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BERING SEA AND GULF OF ALASKA

I. TASK OBJECTIVES

A. Inventory and census of dominant species.

B. Description of spatial and seasonal distribution patterns of

selected species.

C. Provide comparison of dominant species distribution with physical,

chemical and geological factors.

D. Provide preliminary observations of biological interrelationships

between selected segments of benthic marine communities.

II. FIELD AND LABORATORY ACTIVITIES

A. Grab Program

1. No cruises were scheduled for this quarter.

2. Analysis of all samples collected in the last two years is
still in progress at the Marine Sorting Center and the Data

Processing Section of the Institute of Marine Science.

3. Organization of data for reports and publications are in

progress.

B. Trawl and Pipe Dredge Program

1. No cruises scheduled for this quarter.

2. All trawl and pipe dredge material from Cook Inlet and the

Bering Sea were examined and data submitted for key punching.

3. Dominant clam species from Cook Inlet and the Bering Sea were

examined for age and growth determinations. Data has been

submitted for key punching. Age-growth history tables were

organized.

III. RESULTS

A. Crab Programs

1. Data collected during R/V Discoverer Cruise DS001 in March
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1976 has been key punched, and is in the initial stages of
data analysis.

2. A chapter entitled, Numerical Analysis of the Benthic
Infauna in the Northeastern Gulf of Alaska, is to be sub-
mitted shortly for publication in Volume II of the Proceedings
of the 27th Alaska Science Conference. This chapter includes
methodology and preliminary results of activities of the
past two years on the analysis of benthic infauna in NEGOA.

3. Additional programs to further the analysis of NEGOA are
being developed.

4. The Final Report is in progress.

B. Trawl and Pipe Dredge Program

1. Trawl and pipe dredge data from Cook Inlet and the Bering
Sea has been key punched and printed out. Checking and
analysis of this data is in progress.

2. Clam species from Cook Inlet and the Bering Sea have been
aged, measured, data recorded on computer forms, and subjected
to analysis. Species examined were: (1) Cook Inlet - Spisula
polynyma, Nuculana fossa, Tellina nuculoides, Glycymeris
subobsoleta, Macoma calcarea, Nucula tenuis, and (2) Bering
Sea - Spisula polynyma, Macoma calcarea, Tellina lutea,
Nuculana fossa, Yoldia amygdalea.

3. A manuscript on the feeding biology of the snow crab
Chionoecetes bairdi in Cook Inlet is completed and will be
available to the Final Report.

4. The Final Report is in progress.

IV. PRELIMINARY INTERPRETATION OF RESULTS

General interpretations of grab and trawl data are included in the

1976 and 1977 Annual Reports and in Institute of Marine Science Technical

Report R76-8. Additional comments on this, pipe-dredge data, and food

relationships will be included in the Final Report.

V. PROBLEMS ENCOUNTERED

No direct problems. However, the initial decisions by OCSEAP that,

(1) our surveys in the Gulf, Cook Inlet, and the Bering Sea be primarily

8



ones of assessment of distribution and abundance of invertebrates, (2) our

survey should not examine crab stomachs, and (3) the fish stomach survey

by Dr. Ron Smith should have minimal and limited funding (also that we

should not examine any fish stomachs in our project), are now proving

to be seriously in error. If it had not been directly suggested that

we not look at stomachs as we progressed in our assessment program (and

frequently time was available as was our desire to collect this type of

data), we would now have a good and sound basis for benthic food webs.

Now the program is moving into the shelf area less than 40 m, and we

have a serious lack of understanding of food interactions of benthic

organisms on the rest of the shelf. We have essentially no food data

from the northeast Gulf of Alaska with only slightly better data from Cook

Inlet. Bering Sea food data is spotty, and now this program is terminated.

I would strongly suggest that data on food habits of fishes in these

regions be collected in the near future.
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ALITAK AND UGAK BAYS, KODIAK ISLAND

I. TASK OBJECTIVES

A. A quantitative inventory census of dominant benthic invertebrate

epifaunal species.

B. A description of spatial distribution patterns of selected benthic

invertebrate epifaunal species.

C. Observations of biological interrelationships between segments

of the benthic biota.

II. FIELD AND LABORATORY ACTIVITIES

A. Field Program

No cruises were scheduled in this quarter.

B. Laboratory Program

1. Data was recorded on coding forms for key punching and
computer analysis.

2. Computer printouts were checked.

3. Report preparation begun.

III. RESULTS

All data has been analyzed, and will be included in the Final Report

now in the final stages of completion.

IV. PROBLEMS ENCOUNTERED

No immediate problems. Additional feeding data and data on infauna on

the Kodiak shelf are essential.
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CHUKCHI SEA AND NORTON SOUND

I. TASK OBJECTIVES

To conduct a survey of the benthic epifaunal invertebrates of the

Chukchi Sea/Norton Sound areas.

II. SHIP OR LABORATORY ACTIVITIES

A. No ship activity this quarter.

B. All data has been key punched and submitted for data processing.

C. The Final Report is in progress.

III. RESULTS

A. Data on distribution and abundance, predator-prey relationships

and reproductive notes have been examined and have been keypunched. An

extensive report on the food of the starry flounder is in preparation.

The report is based on 133 stomachs examined in the field using the fre-

quency of occurrence method of analysis and 177 stomachs examined using

volumetric and numerical methods of analysis.

B. Distribution and abundance data is now in computer printout

format, and are presently being analyzed.

C. The final report is in preparation. Most figures for the report

have been completed.

IV. PROBLEMS ENCOUNTERED

No immediate problems. However, lack of infaunal data from the

study area will hamper interpretation of feeding data, and will limit

11



distributional information on an important component of the benthos, the

infauna. Infaunal samples should be collected when activities in this

lease area intensify.

Milestones

It is intended to maintain a consistent schedule for report prepara-

tion in the next few months. Some of the reports will be subdivided into

sections, each section to be submitted as it is completed. The latter

procedure should increase the data flow and data interpretation available

to OCSEAP. The schedule for report submissions are as follows:

1. Kodiak (Alitak and Ugak Bays) - early October

2. Norton Sound-Chukchi Sea - late November

3. Cook Inlet - mid January

4. Bering Sea Trawl Report - late January

5. Bering Sea crab and pipe dredge report - late February

6. NEGOA crab and trawl report - late March

12
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Andrew G. Carey, Jr., Principal Investigator
School of Oceanography
Oregon State University
Corvallis, Oregon 97331

September 26, 1977

Andrew G. Carey, Jr.
Principal Investigator
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I. Task Objectives

A. General nature and scope of the problem

The distribution, abundance and natural variability of benthic
macrofauna will be described on the southwestern Beaufort Sea con-
tinental shelf. Patterns of faunal distributions will be described

and characterized using suitable bio-indices and multivariate

techniques. Seasonal changes in the structure of benthic populations

will be studied by sampling four times within a single year. Feeding

interactions between organisms will be characterized by describing
the benthic food web.

B. We propose to describe the benthic infauna of the western
Beaufort Sea continental shelf including studies of both geographic

and seasonal variability. Data are to be obtained on the faunal

composition and abundance to form baselines to which potential future

changes can be compared. The structure of the benthic food web will

provide information on links in the food web that are important for

the existence of the communities and by which pollutants may enter

man's food web.

Specific objectives include the continuation of studies and

analyses to:

1. Describe the distribution, species composition, numerical

density, and biomass of the benthos in the area of interest.

2. Describe the spatial and seasonal variability of faunal
distributions and abundances.

3. Describe the benthic communities present and delineate their

geographical and environmental extent.

4. Describe the effect of seasons on population size and repro-

ductivity activity of dominant species.

5. Determine the degree of correlation of species distributions

and of various bio-indices with features of the benthic

environment.

6. Determine the basic structure of the in situ benthic invertebrate

food web from a literature review and gut content analyses of

selected, abundant species.

II. Research Activities

A. Field Activities - OCS 7

1. Ship Schedule

During the period August - September 1977 Research Unit #6

participated in a food web cruise to'the Chukchi and Beaufort

Sea on the USCGC GLACIER to sample the biota of the water column

in selected areas and to define trophic interrelationships.
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2. Scientific Party (OSU Benthos)

R. Eugene Ruff OSU Head of the Benthos Group and Chief
Scientist for the cruise

David Wilborn OSU Research Assistant (Temporary)

3. Methods

Benthic infauna were sampled by a 0.1 m 2 Smith-McIntyre
bottom grab at selected stations. Five quantitative samples at
each station were planned to provide adequate estimates of
variability and enough species for description of the community
composition. The samples were washed on shipboard with 0.42 mm
screens to retain the macrofauna (0.50 mm and above). The
samples were temporarily preserved in 10% neutralized formalin
and shipped back to Oregon for laboratory analysis.

4. Sample Localities

As planned, a series of stations were sampled in the Chukchi
Sea previous to undertaking the main operations in the Beaufort
Sea. When in the Beaufort, the summer sea ice conditions were
found to be open with the ice edge approximately 180 n mi offshore.
The station positions, therefore, cover a large amount of territory.
Benthic infaunal stations number 5 (approximate) in the Chukchi and
31 (approximate) in the Beaufort Sea (Table 1). A total of 158
biological and geological grab samples were collected for the
benthic invertebrate research.

B. Laboratory Activities

1. Personnel

No changes in personnel during this quarterly reporting period.
Andrew G. Carey, Jr., Principal Investigator, arrived 03 September
1977 from sabbatical leave from Oregon State University.

2. Methods

The techniques for sample processing have not been altered
this quarter. However, due to international convention, the
macrofauna are now defined as organisms in the size range 0.5 mm
and above; this comprises the fauna that OSU Benthos has cate-
gorized as large meiofauna >0.42-1.00 mm. A major effort now must
be made to process this size category and include these data in
our analyses of the macro-infauna.

3. Data Analyzed

Smith-McIntyre grab samples from OCS-5 collected on the R/V
ALUMIAC during the 1976 OCS coastal cruise have been picked, sorted
to major taxonomic categories, and quantified. Organisms have
been counted and wet-weighed. Gammarid amphipods have been
identified and counted from OCS-5. Larger macro-infauna (>1.0 mm)
have been picked, sorted and counted from the Hessler-Sandia
0.25 m2 box cores collected during OCS-4 on the USCGC GLACIER.

Harpacticoid copepods (small macrofauna) from selected Smith-
McIntyre grab samples collected at two stations during WEBSEC-71
have been identified and counted.

15



Table 1. Benthic Stations.* 1977 OCS USCGC GLACIER Summer Cruise.

Tentative List.
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4. Milestone Chart and Data Submission Schedules

Category Expected Completion

OCS-7 Station Data 1 January 1977

Detailed Milestone Chart for FY-78 1 January 1977

Sorting of OCS-7 Samples To be arranged

Quantifying of OCS-7 Samples To be arranged

Additional Taxonomic Data To be arranged

Data transmission will be scheduled on the regular quarterly
basis during FY-78. Additional taxonomic data from OCS 1-7 will be
submitted. The extent and type of further data will be detailed at
the time of the next quarterly report.

III. Results

A. Laboratory Results

1. Biomass

Wet weights for OCS-5 samples and stations are listed in
Table 2.

2. Faunal Numerical Denisty

Animal densities for OCS 5 and OCS 4, are listed in Tables 3-6.

3. Gammarid Amphipods

The gammarid amphipods from OCS-5 stations have been
identified and are listed in Tables 7-9.

4. WEBSEC-71 Small Macrofauna

Last year the small macro-infaunal fractions (1.00 <0.42 mm)
of six Smith-McIntyre grab samples were picked and sorted to
major taxonomic groups. These samples were chosen from the sample
set collected during the WEBSEC-71 cruise aboard the USCGC GLACIER.
The results of the analysis of the harpacticoid copepods are
presented in Table 10.

As a point of comparison the data from the larger macro-infauna
fraction (>1.00 mm) are also included in Table 10. It has been
long recognized that the size of the mesh in the sieve used for
washing benthic samples can bias results of the population estimates
for smaller organisms. Harpacticoid copepods are a good test of
this bias owning to their size. They range from 0.5 to 2.0 mm in
length, but also possess long (0.25 to 0.5 mm) setae emanating from
their caudal rami so that the total length of a harpacticoid averages
over 1.00 mm, large enough to be retained on the larger screen.
However, since harpacticoids are only about 0.5 mm wide any that
"nosedives" will pass through the large sieve and be retained on the
smaller 0.42 mm screen. Table 10 shows that most will do this, though
a large portion of the population will remain in the 1.00 mm fraction.
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Table 2: Biomass data per grab (0.1 m 2 ) from OCS-5, Narwhal Island Transect. Wet

weight in grams per 0.1 m2

Table 3: Animal Densities per core for BSB-7 (71°43.6'N, 151°46-5'N)

collected on 29 August 1976 during OCS-4. Samples taken with

the Hessler-Sandia 0.25 m2 Box Corer
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Table 4: Animal Densities per grab (0.1 m2 ) for NIB-5 (OCS-5) collected on 27 August
1976.

Table 5: Animal Densities per grab (0.1 m2) for NIB-10 (OCS-5) collected on 28

August 1976.
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Table 6: Animal Densities per grab (0.1 m 2 ) for NIB-15 (OCS-5) collected on 28
August 1976.
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Table 7: The Gammarid Amphipods from N-B-5 collected during OCS-5. 2 species
were represented in 5 specimens.

Table 9: The Gammarid Amphipods from NIB-15 collected during OCS-5. 8 species
were represented in 19 specimens.

Table 8: The Gammarid Amphipods from NIB-10 collected during OCS-5. 8 species
were represented in 26 specimens.
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Table 10: Harpacticoid copepods found at two stations during WEBSEC-71
cruise. Note the significant difference in abundance estimates
of the two size categories of macrofauna.
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The data from the two stations show an interesting contrast.

In station CG 29, there is a marked increase in the number of

species found (from 2 to 6) when the smaller infauna fraction is

analyzed. But the number of species found in CG 30 remains the

same (8) in both fractions even though a higher density is again

found in the smaller fraction. The important factor here is the

number of individuals found. It appears if 30 or more are found

in a station, that area can be characterized. This density occurs

in only 4 of the 44 stations occupied during the cruise. It can

be concluded that the communities of the smaller organisms, such

as harpacticoids, ostracods, tanaids, nematodes and partially

polychaetes will not be fully characterized until the smaller

(1.00 <0.42 mm) fraction of the samples are picked and sorted.

These data are essential for comparison with the Canadian eastern

Beaufort Sea data set and for comparisons with world-wide data

based on the total macrofauna.

IV. Preliminary Interpretation of Results

Interpretation will be undertaken when further samples have been

processed and a more complete data set can be statistically analyzed.

V. Problems Encountered

1. Beaufort Sea food web cruise station selection and sampling.

Difficulties arose from the unusually light sea ice conditions during

the 1977 USCGC GLACIER OCS cruise. No large concentrations of marine

mammals or birds could be found at locations on the inner shelf to

choose as food web stations. The ice edge was too far off shore

apparently to act as an ideal environment for benthic feeding water

fowl and marine mammals.

2. The definition of macrofauna. Extensive detailed discussions

with German, Canadian, and Japanese benthic investigators have forced

me to redefine the size of organisms within the ecological group known

as the macrofauna. By international convention, these organisms cover

the size range, 0.5 mm and above. Our WEBSEC and OCS data must include

these small macrofauna to allow direct standardized comparisons with

other OCS, Canadian, U.S., and international benthic standing stock

information. Additional time and funding will be necessary for

completion of these objectives in the future.

VI. Estimate of Funds Expended. Spent

Budget Spent Committed This Quarter

Salaries & Wages 107,664 95,872 1,618 17,010

Materials & Services 24,875 19,954 708 502

Travel 9,900 10,206 253 1,891

Equipment 47,617 47,224 --

Payroll Assessment 16,803 14,368 333 2,704

Overhead 54,320 46,003 1,052 8,733

TOTAL $261,179 $233,627 $3,711 $30,840
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R.U. 19
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FINFISH RESOURCE SURVEYS IN NORTON SOUND AND KOTZEBUE SOUND

Principal Investigator

LOUIS H. BARTON
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Commercial Fisheries Division
333 Raspberry Road

Anchorage

September 1977
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I. Task Objectives

The objectives of this research unit are to:

1) Determine the spatial and temporal distribution, species
composition and relative abundance of finfishes in the
coastal waters of Norton Sound and Kotzebue Sound east of
166 Degrees West Longitude.

2) Determine the timing and routes of juvenile salmon migrations
as well as examine age and growth, relative maturity and
food habits of important species in Norton Sound and Kotzebue
Sound east of 166 Degrees West Longitude.

3) Determine the spatial and temporal distribution and relative
abundance of spawning populations of herring and other forage
fish within the study area.

4) Monitor egg density, distribution and development and document
types of spawning substrates of herring and other forage
fish species.

5) Monitor local resident subsistence utilization of the herring
fishery resource.

II. Field Activities

Activities during this quarter (July - September) included a
continuation of data collection in the nearshore waters of Norton
Sound. Adjustments were made with personnel and sampling effort,
as necessitated by a budget cut in FY78, to insure 1977 fall
sampling could be conducted.

The Royal Atlantic offshore sampling program was aborted on
July 16 due to heavy ice conditions in parts of the study area.
Pack ice at Cape Espenberg precluded entry into Kotzebue Sound.
A total of 22 gillnet and 83 surface townet stations had been
completed in the offshore waters of Norton Sound by this time
(July 13). Data is still pending analysis as all personnel
engaged in the large vessel program are being utilized on the
nearshore studies which are still in operation.
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Aerial coverage of the coastline for monitoring distribution and
timing of spawning herring and other forage fish populations
continued as weather conditions permitted. Coverage during this
quarter included more than 4,500 kilometers of coastline and
approximately 34 hours of airtime. The majority of this coverage
was concentrated on the Seward Peninsula and in excess of 280
fish schools were documented. Nearly half of these were observed
between Prince of Wales and Cape Espenberg in mid to late July.

