and July and in September the catch was greater than in August, with

one exception.

Butter Sole. Butter sole was the fourth most abundant flatfish and it

occurred in 59% of the hauls. They were not as widespread in distribution as

were rock sole, occurring in 81% of the hauls shallower than 100 m and in 6%

of the hauls deeper than 100 m. They occurred in greatest concentrations in

the 50 to 100 m deep area southeast of Augustine Island and at the second

most northerly station in mid-inlet which was 60 to 80 m deep (Figure 5).

The only seasonal trend identifiable is the complete absence of butter sole

in June from 3 hauls in the area southeast of Augustine Island, where they

occurred in all subsequent hauls, averaging 13.6 kg/20 min haul.

Mean weight of butter sole in the area southeast of Augustine Island

ranged from 69 to 130 gm in the various hauls. At the three stations north

of Augustine Island in less than 30 m depth, the mean weight ranged from 54

to 60 or 70 gms. At the other stations in the northern and eastern areas

of the inlet mean weights were generally greater than 130 gms, ranging from

108 to 494 gms.

Miscellaneous. Other flounders captured include arrowtooth flounder, star-

ry flounder, flathead sole, rex sole, Dover sole, Alaska plaice and sand sole.

Cod, family Gadidae

Walleye Pollock. Walleye pollock was the most abundant cod, and occurred
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Figure 5. Preliminary presentation of 20 minute otter trawl catch of butter
sole (Isopsetta isolepis) in Kg by location and month. Catches in
early June, July, August and September are shown left to right
respectively for each location.
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in 69% of the hauls. Pollock occurred in nearly every area, however, catches

greater than 5 kg/20 min tow were restricted to stations deeper than 100 m

in the southern inlet (Figure 6) and one contiguous 73 m deep station.

The average catch per haul by month shown in Table 3 is strongly af-

fected by which stations were sampled. Stations sampled in June did not in-

clude any of those where pollock were ever taken in quantity while all of

these stations were sampled in July and August and four of them were sampled

in September. Comparing station by station, pollock were clearly more abundant

in August than in July and less abundant in September than in August.

Pacific Cod. Pacific codwas the second most abundant cod and occurred in

67% of the hauls. They occurred in greatest abundance in the southern portion

of Cook Inlet and in the central inlet at the latitude of Homer to Anchor Pt.

(Figure 7). The more northerly area yielded large catches only in June when

average size was unusually great, up to 7.8 kg per fish in this area. All

stations in the southern area of cod abundance were deeper than 135 m while

the two big catches in the northerly area were made in 69 and 73 m. Season-

ality is not apparent in the distribution of catches.

Sculpins, family Cottidae

Numerous sculpins were captured (Table 3) of which the Irish Lords,

primarily yellow Irish Lord, occurred in greatest abundance. They occurred

in 64% of the hauls and greatest catch was 137 kg/20 min tow. Abundance was

markedly greater near Kennedy Entrance (Figure 8).

Other Families

A number of other families were represented in the catches, however, the

information is not yet tabulated.
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Figure 6. Preliminary presentation of 20 minute otter trawl catch of walleye
pollock (Theragra chalcogramma ) in Kg by location and month. Catches
in early June, July, August and September are shown left to right
respectively for each location.
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Figure 7. Preliminary presentation of 20 minute otter trawl catch of Pacific
cod (Gadus macrocephalus) in Kg by location and month. Catches in
early June, July, August and September are shown left to right
respectively for each location.
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Figure 8. Preliminary presentation of 20 minute otter trawl catch of
Irish Lord (Hemilepidotus sp) in Kg by location and month. Catches
in early June, July, August and September are shown left to right
respectively for each location.
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Beach Seine

Pink Salmon

Pink salmon outmigrants were captured in 30% of the beach seine hauls.

They occurred in concentrations at some time in most areas sampled with the

conspicuous exception of the east shore of lower Cook Inlet between the

Forelands and Anchor Point (Table 4). A total of 12 juvenile pinks were taken

in 49 beach seine hauls in this area.

Within Kachemak Bay juvenile pinks were captured in 20% of the beach

seine hauls. Catches were made in Coal Bay, in the Glacier Spit-Halibut

Cove-Peterson Bay area and in the Eldred Passage-Sadie Cove area.

In the Coal Bay area samples were taken more frequently than monthly

during May and June. A total of 11 samples were made at three locations there

between May 21 and June 23 (Table 5). The five hauls between May 21 and May

24 were the only ones which yielded juvenile pinks.

in the Glacier Spit-Halibut Cove-Peterson Bay area eight hauls were made

on June 18 with juvenile pinks occurring in six and a maximum catch of 390

occurred at Peterson Bay. In later months juvenile pinks occurred in only

two more hauls in this area.

In the Eldred Passage-Sadie Cove area, 11 hauls were made on July 27 and

28 with juvenile pinks occurring in 8. This was the only time pinks were

captured in this area, although it was sampled in June, August and September

also. The catches were greater in Eldred Passage than Sadie Cove.

On August 3 and 4 beach seine samples were taken south of Tutka Bay for

the first time resulting in the largest catches of juvenile pinks made in

August. Within Port Graham and in English Bay five of six hauls contained

juvenile pinks and two hauls in Seldovia Bay both yielded pinks. Of six hauls
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Table 4. Number of pink salmon outmigrants captured per beach seine
haul by cruise and area in lower Cook Inlet.

Table 5. Beach seine catch in numbers of juvenile pink salmon during May
and June at three stations around Coal Bay, in Kachemak Bay.
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made in the more exposed areas between Dangerous Cape and Barabara Pt, none

yielded pinks.

The juvenile pinks captured in Coal Bay on May 21 and 24 averaged 33 to

37 mm in fork length and 0.27 gm to 0.39 gm. Those captured in the Glacier

Spit-Halibut Cove-Peterson Bay area on June 18 averaged approximately 0.8 gm

to perhaps as much as 1.7 gm (lengths were not taken). Those captured in the

Eldred Passage-Sadie Cove area on July 27 and 28 averaged 77 to 91 mm and 3.8

to 6.9 gms. Juvenile pinks captured in the Port Graham-English Bay-Seldovia

Bay area on August 3 and 4 averaged about 78 to 82 mm and about 4.0 to 5.0

gms. The one catch of pinks outside Seldovia Bay on September 2 averaged 103 mm

and 9.8 gms.

On the west side of lower Cook Inlet juvenile pinks occurred in 52% of

the beach seine hauls with 42%, 72%, 63% and 13% of the hauls containing

pinks in June, July, August and September, respectively. Three sites in

Chinitna Bay were sampled in June, July and September yielding juvenile pinks

only in July when mean catch was 15 and all three hauls contained them. One

haul in Dry Bay in June yielded 7 juvenile pinks but this site was too ex-

posed to repeat sampling. At six sites in Oil Bay, Iniskin Bay and Iliamna

Bay catches in July and August averaged smaller and less frequent than catches

overall. Three sites near Ursus Head sampled in July and two sampled in

August yielded small catches of juvenile pinks but these were not sampled in

June and only one haul was made in September.