Other activities during this quarter included updating all Data
Management forms and submission of all unknown juvenile and larval
fish to the National Marine Fisheries Service in Seattle(NWFC)
for identification. In addition, a new FY78 work proposal had
to be completed and resubmitted after receiving word that the
original FY78 proposal submitted last quarter (156.8K) was cut
nearly 65%. The actual funding level was 60K.

III. Results and Preliminary Interpretation

None at this time.

IV. Problems and Change

The frequency of aerial surveys and results of each were hindered
a great deal this quarter due to inclement weather and heavy
smoke conditions. The extensive amount of acreage ablaze in
Alaska in July and August (much of which was on the Seward Peninsula)
and resulting smoke severly reduced the number of surveys which
could be flown due to poor visibility. Fires were eventually
extinguished with the help of fall rain storms. These storms
are appearing more frequently as winter approaches and leave
coastal waters extremely turbid for extended periods making
observations difficult if not impossible.

To supplement data collection on the timing and distribution of
fish species during such periods, flights are made to selected
coastal villages and information gathered from local subsistence

fishermen and hunters. News releases were also made in most
coastal villages requesting anyone with information concerning
the arrival of herring and other forage fish species to the
coastal waters in their areas to contact the Alaska Department of
Fish and Game.
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A second problem has been associated with determining species
identification of many fish schools observed during aerial
surveys. Realizing from last years investigations that this
would be a problem in view of no float or amphibious plane
service in the study area, attempts were made to relocate
field sampling crews into areas where large concentrations of
fish schools have been observed. This was usually done as soon
as possible upon completion of a particular survey and test
fishing conducted with variable mesh gillnets.

Finally, the FY78 actual funding level (60K) has affected
this past quarters work. Sampling effort and monies have had
to be redistributed in such a manner to insure fall sampling
in 1977 can be conducted. This was only possible with limited
FY77 carryover monies to supplement next years funds in view
of the nearly 65% cutback from the originally requested FY78
funding level.

V. Estimate of Funds Expended

A balance of approximately $29,000 exists as of September 15,1977.
With the exception of salaries which will be paid from 9/16-9/30
and a few unposted aircharter expenses, remaining monies will be
carried over and supplement the FY78 allocation in order to complete
fall sampling this season as agreed upon by OCSEAP.
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I. Task Objectives

A. To determine the spatial and temporal distribution of spawning
forage fish stocks between Cape Sarichef, north to the Yukon Delta,
and investigate their life history parameters with emphasis on
their late spring and summer spawning periods.

B. Continuance of assessment studies inititated for boreal smelt,
herring and capelin in FY 76.

II. Field or Laboratory Activities

The field crew returned to the Kodiak base on July 7, 1977. Up to
that time they had been resident at Meshik field facility sampling forage
fish stocks at the site fished in FY 76. Processing of the specimens
had begun before the return of this crew, but continued through this
quarter and concluded on August 31, 1977. Forage fish specimens collected
ancillary to regular ADF&G functions in the Togiak area were returned
to Kodiak base, and processed as an integral part of this research unit.

Analysis began on September 1, 1977 of all data, and is continuing
at this time by editing, compiling and analyzing computer runs of 1976-77
R.U. 19 forage fish data. Generation of the project completion report
began around September 7, 1977 and will continue until December 1, 1977.

Four aerial surveys were completed in early July under the conditions
of this research unit. All results were recorded on EDP aerial survey
forms. All aerial survey data were edited and prepared for key punching,
which is pending as of September 15, 1977.

III. Results
The project completion report is in progress, and will be completed

by December 1, 1977.

IV. Preliminary Interpretation of Results

In progress, hence not applicable at this time.

V. Problems Encountered/Recommended Changes

On September 6, 1977 (23 days prior to the date anticipated) we ran
out of funds for this research unit due to increased project expenditures
due to the ongoing air strike, the increase of salaries, and the
compulsory payment of overtime, all of which took place during the FY 77
phase of this study. Monies have been since released to continue this
study, and no problems are anticipated in having a project completion
report submitted to the project office by December 1, 1977.

It should be noted that in 1976 a fall fishing phase was conducted
at Meshik in mid-October. Since the primary purpose of this extension
was as a continuance of studies initiated in FY 76 on boreal smelt, herring
and capelin, for a full complimentary study to be done, a fall fishing
phase should seriously be considered, especially in view of the fact that
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a critical life history parameter of the boreal smelt has been since
discovered and needs further fall investigation. To date all Pacific
sources indicate that Osmerus eperlanus spawn once in the spring; OCSEAP
investigations have strongly indicated that there is a double run,
i.e., one in the spring and one in either late summer or early fall.
Last fall's fishing effort indicates that this second run might take
place in the fall. To gain a basic spatial understanding of this forage
fish, (if indeed there is a second run) this second run should be
better known. If this effort is to be made, this office will need an
additional 1.5 K of funding to accomplish it.

VI. Estimate of Funds Expended

Line Item Balances

Date Line 100 Line 200 Line 300 Line 400

7/1 $8,325.78 $2,690.40 $5,527.89 $308.78

9/30 $ 0 $ 0 $ 0 $ 0
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ABSTRACT

Our initial studies of biological interactions among rocky intertidal biota

at Point Barber, Hinchinbrook Island have focused on Pisaster ochraceus, Mytilus

edulis and Alaria marginata. We made counts and feeding observations on Pisaster,

and took size measurements of all three species. Mytilus abundance was recorded

on permanent plots.

At Point Barber, reduced feeding activity in Pisaster apparently continues

later in the spring than in Puget Sound. The size frequency distribution and mean

size of Pisaster at Point Barber are similar to those of populations of Pisaster

at Monterey Bay whose main food source is barnacles. Change in coverage of M.

edulis on one permanent plot between May and July, 1977 and general observations

of mussel mortality in July, 1977 at Point Barber suggest that Pisaster may be as

important to community structure here as elsewhere in the North Pacific.

Measurements of Alaria show that between May and July, 1977 at Point Barber

the rates of erosion of the fronds tended to be greater than the growth rates of

the plants. The rate of erosion relative to growth rate in this species may be a

useful biological indication of exposure.

At Constantine Harbor we made observations on and photographed sections of

two transects which were established in May, 1977. In addition, we measured

Cucumaria pseudocurata, weighed Echiurus echiurus alaskensis and Archidoris

montereyensis and made feeding observations of Pycnopodia helianthoides. There

appeared to be fewer Echiurus holes in July than in May, but because of inadequate

field time in July we were unable to determine whether this was a real change in

the abundance of the echiuran.
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II. Objectives

The objectives of this task are to characterize the coastline of Alaska

according to major littoral habitat types, and to describe the distribution

and abundance patterns of biotic populations within habitats.

III. Field or Laboratory Activities

Our field activities during this quarter entailed the continuation of those

studies begun at Hinchinbrook Island in May, 1977 (Zimmerman and Merrell 1977)

of the changes in intertidal community structure over time with emphasis on the

key biological interactions and physical factors important to community organiza-

tion. An understanding of community organization is crucial to the prediction

of the effects of oil spills on natural communities. These intensive studies

have been terminated by direction of the Juneau Project Office of OCSEAP.

A. Schedule: July 31 and August 1, 1977. Charter vessel: Cora B.

B. Scientific Party:

Name Affiliation Role

Joyce Gnagy ABL Muddy intertidal
investigator

Charles O'Clair ABL Rocky intertidal
investigator

C. Methods:

1. Rocky intertidal area.

We counted Pisaster ochraceus and examined each starfish for a tag

(53 tagged in May, 1977). Disc width, arm length and wet weight had been taken on

tagged and untagged Pisaster in May. Tagged Alaria marginata were measured. We

photographed permanent plots emplaced in patches dominated by Mytilus edulis in

May, 1977 and randomly placed and photographed four more permanent plots.

2. Muddy intertidal area.

We made observations on and photographed sections of two transects

established in May, 1977 in Constantine Harbor.
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D. Sample Collection Localities

1. Point Barber (Rocky intertidal area).

The intertidal area at Point Barber is a gently sloping bedrock

platform. It is partially protected from open ocean waves and swells by the

southwestern peninsula of Hinchinbrook Island and nearby Porpoise Rocks, but

it probably receives severe wave shock during winter storms.

2. Constantine Harbor (Muddy intertidal area).

The study area in Constantine Harbor encompasses about 500 meters

square on the south shore of the harbor. The substrate consists of mud, gravel

and small boulders.

E. Data Collected

Number and type of measurements and observations.

1. Rocky intertidal area

Number Type of observation

1 Count of Pisaster ochraceus.

53 P. ochraceus tagged with a floy tag on the aboral surface

in the base of the arm opposite the madreporite.

69 Measurements of disk diameter (measured on the aboral

surface between the bases of opposite arms through the

madreporite), arm length (measured on aboral surface

from center of disk to tip of longest arm), and wet weight

of P. ochraceus.

25 Alaria marginata tagged with surveyors flagging proximal

to sporophytes and measured (length from holdfast to

tip of frond).

15 A. marginata marked by punching a hole at the intersection

of the midrib and blade at a distance of from 5 to 10 cm

from the distalmost sporophyll.
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2. Muddy intertidal area

Number Type of observation

94 Observations along two transects.

24 Photographs of sections of two transects.

248 Measurements of lengths Cucumaria pseudocurata expanded

(tentacular crowns not included).

50 Measurements of wet weights of Archidoris montereyensis.

100 Measurements of wet weights of Echiurus echiurus

alaskensis.

IV. Results

1. Rocky intertidal area.

No tagged Pisaster were recovered in July. We attribute this to tag loss.

A brief laboratory study using Evasterias troschelii (Pisaster is not readily

available locally at Auke Bay) indicated that these starfish can force floy tags out

of their arms. Vital stains which have been used successfully to mark Pisaster

elsewhere (Feder 1955) were not available to us in July.

The mean size (329.4 gms) and size distribution of Pisaster (Fig. 1) at

Point Barber in May, 1977 are similar to those of natural populations of Pisaster

at Monterey Bay, California whose food source is mainly barnacles (Feder 1970).

Food available to Pisaster at Point Barber includes Mytilus edulis and Balanus spp.

Our data on the diet of Pisaster there are inadequate; only 7% of the starfish

examined (n=90) in May were feeding. At San Juan Island, Washington the pro-

portion of Pisaster feeding decreases in winter, but returns to 25% to 50% by May

(Mauzey 1966). The apparent late resumption in feeding of Pisaster at Point Barber

as compared with that at San Juan Island may reflect latitudinal differences

in the seasonal periodicity of feeding and reproduction of the starfish, but

our data are inadequate for examining the question. Since Pisaster is the keystone

species (see Section V) in Pacific Northwest rocky intertidal communities, spatial

variability in the seasonal periodicity of feeding and reproduction of this starfish
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Fiq. 1. Weight- f requency curve of Pisaster at
Pt. Barber on May 4 and 5 (compare with Fig. 9
of Feder ( 19 70) .
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may cause spatial differences in community structure.

Twenty four percent of the Alaria tagged in May, 1977 still had tags in

July. The mean change in length of these plants was -66.5 cm (SD 56.6 cm).

Apparently the rate of erosion of the fronds was on the average greater than the

rate of growth in the interval May to July. Holes punched in the fronds of Alaria

in May were not visible in July; therefore, we have no measure of growth during

this period.

Analysis of the coverage data from fixed quadrats is incomplete. Generally

Fucus cover increased on plots in patches of M. edulis because of growth of Fucus

plants present on these plots in May. Changes in Mytilus densities were variable;

some plots showed no obvious changes. One plot showed a striking reduction in

Mytilus cover (from 37% to 2%). We attribute this reduction to Pisaster predation;

several Pisaster surrounded by empty mussel shells and barnacle plates were

congregated near the plot.

2. Muddy intertidal area.

As a result of the preliminary survey made in May, 1977, we have observeo

four abundant animals whose role in the community structure may be followed. These

principal animals are:

a. Cucumaria pseudocurata-sea cucumber- detritus feeder

b. Archidoris montereyensis-dorid nudibranch- carnivore, preys on

Halichondria panicea (Fig. 3).

c. Echiurus echiurus alaskensis-echiurid worm- detritus feeder

d. Pycnopodia helianthoides-sea star- carnivore.

On the May trip we were able to make observations and gather data on

abundance, size, reproductive state, and feeding behavior. In July, we were only

able to work two tides (1 day). We used this time to monitor seasonal changes.

The most obvious difference was the growth of a mat-forming filamentous green algae

in much of the area. The Echiurus holes were not apparent and there was not enough

time to dig for the worms to see whether they were still present. Any kind of
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Fig. 2. Cucumaria pseudocurata lengths in mm (expanded, live, crowns not counted) from two 1/16 m2 quadrat
collections along a transect line in Constantine Harbor, May 7, 1977.



Fig. 3. Archidoris montereyensis weight in grams. Vicinity of Transect II,
approximate level of m 13. May 6, 1977 - n=50

Fig. 4. Echiurus echiurus alaskensis weights in grams. Random samples near transects I and II.



field work is time consuming; work in soft bottom areas requires digging and

sieving to expose the populations one is studying. In the present phase many

questions remain unanswered.

The computer files scheduled for submission to NODC in October are in

the final stages of updating.

V. Preliminary Interpretation of Results

In a recent review of research needs on the effect of organic contaminants on

ecosystems for the National Science Foundation, Neuhold and Ruggerio (1975) con-

clude that "one of the largest gaps in our present knowledge concerns species

interaction" and that "the extent to which the system will be affected will greatly

depend upon previous established species interactions". The key interaction on

rocky shores of the outer coast of Washington and probably elsewhere in the eastern

North Pacific is that of predation by Pisaster ochraceus on Mytilus californianus.

This interaction prevents the monopolization of space by Mytilus thereby mediating

the persistance of competitively inferior invertebrates (Paine 1966) and algae

(Dayton 1975) in the system. Echinoderms generally and Pisaster specifically are

especially sensitive to oil pollution (Nelson-Smith 1972). Even if Pisaster alone

were removed from the system by an oil spill it is likely that there would be

profound changes in community structure as a result.

M. californianus is absent from Point Barber. Its ecological equivalent,

M. edulis, has been shown to be a potentially dominant competitor in the mid-inter-

tidal region on New England rocky shores (Menge 1976). Our preliminary data show

that Pisaster preys on M. edulis and therefore probably plays a key role in inter-

tidal communities at Point Barber as in Washington.
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C. Oral presentations

During the period August 23-26 we presented the form of a poster

presentation at the Ninth International Seaweed Symposium at Santa Barbara,

California the results of a cooperative study with the Environmental Research

Institute of Michigan (ERIM) on the use of multispectral scanning to assess

littoral algal cover.

VII. Problems encountered and recommended changes

More frequent visits to our study sites would have alerted us to the tag

loss problem with Pisaster and to the rapid disappearance of the punched holes

in the fronds of Alaria and would have allowed us to modify our methods sooner.

We were able to spend only 2 days at Hinchinbrook Island in July because of

anticipated budget cuts.

In the future, should funds become available for intensive studies at

Hinchinbrook Island or elsewhere, we recommend that the minimum visitation

frequency of field sites in the first year, and perhaps longer, be bimonthly

with more frequent visits optional for certain phases. Alternatively, a

study site with appropriate species should be designated nearer Auke Bay for

feasibility tests of methodology. Visits to field sites should last at least

1 week.

42



SUPPLEMENT TO

RESEARCH UNIT # 78

ALASKA INTERTIDAL SURVEY ATLAS

by

Howard S. Sears
Steven T. Zimmerman

Available from

National Marine Fisheries Service
Northwest and Alaska Fisheries Center

Auke Bay Laboratory
P.O. Box 155

Auke Bay, Alaska

43



FINAL REPORT

Supplement to Research Unit 78 (Sub-contract Report)

ECOLOGICAL ASSESSMENT OF SUBLITTORAL PLANT COMMUNITIES
IN THE NORTHERN GULF OF ALASKA

FOR

NATIONAL MARINE FISHERIES SERVICE
AUKE BAY FISHERIES LABORATORY

EO DAMES & MOORE
AN JOB NO. 6797-001-20
RLM-LA SEPTEMBER 16, 1977
RCM-AN
DCL-AN

44



TABLE OF CONTENTS

INTRODUCTION

GENERAL STUDY OBJECTIVES

METHODS

THE MARINE PLANT COMMUNITY

RESULTS

Description of the Study Site (Latouche Point)

Biological Setting (Algal Assemblage)

Epifauna and Trophic Interaction

Seasonal Patterns

Description of the Study Site (Zaikof Bay)

Biological Setting (Algal Assemblage)

Epifauna and Trophic Interaction

Seasonal Patterns

Description of the Study Site (Macleod Harbor)

Biological Setting (Algal Assemblage)

Epifauna and Trophic Interaction

Soft Bottom and Faunal Components

DISCUSSION

LITERATURE CITED

45

45



LIST OF FIGURES

NUMBER TITLE PAGE

1 Location of Study Sites in Northeastern Gulf of Alaska

2 Study Site and the Subtidal Vegetative Canopies at
Latouche Point

3 Size Class Distributions of Musculus vernicosus from a
Subtidal .25m 2 Quadrat off Latouche Island

4 Food Web for the Rocky Sublittoral Zone at Latouche
Point, Gulf of Alaska

5 Subtidal Vegetative Profiles - Latouche Point

6 Subtidal Vegetative Profiles - Latouche Point

7 Algal Cover at Latouche Point

8 Algal Cover at Latouche Point

9 Study Site and Subtidal Vegetative Canopies,
Zaikof Bay

10 Food Web for the Conspicuous Species in the Shallow
Sublittoral Zone at Zaikof Bay, Montague Island

11 Size Frequency Histogram for Musculus discors Col-
lected from the Subtidal Zone in Zaikof Bay, 3/20/76

12 Relationship between Shell Length and Dry Tissue
Weight for Musculus discors from Zaikof Bay, 3/20/76

13 Algal Cover at Zaikof Bay

14 Study Site and the Subtidal Vegetative Canopies,
Macleod Harbor

15 Algal Cover at Macleod Harbor

16 Food Web of a Sublittoral Reef at Macleod Harbor,
Montague Island

46



LIST OF TABLES

NUMBER TITLE PAGE

1 Density Estimates of some Dominant Macrophytes at
Latouche Point

2 Density Estimates of some Dominant Macrophytes at
Latouche Point

3 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
September 17, 1975

4 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
November 26, 1975

5 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
November 26, 1975

6 Quadrat Data (0.25m2) from Latouche Point, Subtidal,
November 26, 1975

7 Quadrat Data (0.25m2 ) from Latouche Point,
November 26, 1975

8 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
November 27, 1975

9 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
November 27, 1975

10 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
March 16, 1975

11 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
March 16, 1976

12 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
March 17, 1976

13 Quadrat Data (0.25m?) from Latouche Point, Subtidal,
March 17, 1976

14 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
March 18, 1976

15 Quadrat Data (0.25m2 ) from Latouche Point, Subtidal,
March 18, 1976

47



LIST OF TABLES (Continued)