Four samples in Ursus Cove, two in Rocky Cove and two about two miles

north of Bruin Bay all yielded juvenile pinks in July with an average catch of

38 per haul, more than twice the overall average (Table 4). In August six of

these eight stations yielded juvenile pinks with an average catch of six
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per haul, again somewhat greater than the overall average (Table 4). In

September all these stations were sampled and the only juvenile pinks caught

on the west side were taken in two of four hauls in Ursus Cove. This area

was sampled in June.

Three stations were sampled at Amakdedori Beach in July and August

resulting in average catches of juvenile pinks.

Juvenile pinks captured south of Ursus Head on the west side in July

averaged 1.1 to 2.2 gms. Those captured in Chinitna Bay in July averaged

about 3.5 to 4.0 gms. Juvenile pinks captured on the west side of Cook Inlet

on August 9 to 13 averaged from 1.2 gms and 51 mm to 6.3 gms. One haul in

Iliamna Bay contained the small ones while two other hauls there yielded 3.5

gm pinks. The largest August catches, in Bruin Bay, contained 1.7 to 2.5 gm

pinks. Most other areas yielded pinks 3.7 to 4.0 gms but samples at Amakde-

dori Beach yielded 5.2 add 6.2 gm pinks. The few pinks captured in Ursus Cove

on September 10 averaged about 1.8 gms.

Saffron Cod

Saffron cod (Figure 9, which also includes tow net captured fish) oc-

curred in three discreet locations: north of Cape Ninilchik on the eastern

shoreline, on the south side of Kachemak Bay from Sadie Cove west, and in

Kamishak Bay. They were in most samples taken north of the Kenai River with

frequency decreasing toward the east Forelands and they occurred frequently

south of the Kenai River to Cape Ninilchik. They occurred occasionally in

Kachemak Bay and only one individual was captured in Kamishak Bay, on Amakde-

dori Beach. Young-of-the-year through adult fish were captured.

Longfin Smelt

Longfin smelt (Figure 10, which also includes tow net captured fish)
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Figure 9. Locations of capture of saffron cod (Eleginus gracilis) in lower Cook
Inlet. Beach seine and townet effort covered the entire eastern shore-
line of lower Cook Inlet between the Forelands and Port Graham and the
western shoreline between Snug Harbor and Amakdedori Beech.
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Figure 10. Locations of capture of longfin smelt (Spirinchus thaleichthys)
in lower Cook Inlet. Beach seine and townet effort covered the
entire eastern shoreline of lower Cook Inlet between the Forelands
and Port Graham and the western shoreline between Snug Harbor and
Amakdedori Beach.
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occurred, as did saffron cod, very frequently north of Cape Ninilchik. It

occurred also at one station south of Snug Harbor and at two locations in

Iliamna Bay. Late stage larvae, juveniles, and adults of this species were

captured.

Sampling at Oil Spill Site

During the first part of October a spill of JP-4 occurred in lower Cook

Inlet near the east Forelands in the immediate vicinity of routinely sampled

stations. The field crew took advantage of this opportunity and sampled at the

site of the spill.

These samples resulted in capture of fish at the site of the spill (Table

6). Catches before and after the spill are similar, however, more species were

caught in fewer hauls before the spill; and both saffron cod (Eleginus gracilis)

and longfin smelt (Spirinchus thaleichthys) catches tended to be greater after

the spill. These trends could be random, related to seasonality, or they may

be related to effect of oil on the fish and on the catchability of those fish.

Saffron cod, longfin smelt, one pink salmon (Oncorhynchus gorbuscha) and one

Dolly Varden (Salvelinus malma) were captured in a visible oil slick and they

appeared to be unusually sluggish, that is they did not flop around much when

captured.

Purse Seine and Gill Net

The purse seine was not received early enough to be used in June. In July

one practice set was made near the boat harbor at Homer on July 6. July 7 was

spent crossing the inlet and July 8 one set was made, the net was torn, the

day was spent repairing it and one satisfactory set was made late in the even-
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Table 6. Beach seine catch at the area of an oil spill in Cook Inlet at East
Foreland with comparative before spill catches.
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ing. On July 9, the first set was east of Augustine Island in about 15 knot

winds and the net collapsed before it could be pursed. Two successful sets

were then made in quiet water near Oil Bay. July 10 was spent rendezvouing

with the beach seine crew. On July 11 four sets were made, two of which

were satisfactory. On July 12 the beach seine crew was transported to Homer

from Chinitna Bay. July 13 was spent modifying equipment so that the operation

would run more smoothly and on July 14, three successful sets were made in the

mouth of Kachemak Bay. Hauls were recorded on five days.

In August similar problems were encountered and hauls were recorded on

August 10, 11, 12, 13. The decision was made to use the gill nets in place of

the purse seine in September due to repeated difficulty in handling the seine.

In September weather conditions were so severe (the weather report called for

36 ft seas in the area) that this was accomplished with difficulty. Sets were

only recorded on two days and had the purse seine been used, probably no sets

would have been completed.

The purse seine and gill net captured herring and chinook salmon in

greatest abundance and frequency. The majority of fish captured were larger

than about 125 mm in length (Table 7).

The stations designated for sampling were never completed thus distrib-

utions of fish were insufficiently documented. Three sets across the mouth of

Kachemak Bay in July yielded the largest catches and greatest number of species,

however, weather and current provided minimal problems here while they pro-

vided substantial problems elsewhere. Thus the greater catches may be due to

different abundance or to more efficient gear handling, or to both.

519



Table 7. Total number of fish captured in the purse seine (July and August)
and in the gill net (September) by month and by species.
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VII DISCUSSION

Purse Seine and Gill Net

The purse seine sampling did not provide adequate catches to make

conclusions regarding pelagic fish. This failure was ascribed almost im-

mediately to current velocities being too great for this gear. Even before the

net was wet, current velocities were recognized as a problem and the decision

was made to round haul the net so that all hauls would be similarly executed. The

problem was not as simple as excessive current.

The sets made in different areas had somewhat different degrees of dif-

ficulty. Sets made across the mouth of Kachemak Bay in July all were executed

smoothly. Sets made northeast and east of Augustine Island were generally exe-

cuted with difficulty while sets made east of Chinitna Bay encountered severe

and repeated problems; the net was repeatedly caught in the propeller and torn.

The area where the greatest difficulty was encountered, in a general sense,

had the strongest currents. Apparently success of setting and hauling was

related to general current intensity of an area.

The presentation of the results show quite clearly that there were a lot

of time limitations placed upon the purse seining. The net wasn't received

early enough to use it in June, due to late receipt of funding. Each subse-

quent month 10 days were committed to use of the purse seine, however, the

first and last days were spent changing the rigging of the boat between otter

trawl and purse seine. The charter vessel was also committed to placing and

supporting the beach seine crew on the west side of the inlet while it was

purse seining. This cost one day each way plus at least one day rendezvous

time. Only 5 days at most were available for purse seining each month.