NUMBER TITLE PAGE

16 Quadrat Data (0.25m2) from Latouche Point, Subtidal,

June 25 & 26, 1976

17 List of Macroalgae Collected at OCS Study Sites in

the Northeastern Gulf of Alaska

18 List of Benthic Macroinvertebrates Collected at the

Three Study Sites in Northeastern Gulf of Alaska

(1975-76)

19 Fishes Observed in the Three Study Sites during

1975-76

20 Characteristic or Representative Important Species

off Latouche Point, Subtidal

21 Density Estimates of some Common Echinoderms from

Latouche Point

22 Density Estimates of some Dominant Macrophytes from

Zaikof Bay

23 Density Estimates of some Dominant Macrophytes from

Zaikof Bay

24 Quadrat Data (0.25m2) from Zaikof Bay, Subtidal,

November 23, 1975

25 Quadrat Data (0.25m2 ) from Zaikof Bay, Subtidal,

November 24, 1975

26 Quadrat Data (0.25m2) from Zaikof Bay, Subtidal,

March 19, 1976

27 Quadrat Data (0.25m2) from Zaikof Bay, Subtidal,

March 20, 1976

28 Quadrat Data.(0.25m2 ) from Zaikof Bay, Subtidal,

March 20, 1976

29 Haphazard Quadrat Casts (0.25m 2) from the Sublittoral

Zone in Zaikof Bay, March 20, 1976

30 Quadrat Data (0.25m2) from Zaikof Bay, Subtidal,

June 22, 1976

48



LIST OF TABLES (Continued)

NUMBER TITLE PAGE

31 Quadrat Data (0.25m2 ) from Zaikof Bay, Subtidal,
June 23, 1976

32 Characteristic or Representative Important Species
at Zaikof Bay.

33 Density Estimates of some Common Echinoderms at
Zaikof Bay

34 Density Estimates of some Common Echinoderms at
Zaikof Bay

35 List of Aquatic Birds and Mammals Observed at the
OCS Study Sites during 1975-76

36 Density Estimates of some Dominant Macrophytes at
Macleod Harbor

37 Quadrat Data (0.25m2) from Macleod Harbor, Subtidal,
November 29, 1975

38 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
November 29, 1975

39 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
November 29, 1975

40 Quadrat Data (0.25m 2) from Macleod Harbor, Subtidal,
November 29, 1975

41 Quadrat Data (0.25m 2) from Macleod Harbor, Subtidal,
November 29, 1975

42 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
November 30, 1975

43 Quadrat Data (0.25m 2 ) from Macleod Harbor, Subtidal,
November 30, 1975

44 Quadrat Data (0.25m2) from Macleod Harbor, Subtidal,
March 13, 1976

45 Quadrat Data (0.25m2) from Macleod Harbor, Subtidal,
March 14, 1976

49



LIST OF TABLES (Continued)

NUMBER TITLE PAGE

46 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
March 14, 1976

47 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
March 14, 1976

48 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
March 14, 1976

49 Quadrat Data (0.25m2 ) from Macleod Harbor, Subtidal,
March 15, 1976

50 Quadrat Data (0.25m2) from Macleod Harbor, Subtidal,
March 15,1976

51 Density Estimates of some Common Echinoderms at
Macleod Harbor

52 Density Estimates of some Common Echinoderms at
Macleod Harbor

53 Characteristic or Representative Important Species
from the Shallow Sublittoral Zone at Macleod Harbor

50



LOCATION OF STUDY SITES
IN NORTHEASTERN GULF OF ALASKA



The solid substratum covers a wide range of geological facies,

ranging from patches of gravel and cobbles to extensive reefs composed

of exposed bedrock or pavement. Typically, the biota is attached to, or

associated with the hard substrate. Because the populations inhabiting

various substrata and microhabitat types are frequently different, they

require different sampling and study regimes.

The present field study began on July 22, 1975, when diver-

biologists associated with Dames & Moore made observations in Zaikof

Bay. The nearshore stations were revisited subsequently in mid-September

1975, late November 1975, mid-March 1976 and late June 1976. These

observations and sampling periods spanned five seasons from summer 1975

through early summer 1976. Each location was sampled at least three

times, and one of the stations (Latouche Point) was visited on five

separate occasions.
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GENERAL STUDY OBJECTIVES

The purpose of this study was to provide an inventory of the

biological resources and ecological composition of three rocky sub-

littoral sites in the northeastern Gulf of Alaska. This was accom-

plished by first making a reconnaissance survey of the study sites in

order to make a qualitative assessment of the habitat types present.

After this phase, more intensive sampling was conducted at each location.

During this baseline investigation, we attempted to provide a

characterization of habitats, biotic assemblages and species composition

that reflected seasonal or temporal differences. The intent was to

examine the baseline parameters that would partially serve as a basis

for assessment of impacts and provide the background data necessary for

designing long-term monitoring studies.
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METHODS

Most of the direct observations were made while scuba diving

at depths from MLLW to about 30 meters below the sea surface. A total

of 52 dives, representing approximately 119 man hours, were spent

underwater during this phase of the project. Our normal procedure was

to spend between 3 and 4 days working at each site. More casual ob-

servations dealing with usage of the inshore zone by birds and mammals

were made either in route to, or while anchored on station. Movement to

the OCS study sites and living accommodations while in the field were

provided by the M.V. Humdinger, a 36' commercial troller that is equipped

for diving and intertidal research.

Numerical information was gathered from specific locations in

the subtidal zone. Except when collecting specimens, we tried not to

disturb the organisms or their environment. All observations were made

during daylight hours.

Because of the multitude of species present within the shallow

subtidal zone, we chose to limit our sampling to the more conspicuous or

characteristic species in the assemblage. Characteristic or repre-

sentative important species are: (1) species of obvious numerical

(biomass) importance, (2) species that are known to have important

structural roles for furnishing habitat, (3) the competitive dominants

or key predators which may be uncommon, but which are considered likely

to have important functional roles in the maintenance of the community

and (4) species of aesthetic or present-day commercial value.
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Several types of quantitative data have been collected about

the characteristic species present at each site. Included are estimates

of density (number of specimens per meter 2 ), frequency (spatial distri-

bution), and percent cover (primary and secondary space). Methods of

estimating percent cover, or the amount of surface area occupied by a

particular taxon or group varied. Usually this information was obtained

from replicated 0.25m² quadrats. The quadrats were either placed in a

haphazard (unbiased) manner, or stratified in such a way that a particu-

lar habitat or microhabitat was sampled in the sublittoral zone. The

surface or floating seaweed canopies were estimated visually.

Random or haphazard transect bands of various dimensions were

also used in each location to estimate density (abundance). The transects

were usually run along a specific isobath or depth contour. However,

due to physical heterogeneity, some changes in depth and substrate were

frequently encountered.

Biomass estimates have been generated for selected species at

the study sites as a first step toward estimating consumption, rates, and

to provide information on temporal variations in population structure at

specific sites. Measurements of linear size (length, width, aperture

width, etc.) and weight (wet or dry weight of soft tissue) have also

been obtained.

In addition to the numerical information derived from the

quadrats and transects, species-specific interactions or natural history

phenomena involving feeding and reproduction were also recorded. These

methods assisted in describing the conditions at each study site and

permitted examination of the differences between seasons and locations.
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THE MARINE PLANT COMMUNITY

From the high water mark or splash zone of the littoral zone

down to a depth of about 30 meters below the sea surface, the rocky

habitats in the northern Gulf of Alaska are visually dominated by marine

vegetation. The macroscopic seaweeds and seagrasses (macrophytes) form

a conspicuous belt along the seashore. However, this band is not

continuous, and is occasionally broken or interrupted by conditions in

the physical environment that are unfavorable or preclude plant co-

lonization and growth. Some of the marine plants that occur either in

shallow waters, or grow along the beachlines are visible at various

stages of the tide. There are a few subtidal species that form floating

canopies that periodically become visible to even the casual observer.

However, most of the vegetative band is below the low tide level, and is

therefore unseen by surface observers.

The terms community and assemblage are used freely and often

times interchanged throughout this report. The question of whether a

community is an organized unit (system), or simply a collection of

species with similar biological requirements is unresolved at the

present time. However, a definition we have been able to work with is

simply "a community is a group of species which are often found living

together" (Fager, 1963).

The rocky sublittoral waters generally contain the greatest

number of seaweed species. Typically this habitat is dominated by the
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broad-leafed brown algae or kelps which display high standing crop.

Frequently, the attached benthic plants form dense stands or beds that

are comparable to a meadow or terrestrial forest. In some parts of the

North Gulf Coast the vegetative belt is wide and extends approximately 5

to 6 kilometers from shore; in other locations where vertical relief is

sharp, the width of the belt is less than a few hundred meters (Rosenthal,

unpublished data). In most areas, significant development of algal

assemblages is limited to the upper 25 meters of the water column.

Marine plant communities are highly productive systems (Dawson,

1966; Mann, 1973), which typically attract or contain numerous animals,

many of the species are of commercial or high aesthetic value. Some of

the associated species live year-round or complete their life cycle in

these habitats, while others, such as the herring or king crab, have a

more temporary or transitory occurrence.

Recent studies (review by Mann, 1973) have pointed out the

important role of macrophytes in coastal productivity. For example,

Mann (1972) estimated the primary production in the seaweed zone in St.

Margaret's Bay, Nova Scotia averaged 1750 grams of carbon per square

meter per year. This was about three times more than the total phyto-

plankton production in the same bay. Additional studies by Westlake

(1963) indicate annual levels of production of seaweeds in northern

latitudes between 1,000 to 2,000g c/m2/yr. Since these figures apply
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only to a narrow zone adjacent to land, the estimates are even more

important when evaluating the contribution of the seaweeds to the

production of carbon in Prince William Sound, a marine ecosystem do-

minated by its' lengthy, rocky shoreline and extensive macrophyte zone.

The floristic components of sublittoral algal assemblages in

southern Alaska have received very little attention until the past

decade. Recently, Rosenthal and Barilotti (1973), and Dayton (1975)

provided descriptive information on kelp bed ecosystems off the west

coast of Chichagof Island, Alexander Archipelago and Amchitka Island in

the Aleutian Chain. Additional studies conducted by Rosenthal and Lees

(in Dames & Moore, 1976a) in Kachemak Bay; Lees and Rosenthal (in Dames

& Moore, 1977) on the Outer Kenai Peninsula, and Rosenthal (in Dames &

Moore, 1976b) in northeastern Prince William Sound provide lists of

species, vegetative profiles and estimates of density and percent cover

for the characteristic seaweeds in these general locations.

Johansen (1971) made a relatively complete collection of the

macroalgae from the Prince William Sound region. Thirty-three shore-

line stations in the Sound were occupied approximately 15 months after

the earthquake of March 27, 1964. However, all of the collections and

observations were made in the intertidal zone, and no information was

obtained from the shallow sublittoral waters adjacent to the shore.

In 1913, the U.S. Department of Agriculture conducted a

survey of the kelp beds of Alaska (Cameron, 1915). This investigation
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was primarily designed to inventory the location, size, type and esti-

mated yield of existing kelp beds in southern Alaska. The importance of

this kind of information to present day research has been in providing

historical records of the size and exact location of Alaskan kelp beds.

Two of the locations in this present study, namely, Macleod Harbor and

the southwest end of Latouche Island, are listed in the kelp bed in-

ventory of western Alaska (Rigg, 1915).
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RESULTS

DESCRIPTION OF THE STUDY SITE (LATOUCHE POINT)

Latouche.Island is situated on the southwest edge of Prince

William Sound. The primary site in this present study was off the

extreme southwestern end of the island near a rocky promontory that we

have appropriately named Latouche Point (Figure 1). The point is

strategically situated between Latouche Passage on the north and Montague

Strait to the south. Both waterways are major arteries connecting the

Sound to the Gulf of Alaska. The entire island underwent dramatic land-

level changes during the March 27, 1964 earthquake, resulting in the

shoreline being uplifted approximately 10 feet (Plafker, 1969). The

present-day shoreline is rocky and moderately wooded with spruce and

hemlock. Salt grass (Elymus) is common above the high water mark.

The point is exposed to westerly ocean swells, and a great

deal of drift accumulates along the beachline, especially during early

fall and spring. Tidal currents are typically moderate to weak in the

lee of the Point. However, further offshore or in Latouche passage

where the water mass is not deflected by land, the tidal currents can

exceed 2 nautical miles per hour.

The rocky bench that fringes the southwest end of the island

projects at least 200 meters horizontally into the shallow sublittoral

zone (Figure 2). These measurements were made directly seaward or

southwest of the NMFS intertidal transect, from the intertidal-subtidal
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Figure 2

LATOUCHE POINT

DRAWING OF THE STUDY SITE (A)
AND THE SUBTIDAL VEGETATIVE CANOPIES (B)
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fringe to a point where the rock and unconsolidated sediments merge. An

overall change in water depth from between 9 and 10 meters was recorded

between these two ecotones. Surge channels cut through the rock bench

and generally run in a perpendicular fashion with respect to the shore-

line. Beyond the rockbench the seafloor becomes somewhat homogenous,

and the bottom is composed mainly of coarse sands, gravel and shell

debris. Ripple marks were prominent features of the unconsolidated

substrate.
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BIOLOGICAL SETTING (ALGAL ASSEMBLAGE)

Much of the subtidal study area off Latouche Point was covered

by a heavy growth of macroalgae. During summer months a large bed of

bull kelp (Nereocystis luetkeana) grew on the shoal area between Latouche

Point and Danger Island. The floating portion of the kelp bed was

highly visible at slack low tide. Most of the Nereocystis grew on

either the rock pavement or boulders. Individual plants were found from

the intertidal-subtidal fringe, out to depths in excess of 20 meters.

The densest part of the bed was between the 3 and 15 meter depth con-

tour. Densities ranging up to 1.40 individuals/m 2 were observed for

mature bull kelp (Tables 1 and 2). The average density during all

sample periods was 0.35 piants/m 2 . Juvenile Nereocystis were present in

the study area during spring and summer; juveniles peaked in the spring

and early summer and adult plants peaked in summer and early fall.

The vegetative understory beneath this floating or surface

canopy was multi-layered, or composed of a number of separate algal

canopies. The second canopy level during summer was composed of the

annual brown alga Cymathere triplicata. Typically, Cymathere grew on

cobbles, gravel and shell debris. It was extremely common in early

summer (1976), and densities during the June survey averaged 3.16

plants/m2 (Table 2). The plants were highly aggregated with a maximum

of 11.60/m2 in the band transects. Some of these plants were 2 to 3

meters in length. The third canopy level was composed of Laminaria
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TABLE 1

DENSITY ESTIMATES OF SOME DOMINANT MACROPHYTES AT LATOUCHE POINT

(estimates were derived from band transects of different lengths)



TABLE 2

DENSITY ESTIMATES OF SOME DOMINANT MACROPHYTES

AT LATOUCHE POINT



TABLE 3

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
SEPTEMBER 17, 1975
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TABLE 4

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 26, 1975
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TABLE 5

QUADRAT DATA (0.25m 2) FROM LATOUCHE POINT, SUBTIDAL

NOVEMBER 26, 1975
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TABLE 6

QUADRAT DATA (0.25m2) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 26, 1975
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TABLE 6 (Cont.)

. QUADPAT DATA (0.25m2) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 26, 1975
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TABLE 7

QUADRAT DATA (0.25m2) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 26, 1975
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TABLE 7 (Cont.)

QUADRAT DATA (0.25m2) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 26, 1975
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TABLE 8

QUADRAT DATA (0.25m2) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 27, 1975
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TABLE 8 (Cont.)

QUADRAT DATA (0.25m 2) FROM LATOUCHE POINT, SUBTIDAL

NOVEMBER 27, 1975
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TABLE 9

QUADRAT DATA (0.25m
2

) FROM LATOUCHE POINT, SUBTIDAL
NOVEMBER 27, 1975



TABLE 10

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL

March 16, 1976
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TABLE 10 (Cont.)

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
MARCH 16, 1976

77



TABLE 11

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
MARCH 16, 1977



TABLE 12

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL

MARCH 17, 1976
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TABLE 12 (Cont.)

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL

MARCH 17, 1976
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TABLE 13

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL

MARCH 17, 1976

31



TABLE 13 (Cont.)

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
MARCH 17, 1976
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TABLE 14

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL

MARCH 18, 1976
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TABLE 14 (Cont.)

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
MARCH 18, 1976
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TABLE 15

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
MARCH 18, 1976
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TABLE 15 (Cont.)

QUADRAT DATA (0.25m2 ) FROM LATOUCHE POINT, SUBTIDAL
March 18, 1976
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TABLE 16

QUADRAT DATA (0.25m
2

) FROM LATOUCHE POINT, SUBTIDAL
JUNE 25 and 26, 1976



generally lies prostrate on the substratum. Density estimates ranged

from 0-2.67/m2 in the transect bands, however densities up to 16.00/m²

were recorded for Agarum in the quadrats.

Beneath the brown algal undergrowth was another layer of

foliose and peltate reds, comprised of Constantinea spp., Opuntiella

californica, Ptilota filicina, ? Schizymenia epiphytica and ?

Kallymenia oblongifructa. Other ephemeral seaweeds in this red algal

guild were Rhodymenia spp.; Delesseria decipiens; Odonthalia

kamtschatica; Callophyllis spp.; Membranoptera sp. and Ptercsiphonia

bipinnata. Crustose and articulated corallines such as Lithothamnion,

Bossiella and Corallina, and encrusting layers of Hildenbrandia and

Ralfsia formed the final vegetative veneer on the rock substrate.

During summer months the hair-like brown algae Desmarestia

aculeata and D. viridis, and a ligulate member of this group, Desmarestia

ligulata var. ligulata were scattered around the study area. Typically

this genus was found on cobbles, shells and gravel. Both Desmarestia

aculeata and D. viridis are perennials, while D. ligulata is reputed to

be an annual (Chapman, 1972).

To date, a total of 54 species of macroalgae have been identi-

fied from the shallow sublittoral zone off Latouche Point (Table 17).

Of these, more are undoubtedly present in this location,-however only

the more conspicuous species were collected or included in the species

inventory. The coralline algae still need to be properly identified

since they are such a difficult group taxonomically.
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TABLE 17

LIST OF MACROALGAE COLLECTED AT OCS STUDY SITES
IN THE NORTHEASTERN GULF OF ALASKA
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TABLE 17 (Cont.)

LIST OF MACROALGAE COLLECTED AT OCS STUDY SITES
IN THE NORTHEASTERN GULF OF ALASKA

90



EPIFAUNA AND TROPHIC INTERACTION

Within the three study areas about 211 different taxa of

macroinvertebrates (Table 18), and 30 species of inshore fishes (Table

19) were either identified or categorized for future taxonomic verifica-

tion. Of all groups seen in the seaweed zone, the mollusks were

represented by the greatest number of species, and accounted for 36

percent (n=76) of the total macroinvertebrate inventory. Despite this

expression of diversity, the molluscan members of the seaweed community

appeared to be only a moderate component of the overall biomass. Based

on the information obtained from the quadrats (0.25m2 ), the attached

or sessile fauna such as sea anemones, hydroids, sponges, bryozoans and

ascidians were dominants in terms of percent cover and biomass.

The seaweed canopy at Latouche Point provided both food and

cover for the animal components of the nearshore system; it also served

as living substrate for other plants and animals. For example, some

serpulid worms such as Spirorbis spp. and encrusting bryozoans spend the

entire life cycle following the initial settling stage attached to

seaweeds. Other species such as a tiny mussel Musculus vernicosus

covered extensive portions of the shallow sublittoral zone during the

summers of 1974, 1975 and 1976. Musculus was most often attached to

living marine plants, however it was also found on sedentary animals

and solid inorganic substrate. Many of the seaweeds off Latouche Point

were almost entirely covered by M. vernicosus, which typically attaches

with the foot and byssal threads. It occurred in 26 of 86 quadrats, for
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TABLE 18

LIST OF BENTHIC MACROINVERTEBRATES COLLECTED AT THE THREE

STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)

92



TABLE 18 (Cont.)

LIST OF BENTHIC MACROINVERTEBRATES COLLECTED AT THE THREE
STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)
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TABLE 18 (Cont.)

LIST OF BENTHIC MACROINVERTEBRATES COLLECTED AT THE THREE
STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)

94



TABLE 18 (Cont.)

LIST OF BENTHIC MACROINVERTEBRATES COLLECTED AT THE THREE

STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)
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TABLE 18 (Cont.)

LIST OF BENTHIC MACROINVERTEBRATES COLLECTED AT THE THREE
STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)
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TABLE 18 (Cont.)

LIST OF BENTIIIC MACROINVERTEBRATES COLLECTED AT THE THREE

STUDY SITES IN NORTHEASTERN GULF OF ALASKA (1975-76)
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TABLE 19

FISHES OBSERVED IN THE THREE STUDY SITES

DURING 1975-76
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which density ranged up to about 2,084 individuals/m². From one 0.25m2

quadrat we removed 521 M. vernicosus that were attached to two

elephant-ear kelps (Laminaria groenlandiica), each approximately one

meter in blade length. Individual Musculus ranged in shell length from

4 to 13mm (Figure 3), however smaller Musculus (<3mm) were also present

in the sample, but were hot included in the size-frequency histogram.

Musculus is a suspension or filter feeder that appears to thrive either

in exposed locations of the northern Gulf, or in ocean entrances that

are exposed to rapid water exchange. No doubt, Musculus contributes

appreciable amounts of energy to secondary consumers. Major predators

of Musculus in this location were sea stars, fin fishes and sea otters.

Other probable predators are diving sea ducks such as the harlequin and

surf scoter, which frequency raft or roost along the rocky shoreline

during late spring and summer.

A number of other species utilize the seaweed resource not

only for concealment and sites of attachment, but also as a source of

food. For example, the limpet Collisella instabilis has only been seen

attached to the taller statured understory kelps off Latouche Point. In

this case the kelp provides the limpet with both food and cover.

One known predator of C. instabilis is the sun star (Pycnopodia

helianthoides) which frequently climbs the attached kelps in search of

food or potential prey. The limpet seeks refuge from bottom dwelling

invertebrates by living on the vegetation suspended above the seafloor.
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MUSCULUS VERNICOSUS

SIZE CLASS DISTRIBUTIONS

FROM A SUBTiDAL .25 M2 QUADRAT OFF LATOUCHE ISLAND
Figure 3
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There are a number of herbivores which feed directly on living

marine vegetation, and others that feed on the plants only after they

have died. However, before the seaweeds and seagrasses are available to

most consumers they must be broken down by bacterial action. Some of

the conspicuous herbivores are listed in Table 20. Of these five

genera, the most abundant and frequently encountered were the chitons,

particularly Tonicella spp. and Mopalia spp. During four of the field

surveys Tonicella occurred in 14 of 86 haphazardly placed quadrats

(Tables 3 through 16). Densities ranged from 0 to 9.00/m2; the average

density was 0.98/m 2 . Tonicella was represented in this location by at

least two species: T. lineata and T. insignis. It is a microherbivore

that reputedly grazes on algal sporelings, and the diatom film that

coats the rock surfaces. Other microherbivores were also common; the

limpet Acmaea mitra occurred in 11 of 86 quadrats (.025m 2), and density

estimates ranged from 0 to 9.00/m 2 . The snail Calliostoma ligatum had a

frequency of occurrence of 8/86, and an average density of 0.60/m 2 .

Acmaea mitra was most frequently seen on the algal turf, while Calliostoma

was seen equally on rock and vegetative substrates. Asteroids or sea

stars were the most important identifiable group of predators on the

microherbivore guild at Latouche Point.

Probably the most important macroherbivore in the seaweed

assemblages of the north Pacific is the sea urchin. At least two

species have been found in this location, the green sea urchin (Strongy

locentrotus drobachiensis) and the giant red urchin (S trongylocentrotus

franciscanus). Despite their occurrence off Latouche Point, they were
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TABLE 20

CHARACTERISTIC OR REPRESENTATIVE IMPORTANT SPECIES
(RIS) OFF LATOUCHE POINT, SUBTIDAL
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typically cryptic in behavior and relatively uncommon. Most of the sea

urchins were small individuals, and densities for both species combined

ranged up to about 4.00/m2 ; however, sea urchins occurred in only 3 of

86 quadrats. These data are in agreement with the findings of the

transect sampling; densities ranged from 0 to 0.12/m2 with an average of

0.03/m2 in 470 square meters of seafloor that was examined during 1975-

76 (Table 21).

Grazers of lesser numerical importance were the limpets

(Diadora aspera), gumboot chiton (Cryptochiton stelleri), chink shell

(Lacuna variegata) and the snail (Margarites spp.). There are numerous

other obligatory herbivores that know doubt play key roles in the

macrophyte system, i.e. isopods, gammarid amphipods, etc., however no

information is available at this time on their distribution or abundance.

Most of the crustaceans seem to be highly seasonal in appearance, with

peak influx into the inshore zone during spring and.summer. Included in

the herbivore guild are the facultative consumers which are more catholic

in their diet, and as such either browse on marine plants or ingest

vegetation incidental to the uptake of animal material. Some of the

common members of this group are the hermit crabs, decorator crabs

(Oregonia gracilis and Pugettia gracilis) and the leather star (Dermasterias

imbricata).

A great percentage of the epibenthic fauna in this area are

suspension or filter feeding types. This group of consumers probably
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represents the bulk of the biomass off Latouche Point. A few of these

species are listed in the characteristic of representative important

species category, and numerous others are probably noteworthy of this

ranking. The articulated bryozoan (Microporina borealis) covered

considerable portions of the rock substrate; percent cover estimates

ranged from 0 to 60 percent during this period of time. Microporina

appeared to be either an annual species or somewhat ephemeral in abundance

and frequency of occurrence. Two predators of Microporina that have

been identified to date, are the leather star Dermasterias and the

nudibranch Triopha carpenteri. The compound ascidian Distaplia sp.

and the blood star (Henricia spp.) are both listed as suspension feeders.

Both animals are common off Latouche Point, for example, Henricia spp.

ranged up to 0.36/m 2 , with an average density in the band transects of

0.11/m2 (Table 21). Distaplia is exquisite in both form and color; it

covered between 0 and 30 percent of the rock substratum that was exa-

mined during 1975-76.

Seven predators are listed in Table 20. Other important

secondary consumers at this location were crustaceans, gastropods, sea

anemones, fishes and marine mammals. The sea stars are visual dominants

in the shallow waters of the northern Gulf of Alaska. Feeding behavior

of some common species off the coast of Washington has been adequately

described by Mauzey, Birkeland and Dayton (1968). Since this group

has such an important functional role in the rocky sublittorai zone,

a great deal of time and energy has been devoted to estimating relative

abundance, population size structure and gathering information on the
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TABLE 21

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS FROM LATOUCHE POINT



TABLE 21 (Cont.)

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS FROM LATOUCHE POINT



foraging behavior of some of the common species. Four conspicuous

species off Latouche Point were the sun star (Pycnopodia holianthoides);

leather star (Dermasterias imbricata); Crossaster papposus and

Orthasterias koehleri. Pycnopodia ranged in density from 0 to 0.66/m2 ,

with an average of 0.17/m 2 (Table 21). Individual sun stars varied

in size (radius) from 27 to 185 mm. Hundreds of Pyncopodia were examined

for food items; of those feeding 15 were found eating Musculus verni-

cosus; 3 sea urchin (Strongylocentrotus drobachiensis); 2 Musculus

discors; 2 snail (Calliostoma spp.); 3 brittle star (Ophiopholis

aculeata; 3 crab (Pugettia gracilis); 2 hermit crab (Paqurus spp.);

2 butter clam (Saxidomus gigantea); 1 snail (Trophonopsis sp.); 1 chiton

(Placiphorella sp.); 2 crab (Cancer oregonensis); 1 chiton (Mopalia sp.);

and 1 blood star (Henricia sp.).

Orthasterias koehleri is one of the most colorful stars on

the reef complex; density estimates ranged from 0 to 0.17/m 2 , with

an average density of 0.04/m 2 in the band transects (Table 21).

Individual Orthasterias ranged in size from 30 to 191 mm; most preyed

on mussels (Musculus vernicosus and M. discors; clam (Humilaria

kenneryli); rock jingle (Pododesmus macroschisma) and barnacle

(Balanus spp.).

The leather star (Dermasterias imrbricata) was somewhat less

common; density estimates ranged from 0 to 0.08/m 2 , and the average

was 0.02/m². Individual Dermasterias ranged in size from 18 to 180 mm.

Dernidsterias frequently preyed upon Musculus vernicosus; sea anemone
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(Tealia spp.); the clavate ascidian (Synoicum); bryozoa (Microporina

borealis); compound ascidians (several species) and red algae.

Another conspicuous sea star in this location was Crossaster

papposus. Crossaster is one of the smaller stars in this water, in-

dividuals are typically less than 50 mm in radius. Frequently it was

found on rock and seaweed substrates, and repeatedly it was attached to

understory kelps. Density estimates ranged from 0 to 0.13/m2 , with an

average of 0.03/m 2 . Identifiable prey included Musculus and the serpulid

(Spirorbis).

There is sufficient evidence of trophic interaction to present

a very qualitative food web for the conspicuous organisms at Latouche

Point (Figure 4). The suspected major pathways were from the macrophytes

to herbivores such as snails and sea urchins. Organic debris flowed to

clams, mussels and bryozoans, and phytoplankton was ingested by clams,

mussels and sponges. Linkages from all categories to tertiary consumers

such as predators and scavengers are included in the food web.
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Figure 4

FOOD WEB FOR THE ROCKY SUBLITTORAL ZONE
AT LATOUCHE POINT, GULF OF ALASKA
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SEASONAL PATTERNS

The seaweed zone at Latouche Point underwent a marked altera-

tion in appearance with the change of season. One seasonal change that

was obvious to even the casual observer was the oscillation in areal

cover of the floating portion of the kelp bed. The surface canopy,

consisting of bull kelp (Nereocystis), reached peak development and

covered considerable areas of the underlying seafloor during the summers

of 1974, 1975 and 1976 (Rosenthal, unpublished data). Nereocystis is

reputed to be an annual plant, that reaches great size in a single

season (Vadas, 1972; Markham, 1969). Most of the growth takes place

during the spring and early summer. Fertile plants were observed as

early as March, 1976. When bull kelp is mature, zoosporangial sori fall

out of the blade and drift to the bottom. Release of zoospores apparently

follows soon after. Young sporelings have been observed during early

spring, most reached the surface in about 2 to 3 months, and the growth

phenology seems to be correlated closely with periods of maximum avail-

able light (Vadas, 1972).

During summer, the bull kelp canopy at Latouche Point covered

an estimated 50 percent of the underlying seafloor in the central part

of the kelp bed (Figures 5 and 6). This same part of the kelp bed was

revisited in late November 1975, and at this time the floating canopy

was reduced to an estimated 20 percent coverage. Not only was there a

reduction in areal cover, but also a heavy attrition of attached plants.

Cohorts of adult Nereocystis growing adjacent to one another frequently
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Figure 5

SUBTIDAL VEGETATIVE PROFILES
LATOUCHE POINT,
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SUBTIDAL VEGETATIVE PROFILES

LATOUCHE POINT
Figure 6
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become entangled (Figure 5). Other bull kelp plants that have been

detached by storms, substrate dislodgment, and/or grazing, frequently

drift through the beds and become entangled with the attached kelps.

Mutual entanglement results, thereby leading to further plant mortality.

This same source of kelp mortality was described by Rosenthal, Clarke

and Dayton (1974) in the stands of giant kelp (Macrocystis) off the

coast of southern California.

Dives were made off Latouche Point during oceanic winter

(March 1976); at this time the surface canopy covered less than 5 percent

of the seafloor. Attached Nereocystis was still present in this lo-

cation; however, the blades of most had either eroded away or were

reduced in surface area. Since grazing by macroherbivores is of minor

importance at this site, the major cause of bull kelp mortality was

probably physical detachment and/or old age (senility). No distinguishable

juvenile plants were seen in the area during the March visit, however,

by late June 1976 the annual cycle had been renewed, and once again the

bull kelp bed was fully developed and supported a heavy surface

canopy.

The understory complex or vegetative undergrowth beneath the

floating canopy underwent similar change in areal cover and standing

crop. The algal understory was typically composed of perennial species

such as Laminaria groenlandica; L. yezoensis; L. 'saccharina; Agarum

cribrosum and Pleurophycus gardneri. Annual or more ephemeral algae

such as Cymathere triplicata and Desmarestia ligulata var. ligulata were

highly seasonal in appearance; typically these species occurred in the

shallow subtidal zone during the summer and disappeared during winter
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(Figures 7 and 8). Other fleshy reds, i.e. Oelesseria decipiens;

Pterosiphonia bipinnata; Rhodymenia spp.; Membranoptera spp.; and browns

Desmarestia viridis and D. aculeata were short-lived (ephemeral) or

perennated (died-back) following the growing season.

In contrast to the growth strategies of the annual species,

the perennials such as Agarum, Laminaria and Pleurophycus grow rapidly

in the winter and early spring. Whereas, most annuals usually appear

during late spring and grow rapidly reaching peak development during the

summer. Another seasonal phenomena that is typical of the understory

canopy is the shedding of fronds by many of the kelp species. Mann

(1973) found that Laminaria and Agrum from eastern Canada completely

renewed the tissue of the frond (blade) between one and five times a

year. Of the 329 Laminaria spp. examined off Latouche Point during late

November 1975, 25 percent (n = 85) had lost or shed a major part of the

blade. Only the holdfast, stipe and meristematic growth zone remained

of the kelps that were regenerating the blade prior to the active winter

growth phase. During the fall when the plants lose their blades a great

deal of drift material is present at this site. The surge channels or

bathymetric lows in the rocky substrate served as collection points of a

great deal of the drift plant material. The process of blade renewal

had a significant change in the understory canopy, permitting more

available light to reach the seafloor. Kelp germination was apparent

during the later winter and spring of 1976.

Seasonal changes in the epifauna were also conspicuous at this

location. For example, the mytilid Musculus vernicosus displayed strong
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Figure 7

ALGAL COVER AT LATOUCHE POINT
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ALGAL COVER AT LATOUCHE POINT
Figure 8
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seasonal variation in cover an' abundance. Since Musculus encrusts

large portions of the blades of seaweeds in the lower canopies it is

strongly affected by changes in the condition of the marine vegetation.

Musculus vernicosus is either annual or bi-annual in terms of life

history pattern, most disappeared by winter or early spring. The life

history pattern agrees with the recorded longevity of the algal sub-

strates, since the blades of most are continually being removed, and

only those mussels that adhere to either the stipes or holdfast portions

remain. Possibly because of predation pressures, adult Musculus are

rarely successful on the bottom and so decline sharply after fall shedding

of the plants. Spring and early summer marked the arrival of the

juvenile spat which initially covered the understory seaweeds in such

high densities that the bottom had a snow-like appearance. Juveniles

were present at each sample period, however, their growth during winter

is probably slow, and rapid growth commences concurrently with spring

plankton blooms.