This discussion has not touched on the finer points of purse seining. It
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is limited by suitable weather, to which time was lost, but more important,

round hauling is not recommended. By holding the net open for 20 minutes

considerably larger catches are made since pelagic fish are generally moving

and collect near the net (Hartt 1975). When this is done the set is highly

directional, if the fish are predominantly moving in one direction. Thus to

sample one location requires 3 or 4 directional sets, at least until an under-

standing of the direction of movement is gained. Since the gear requires a

fair amount of time to place and retrieve, only about 4 sets can be made in a

day (5 were completed one day in lower Cook Inlet). All this adds up to a

lot of time for a little coverage. Hartt (1975) states that the purse seine

is not a good synoptic sampling tool. However, the purse seine is more

efficient and less selective than longline or gill net (Hartt 1975). From

the data gathered by the purse seine samples in Cook Inlet it is my impression

that if greater catches and more of them were made, this would be a powerful

sampling tool.

Beach Seine

The beach seine catches of pink salmon fry displayed an apparent move-

ment out of Katchemak Bay as the summer progressed. Since the number of samples

taken was small and the offshore or pelagic habitat information is not

sufficiently strong to support the pattern, the apparent trend must be considered

only as a possiblility. That the pink fry do move out of Kachemak Bay

during summer can be accepted as fitting available knowledge. However, the

organized manner in which fish seemed to be only at certain locations on

certain dates may well he an artifact.
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Large numbers of pink salmon fry were found in Kamishak Bay (Bruin

Bay, Ursus Cove and Rocky Cove). Quite good returns of adults to streams

in this area were recorded during 1975 (Tom Schroeder, personal communication)

thus the pink fry probably originated from streams in the vicinity where

they were captured.

The pink fry in the Kamishak Bay area appeared to be a little later

than those in other portions of the inlet. The catches peaked in July while

those in other areas were greatest in June. This could be an artifact of

inadequate June sampling in Kamishak Bay or it could be related to the colder

climate in the Kamishak Bay area, which would retard development. Other

researchers of the Cook Inlet Synthesis meeting in November, 1976 stated that

biological events in Kamishak Bay were later than in other areas of lower

Cook Inlet.

There were some unusually small pink salmon fry captured in the Kamishak

Bay area during the summer. There are some late spawning runs of pinks in

Cottonwood Bay (tributary to Iliamna Bay) and Ursus Cove (Tom Schroeder,

personal communication) which would explain the small fish.

Otter Trawl

The otter trawl catches displayed distinct and repeated patterns of

distribution. Certain taxa were primarily or exclusively found in certain

areas of the inlet. Some areas always had poor catches. The catch infor-

mation appears to correlate with physical features on the bottom. Sand waves

have been reported and mapped (Hampton and Bauma, uncitable information

obtained from U.S. Geological Survey, Anchorage) on the bottom of lower Cook

Inlet. The small catches apparently occurred in areas of large sand wave size.
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The two most northerly stations apparently occur in areas where sand waves

are absent. Catches at these stations were larger than in areas where sand

waves apparently occurred but were not as large as was taken in the southern

portion of the inlet. In this area, north of Anchor Point, current conditions

may be sufficiently severe to reduce habitable area or food supply.

It should also be mentioned that the efficiency of an otter trawl

may be reduced where either sand waves or excessive current conditions occur.

The reduced catches in the northern portion of the inlet probably reflect

lower densities of fish and crabs but also may be partially caused by sand

waves or excessive currents.

VIII CONCLUSIONS

The biota of the demersal zone of lower Cook Inlet in summer, as re-

flected by otter trawl catches, consists of flounders (39%), crustacea (25%),

cod (18%) and sculpins (13%). Catch rates were highly variable and appeared

to be related to physical factors in the environment. Spatial distribution

of benthic species was determined.

Pelagic fish were sampled with the power purse seine and gill net. The

purse seine proved to be a difficult piece of gear to employ, requiring a

lot of time for a little information. Predominant species captured in the

pelagic zone were adult Pacific herring and juvenile chinook salmon.

Beach seine samples yielded large numbers of outmigrant pink salmon.

This species was encountered in greatest abundance in Kachemak Bay in June

and in Kamishak Bay (Bruin Bay, Rocky Cove and Ursus Cove) in July. These

areas are near spawning streams for this species.
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I X  N E E D S  FOR FURTHER STUDY 

The needs f o r  f u r t h e r  s tudy  o f  f i s h  and demersal s h e l l f i s h  i n  l o w e r  Cook 

I n l e t  a r e  niany. tlowever, t h i s  i s  an ex t remely  complex area  where h a s t i l y  

conceived and executed s t u d i e s  c o u l d  be unusua l l y  f u t i l e .  The d e n s i t y  o f  

animals w i t h i n  t h e  i n l e t  v a r i e s  f rom ex t reme ly  low t o  ex t reme ly  h igh .  Areas 

i n  t h a t  l i t t  

and they  a re  

The b i o  

s tudy .  Food 

The l o c a t i o n  

o f  d i s p a r a t e  d e n s i t i e s  may be separa ted  by o n l y  a r e l a t i v e l y  smal l  d i s tance .  

H a b i t a t  f a c t o r s  p l a y  a major. r o l e  i n  these v a r i a t i o n s  and thus  these f a c t o r s  

must be s t u d f e d  be fore  any sampl ing scheme i s  f i n a l i z e d .  

The demersal resources on t h e  west s i d e  o f  t h e  i n l e t  need f u r t h e r  s tudy .  

Kamishak Bay south  o f  August ine I s l a n d  was never  sampled w i t h  t h e  o t t e r  t r a w l .  

Nor th  o f  August ine I s l a n d  i n  Kdmishak Bay a few o t t e r  t r a w l  hau ls  were made 

which suggest t h a t  l a r g e  numbers of j u v e n i l e  h a l i b u t  may be p resen t .  

o t h e r  obse rva t i ons  suggest t h a t  t h i s  a rea  i s  h i g h l y  p r o d u c t i v e  b u t  t h e  area 

has n o t  been s u f f i c i e n t l y  explo i *ed.  

Some 

East  o f  C h i n i t n a  B a y  i s  a modest area between 10 and 20 fathoms and t o  

30 fathoms deep which has n o t  been sampled. 

t b i s  area b u t  t h a t  has n o t  been adequate ly  determined.  

r e c e i v e d  a t t e n t i o n  i n  t h e  c u r r e n t  s tudy  b u t  t h e i r  d i s t r i b u t i o n  and movements 

have n o t  been adequate ly  docuinented. 

and h e r r i n g  a re  obv ious members o f  t h i s  group of f i s h  b u t  s a d l a n c e  a r e  unique 

T r a w l i n g  may n o t  be p o s s i b l e  i n  

P e l a g i c  f i s h  have 

They c e r t a i n l y  r e q u i r e  more s tudy.  Salmon 

e o r  no i n f o r m a t i o n  on t h e i r  b i o l o g y  i s  a v a i l a b l e  f r c m  any l o c a t i o n  

a h i g h l y  impor tan t  f o rage  f i s h  spec ies .  

o g i c a l  c h a r a c t e r i s t i c s  o f  f i s h e s  i n  l ower  Cook I n l e t  needs f u r t h e r  

h a b i t s  i n f o r m a t i o n  i s  l i m i t e d  as i s  age and growth i n f o r m a t i o n .  

o f  spawning and n u r s e r y  areas f o r  demersal s tocks  i s  n o t  known. 