Other seasonal patterns were evident in the shallow water

zone. For example, the inshore fishes, i.e. rockfish, greenling,

flatfish and tomcod etc., which were prominent members of the seaweed

assemblages during summer and early fall, tend to either move offshore,

or become more secretive in habit. Solitary fishes were common under

rock ledges and overhangs, however, schools of fish were not seen in

this location until late spring. Even larger vertebrates, such as the

ubiquitous sea otter, moved into more protected regions of the Sound;

most could be seen either resting or feeding in the embayments and

waterways of Elrington, Evans and Latouche Islands.
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DESCRIPTION OF THE STUDY SITE (ZAIKOF BAY)

Zaikof Bay is located on the northeast end of Montague Island.

The mouth of the bay is 2.5 miles wide and is situated on the west side

of Hinchinbrook Entrance (Figure 1). The shoreline is heavily wooded

with Sitka Spruce and Hemlock; the beach is narrow and rocky. The inner

confines of the bay are generally protected from ocean swell; however,

at times the surface waters are exposed to storm force winds. The winds

generally blow from a southeasterly direction during spring and fall.

Local jet stream winds or "williwaws" are known to move through these

mountain canyons in excess of 120 mph. For example, during the September

(1975) survey we were literally driven from Zaikof Bay by rain and storm

force winds in excess of 80 mph.

The NMFS intertidal site is located on a rocky promontory on

the south side of the bay. An Alaska Department of Fish & Game stream

marker served as a reference point for the sublittoral work. Below the

tree line the beach is composed of cobbles and large boulders. The

shallow sublittoral zone appears to be a continuum of the posed

portion of the beach. At the intertidal-subtidal fringe the substratum

is pavement rock; below this point is a boulder field interspersed with

sand and shell material (Figure 9). A fine layer of silt covered most

of the solid substratum and marine vegatation during the four seasons of

observation. At a depth of approximately 10 to 12m below the sea surface
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Figure 9

ZAIKOF BAY
DRAWING OF THE STUDY SITE (A)

AND THE SUBTIDAL VEGETATIVE CANOPIES (B)
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the band of exposed rock stopped and was replaced by sand and silty

clay. Shell debris, particularly those of the clams Saxidomus, Mya

and Humilaria were common in this location.
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BIOLOGICAL SETTING (ALGAL. ASSEMBLAGE)

Rockweed (Fucus distichus), formed the most conspicuous

algal belt in the high intertidal zone during 1975-76. The brown

alga, Alaria ? marginata was common at the MLLW mark, a major break

point between the intertidal and shallow subtidal zones. The sublittoral

macrophyte band was approximately 65 meters wide in the vicinity of

the NMFS station (Figure 9). Most of the macroalgae was confined to the

rock pavement or shallow water terrace, and the boulder field that borders

the shoreline. However, a few kelp plants were found growing on the soft

or unconsolidated substratum. Most of these plants were attached to

empty clam shells and/or small stones.

Sieve kelp (Agarum cribrosum) was the numerical dominant in

the seaweed zone. Density estimates during three of the sample periods

ranged from 2.12/m 2 to 8.20/m 2 in the band transects (Tables 22 and 23);

the average density in all transects combined was 4.62/m 2 . In 52 quadrats

(O.25/m 2 ) the density ranged from 0 to 28.00/m2; with an average of

7.77/m 2 . Elephant-ear kelp (Laminaria groenlandica) was also abundant

in this location; density estimates ranged from 0.20/m² to 4.80/m 2 with

an average density of 2.48/m2 in the transect bands. These data agree

well with the quadrat counts; the range in 41 haphazard casts (0.25/m²)

was 0 to 16.00/m2, and the mean density was 2.83/m2 (Tables 24 through

31). Laminaria yezoensis was also present, although relatively uncommon

except in the shallow ( 9.0m) part of the seaweed band. The average

density in the belt transects was 0.74/m2, compared with 1.07/m2 in the
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TABLE 22

DENSITY ESTIMATES OF SOME DOMINANT MACROPHYTES FROM ZAIKOF BAY

(estimates were derived from band transects of different lengths)
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TABLE 23

DENSITY ESTIMATES OF SOME DOMINANT MACROPHYTES
FROM ZAIKOF BAY



TABLE 24

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL

NOVEMBER 23, 1975
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TABLE 24 (Cont.)

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL
NOVEMBER 23, 1975
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TABLE 25

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL ZONE
NOVEMBER 24, 1975
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TABLE 26

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL ZONE

MARCH 19, 1976
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TABLE 26 (Cont.)

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL ZONE

MARCH 19, 1976
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TABLE 27

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL ZONE

MARCH 20, 1976
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TABLE 27 (Cont.)

QUADRAT DATA (0.25m2 ) FROM ZAIKOF BAY, SUBTIDAL ZONE

MARCH 20, 1976
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TABLE 28

QUADRAT DATA (0.25m
2
) FROM ZAIKOF BAY, SUBTIDAL ZONE

MARCH 20, 1976
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TABLE 29

HAPHAZARD QUADRAT CASTS (0.25m2 )
FROM THE SUBLITTORAL ZONE IN ZAIKOF BAY

MARCH 20, 1976
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TABLE 29 (Cont.)

HAPHAZARD QUADRAT CASTS (0.25m 2)
FROM THE SUBLITTORAL ZONE IN ZAIKOF BAY

MARCH 20, 1976
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TABLE 29 (Cont.)

HAPHAZARD QUADRAT CASTS (0.25m2 )
FROM THE SUBLITTORAL ZONE IN ZAIKOF BAY

MARCH 20, 1976
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TABLE 29 (Cont.)

HAPHAZARD QUADRAT CASTS (0.25m2 )
FROM THE SUBLITTORAL ZONE IN ZAIKOF BAY

MARCH 20, 1976
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TABLE 29 (Cont.)

HAPHAZARD QUADRAT CASTS (0.25m 2)
FROM THE SUBLITTORAL ZONE IN ZAIKOF BAY

MARCH 20 1976
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TABLE 30 & 31

QUADRAT DATA (0.25 m2 ) FROM
ZAIKOF BAY, SUBTIDAL ZONE
JUNE 22 and 23, 1976
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quadrat counts. The third important member of this understory kelp guild

was Pleurophycus gardneri. During the first three visits we did not

record this species. Despite our oversight, Pleurophycus was obviously

present since mature individuals were seen in the shallow regions of the

reef complex during the June (1976) survey. The greatest number of

Pleurophycus were attached to boulders in the 5-7 meter depth contour.

For example, in June (1976) densities ranged from 0 to 6.80/m2; the

average in 10 band transects was 0.88/m
2 (Table 23) compared with an

average density of 0.67/m2 in the quadrat counts for the same sample

period (Table 31).

The other conspicuous or characteristic macroalgae in this

location were the reds: Callophyllis spp., Constantinea, Microcladia

borealis and Rhodmenia spp. Crustose and articulated coralline algae

were typically shallow in distribution and abundance. Drift or detached

bull kelp (Nereocystis) was seen along the southern shores of Zaikof

Bay, however it was not until June of 1976 that we actually observed

attached bull kelp in the study site. Young Nereocystis or juvenile

sporophytes grew on the rock substrate within the boulder field; densities

averaged 0.14/m2 during the summer survey (1976).
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EPIFAUNA AND TROPHIC INTERACTION

A variety of epifaunal forms were observed in the relatively

narrow macrophyte belt below MLLW. Suspension or filter feeders were

abundant in this location. Most of these animals occurred along a

narrow portion of the shoreline that was dominated by rock pavement and

large rocks or boulders. The suspension feeders, along with the macro-

phyte species flourished from MLLW down to approximately 10 meters below

the "0" elevation of the tide. The vertical faces of the rock sub-

strates generally supported the greatest number of organisms. The

dominant sessile forms were the bryozoans Microporina borealis, Flustrella

gigantea, Heteropora spp. and Dendrobeania murryani; barnacles Balanus

spp., serpulid worms; a nestling mytilid Musculus discors and the

ascidians Distaplia ? occidentalis, Halocynthia aurantium, and Didemnum

or Trididemnum. Hydroids were also common on rock substrata; the genera

Abietinaria and Grammaria were particularly common during the June

(1976) survey. For example, the tall statured Grammaria was recorded in

7/12 quadrats (.25m 2 ), with estimates of percent cover ranging between 0

and 30 percent, with an average coverage of 8.3 percent during this

summer sample period.

Microherbivores were common on these same rock substrates. A

few of the common species are listed in Table 32. Of the three genera,

the most abundant and frequently encountered in the vegetative under-

growth was hermit crabs of the genus Pagurus: Hermit crabs occurred in

26/52 quadrats, with maximum densities of 24.0/m 2 . The average density
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TABLE 32

CHARACTERISTIC OR REPRESENTATIVE IMPORTANT SPECIES

AT ZAIKOF BAY, ROCKY SUBLITTORAL
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was 5.1/m 2 in all quadrats combined. Members of this genus are reputed

to be opportunistic consumers, and some species are known to consume

both plant and animal matter. Herbivory was observed on attached macro-

algae, particularly along the erroded edges of older blades where

bacterial decomposition and tissue breakdown was no doubt great.

Several chitons (Tonicella insignis, T. lineata; Mopalia spp.

and Ishnochiton spp.) and snails (Margarites pupillus, Calliostoma

ligatum, Cryptobranchia spp., Puncturella spp., and Acmaea mitra) were

also common in this location. The most common genera was Tonicella,

and densities ranged as high as 8.0/m 2 . Tonicella spp. occurred in 15

of 52 quadrats (.25m 2). Margarites and Calliostoma both reached

densities of 4.0/m 2 , and most often were seen on either rock or algal

substrates. Most of these mollusks are microherbivores, and as such

feed on the diatom film or algal turf that is generally composed of

gametophytes and algal sporelings.

Macroherbivores, such as sea urchins were uncommon in this

location, although a few relatively small individuals were encountered

during the quadrat sampling efforts. Most of the green sea urchins

(Strongylocentrotus drobachiensis) were less than 30 cm in diameter

and were typically cryptic in habit. Densities of S. drobachiensis ranged

from 0 to 4.00/m 2, and averaged 0.04/m 2 in the 52 haphazardly placed

quadrats. Frequency of occurrence was 1/52 in this same quadrats.
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These data are comparable to the transect sampling, for only 1 green

sea urchin was encountered during this phase of the field work, and

densities ranged from 0 to 0.02/m2 in the 292 square meters of seafloor

that was sampled by band transects (Tables 33 and 34).

There are a number of other herbivores in the inshore system;

i.e. amphipods, isopods, fishes etc.; however, no information has been

generated from these groups of organisms since their occurrence at

Zaikof Bay was more transient or ephemeral over the 1-year (1975-76)

sample period. Other invertebrate species which utilized the seaweed

resource in the bay were Lacuna carinata (snail); Diadora aspera (limpet);

Mopalia spp. (chitons); Pugettia gracilis (decorator crab); Punturella

spp. (snail) and Dermasterias imbricata (sea star).

As stated earlier, the sedentary or attached organisms were

common on the solid substratum, and most of these species because of

restrictions of mobility gather or collect food items that have either

fallen or drifted to them in the water column. Most of the detritus that

reaches the seafloor probably needs to be reworked further or broken down

by bacterial action before it can be assimilated by the macroinvertebrates

of the reef. Conspicuous members of this trophic guild included the

articulated bryozoan Microporina borealis, which occurred in 40 of 52

quadrats, and covered between 0 and 60 percent of solid substrate. The

average coverage over the 1-year period was 12.56 percent (Tables 24-31).

Microporina longevity is unknown, although in some locations of the

Northern Gulf the colonies appeared to be short-lived. Another
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TABLE 33

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS AT ZAIKOF BAY
(estimates were derived from band transects)



TABLE 34

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS
AT ZAIKOF BAY

(Estimates Were Derived from Band Transects)



common bryozoan in this area was Flustrella gigantea, which frequently

grew in either mat-like encrustations between boulders or attached to

the shell of Fusitriton oregonensis (snail). Estimated coverage of

Flustrella ranged between 0 and 35 percent, with an average in all

quadrats combined of 2.83 percent. The frequency of occurrence in the

shallow water zone was 23/52. Based on observations made in Kachemak

Bay (ADF&G, 1977), the canopy produced by Flustrella colonies are

important habitats or nursery areas for juvenile crabs and shrimps. The

colonies appeared to be perennial, and the only predator known to feed

upon Flustrella in Prince William Sound is the white dorid nudibranch

(Archidoris odhneri).

A third bryozoan, Heteropora spp. formed calcareous, branched

colonies that are frequently referred to as coral by the fishermen of the

Sound. Heteropora occurred in 10/52 quadrats, with maximum coverage of

5 percent in the haphazardly placed quadrats. Duration of life is

unknown, however, judging from the size of some colonies it appeared to

be long-lived. Few predators of Heteropora are known from this site,

however, one occasional predator is the sun star, Pycnopodia helianthoides

(Figure 10), and another known predator from the Northern Gulf is the

China rockfish, Sebastes nebulosus, which probably ingests the colonies

incidental to eating the brittle star (Ophiopholis aculeata) (Rosenthal,

unpublished data).

Balanoid barnacles: Balanus nubilus, B. ? crenatus and B.

glandula encrusted substantial portions of the rock substrate beneath
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FOOD WEB FOR THE CONSPICUOUS SPECIES

IN THE SHALLOW SUBLITTORAL ZONE

AT ZAIKOF BAY, MONTAGUE ISLAND
Figure 10
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the vegetative undergrowth. Estimates of barnacle coverage ranged

between 0 and 60 percent, with an average of 7.8 percent in all of the

quadrats (.25m 2). Barnacles occurred in 23 of 52 quadrats. Some of the

predators of Balanus spp. in this location included the snails: Searlesia

dira, Amphissa columbiana and Volutharpa ampullacea; the sea stars

Crossaster papposus and Orthasterias koehleri.

The mytilid, Musculus discors is another member of the sus-

pension feeding guild. It occupies a considerably different niche than

it's congener M. vernicosus, and has adopted a substantially different

pattern of life history. Most live in byssus nests attached to the vertical

faces of rocks, or the holdfast portion of kelps. The population at

Zaikof Bay contained a large proportion of adults (Figure 11), which brood

tremendous numbers of eggs within the byssal nests until the juveniles are

at least 0.5 mm in shell length. A length-weight regression for the

winter population is presented in Figure 12. Shell debris at the base of

the reef indicate that Musculus populations have been successful in this

location during the past few years.

Some of the major predators at Zaikof Bay are listed in Table

32, and of these 6 species are sea stars, 1 is a snail and 1 a sea

mammal. Other important tertiary consumers in the bay include crabs,

shrimps, gastropods, sea anemones, fishes, marine mammals and sea ducks.

Sea stars were the visual dominants in this trophic level. The sun

star Pycnopodia was the numerical dominant in the 292 square meters of

seafloor that was quantitatively sampled by band transects (Tables 33 and
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Figure 11

MUSCULUS DISCORS

COLLECTED FROM THE SUBTIDAL ZONE IN ZAIKOF BAY

3/20/76
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A SAMPLE OF

MUSCULUS DISCORS

POPULATION FROM ZAIKOF BAY

3/20/76
Figure 12
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34). Density estimates ranged between 0 and 0.90 individuals/n 2 ; average

density in all of the combined transects was 0.39/m2 . Pycnopodia is an

opportunistic predator, and was observed to prey on a wide variety of

species and trophic levels such as: Trichotropis spp. (snail);

Calliostoma ligatum (snail); Musculus spp. (mussel); Saxidomus gigantea

(clam); Cucumaria spp. (sea cucumber); Strongylocentrotus drobachiensis

(sea urchin); Cistenides (polychaete); Heteropora spp. (bryozoan);

Phascolosoma (sipunculid), and Pugettia gracilis (crab).

The second most abundant sea star was Orthasterias koehleri;

density estimates ranged from 0 to 0.20/m 2 , with an average of 0.09/m2

in the band transects. Typically, it preyed on bivalve mollusks such as

Musculus discors, Humilaria kennerlyi (clams) and barnacles Balanus spp.

The blood star Henricia spp. was the third most abundant

genus in the shallow sublittoral zone. Since individuals were not

identified to species, feeding type cannot be identified. However,

one of the species present in this location H. leviuscula, is reputed

to be a suspension feeder. Mode of feeding in the other species (H.

tumida) is unknown. Densities of Henricia ranged from 0 to 0.40/m2

with the average density of 0.08/m2.

Another common sea star was the multi-rayed star Crossaster

papposus; estimates of density ranged from 0 to 0.20/m2, and the

average density in all band transects was 0.04/m2. Individuals were

seen eating serpulid worms, balanoid barnacles and a scallop Chlamys ?

rubida. Most were seen either on rock substrate, or were attached

to taller statured kelps in the algal understory.
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Two other genera, the mottled star (Evasterias troschelli),

and the genus Solaster are listed in Tables 33 and 34. Estimates of

Evasterias ranged from 0 to 0.20/m², with an average density of 0/03/m 2 .

Solaster stimpsoni and S. dawsoni are presented under the one genus, and

as such ranged from 0 to 0.05/m 2 . The mean density in all transects

during 1975-76 was 0.01/m 2 .

Numerous predators and scavengers were seen in Zaikof Bay, and

these included several species of fish, namely rock, whitespotted and

kelp greenling, great sculpin, antlered sculpin, irish lord, rockfish,

northern ronquil and flounder (Table 31). Although marine birds and

mammals were not surveyed, several species of sea duck, i.e. white-

winged scoter, barrow's goldeneye, and great scaup (Table 35), were seen

feeding in the shallow waters of the bay. Scoters were seen diving for

bay mussels (Mytilus edulis) during the March and June (1976) surveys.