The salmon s tocks  on t h e  w e s t  s i d e  o f  l ower  Cook I n l e t  a re  p o o r l y  known and 

need s tudy .  
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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

Little is known about the biology of the non-commercially important

invertebrate components of the shallow, nearshore benthos of bays of

Kodiak Island, and yet these components may be the ones most significantly

affected by the impact of oil resulting from offshore petroleum operations.

Some baseline data on species composition is essential before industrial

activities take place in waters adjacent to Kodiak Island. It is the

intent of this investigation to collect information on the composition,

distribution, and biology of the epifaunal invertebrate components of two

bays of Kodiak Island.

The specific objectives of this study are:

1. A qualitative inventory of dominant benthic invertebrate epifaunal

species within two study sites (Alitak and Ugak bays).

2. A description of spatial distribution patterns of selected benthic

invertebrate epifaunal species in the designated study sites.

3. Observations of biological interrelationships between segments

of the benthic biota in the designated study areas.

Fifty-three permanent stations have been established in the two bays -

28 stations in Alitak Bay and 25 stations in Ugak Bay. These stations have

been occupied with a 400-mesh Eastern otter trawl on three separate cruises

in June, July and August of 1976. Taxonomic analysis of the epifauna col-

lected has delineated 10 phyla, 20 classes, 54 families, 68 genera and

89 species. The Arthropoda (Crustacea) dominated species composition and

biomass. Porifera, Cnidaria, and Mollusca, were also important, but ac-

counted for only 1.1% of the biomass collected.
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Differences in sex composition and stage of maturity of king and

snow crab between and within the two bays were noted. King crab occurred

mainly at the outer stations of Alitak Bay and consisted mostly of egg-

bearing females and juveniles. The crab were well dispersed throughout

Ugak Bay, and mainly consisted of juveniles. Snow crab in Alitak Bay were

primarily juveniles; snow crab in Ugak Bay were primarily adult males.

Life history data for these crabs for the summer months is now available.

Food data for king and snow crabs for the two bays is available, and

this data in conjunction with similar data from Cook Inlet and the Bering

Sea should contribute to a fuller understanding of the trophic role of

these crustaceans in their respective ecosystems. Additional food data

for three species of demersal flatfishes, as well as an assessment of the

literature, have made it possible to develop a preliminary food web for

Alitak and Ugak bays and inshore waters around Kodiak Island. Comprehen-

sion of basic food interrelationships is essential for assessment of the

potential impact of oil on the crab-dominated benthic systems of the near-

shore waters of Kodiak.

The importance of deposit-feeding clams in the diet of crabs in the

two Kodiak bays has been demonstrated by feeding studies there. It is

suggested that an understanding of the relationship between oil, sediment,

deposit-feeding clams, and crabs be developed in a further attempt to

understand the possible impact of oil on the two commercially important

species of crab in the Kodiak area.

Initial assessment of data suggests that a few unique, abundant,

and/or large invertebrate species (king crab, snow crab, several species

of clams) are available in the bays under investigation and that these
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species may represent organisms that could be useful for monitoring

purposes.

It is suggested that a complete understanding of the benthic systems

in both bays can only be obtained when the infauna is assessed in conjunc-

tion with the epifauna. Infaunal species are important food items for

king and snow crabs. A program designed to examine the infauna should be

initiated in the near future.

II. INTRODUCTION

General Nature and Scope of Study

The operations connected with oil exploration, production, and trans-

portation in the Gulf of Alaska present a wide spectrum of potential dangers

to the marine environment (see Olson and Burgess, 1967, for general discus-

sion of marine pollution problems). Adverse affects on a marine environment

cannot be assessed, or even predicted, unless background data pertaining to

the area are recorded prior to industrial development.

Insufficient long-term information about an environment, and the basic

biology and recruitment of species in that environment can lead to erroneous

interpretations of changes in species composition and abundance that might

occur if the area becomes altered (see Nelson-Smith, 1973; Pearson, 1971,

1972; Rosenberg, 1973, for general discussions on benthic biological inves-

tigations in industrialized marine areas). Populations of marine species

fluctuate over a time span of a few to 30 years (Lewis, 1970).

Benthic organisms (primarily the infauna and sessile and slow-moving

epifauna) are useful as indicator species for a disturbed area because

they tend to remain in place, typically react to long-range environmental
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changes, and by their presence, generally reflect the nature of the sub-

stratum. Consequently, the organisms of the infaunal benthos have fre-

quently been chosen to monitor long-term pollution effects, and are believed

to reflect the biological health of a marine area (see Pearson, 1971, 1972,

1975; and Rosenberg, 1973, for discussions on usage of benthic organisms

for monitoring pollution). The presence of large numbers of benthic

epifaunal species of actual or potential commercial importance (crabs,

shrimps, scallops, snails, fin fishes) in the shelf ecosystem of Kodiak

Island further dictates the necessity of understanding benthic communities

since many commercial species feed on infaunal and small epifaunal resi-

dents of the benthos (see Zenkevitch, 1963, and this report for a discus-

sion of the interaction of commercial species and the benthos). Thus,

drastic changes in density of the food benthos would affect the health and

numbers of these fisheries organisms.

Experience in pollution-prone areas of England (Smith, 1968), Scotland

(Pearson, 1972), and California (Straughan, 1971) suggests that at the

completion of an initial exploratory study, selected stations should be

examined regularly on a long-term basis to determine any changes in species

composition, diversity, abundance, and biomass. Such long-term data

acquisition should make it possible to differentiate between normal eco-

system variation and pollutant-induced biological alteration. An intensive

investigation of the benthos of the Kodiak shelf as well as its bays, is es-

sential to an understanding of the trophic interactions involved there and

the potential changes that may take place once oil-related activities are

initiated. An ongoing benthic biological program in the Gulf of Alaska has

emphasized the development of a qualitative and quantitative inventory of
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prominent species of the benthic infauna and epifauna there (Feder et al.,

1976). In addition, a developing investigation concerned with the biology

of selected benthic species from the northeast Gulf of Alaska and lower

Cook Inlet will further our understanding of the overall Gulf of Alaska

benthic system (Feder et al., 1977). Initiation of a program designed to

examine the subtidal benthos of the Kodiak shelf will expand the coverage

of the Gulf of Alaska benthic system, and specifically an assessment of

the fauna of shallow bays of Kodiak will extend the investigation into

little-studied shallow-water benthic systems. The study reported here

then, is a preliminary assessment of two shallow bays of Kodiak Island, and

is intended to precede a greater overall investigation of the Kodiak Island

shelf.

The objectives of this investigation are:

1. A qualitative inventory of dominant benthic invertebrate epifaunal

species within two study sites (Alitak and Ugak bays).

2. A description of spatial distribution patterns of selected benthic

invertebrate epifaunal species in the designated study sites.

3. Observations of biological interrelationships between segments

of the benthic biota in the designated study areas.

Relevance to Problems of Petroleum Development

The effects of oil pollution on subtidal benthic organisms have been

seriously neglected, although a few studies, conducted after serious oil

spills, have been published (see Boesch et al., 1974 for review of these

papers). Thus, lack of a broad data base elsewhere makes it difficult at

present to predict the effects of oil-related activity on the subtidal
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benthos of the Kodiak continental shelf and the two Kodiak bays investi-

gated. However, the expansion of research activities into Kodiak waters

should ultimately enable us to identify certain species or areas that might

bear closer scrutiny once industrial activity is initiated. It must be

emphasized that a considerable time span is needed to understand fluc-

tuations in density of marine benthic species, and it cannot be expected

that a short-term research program will result in total predictive capa-

bilities. Assessment of the environment must be conducted on a continuing

basis.

Data indicating the effects of oil on most subtidal benthic inverte-

brates are fragmentary (Nelson-Smith, 1973). The tanner or snow crab

(Chionoecetes bairdi) is a conspicuous member of the shallow shelf of

Kodiak Island and its bays, and supports a commercial fishery of consid-

erable importance there. Laboratory experiments with this species have

shown that postmolt individuals lose most of their legs after exposure to

Prudhoe Bay crude oil; obviously this aspect of the biology of the snow

crab must be considered in the continuing assessment of this benthic

species in the Gulf of Alaska (Karinen and Rice, 1974). Little other

direct data based on laboratory experiments is available for subtidal

benthic species (see Nelson-Smith, 1973). Experimentation on toxic effects

of oil on other common members of the subtidal benthos should be strongly

encouraged for the near future in Kodiak waters as well as for the over-

all OCS area of investigation. In addition, potential effects of the

loss of sensitive species to the trophic structure of the shelf must be

examined. The latter problem can be addressed once benthic food studies

are made available as a result of OCS studies (e.g., the following annual
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reports: Feder et al., 1977, and Smith et al., 1977).

A direct relationship between trophic structure (feeding type) and

bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for

review). They describe a diesel-fuel oil spill that resulted in oil

becoming adsorbed on sediment particles which in turn caused death of

deposit feeders living on sublittoral muds. Bottom stability was altered

with the death of these organisms, and a new complex of species became

established in the altered substratum. Many common members of the infauna

of the Gulf of Alaska are deposit feeders; thus, oil-related mortality of

these species could result in a changed near-bottom sedimentary regime

with alteration of species composition there. In addition, the com-

mercially important king crab and snow crab and some bottom fishes use

deposit feeders as food (Feder et al., 1977 and present report); thus,

oil hydrocarbons might indirectly affect fisheries for these species

around Kodiak Island.

As suggested previously, on completion of initial baseline studies

in pollution-prone areas, selected stations should be examined on a long-

term basis. Cluster analysis methods (see further discussion under Methods;

also see Feder et al., 1976, 1977, for a detailed discussion on method-

ology) might provide good techniques for the selection of stations for

continuous monitoring of the Kodiak Shelf and its bays. In addition,

these techniques could provide insights into normal ecosystem variation

(Clifford and Stephenson, 1975; Williams and Stephenson, 1973; Stephenson

et al., 1974).
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III. CURRENT STATE OF KNOWLEDGE

Little is known about the biology of the invertebrate benthos of the

Gulf of Alaska, although a compilation of some relevant data on the Gulf

of Alaska is available (Rosenberg, 1972). The exploratory fishing drag

program of the National Marine Fisheries Service (undated) is the most

extensive investigation of the benthic epifauna of the Kodiak shelf.¹

Caution must be exercised in interpreting data from these trawl studies.

Results from these surveys, directed toward different groups and/or species,

are not typically comparable due to the alteration of gear and sampling

effort from one cruise to another. Some unpublished information on the

epifauna in the vicinity of Kodiak Island is available (i.e., Alaska

Department of Fish and Game King Crab Indexing Surveys).² The International

Pacific Halibut Commission surveys parts of the Kodiak shelf annually but

only records commercially important crabs (see Intl. Pac. Halibut Comm.,

1961). A compilation of some relevant data on renewable resources of the

Kodiak shelf is available (AEIDC, 1975).

IV. STUDY AREA

A large number of stations were occupied in two Kodiak Island bays

in conjunction with the Alaska Department of Fish and Game. Alitak Bay

and Ugak Bay, located on the south and east side of the Island respectively,

were the sites of benthic trawling activities during the summer of 1976

(Figs. 1 and 2).

¹Unpublished data. Reports available from the National Marine Fisheries
Service Laboratory, Kodiak, Alaska.

²Unpublished data. Inquiries may be directed to Alaska Department of Fish
and Game, Box 686, Kodiak, Alaska 99615.
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Figure 1. Trawl station grid and stations occupied in Alitak Bay,
Kodiak Island, Alaska. June, July, and August, 1976.
The oblique lines drawn across the bay divides it into
three sections referred to in the text.
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Figure 2. Trawl station grid in Ugak Bay, Kodiak Island, Alaska. June, July, and August,
1976. The oblique, dashed lines drawn across the bay divide it into three sections
referred to in the text.



V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Benthic epifauna was collected onboard the M/V Big Valley in 1976

during June 17-22, July 18-28 and August 19-29. Thirty-minute tows were

made at predetermined stations (Figs. 1 and 2) using a commercial size

400-mesh Eastern otter trawl with a 12.2 m horizontal opening.

The number of stations occupied in each bay by cruise are as follows:

Bay stations were arbitrarily divided into three sections; inner sta-

tions, mid-bay stations, and outer stations.

Invertebrates were sorted on shipboard, given tentative identifications,

counted, and weighed. Aliquot samples of individual species were preserved

and labeled for final identification at the Institute of Marine Science,

University of Alaska. Laboratory examination occasionally revealed more

than one species in a sample that had been identified in the field (e.g.,

field identifications of Eualus macilenta were later found to also contain

E. gaimardii belcheri). The counts and weights of the species in question

were arbitrarily expanded from the laboratory species ratio to encompass

the entire catch of the trawl.

After final identification, all invertebrates were assigned code

numbers to facilitate data analysis by computer (Mueller, 1975). Repre-

sentative and voucher samples of invertebrates are stored at the Institute

of Marine Science, University of Alaska, Fairbanks, Alaska.
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The major limitations of the survey were those imposed by the selec-

tivity of the otter trawl used and the seasonal movements of certain

species taken. In addition, rocky-bottom areas could not be sampled

since otter trawls of the type used can only be fished on relatively smooth

bottoms. Due to the location of stored commercial crab gear in Alitak Bay,

six stations (9 through 13) had to be eliminated during the August sampling

period.

Food data was collected by examination of stomachs either on ship-

board or in the laboratory of two species of crab (snow crab, Chionoecetes

bairdi and king crab, Paralithodes camtschatica) and three species of flat-

fishes (Limanda aspera, Hippoglossoides elassodon and Lepidopsetta

bilineata). Only male snow crab between 75 and 180 mm carapace width were

examined; only male king crab between 90 and 200 mm carapace width were

examined. Food organisms are expressed in frequency of occurrence, i.e.,

the percent of stomachs containing various food items from the total

number of stomachs analyzed. Empty stomachs were included in making

calculations of frequency of occurrence.