Sea otters are common in Zaikof Bay, with some of the feeding

directed at the clams Hunilaria, Saxidomus, Clinocardium, Thracia and

bay mussel (M. edulis). Shell debris was moderately abundant on the

sandy slope below the boulder field.
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TABLE 35

A LIST OF AQUATIC BIRDS AND MAMMALS OBSERVED
AT THE OCS STUDY SITES DURING 1975-76

152



SEASONAL PATTERNS

The macrophyte assemblage in the shallow waters of Zaikof Bay

exhibited changes in both algal cover, and number of species present

with the movement of time from July, 1975, until June, 1976. The most

pronounced change was in the algal undergrowth, particularly the brown

algae or phaerophytes. For example, during the November (1975) survey

most of the laminarian kelps had either shed or lost most of the blade

material above the meristematic growth region. Drift and/or detached

pieces of plants, particularly sieve kelp (Agarum); elephant-ear kelp

(Laminaria groenlandica) and leaves or turions of eeigrass (Zostera

marina) were prominent on the bottom, particularly on soft substratra

below the boulder field. Even leaves of terrestrial origin, such as

alder were conspicuous in the shallow subtidal.

One of the seaweeds in the brown algal guild that oscillated

in areal cover with the change of seasons was hair-kelp (Desmarestia

viridis). Desmarestia viridis was rare in the study area during November,

however, by late June, it occurred in 8/12 quadrats, and covered between

0 and 35 percent of the area contained in these .25m 2 quadrats. Average

coverage for this same time period was 10 percent (Figure 13). Desmasteria

viridis is reputed to be perennial alga (Champan 1974), however, it does

undergo a perennation (die back) process during fall, with renewed

growth during late winter and early spring. Many of the foliose (leaf-

like), and filamentous varieties of red algae are also highly seasonal

in occurrence and physical appearance. Some of these like the filamentous
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ALGAL COVER AT ZAIKOF BAY
Figure 13
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reds Pterosiphonia bipinnata and Polysiphonia pacifica are summer

plants, while others such as the peltate red Constantinea subulifera

apparently persist for a number of years provided the plant remains

attached to the seafloor.

Several changes in the epifauna were also evident in this

location. For instance, during 1975--76, the hydroids Grammaria sp. and

Lafoea varied in abundance (coverage) in a similar fashion as the

macroalgae; both hydroids covered up to 30 percent of the available

surface area in the .25m 2 quadrats. However, prior to the summer survey

both genera were rare or absent in this location. Grammaria and Lafoea

both appear to be either annuals or exhibit substantial variation in

cover and relative abundance during a year's time.
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DESCRIPTION OF THE STUDY SITE (MACLEOD HARBOR)

Macleod Harbor, located on the southwest end of Montague

Island (Figure 1) is generally protected from the Gulf of Alaska;

however, it does receive some ocean swell and storm surf from Montague

Strait. The northern shoreline from the entrance at Point Woodcock to

about midway into the harbor is rocky and irregular. The head of the

bay is shallow and fed by a large freshwater stream. Fresh water is a

prominent feature of the upper part of the water column. The southwest

coast of Montague Island was raised by as much as 30 feet during the

Good Friday Earthquake of 1964 (Plafker, 1969). One effect of the quake

was to separate the pre-earthquake littoral zone from the post earth-

quake shoreline.

At present, the shoreline is characterized by a band of solid

substratum composed of boulders and cobbles (Figure 14). Steeply sloping

rocky cliffs overlook the NMFS intertidal station on the northern shores

of Macleod Harbor. Sitka spruce and hemlock grow above the rocky but-

tress. A number of exposed low profile ridges, extend from shore into

the shallow subtidal zone. Between these ridges or fingers of rock are

broad surge channels. The sublittoral zone in this part of Macleod

Harbor is composed of a narrow band of bedrock approximately 40 to 70m

wide. Seaward of the exposed bedrock, at depths ranging between 6 and

9m below the sea surface, the seafloor was comprised of sand, silt and

moderate amounts of shell material. The surface of the sand was usually

covered by a thin layer of benthic diatoms, and sulfur bacteria spotted

numerous areas of the bottom.
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Figure 14

MACLEOD HARBOR

DRAWING OF THE STUDY SITE (A)
AND THE SUBTIDAL VEGETATIVE CANOPIES (B)
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BIOLOGICAL SETTING (ALGAL ASSEMLBLAGE

A prominent feature of this location was the fringing bed of

bull kelp (Nereocystis luetkeana) that occurred along the northern

shoreline. During summer, the bed extended from the rocky promontory

midway into the bay to approximately .25 nautical miles beyond Pt.

Woodcock. Most of the bull kelp was scattered along the rocky reefs and

in only a few locations was the surface canopy moderately heav,. Plants

grew from MLLW to approximately 12 meters below the sea surface.

Density estimates ranged from 0 to 0.46/m 2 , with an average density of

0.07/m 2 (Table 36).

A thin band of rockweed (Fucus distichus) grew on the rock

substrate above MLLW. Below the Fucus zone around the intertidal-

subtidal fringe was a narrow girdle of Alaria ? tenuifolia. The brown

alga, Costaria costata also occurred in the shallow water. Costaria is

an annual species, and during March (1976) juvenile sporophytes were

conmon in this location. Along most the rocky shoreline the seaweed

belt was 40 to 70 meters wide; the width was largely determined by the

availability of the hard or rock substrate. The sublittoral algal

association was comprised of several layers or canopy levels. Laminaria

groenlandica was the most abundant brown alga in the understory complex

(Tables 37-50). Density estimates ranged from 0 to 64.00/m2 , the

average density during March 1976 was 14.80/m 2 (Tables 44 to 50).

Another congener, L. yezoensis was also common; densities ranged between
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TABLE 36

DENSITY ESTIMATES OF SOME DOMINANT MACROPHYTES AT MACLEOD HARBOR
(estimates were derived from band transects of different lengths)



TABLE 37

QUADRAT DATA (0.25m2
) FROM MACLEOD HARBOR, SUBTIDAL

NOVEMBER 29, 1975



TABLE 38

QUADRAT DATA (0.25m2) FROM MACLEOD HARBOR, SUBTIDAL
NOVEMBER 29, 1975
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TABLE 39

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL

NOVEMBER 29, 1975
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TABLE 40

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
NOVEMBER 29, 1975
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TABLE 40 (Cont.)

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
NOVEMBER 29, 1975
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TABLE 41

QUADRAT DATA (0.25m2) FROM MACLEOD HARBOR, SUBTIDAL

NOVEMBER 29, 1975
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TABLE 43

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
NOVEMBER 30, 1975



TABLE 42

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL

NOVEMBER 30, 1975



TABLE 44

QUADRAT DATA (0.25m2) FROM MACLEOD HARBOR, SUBTIDAL
MARCH 13, 1976

168



TABLE 45

QUADRAT DATA (0.25m
2
) FROM MACLEOD HARBOR, SUBTIDAL

MARCH 14, 1976



TABLE 46

QUADRAT DATA (0.25m
2 ) FROM MACLEOD HARBOR, SUBTIDAL

MARCH 14, 1976



TABLE 47

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
MARCH 14, 1976
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TABLE 48

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL

MARCH 14, 1976

172



TABLE 49

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
MARCH 15, 1976
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TABLE 49 (Cont.)

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL
MARCH 15, 1976
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TABLE 50

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL

MARCH 15, 1976
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TABLE 50 (Cont.)

QUADRAT DATA (0.25m2 ) FROM MACLEOD HARBOR, SUBTIDAL

MARCH 15, 1976
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0 to 44.00/m2 and averaged 4.97/m 2 during this same sample period.

Another conspicuous species in this assemblage was sieve kelp (Aarum),

the average density in 37 quadrats (0.25m2) during March 1976 was

3.68/m2. These estimates are in good agreement with the average estimate

of 3.24/m² that was obtained from the band transects (Table 36).

Pleurophycus gardneri was an important member of this brown algal under-

story; density estimates ranged from 0 to 2.80/m2 in the band transects,

the average density in all of the transects was 1.05/m2. Density

estimates from the 0.25m2 quadrats averaged 0.86/m2 .

The other conspicuous brown algae in this location were

Cymathere triplicata and Desmarestia viridis. Both species were some-

what ephemeral in occurrence, and were uncommon except during the summer

and fall seasons of the year (Figure 15). Below the kelp canopies were

the fleshy, erect reds such as Opuntiella californica, Callophyllis

spp., Membranoptera spp., Rhodymenia palmata and R. pertusa, Constantinea

and Ptilota filicina. The final vegetative layer in Macleod Harbor

included the rock encrusting forms: Corallina spp., Lithothamnium

spp., Ralfsia spp., and Hildenbrandia sp.
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Figure 15

ALGAL COVER AT MACLEOD HARBOR
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EPIFAUNA AND TROPHIC INTERACTION

The major rock habitats examined in Macleod Harbor were the

(1) rock fingers which extended from shore, (2) surge channels between

the rock-like appendages, and the (3) rock/sand interface at the base of

the shoreline. The fingers are deeply fissured, with numerous over-

handing ledges and shelves. Many large blocks and boulders were located

around the base of the steeply sloped platform. Typically, the larger

boulders were interspersed with sandy channels and patches of gravel and

cobble.

The epifauna was dominated by suspension feeders and species

composition was relatively diverse. The suspension feeding assemblage

was dominated by the bryozoan Microporina borealis; it occurred in 37 of

71 quadrats (Tables 37-50). Estimates of percent cover ranged from 0 to

60 percent; however, the average coverage was 9.37 percent during the

one year sample period.

Other common suspension feeders in this location were the

filibranch mussels Musculus discors and M. vernicosus. During the late

fall (1975) and winter (1975) surveys heavy sets of juveniles were

observed in the shallow subtidal waters; most samples were collected on

macrophytes and larger attached macroinvertebrates such as ascidians.

Size structures of the population at this time is virtually indistinguishable.
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It appeared as though there was little or no growth during the

winter months, and this is probably due to the fact that as suspension

or filter feeders the food source, i.e. phytoplankton, was extremely

scarce during this time of year. Musculus species were encountered in

41 of 71 quadrats during two observation periods. Estimates of percent

cover ranged between 0 and 40 percent. An important predator of this

age group of Musculus was the muricid snail Thais canaliculata, many of

which were observed feeding on dense populations of juvenile Musculus.

Maximum densitiies of 16.0/m2 were observed for Thais in this location

during the March (1976) survey.

Hydroids and bryozoans such as Dendrobeania murryani, Sertularella;

Tricellaria and Heteropora spp. were moderately common in this site.

Other common suspension feeding forms were the ascidians Halocynthia

aurantium; Distaplia sp; Synoicum sp.; ? Ritterella rubra and Didemnum

or Trididemnum.

Few herbivores were seen at Macleod Harbor, however, others

species were no doubt present, but because of their size and/or be-

havioral traits were not recorded, or listed in the generalized food web

(Figure 16). As previously noted for the other two locations, the sea

urchins were relatively small and cryptic in behavior. Most were seen

beneath rocks, or were found crawling on the undersides of the leaf-like

brown algae. Maximum densities of 0.10/m 2 of S. droebachiensis were

recorded in the band transects (Tables 51 and 52).
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FOOD WEB OF A SUBLITTORAL REEF

AT MACLEOD HARBOR, MONTAGUE ISLAND
Figure 16
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TABLE 51

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS AT MACLEOD HARBOR



TABLE 52

DENSITY ESTIMATES OF SOME COMMON ECHINODERMS AT MACLEOD HARBOR



Some of the other conspicuous herbivores are listed in Table

53 of Representative Important Species (RIS). These are the limpet

Acmaea mitra, chitons Tonicella lineata and T. insignis, and the oc-

casional herbivore Dermasterias imbricata (sea star). The snail Calliostoma

li atum, Diadora aspera (limpet), Puncturella spp. (snail), Crepipatella

spp. (snail), Lacuna carinata (snail) and hermit crabs of the genus

Pagurus were also common in this location. Most of these are micro-

herbivores, and none were sufficiently abundant to influence the flora

appreciably.

The most numerous predators in the rock habitat were the sea

stars. Eight species of predatory starfish were observed in the study

area, and of these the sun star Pycnopodia helianthoides was the most

abundant species (Tables 51 and 52). Density estimates ranged from 0 to

0.80/m2, and averaged 0.28 individuals/m2 in the 470 square meters of

seafloor that was quantitatively sampled during 1975-76. Pycnopodia was

observed to feed on Musculus spp.; Diadora aspera; Cryptochiton stelleri

(chiton); Thais spp. (snail); Macoma spp. (clam); Microporina (bryozoan);

Pectinaria (polychaete worm) and Strongylocentrotus droebachiensis

(Figure 16).

The second most common species in this location was the

leather star Dermasterias imbricata; density estimates ranged from 0 to

0.20/m 2 , and averaged 0.04/m 2 in all of the combined transects. Demasterias

preyed on Didemnum (ascidian); Membranipora spp. (bryozoan) and the

clavate ascidian Synoicum sp. and macroalgae.
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TABLE 53

CHARACTERISTIC OR REPRESENTATIVE IMPORTANT SPECIES
FROM THE SHALLOW SUBLITTORAL ZONE AT MACLEOD HARBOR
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The star Orthasterias koehleri was next in abundance; den-

sities of up to 0.03/m2 were recorded for Orthasterias, however the

average of 0.03/m2 is probably a more realistic estimate of density.

Orthasterias was seen eating Balanus cariosus (barnacle), Crepipatella

(snail), and the mussels Musculus vernicosus and M. discors.

Another common asteroid was the blood star Henricia spp. The

predominant blood star in this area was H. leviuscula, although two

other species: H. tumida and H. sanquinolenta occurred in the same

shallow water habitat. Because of taxonomic difficulities inherent in

field identifications the numerical data are presented as combined

counts. Estimates of density ranged from 0 to 0.60/m2, with a mean

density of 0.06/m2.

One of the other common sea stars in the littoral zone was the

ochre star, Pisaster ochraceus. Pisaster was relatively rare in the

rocky subtidal regions of Macleod Harbor, however, around the MLLW mark

it was more common. For example, within one 10 x Im transect we counted

12 P. Ochracens for a mean density of 1.2/m2 (Table 52). The only

feeding observations that involved P. ochraceus during this time period

were with the bay mussel, Mytilus edulis.

A number of other secondary and tertiary consumers were

observed in Macleod Harbor, notably sea otters, diving ducks, harbor

seals and fin fishes. Density estimates of these species were not made

at this time, however in some cases feeding observations were recorded
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or the occurrence of a particular species present in a certain habitat

was noted. A total of 31 species of fishes are listed in Table 19; of

these the most conspicuous families in the kelp habitat were the greenlings

(Hexagrammidae), sculpins (Cottidae); ronquils (Bathymasteridae) and

righteye flounders (Pleuronectidae). Other fishes such as pricklebacks

(Stichaeidae), and gunnels (Pholididae) were seen, but because of their

small size and secretive nature could not be counted properly by our

sampling methodology.
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SOFT BOTTOM AND FAUNAL COMPONENTS

The soft bottom directly seaward of the NMFS intertidal

station consisted of fine silty sand, with ripple marks and large

amounts of shell debris. The upper layer of the shell debris was

composed heavily of empty Musculus spp. and clam shells. Organic debris

of marine and terrestrial origin was moderate, i.e. alder leaves were

common on the seafloor during the November (1975) survey. At slightly

deeper depths, beyond the rock/sand interface the sand was siltier, and

contained low fecal mounds that were produced by tubicolous polychaetes.

A dense layer or film comprised of sessile diatoms covered the surface

of the sand during March 1976. Dominant invertebrates observed on the

sand were tubicolous polychaetes, the most conspicuous of which was a

large maldanid or bamboo worm with a slightly branched, thick walled

sandy tube. The estimated density of the maldanid ranged between 0 and

64.0 individual/m 2 ; the average density in 48 quadrats (.25m 2) was

25.6/m 2. The maldanid bed was best developed at depths of between 5 and

7 meters on a sandy bench west of the shoreline. A less conspicuous,

but possibly larger worm was also common in this habitat; the tube did

not extend very far above the sand surface. This species was identified

as Onuphis iridescens. Non-tubicolous species of worms were common

about 15 cm below the surface of the unconsolidated sediment.

There were a number of species observed in this soft bottom

habitat including: Pycnopodia helianthoides (sea star); Crangon sp.
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(shrimp); Ophuira ? sarsii (brittle star); Olivella baetica (snail);

Tellina sp. (bivalve); Chone ? mollis (sabellid worm); Margarites sp.

(snail); Nassarius mendicus (snail); Pagurus ochotensis (hermit crab);

unid. hermit crabs; Clinocardium spp. (bivalve); Halcampa sp. (sea

anemone); unid. nemertean worm and Aglaja ocelligera (opisthobranch

snail). A few fishes were also common on the softer substrates, notably

the yellow fin sole Limanda aspera, starry flounder Platichthys stellatus;

whitespotted greenling, Hexagrammos stelleri, and pacific tomcod, Micro-

gadus proximus.
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DISCUSSION

Seaweeds and their associated microflora are important sources

of energy in the coastal ecosystems of the northern Gulf of Alaska. Much

of the carbon production in the Gulf is undoubtedly derived from within a

narrow band of the shoreline where the marine plant life flourishes.

Other forms of organic carbon are pumped into the system from terrestrial

sources such as freshwater streams, island meadows, forests, and shallow

bays or estuaries. Despite the seaward flow of energy, usually in the

form of detritus, there is a positive feedback to the terrestrial system.

Many of the terrestrial life forms, i.e. waterfowl, deer and land otter,

utilize the resources of both major environments. One example of this

feedback is the foraging behavior of the blacktail deer (Odocoileus

columbianus), which utilize seaweed resources of the Prince William Sound

Archipelago on a fairly regular, yet seasonal basis. This is especially

evident during winter months, when heavy snows push the deer from the high

country down to the beaches where they browse on both attached and drift

seaweeds. For example, during the March survey (1976) four blacktail deer

were sighted in the rocky intertidal zone at Latouche Point, and an equal

number were seen browsing at the NMFS intertidal station in Zaikof Bay.

Even higher consumer species such as the land otter, Lutra canadensis

derive a great deal of energy from the sea by foraging in the shallow

subtidal waters of the Sound for clams, mussels, chitons and sea urchins.