King crab and snow crab were separated by weight, sex, and state of

maturity. Male king crab were considered sexually mature if their wet

weight was at least 2.2 kg. Male snow crab were considered mature if

their wet weight was at least 0.45 kg. Weight criteria established for

maturity of both crab species are approximations (J. Hilsinger and S. Jewett,

unpublished). Female crab were classified as immature (pre-reproductive)

or mature (reproductive or post-reproductive) based on the enlarged ab-

domen, modified pleopods, and egg clutch of the adults.

Data tables consist primarily of data pooled from all cruises from

both bays. These data are used as the bases for biological generalizations
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about the Kodiak bays studied. Selected biological aspects of each

bay are treated separately in the text. Separate tables and discussions

for each bay will be available in the Final Report, and will contain

additional information from a fourth cruise in March 1977.

Data referred to in the text is generally from field notebooks and is

not available to NODC at the time of this Annual Report. Complete station

data will be available to NODC at the time of the final report.

VI. RESULTS

Distribution and Abundance

Taxonomic analysis of epifaunal invertebrates from 153 stations

delineated 10 phyla, 20 classes, 54 families, 68 genera and 89 species

(Table I; Appendix I). Arthropoda (Crustacea) and Mollusca dominated

species representation with 36 and 28 species respectively (Table I,

Appendix I). Arthropod crustaceans accounted for 97.3% of the total

invertebrate biomass (Table II; Appendix II) and 96% of the total weight

was made up of the families Pandalidae, Lithodidae, and Majidae (Table III;

Appendix I). The leading species in each of these families respectively

was the pink shrimp, Pandalus borealis; the king crab, Paralithodes

camtschatica; and the snow (tanner) crab, Chionoecetes bairdi (Table IV;

Appendix I). Although 28 species of molluscs were present, they only

accounted for 0.1% of the total invertebrate biomass (Table II; Appendix I).

The average catch of Pandalus borealis for all stations was 9.9 kg

per tow. Abundant catches of pink shrimp were obtained from Alitak Bay

stations 11 through 16 (Fig. 1) and Ugak Bay stations 10 through 14, 22

and 23 (Fig. 2). The greatest single catch of pink shrimp was obtained

in July at Alitak Bay station 23; 426.0 kg.
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TABLE I

A LIST OF SPECIES TAKEN BY TRAWL FROM ALITAK AND UGAK BAYS,
KODIAK ISLAND, ALASKA IN JUNE, JULY AND AUGUST, 1976
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TABLE I

CONTINUED
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CONTINUED
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CONTINUED
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TABLE II

NUMBERS, WEIGHT, AND DENSITY OF MAJOR EPIFAUNAL INVERTEBRATE PHYLA

OF ALITAK AND UGAK BAYS, 1976

TABLE III

NUMBERS, WEIGHT, AND DENSITY OF MAJOR EPIFAUNAL INVERTEBRATE FAMILIES OF
ALITAK AND UGAK BAYS, 1976
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TABLE IV

NUMBERS, WEIGHT, AND DENSITY OF THE MAJOR EPIFAUNAL SPECIES OF ARTHROPODA (CRUSTACEA) 
FROM

ALITAK AND UGAK BAYS, 1976



The average catch of Paralithodes camtschatica for all stations

was 23.97 kg. Alitak Bay stations 21 through 29 and Ugak Bay stations

1 and 3 had the highest catches. The single largest catch was obtained

at Alitak Bay station 28 during July.

Chionoecetes bairdi was normally dominant at all stations. The

average catch was 41.8 kg. Large catches were obtained in Alitak Bay

stations 2 through 5 and Ugak Bay stations 9, 10, 13 and 22. The largest

catch was recorded at Alitak Bay station 3.

Differences in sex composition and stage of maturity of king crab and

snow crab were evident between and within bays (Table V). During the three

sampling periods in Alitak Bay, king crab were found mainly in the outer-

most stations (stations 14, 17, 18, 19, and 21 through 29) (Table V; Fig. 1).

These outer stations were mainly composed of adult egg-bearing females and

juveniles. The sex ratio of king crabs in the outer Alitak stations for the

present study as well as from other studies (Gray and Powell, 1966; Kingsbury

and James, 1971) is presented in Table VI. The sex ratio for king crab

obtained in Ugak Bay for the present study is presented in Table VII.

King crab were well dispersed throughout Ugak Bay in all months. The

composition was mainly juveniles (Table V).

The trend for the catch of snow crab in Alitak Bay declined from June

to August. Adult males were the main component of the population during

all sampling periods (Table V).

Snow crab were most abundant in the outer Ugak Bay stations (stations

13 through 30) (Fig. 2). The composition was mainly adult males (Table V).
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TABLE V

SEX-MATURITY COMPOSITION OF KING CRAB AND SNOW CRAB IN ALITAK AND UGAK BAYS, JUNE, JULY,

AND AUGUST, 1976



TABLE V

CONTINUED



TABLE VI

SEX RATIOS OF KING CRAB IN OUTER ALITAK BAY¹

TABLE VII

SEX RATIOS OF KING CRAB IN UGAK BAY JUNE, JULY, AND AUGUST 1976
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Feeding Data

Food contents were examined from 67 snow crab (Chionoecetes bairdi),

17 king crab (Paralithodes camtschatica), 17 yellowfin sole (Limanda aspera),

5 flathead sole (Hippoglossoides elassodon) and 4 rocksole (Lepidopsetta

bilineata) (Table VIII).

The two commercial crabs, P. camtschatica and C. bairdi, were feeding

on different items with little overlap. Paralithodes camtschatica con-

centrated on Nuculana fossa, miscellaneous clam species, Margarites sp.,

and miscellaneous fishes. Chionoecetes bairdi fed primarily on polychaetes,

Nuculanidae, miscellaneous clam species (consumed about equally by both

crabs), caridean shrimps, and plant matter. Sediment was found in 44.8% of

snow crab stomachs. Although the latter item had the highest frequency of

occurrence in snow crab stomachs, it is not clear if sediment actually

represents a food source for Chionoecetes bairdi or is incidentally taken

in the feeding process.

Among the fishes examined for stomach contents, Limanda aspera used

fishes, C. bairdi, and clams, including the deposit-feeding Macoma as

major food items; Hippoglossoides elassodon concentrated on euphausids

and caridean shrimps; Lepidopsetta bilineata fed primarily on polychaetes

and Nuculana fossa.

The Kodiak Island food web (Fig. 3) is based on data presented in this

report, information from McDonald and Peterson (1976) and Feder et al.