Undoubtedly, however, considerably more energy flows from terrestrial

to estuarine and marine systems than is returned through such pathways as

described above.
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Many commercially valuable species like Pacific salmon pass

through the waters of Zaikof Bay, Macleod Harbor and Latouche Point on

their way to and from the spawning streams of Prince William Sound. The

major species in these areas are pink and chum salmon. Recently Sibert,

Brown, Healey and Kask (1977) described a detritus-based food web that

involved juvenile chum salmon from coastal waters of southern British

Columbia and it appears that they also use some resource associated with

kelp beds during their development. Additionally, schools of juvenile

salmon were observed in the seaweed beds off Latouche Point during

August, 1974, and early September, 1976. Usage of these habitats by

salmon has been poorly documented in Alaska.

During the 12 months of this study (1975-76), there was a pro-

nounced oscillation in the appearance and areal dimensions of the subtidal

vegetative canopies. Concurrent with these subsurface changes was a

physical alteration in the size of the floating canopies of bull kelp

(Nereocystis luetkeana) that typically grew above the shorter statured

species. These pronounced seasonal changes have been interpreted as

characteristic for this part of the Gulf of Alaska. Annual brown algae

such as Nereocystis, Cymathere triplicata and Costaria costata germinated

in early spring and formed dense canopies by mid to late summer. However,

most of these same plants were lost by late fall of the same year. Con-

versely, the perennial kelps, such as Agarum cribrosum, Laminaria spp. and

Pleurophycus gardneri persisted year round, and exhibited maximum growth
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during late winter and early spring. The rapid growth period usually

follows a period of tissue shedding or blade loss. One hypothesis to

account for the winter growth strategies of these perennial species is

that it results from competition with both understory and taller statured

annuals such as bull kelp (Nereocystis). The alternation in peak growth

and development between different canopy levels would possibly negate some

competitive interactions between kelps (Dames & Moore, 1976a). These

factors would lead to the creation of more free space, and light pen-

etration in the rocky subtidal zone. All of these factors could contribute

to the high plant diversity and high standing crop and plant production

exhibited by the seaweeds of the Gulf.

Many of the same parameters that influenced the seaweed po-

pulations in the NEGOA study sites also affected the associated invertebrate

fauna. The species composition of the epifauna was reasonably constant

throughout the year, however patterns of distribution, frequency of

occurrence and relative abundance was effected or altered with variations

of the calendar year. The variations in distribution, density and size

for the mussel (Musculus vernicosus) population at Latouche Point can be

used as an example. This small filibranch is a conspicuous member of the

seaweed assemblages of the northeastern Gulf. Shell debris at the base of

some rocky reefs and previous field observations by Rosenthal (unpublished

data) indicate that these populations have thrived in the vicinity of
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Latouche Point and Danger Island for the past 3 years. Heavy sets of

juvenile Musculus or spat were attached to algal substrates during the

spring and summers of 1974-76. However, by late November, most of the

population was drastically reduced in number, and this is probably due in

part to algal shedding and fall storms which periodically remove the

mussels along with their attachment sites. Several other epifaunal

species exhibited substantial seasonal variations in abundance and co-

verage of the underlying substrate. Among these were the hydroids Campanularia,

Grammaria and Abietinaria, which covered substantial portions of the rocky

substrate in Zaikof Bay during spring and summer, but typically were re-

duced in coverage by late fall leading to the conclusion that annual

variations in abundance are part of the life history patterns of these

hydroids.

The physical oceanographic conditions in the shallow waters of

Zaikof Bay, Macleod Harbor and Latouche Point differ somewhat in terms of

exposure to ocean swell, velocity of tidal currents and transparency of

the sea water. Two of the stations (Macleod Harbor and Zaikof Bay) are

generally protected from the power of deep sea swells so conspicuous in

the Gulf of Alaska. However, the southwest end of Latouche Island does

receive moderate wave activity when storm surf breaks over the reef com-

plex between the Point and Danger Island. The second major difference

between stations seemed to be in the degree and/or velocity of the tidal

currents. Although no measurements were made in conjunction with the
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biological surveys, strongest currents observed during this study were

at the Latouche Point. The third physical parameter which was measured in

the field was water transparency or visibility in sea water. Transparency

was determined by making either visual observations while submerged, or

estimating water transparency with the aid of a standard white secchi

disc. Again, the Latouche Point station generally had the clearest water

with a maximum secchi disc reading of 13 meters during the March (1976)

survey. Latouche Point was typically bathed in an oceanic environment

characteristic of exposed outer coast habitats, whereas the other 2 stations

were more typical of embayment or fiord systems in Prince William Sound.

At Latouche Point the bottom was usually free of silt, and the subtidal

plant life formed a lush submarine forest which covered several square

kilometers of the reef complex. Whereas in more protected areas such as

Zaikof Bay and Macleod Harbor the hard substrate and bottom vegetation

were usually dusted with a thin veneer of silt, and the seaweeds were

generally restricted to a narrow girdle along the rocky shoreline.

For the most part, the composition of the subtidal algal as-

semblage was rather similar in all 3 areas, however, in terms of species

composition, frequency and abundance the areas were dissimilar. At all

three stations the benthos was dominated by marine plants, with the kelps

being visual., numerical and biomass dominants. Recent subtidal surveys in

the vicinity of Danger Island have shown algal biomass (wet weight) at
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between 1,468 and 5,676 grams/m 2 during late summer (Rosenthal, unpub-

lished data). However, these estimates are conservative, and would be

much higher if the floating canopies were included.

The underlying invertebrate fauna was dominated by suspension or

filter feeders; macroherbivores appeared to be somewhat unimportant on a

year-round basis. Tertiary consumers were visually conspicuous with the

asteroids appearing to be the most important group in this level of the

food chain. However, the importance of finfish, diving birds and marine

mammals has not been assessed. For the most part, energy pathways appeared

to be basically similar in each cf the 3 sites, with the inshore food

chain dependent upon a regular flow of plant and animal detritus.

Because circulation appeared to be somewhat restricted in Macleod

Harbor and Zaikof Bay, they appear to have a higher probability of pro-

longed exposure to contaminants drifting on the sea surface than Latouche

Point. However, since the latter is strategically situated between two

major arteries of Prince William Sound, biological processes are definitely

susceptible to man-induced contaminants that would affect species of

aesthetic and commercial importance.
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OCS Quarterly Report - September 1977

I. Task objectives

The objectives of the Beaufort Sea Estuarine Fishery Study are as
follows:

A. To detmine the seasonal distribution, relative abundance,
size and species composition, growth rates, feeding habits
and reproductive capabilities of Beaufort Sea nearshore
fishes in the area from the Colville to the Canning Rivers
and between shore and the barrier islands, including river
deltas.

B. To determine migration pattens and timing of these fishes.

C. To identify critical habitats including spawning, over-
wintering, feeding, rearing and migration areas.

D. To determine the interrelationship of Arctic fishes to lower
food-web organisms.

E. To determine the present rate of exploitation of the anadromou
fishes of the area and to monitor changes in this usage as
development of the area's petroleum resource progresses.

II. Field or laboratory activities

Field activities during the summer of 1977 were directed toward
identifying the migration patterns, timing of movements, and seasonal
abundances of Beaufort Sea fish in Prudhoe Bay.

Up to seven trap stations were monitored daily near Prudhoe Bay
in July and August. Daily captures were organized by species and
enumerated, All salmonids over 200 mm in length were tagged with
numbered Floy FD 67 internal anchor tags and released (Table I).
Physical parameters monitored daily included: air temperature, water
temperature, salinity, bottom type, present weather, cloud amount, sea
state, wind direction, and wind force. The fish were captured in fyke
traps, and on occasion with gill nets.

Analysis of tagging, capture and movement data is presently
underway in Fairbanks. Detailed results are not available at this time,
but will be presented in the final report for the project in November, 1977.

Some tag returns are expected in October and early.November.
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Table I. Fish species captured, number caught and number tagged during
the 1977 summer season at Prudhoe Bay.
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SUMMARY OF THIS QUARTER'S OPERATIONS

Ship and Laboratory Activities

1. Ship or field work: None

2. Scientific party involved in project:

R. L. Smith, IMS, Principal Investigator
A. C. Paulson, IMS
J. R. Rose, IMS

3. Methods: Same as previous methods.

4. Sample localities: Same as previous, no new samples have
been obtained.

5. Data analyzed:

stomach analyses included
shortfin eelpout
capelin

verification of difficult prey organisms for the following:

Dover sole
Rock sole
shortfin eelpout
flathead sole

computer summaries and interpretation of data trends com-
pleted on rex sole and flathead sole.

A discussion of the feeding habits of the rex sole and flathead

sole are appended below in the form of manuscripts which have been

submitted for publication.

Problems Encountered

No new problems have been encountered this quarter. An old

problem, lack of necessary funds to complete this project adequately,

has resulted in slow progress on the last of the stomach analyses and

slow progress on interpreting the results of those analyses. All time

spent by project personnel during the last two quarters toward the

completion of this project is being donated gratis due to the exhaustion

of project funds.
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The rex sole, Clyptocephalus zachirus, occurs from southern California

to the eastern Bering Sea. Needler (1954) reported that this species grows

slowly with a lifespan of at least 24 years, and Mineva (1968) noted that

75 percent of fish captured in the Bering Sea were between 12 and 16 years

of age. Hart (1973) reports females most abundant in Pacific Ocean catches

while Mineva (1968) found males most abundant in the Bering Sea. As

juveniles grow, they move out of shallow water down to 150 m, and as adults

are most abundant from 200 to 550 m. The rex sole has been reported down

to 1100 m (Grinols, 1965). Little is known about the life history of this

species. This study provides some insight into the feeding habits of the

rex sole from the Gulf of Alaska.

METHODS

Fishes were captured by otter trawl from May through July, 1975.

Trawl stations occupied in this study are the same used by the International

Pacific Halibut Commission in their yearly surveys (Fig. 1). Abdomens were

slit and the whole fishes were packed in 10 percent formalin (per total

volume of water and fish), buffered with 20 grams of hexamethylenetetramine

per liter. Upon return to the lab, 300 specimens were measured for

standard length to the nearest millimeter. Sex and maturity were recorded.

Prey were identified to the most specific taxa permitted by their state

of preservation. Counts were made of all items, and volumes were measured

for each taxon to the nearest 0.1 ml. The frequency of prey occurrence (F),

the percent contribution by volume (V), the percent by number (N), and an

index of relative importance (IRI) were calculated for each station and for

all stations combined. The index was developed by Pinkas et al. (1971) using

the formula IRI = (N + V)F. It should be noted that values reported for
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consumption of a prey taxon may be conservative. This is reflected in

partially unidentifiable material being assigned to a higher taxon; for

example, the importance of the Amphipoda is far greater than suggested

by values for amphipods identified to lower taxa.

An index of stomach fullness was recorded for each predator such that

0 = no information, 1 = empty, 2 = trace, 3 = 25 percent, 4 = 50 percent,

5 = 75 percent, 6 = 100 percent, and 7 = distended. Mean stomach fullness

was calculated for each prey taxon at a station, for all taxa at a station,

for each taxon combining all stations, and for all taxa combining all stations.

Mean predator length was calculated in the same fashion. It was hoped that

these last two criteria might illucidate possible changes in food preference

with stomach fullness (i.e., satiation) or with predator size. The fortran

program developed for this study is highly machine specific for the Honey-

well 66/40.

RESULTS

Of 300 rex sole stomachs collected in 1975, 7 were empty and 293 con-

tained food (Table 1). Ten families of polychaetes contributed most of the

food consumed. Pelecypods, cumaceans, amphipods, euphausiids, and decapods

(especially Pandalus borealis and postlarval Chionocetes hairdi) were also

common in the diet (Table 2; Fig. 2).

Prey availability data came from Best (1964), Feder et al. (1976), and

R. T. Conney (personal communication). Biologically important taxa (BIT) in

terms of prey availability were determined using the method of Feder et al.

(1976). To qualify as a BIT, a taxon must be distributed in 50 percent or

more of total stations ;sampled, comprise over 10 percent of population

numbers or biomass at any one station, or satisfy a population density or
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biomass criterion. These density and biomass criteria are based upon a

percentage calculated for each taxon, with the sum of the population

density or biomass of all taxa equaling 100 percent. These percentages

are ranked in descending order. The percentages of each taxon are then

summed in descending order until a cut-off point of 50 percent is reached.

BIT by these population density or biomass criteria are those taxa whose

percentages are used to reach the 50 percent cut-off point.

DISCUSSION

De Groot (1971) discussed the interrelationships of alimentary mor-

phology, behavior, and feeding of flatfishes. From the feeding habits of

59 species, he concluded that flatfishes can be classified according to

three feeding strategies: (1) fish feeders, (2) crustacean feeders, and

(3) polychaete-mollusc feeders. De Croot classified two congenerics of

the rex sole, Glyptocephalus cynoglossus and G. stelleri, as feeding group

(3) (polychaete-mollusc feeders). He described their principal prey as poly-

chaetes, crustaceans, and molluscs. Compatible with De Croots polychaete-

mollusc strategy are the more detailed discussions of feeding in these

species by Rae (1969) and IIayase and llamai (1974). These studies suggest

that polychaetes and crustaceans were the dominant food items, with molluscs

far less important.

Mineva (1968) states that feeding data on the rex sole are limited,

and suggests that the intensity of feeding is less in the middle of September

than at the beginning of the month. There is no information concerning prey

composition, Figure 2 portrays the feeding habits of the rex sole. Clearly

the rex sole feeds predominantly on polychaetes and crustaceans. Molluscs
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and other prey taxa contribute much less. Thus, the rex sole feeds much as

the two congenerics already discussed, and can also be classified as De

Groot's feeding group (3). This feeding strategy was used by 23 of the 49

species of Pleuronectidae investigated by De Groot. Regional variation

of diet in the rex sole is suggested by Table 3.

The scope of this study is too limited to permit a detailed discussion

of prey selectivity by the rex sole, but several points are worth mentioning.

Molluscs consumed were predominantly in the Nuculanidae. Most individuals

were only several mm long, suggesting that they had recently settled. Thus

postlarval molluscs and crabs (Fig. 2) seem to be important in the early

summer diet of the rex sole. Table 2 shows that the Onuphidae contributed

most of the polychaetes consumed. Probably most of the unidentified poly-

chaetes that gave the large F, N, V, and IRI values for the Polychaeta were

also Onuphidae. Yet the only species identified from this family was

Onuphis iridescens, which is not a BIT in this area according to Feder et

al. (1976). They reported Onuphis geophiliformis as the only BIT from this

family. With this exception, taxa important in the diet of the rex sole

tend to be important members of the local community.
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Table 1. Station data for rex sole collections in the Gulf of Alaska.
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Table 2. Prey consumed by rex sole for all Gulf of Alaska stations. Data are expressed

as percent frequency of occurrence (F), percent by number (N), percent by

volume (V), and by index of relative importance (IRI). Biologically important

taxa in terms of prey availability are noted by an asterisk under BIT. Mean

predator length in mm (MPL) and mean fullness of stomach in percent (MFS) are

given for each prey taxon consumed.
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Table 2. Continued.
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Table 2. Continued.
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Table 3. Prey consumed by rex sole for each Gulf of Alaska station. Numbers

are expressed as IRI (index of relative importance). Biologically

important taxa in terms of prey availability are noted by an asterisk

under BIT.
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Table 3. Continued.
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Table 3. Continued.
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Paulson 1

ABSTRACT

Prey consumption by the flathead sole, Hippoglossoides elassodon,

is described for the Gulf of Alaska and the Bering Sea. Data are presented

as frequency of prey occurrence (F), percent contribution by volume (V),

percent by number (N), and an index of relative importance (IRI) where

IRI = (N + V)F. In the Gulf of Alaska, the respective dominance of

euphausiids (Thysanoessa spp.) in shallow water, and ophiuroids (Ophiura

sarsi) in deeper water feeding was nearly absolute. Diet was more varied

in the Bering Sea, but also exhibited a shift from chiefly benthic to

nektonic feeding near the 50 m isobath. Prey availability is discussed.
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The flathead sole, Hippoglossoides elassodon, occurs from northern

California to the Bering Sea, at depths ranging from the surface to 550

m. While maximum abundance tends to occur at depths of 91-181 m in the

Gulf of Alaska and 2-90 m in the Bering Sea (Alderdice and Forrester 1974),

geographic and bathymetric migrations have been described with respect

to season and maturity (Hughes 1974). The possibility of flathead sole

rising to the surface at night, and returning to the bottom during the

day was proposed by Cooney (1967).

Limited information on feeding in this species has been reported by

Suyehiro (1934), Smith (1936), and Skalkin (1968). These studies suggested

that the flathead sole feeds on both benthic organisms such as polychaetes,

molluscs, and brittle stars, and nektonic organisms such as fishes and

shrimps. Mineva (1968) found that the flathead sole feeds in winter, unlike

allied species. Miller (1970) discussed changes in the diet of the flathead

sole with size and season in Washington waters. This study describes prey

consumption by the flathead sole in the Gulf of Alaska and the Bering Sea

in terms of four importance criteria. Prey availability is also discussed.

METHODS

Fishes were captured by otter trawl in the Gulf of Alaska from May

through July, 1975. The six Gulf of Alaska stations occupied in this study

are from among those used by the International Pacific Halibut Commission

in their yearly surveys. Five trawls in the Bering Sea were made in

August 1975, October 1975, and May 1976 representing summer, autumn, and

spring respectively. It was impossible to influence when or where any

trawls were made in this study, so collections were opportunistic rather

than according to a particular sampling plan. Abdomens were slit and the
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whole fishes were packed in 10% formalin (per total volume of water and

fish) buffered with 20 grams of hexamethylenetetramine per liter. Upon

return to the lab, 286 specimens were measured for standard length to the

nearest millimeter. Sex and maturity were recorded.