(1977) which presents some Pacific cod data from Kodiak. The food web

(Fig. 3) is presented so that carbon flow is generally from bottom to top

and always in the direction of the arrows. Data was insufficient to

clearly identify major food pathways. Polychaetes, gastropods (snails),

pelecypods (clams), amphipods, anomurans (hermit crabs), brachyurans (true
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TABLE VIII

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS (LISTED ACCORDING TO LOWEST LEVEL OF

TAXONOMIC IDENTIFICATION) FOUND IN STOMACHS OF INVERTEBRATES AND FISHES FROM

ALITAK AND UGAK BAYS, KODIAK ISLAND, 1976



TABLE VIII

CONTINUED



Figure 3. A food web based on the epibenthic species taken from Alitak and Ugak Bays and

inshore waters around Kodiak Island, Alaska.



crabs), and carideans (shrimps) are the major invertebrate food items in

the web. Shrimps and crabs are important food items for most fishes as

well as some of the crabs. Small fishes such as herring, capelin and

sandlance are important as food for the larger predatory fishes such as

Pacific cod, king salmon and halibut (see Feder et al., 1977 for addi-

tional Gulf of Alaska food data).

Feeding relationships for snow crab, king crab, and Pacific cod

(data from Feder et al., 1977 and S. Jewett, unpublished data for Kodiak)

are shown in more detail in Figures 4, 5, and 6, respectively. The snow

and king crabs (two of the most important commercial organisms on the

Kodiak shelf) feed heavily on animals relying in whole or in part on de-

posited organics, detritus, bacteria, benthic diatoms, and meiofauna

(Figs. 5 and 6, Table IX). Pacific cod feeds primarily on animals that

are feeding on small benthic invertebrates or scavenging on animal remains

(Fig. 6; Table IX). The invertebrates in the two bays relied on a variety

of feeding methods (Table IX) while the fishes tended to be predators.

Number, weight and frequency of occurrence calculations used in this

report are based on Appendix Tables 1-4.

VII. DISCUSSION

Station Coverage

The trawl program discussed in this report represents the first

intensive coverage of epifaunal invertebrates of Alitak and Ugak Bays.

Preliminary plans called for 28 stations to be occupied monthly in Alitak

Bay and 25 stations in Ugak Bay for June, July, and August 1976. August

sampling in Alitak Bay was hampered when stored crab gear prevented sampling
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Figure 4. Food web showing carbon flow to snow crab (Chionoecetes bairdi) in Alitak and

Ugak Bays and inshore waters around Kodiak Island, Alaska.



Figure 5. Food web showing carbon flow to king crab (Paralithodes camtschatica) in Alitak and
Ugak Bays and inshore waters around Kodiak Island, Alaska.



Figure 6. Food web showing carbon flow to Pacific cod (Gadus macrocephalus) from inshore waters
around Kodiak Island, Alaska. (Also see Feder et al., 1977 for comments on cod food
habits in the Gulf of Alaska).



TABLE IX

FEEDING METHODS¹ OF ORGANISMS INCLUDED IN THE KODIAK ISLAND (ALITAK AND UGAK BAYS AND OTHER
INSHORE WATERS) FOOD WEB



TABLE IX

CONTINUED
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of five stations. During the three sampling periods, 78 stations were

occupied in Alitak Bay covering a total of 1.76 km². Station coverage in

Ugak Bay was 1.69 km². The average distance fished at each station was

1.85 km.

Species Composition and Diversity

Examination of the species composition of both bays revealed crus-

taceans and molluscs to be the major epifaunal invertebrates present.

In general, epifaunal diversity was similar to that reported in Feder

et al. (1976) for the northeast Gulf of Alaska. Major differences between

the northeast Gulf of Alaska and the Kodiak bay fauna were the low numbers

of species of annelids and echinoderms found in the bays. Coverage of

the northeast Gulf of Alaska revealed 30 species of annelids and 36 species

of echinoderms; however, these phyla in Alitak and Ugak Bays only comprised

4 and 10 species respectively. Pagurus was the most diverse genus present

with six species collected.

Alitak Bay has a past history as a king crab mating ground (Kings-

bury and James, 1971), and has been a major producer of commercial-sized

crab in the Kodiak Island area since 1953 (Gray and Powell, 1966). Outer

Alitak Bay was also the site of king crab distribution, abundance, and com-

position studies (Gray and Powell, 1966; Kingsbury et al., 1974) conducted

by the Alaska Department of Fish and Game during the summer months of

1962 and 1970.

King crab live most of their lives on the deeper part of the con-

tinental shelf, coming into the shallows once a year to mate. Except

during the mating season (mid-March to June), the sexes remain apart in

deep water (Iverson, 1966). However, changing physical conditions from
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year to year may alter the periodicity of migration and breeding. The

documented-life history of the king crab reported elsewhere is reflected

in the observations made for this crab in the two Kodiak bays discussed

in this report. Examination of sex composition and stage of maturity of

king crab from the past and present studies in outer Alitak Bay indicate

a low ratio of adult females to adult males during the mating season

(Tables V and VI). After mating has presumably occurred and sexes

separate the ratio increases (Tables V and VI). The absence of adult

males from the bays in the latter part of the present study reflects their

departure following spawning. Segregation between sexes in juveniles is

not apparent (Tables V and VI; Powell and Nickerson, 1965).

Catches of king crab and snow crab in Ugak Bay during the present

study reflect a similar sex-maturity composition to that found during

A.D.F. & G. crab indexing studies in this bay, i.e., a predominance of

juvenile king crab of both sexes and adult male snow crab. Although Ugak

Bay does not typically yield commercial-size king crab, the outer bay is

often fished for snow crab (A.D.F. & G., Kodiak, Alaska snow crab catch

statistics).

Food Habits

The main species examined for stomach contents (Chionoecetes bairdi

and Paralithodes camtschatica) in the present study were the most abundant

and widely dispersed organisms present. Important food items consumed

by Alitak Bay and Ugak Bay snow crab differed from food items used by

this crab in Cook Inlet. Feder et al. (1977) examined 715 snow crab in

Cook Inlet, and found the main items in order of decreasing percent

frequency of occurrence in stomachs were Macoma spp. (clams), Pagurus
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spp. (hermit crabs), Balanus spp. (barnacles), and sediment. The only

similar stomach item in the present study was sediment. The role of sedi-

ment in crab feeding is not known. However, regardless of whether or not

sediment is taken incidentally or selectively, Yasuda (1967) found benthic

diatoms to be abundant in Chionoecetes opilio elongatus in the Bering Sea.

Yasuda (1967) postulated that diatoms were taken indirectly with food

and sediment. Inferences from the present study, as well as other snow

crab food data (Feder et al., 1977; Yasuda, 1967; Feder, unpublished data)

concerning prey species, suggest that the foods used by snow crab are

area specific.

Food items among king crab appear to be similar at different geographic

locations. McLaughlin and Hebard (1961) found molluscs to be the most

frequently consumed food group (69.0%) in Bering Sea king crab (with

pelecypods more frequent than gastropods). Echinoderms ranked second,

appearing in 42.2% of the crabs. Bering Sea king crab examined by Feder

(Feder et al., 1977) also showed pelecypod molluscs to be the dominant

food, specifically Clinocardium sp. and Nuculana sp. Nuculana, a deposit

feeder, is the most frequently occurring food used by king crab in Alitak

and Ugak Bays. Gastropods were food items of secondary importance in the

present study. Although echinoderms were absent from the 17 king crab

examined, sand dollars (Echinoidea) are occasionally consumed by king crab

occupying the outer continental shelf between Alitak and Ugak Bays (Guy

C. Powell, A. D. F. and G., personal communication).

The two commercially important animals of great abundance near Kodiak

Island (king crab and snow crab) feed on a wide variety of organisms. The

king crab, with its large claws, is taking snails, clams, and fishes, while

the snow crab with its long, thin, curved claws is better able to remove
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plant material, polychaetes, shrimps, and small clams from the bottom.

Post larval stages of king crab were not preyed upon by any of the fishes

examined. However, the soft-shelled stage of king crab is probably preyed

on since soft-shell snow crab are known prey of Octopus and sea stars

(John Hilsinger, unpublished data).

The use of deposit-feeding animals as food, as well as the consistent

uptake of sediments, by king and snow crabs in the Kodiak area may be

critical in the event of oil contamination of sediments on crab feeding

grounds.

VIII. CONCLUSIONS

Fifty-three permanent stations have been established in two bays of

Kodiak Island - Alitak (28 stations) and Ugak (25 stations) bays. These

stations have been occupied in conjunction with Alaska Department of Fish

and Game personnel.

There is now a satisfactory knowledge, on a station basis (for the

months sampled), of the distribution and abundance of epifaunal inverte-

brates (89 species identified to date) of the two study bays. Ten phyla

are represented in the collection. The important groups, in terms of

species, in descending order of importance are the Arthropoda (Crustacea),

Mollusca, Echinodermata and Annelida. The latter three groups only

accounted for 1.3% of the biomass collected, while the Arthropoda ac-

counted for 97.3% of the biomass.

Additional seasonal data are essential. It is only when such con-

tinuing information is available that a reasonable biological assessment

of the effect of an oil spill on these bays can be made. An additional

cruise carried out in March 1977 should furnish vitally needed mid-year data.
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Differences in sex composition and stage of maturity of king and snow

crab between and within the two bays were evident. Throughout the sampling

period in Alitak Bay, king crab occurred mainly at the outer stations and

consisted primarily of egg-bearing females and juveniles of both sexes.

King crab were well dispersed throughout Ugak Bay during this period, and

consisted mainly of juveniles. Snow crab in Alitak Bay were primarily

juvenile while mainly adult males inhabited Ugak Bay. Life history data

for these crabs for the summer months are now available.

Preliminary feeding data for the most common epifaunal species of

the two bays is presented in this report. Of special importance is the

food data compiled for the two commercially important crabs of the Kodiak

area - snow and king crabs. These data in conjunction with similar data

compiled for these two species in Cook Inlet and the Bering Sea (Feder

et al., 1977) should contribute to an understanding of the trophic role

of the crabs in their respective ecosystems and the impact of oil on crab

dominated systems such as those found in Alitak and Ugak Bays.

The importance of deposit-feeding clams in the diet of crabs is demon-

strated for the two bays; this situation is also true for crabs observed

elsewhere. A high probability exists that oil hydrocarbons will enter

crabs via these deposit-feeding molluscs, suggesting that studies inter-

relating sediment, oil, deposit-feeding clams, and crabs should be initiated

soon.

Sampling crabs and fishes using trawls and stomach analysis has made

it possible to understand a major component (the epifauna) of two Kodiak

bays. However, a full comprehension of the benthic system there will only

be achieved when these studies are expanded to include an assessment of

infauna as well. Data available to date suggest that adequate numbers of
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unique, abundant, and/or large species are available to permit nomination

of likely monitoring candidates. Presumably a monitoring program would be

based primarily on recruitment, growth, reproduction, and food habits of

the chosen species.

IX. NEEDS FOR FURTHER STUDY

1. Although the trawling activities were satisfactory for determination

of the distribution and abundance of epifauna, a substantial component of

both bays - the infauna - was not sampled. Since infaunal species represent

important food items, it is essential that dredging be accomplished at the

bay stations in the near future.

2. The present study has produced a data base describing the abun-

dance, density, and distribution of epibenthic invertebrates as well as

notes on reproductive biology of commercially important crabs during June,

July, and August 1976. Additional studies are needed during other seasons

and years to describe seasonal and year-to-year variations in the distribution

and relative abundance of the epifauna.

3. Seasonal predator-prey relationships should be examined in con-

junction with simultaneous infaunal sampling.

4. It is essential that large samples of the dominant clam prey

species be obtained to initiate recruitment, age, growth, and mortality

studies. These data will then be comparable to similar data being collec-

ted for clams of Cook Inlet and the Bering Sea (Feder et al., 1977). Any

future modeling efforts concerned with carbon or energy flow in the Kodiak

area will need this type of information.

5. No physical and chemical data are currently available. This

information should be obtained in the future in conjunction with all

biological sampling efforts.
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X. SUMMARY OF 4TH QUARTER OPERATIONS

Ship or Laboratory Activities

1. During 3-18 March 1977 the M/V Big Valley conducted benthic

trawling in Ugak and Alitak Bay.

2. Scientific party:

Stephen Jewett, Research Assistant, collected data on distribution

and abundance, trophic relationships and reproductive activity.

3. Methods - field sampling:

Benthic trawling was conducted with a 400-mesh Eastern otter trawl.

Stations selected from a sampling grid typically were sampled for 20 minutes

or 1.85 kilometers.

4. Sample localities:

See text figures 1 and 2

5. Data collected:

Twenty-three stations were occupied in Ugak Bay and 21 stations

were occupied in Alitak Bay.

6. Distribution and abundance data, cluster analysis, predator-prey

relationships and reproductive notes will be included in the Final Report.

Data will be examined within and between Ugak and Alitak Bay.
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XI. APPENDIX

FREQUENCY OF OCCURRENCE OF EPIFAUNAL INVERTEBRATES

AS WELL AS PERCENT COMPOSITION BY PHYLA,

FAMILY AND SPECIES
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APPENDIX TABLE I

FREQUENCY OF OCCURRENCE OF EPIFAUNAL INVERTEBRATES IN ALITAK AND UGAK BAYS, KODIAK ISLAND, JUNE, JULY, AND AUGUST, 1976



APPENDIX TABLE I

CONTINUED



APPENDIX TABLE II
NUMBERS, WEIGHT, AND DENSITY OF EPIFAUNAL INVERTEBRATE PHYLA IN ALITAK AND UGAK BAYS,

KODIAK ISLAND, JUNE, JULY, AND AUGUST, 1976



APPENDIX TABLE III

NUMBERS, WEIGHT, AND DENSITY OF EPIFAUNAL INVERTEBRATE FAMILIES IN ALITAK AND UGAK BAYS,

KODIAK ISLAND, JUNE, JULY, AND AUGUST, 1976C0MPOSITION OF ALL PHYLA BY FAMILY



APPENDIX TABLE III

CONTINUED



APPENDIX TABLE IV

NUMBERS, WEIGHT, AND DENSITY OF EPIFAUNAL INVERTEBRATE SPECIES IN ALITAK AND UGAK BAYS,

KODIAK ISLAND, JUNE, JULY, AND AUGUST, 1976



APPENDIX TABLE IV

CONTINUED



APPENDIX TABLE IV

CONTINUED



APPENDIX TABLE IV

CONTINUED



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1977

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 29

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.
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