Prey were identified to the most specific taxa permitted by their state

of preservation. Counts were made of all items and volumes were measured

for each taxon to the nearest 0.1 ml. The frequency of prey occurrence (F),

the percent contribution by volume (V), the percent by number (N), and an index

of relative importance (IRT) were calculated for each station and for all

stations combined. The index was developed by Pinkas et al (1971) using the

formula IRI = (N + V)F. It should be noted that values reported for con-

sumption of a prey taxon may be conservative. This is reflected in partially

unidentifiable material being assigned to a higher taxon. For example,

the importance of Euphasiidae (Table 1) is greater than suggested by values

for euphausiids identified to lower taxa.

Stomach fullness and mean predator length for each taxon consumed were

calculated. It was hoped that these last two criteria might illucidate

possible changes in food preference with stomach fullness (i.e. satiation)

or with predator size. The fortran program developed for this study is

highly machine specific for the Honeywell 66/40.

Prey availability information came from Motoda and Minoda (1974),

Feder et al. (1976a,b) and Pereyra et al. (1976). Biologically important

taxa (BIT) in terms of prey availability were determined using the method

of Feder et al (1976a). T o qualify as a BIT, a taxon must be distributed

in 50% or more of total stations sampled, comprise over 10% of population

numbers or biomass at any one station, or satisfy a population density

or biomass criterion. These density and biomass criteria are based upon
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a percentage calculated for each taxon, with the sum of the population

density or biomass of all taxa equally 100 percent. These percentages

are ranked in descending order. The percentages of each taxon are then

summed in descending order until a cut-off point of 50 percent is reached.

BIT by these population density or biomass criteria are those taxa whose

percentages are used to reach the 50 percent cut-off point.

RESULTS

Prey consumption by 247 flathead sole in the Gulf of Alaska is listed

in Table 1. Euphausiids (probably all Thysanoessa spp.) and the brittle

star, Ophiura sarsi, comprise most of the diet of the 139 feeding individuals.

Only 39 flathead sole were collected in the Bering Sea (Table 2). These

limited data suggest that the shrimp Pandalus borealis is the most important

spring prey, while mysids, amphipods, and Ophiura sarsi dominated summer

feeding. Crangonid shrimps and juvenile pollock were the most important

autumn prey in the Bering Sea. Biologically important prey taxa in the

local community are noted in Tables 1 and 2.

DISCUSSION

Diet differences with depth in the Gulf of Alaska are pronounced,

and therefore the importance of the euphausiids in Table 1 may be somewhat

misleading. Five trawls at 66 to 88 m (x = 73 m) yielded 176 flathead

sole. Empty stomachs occurred in 49 percent of these fishes. The index

of relative importance for ophiuroids (IRI = 18,279) far exceeded the

value for euphausiids (IRI = 274) for these five trawls. A single trawl

south of Hinchinbrook Island at 26 m veilded 71 fishes, of which 30 per-

cent had empty stomachs. Here the importance of euphausiids (IRI = 17,854)
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in the diet contrasts with that of the ophiuroids (IRI = 1). The theore-

tically maximum IRI value is 20,000 (given feeding predators have a

particular prey species in every stomach, and this prey comprises 100

percent of the volume and count). Thus the respective dominance of

euphauslids in shallow water, and ophiuroids in the deep water feeding

is nearly absolute.

The flathead sole diet in the Gulf of Alaska differs from that of

a population in East Sound, Orcas Island, a shallow (28 m) embayment in

Washington. Miller (1970) found that mysids comprised most of the diet

(F = 77) followed by shrimps, fishes, clams, and polychaetes. Miller

found 31 percent of the scomachs empty. Feeding intensity of Alaskan

populations was greater in shallow areas (above the 50 m isobath),

as evidenced by the frequency of empty stomachs and the mean fullness of

stomachs. The Flathead sole feeding in shallow water had a mean fullness

of 57 percent while the deeper individuals had a mean fullness of 29

percent. Miller (1970) discussed how predator size, season, and bottom

temperature affected the frequency of empty stomachs in a Washington

population of flathead sole. Size and season do.not account for the

observed frequencies in the Gulf of Alaska population and temperature data

are not available. While feeding by Washington and Alaskan flathead sole

may always he more intense on nektonic organisms, one would expect from

the Van't Hoff rule that the higher metabolic rate induced by warmer

shallow waters would require a higher feeding rate than deeper populations.

Mineva (1968) found that in the Bering Sea, flathead sole fed chiefly

on ophiuroids, followed by shrimps, amphipods, fishes, and molluscs. The

limited sampling of this study tends to support these conclusions.

According to Mineva the flathead sole is caught together with yellowfin
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sole, Alaska plaice and rock sole in the southeast Bering. The present

study suggests a similarity in geographic and depth-related feeding patterns

of the flathead sole with Skalkin's (1968) study of the yellowfin sole.

The flathead sole seems to feed primarily on pink shrimp and fishes from

200 to 100 m, on ophiuroids and pink shrimp just above the 100 m isobath,

on crangonid shrimps, fishes and molluscs below the 50 m isobath, and upon

nekton such as mysids in more shallow waters. Seasonal differences

suggested by Table 2 may simply result from migration-induced changes in

prey availability with depth.

This study suggests that taxa important in the diet of the flathead

sole tend to be important members of the local community. Both benthic and

nektonic prey are consumed. This study plus the data of Mineva (1968) and

Skalkin (1968) suggest a depth-related change from predominantly benthic

to nektonic feeding somewhere around the 50 m isobath.
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TABLE 1. Prey consumed by flathead sole for all Gulf of Alaska stations (n=247).

Data are expressed as percent frequency of occurrence (F), percent by

number (N), percent by volume (V), and by index of relative importance

(IRI). Biologically important taxa in terms of prey availability are

noted by an asterisk under BIT. Mean predator length (MPL) in mm and

mean fulness of stomach in percent (MFS) are given for each prey

taxon consumed.
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TABLE 2. Seasonal prey consumption by flathead sole in the Bering Sea.

Data are expressed as index of relative importance (IRI), and

biologically important taxa in terms of prey availability are

noted by an asterisk under BIT. Probable BIT are noted by a

question mark.
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I. TASK OBJECTIVES

The task objectives of this quarter were specified in our pro-

posal/work statement for fiscal 1977 as updated in quarterly reports:

1. To amplify the 1976 sampling of the Chukchi coast by resampling

at most of the beach stations.

2. To continue subtidal sampling of the Beaufort Sea (shoreline to

5M depth).

3. To establish permanent shore stations and sample repeatedly dur-

ing the season at:

A. Nuvagapak Point in the Beaufort Lagoon region

B. Barter Island

C. Prudhoe Bay

D. Colville River delta

E. Point Barrow

F. Wainwright

G. Cape Thompson

H. Cape Krusenstern

I. Kotzebue Sound at Arctic Circle

J. Wales (Cape Prince of Wales)

4. To establish permanent salt marsh experimental plots at Prudhoe

Bay (mouth of Putuligayak River) and on the Baldwin Peninsula

(Arctic Circle landing strip) and initiate measurements of pro-

ductivity, grazing rates and recovery from various perturbations.

5. To initiate experiments designed to help elucidate:

A. The contributions to the shallow water ecosystem of land-

originated aetritus (peat);

B. The food web and energy pathways in the littoral zone.
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II. FIELD OR LABORATORY ACTIVITIES

A. Ship or field trip schedule:

1. June 23 to August 19, 1977: Repetitive sampling of perman-

ent shore stations at Wales, Arctic Circle Landing strip,

Cape Krusenstern and Cape Thompson: seven stations sampled

three times each. Investigators: Clayton, Basabe

2. July 3 to August 29, 1977: Sampling of Chukchi Sea shore

stations at Shishmarif (4 stations); Cape Espenberg (2 sta-

tions); south shore of Kotzebue Sound and Eschscholtz Bay

(4 stations); Baldwin Peninsula (1 station);Hathom Inlet

(3 stations); Kivalina (1 station); Point Hope (2 stations);

Cape Lisburne (1 station); Icy Cape (4 stations); and Peard

Bay (5 stations). Investigators: Benedict, Henderson, Spawn.

3. August 2 to 26, 1977: Benthic, epibenthic and plankton sam-

pling of 36 stations comprising 17 transects of the littoral

zone (shoreline to 10M depth) between Point Barrow and Tap-

kaurak Entrance in the Beaufort Sea aboard R/V ALUMIAK (NARL,

OCS chartered). Investigators: Cordell, Broad.

4. July 7 to August 26, 1977: Repetitive sampling of permanent

shore stations at Wainwright (2 stations) and Barrow (2 sta-

tions) and establishment of lagoon stations in Wainwright

Inlet and the Kuk River (6 stations). Investigators: Stiefel,

Koch, Fonda.

5. July 11 to September 6, 1977: Repetitive sampling of shore

stations at Colville River delta (1 station); Prudhoe Bay (1

station); Barter Island (2 stations); and Nuvagapak Point (2
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stations)and establishment of lagoon or estuarine transects

at the Colville River mouth (6 stations); Putuligayak River

mouth (2 stations); and Beaufort Lagoon (3 stations).

Investigators: Dunton, Maier.

6. June 17 to September 4, 1977. A study of salt marsh ecology,

productivity, and recovery from various perturbations at

Prudhoe Bay (mouth of Putuligayak River) and on the Baldwin

Peninsula (Arctic Circle landing strip). Investigators:

Mason, Kiera.

7. July 5 to September 7, 1977. Observations and experiments

of: feeding of amphipods and other invertebrates; and the

role of peat (of terrestreal origin) as a nutritional source.

Investigators: Schneider, Koch, Fonda, Stiefel.

8. July 1 to August 15, 1977. Verification of beach plant

identifications and ecological data, Beaufort and Chukchi

shore stations. Investigator: Taylor.

9. August 1 to 31, 1977. Macroalgae of the Alaskan Arctic

littoral region. Investigator: Dube.

B. Scientific Party:

1. Principal Investigator

A. C. Broad - July 1 to September 15

2. Associate Investigators:

Maurice A. Dube, August 1-31

Richard W. Fonda, July 1 - August 31

David T. Mason, July 1 - August 31

David E. Schneider, July 1 - August 31

Ronald J. Taylor, July 15 - August 31
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3. Research Aide II (all July 1 to September 15)

Alice B. Benedict

Jeffery R. Cordell

Cheryl Clayton

Ken Dunton

4. Research Aide I (all July 1 to September 15)

Felix A. Basabe

Richard Henderson

Eileen Kiera (plus June 15 to 30)

Bob Maier

Raymond Steifel

5. Computer Programmer

Gregg M. Petrie - hourly wages

6. Laboratory Supervisor

Helmut Koch, July 1 to September 30

7. Laboratory Assistants (all hourly wages)

Mark Childers

James Hanes

Scott Hansen

Wendy Pounds

Carl Wheeler

Marijean Winchell

C. Methods

1. The methods employed in all shore stations were essentially

those given on page 5 of the current work statement/proposal

for fiscal 1977 and in recent annual reports. In addition

to the Ekman grab for benthos sampling, which is ineffective

in gravel, a hand-operated scoop of the same dimensions was

devised. In a few instances, a Ponar grab of the same size

as the hand-operated Ekman was used in deeper stations.
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2. For subtidal benthic sampling from R/V ALUMIAK, a 0.1M
2

Smith-McIntyre grab was used instead of the VanVenn or

Ekman suggested in the work statement.

3. Methods employed in the salt marsh ecology study include

introduction of crude oil, sand overlay, light attenuation,

nitrate and phosphate applications, artificial grazing, salt

stress, selective transplants, peat overlays and other per-

turbations. The study has been a measurement of the strain

induced in the community by these stresses and includes

cover, plant heights, and biomass measurements and descrip-

tive indices (watershed, physiography, profiles, soil salin-

ities, general biologic relationships, wind and temperature

profiles). These methods will be amplified in subsequent

reports.

4. Laboratory and field experiments on the feeding of amphipods

and the introduction of peat into littoral zone food webs

included examination of gut contents and fecal pellets of

common amphipods and some other animals (15 species), feed-

ing experiments in which various foods were offered to ani-

mals of the littoral zone (8 species), choice experiments,

experiments designed to test reduction of size of peat par-

ticles by animals (5 species), a growth experiment (using

Gammarus setosa), a field experiment to verify the roles of

Gammarus and Onisimus in the breakdown of peat under natural

conditions, and observations on respiration of peat (includ-

ing contained microorganisms). These methods will be ampli-

fied in subsequent reports.
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5. The method verification of beach plant data and for arctic

macroalgae was simply to put experts in the field.

6. Methods of laboratory analyses of samples have been dealt

with in previous reports.

D. Sample Localities/Ship Tracklines

1. Shore stations (beach transects): the general locations of

beach transects are given above (items IIA1, IIA2, IIA4, and

IIA5).

2. Deeper benthic stations: The 17 transects of the Beaufort

sea littoral zone and the depths of the stations on each

transect are given below:

stations
Transect Location (depth in meters)

Point Barrow 2, 6, 10

Cooper Island 2, 5, 10

Cape Simpson (DEWline site) 5, 10

Smith Bay (Ikpikpuk River) 5, 10

Pitt Point (Lonely) 3, 5, 10

Cape Halkett 2, 5, 10

Kogru River 2, 5, 10

Colville River 2, 5, 10

Pingok Island 5, 10

Prudhoe Bay (west) 2, 5, 10

Heald Point 2, 5, 10

Foggy Island Bay 2, 5, 9

Flaxman Island 3, 5, 10

Simpson Cove 5, 10

Hulahula River 5, 10

Barter Island 5, 10

Tapkaurak Entrance 3.5, 10
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3. The salt marsh ecology study was based in marshes in the

mouth of the Putuligayak River (at Prudhoe Bay) and at Arctic

Circle Landing Strip (Baldwin Peninsula south of Kotzebue).

E. Data Collected or Analyzed

1. Number and types of samples:

a. sediment samples (for particle size analysis) 214

b. benthos samples 1,230

c. epibenthos samples 196

d. plankton samples 185

e. other, biological samples 215

f. plant voucher samples not counted

2. Sorting of 1976 samples was completed and lab analysis of

1977 samples begun.

F. Milestone Chart Update

1. Unanticipated taxonimic problems (possible undescribed spe-

cies) have delayed reporting 1976 field season data. It is

anticipated that these data can be reported (possibly with

only generic identification of some species) this quarter.

III. RESULTS

Except as indicated above (item IIA), none reported.

IV. PRELIMINARY INTERPRETATION OF RESULTS

None given.
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V. PROBLEMS ENCOUNTERED

1. There were mechanical problems that caused delays in the schedule

and sampling program of R/V ALUMIAK. These delays combined with

near shore drift ice in the eastern Beaufort Sea prevented our

sampling transects at Nuvagapak Entrance and Demarcation Bay.

2. An experiment (field experiments to verify the role of Gammarus

and Onisimus in the breakdown of peat) was destroyed by a storm.

3. Adverse weather and uncertainty over relationships with native

people late in the summer resulted as a decision not to complete

the final sampling of shore stations at Wainwright.

VI. ESTIMATE OF FUNDS EXPENDED (September 15, 1977)

amount amount amount
budgeted spent remaining

Salary, P.I. $ 25,000 $ 27,021 $-2,021
Salaries, Associates 56,000 49,512 6,488

Salaries, other 90,000 92,598 -2,598

Fringe 18,000 19,337 -1,337

Travel & Freight 30,500 29,695 805

Chukchi logistics 78,611 39,440 39,171

Supplies 6,000 7,337 -1,337

Equipment 15,765 5,548 10,217

Computer Costs 5,800 3,441 2,359

Overhead 68,000 45,408 22,592

$393,676 $319,337 $74,339
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I. Abstract - Highlights

This quarter was spent preparing for and going on the USCGC Glacier
food web cruise in the Chukchi and Beaufort seas.

II. Task Objectives

The objectives of this study are to assess the density distribution
and environmental requirements of zooplankton and ichthyoplankton in an
array of samples of opportunity, and to make index measurements of phyto-
plankton activity.

III. Field or Laboratory Activities

A. Ship schedule

1. 01 Aug to 07 Sep 1977

2. USCGC Glacier

B. Scientific party

1. Rita A. Horner, Principal Investigator

2. Thomas Kaperak, Assistant Oceanographer

C. Methods - Field Sampling

Zooplankton were collected with bongo nets having a mouth size of
333 and 505 µm. The net was lowered at 40 m per min to a depth approximately
10 m from the bottom at shallow stations or to 200 m at deep stations,
allowed to soak for 30 sec, and then hauled to the surface at 20 m per min.
A 2 m English umbrella net with a mesh size of 571 pm was used when we were
in heavy concentrations of ice or when the ship was stopped on station for
long periods of time. This net, designed to fall open after it is in the
water beneath the ice, was lowered to a depth near the bottom and then
vertically hauled to the surface. The net was closed approximately 1 m
below the surface by dropping a messenger.

Acoustic surveys for layers of plankton were made with a Ross 200A
Fine Line echo sounder system operated at a frequence of 105 kHz. A 10°

transducer mounted in a 0.6 m V-fin depressor was lowered over the side

when the ship was stopped on station.

Phytoplankton for standing stbck, chlorophyll, and primary productivity

measurements were collected with 5 l Niskin bottles. Salinity was measured

on water collected by the Niskin bottle.

Temperature was measured with reversing thermometers. Water transpar-

ency was measured with a Secchi disc.
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Table 1. Station locations, USCGC Glacier, 01 Aug to 07 Sep 1977.
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Table 3. Summary of station locations, sampling depths, temperature and salinity data, Secchi discdepths, and ice cover for USCGC Glacier cruise, 01 Aug to 06 Sep 1977.



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



Table 3. (continued)



VIII. Estimate of Funds Expended

Salaries and Wages $4500.00
Miscellaneous Supplies 500.00
Shipping 1000.00
Travel 900.00

Total $6900.00
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PI QUARTERLY PROGRESS REPORT

Reporting Period: 1 July - 30 September 1977

Project Title: Ichthyoplankton of the eastern Bering Sea (RU-380)

I. Abstract

Ichthyoplankton sorted from plankton samples collected during MILLER FREEMAN
Cruise RP-4-MF-77B Legs V and VI was received and larvae from the .505 mm
mesh bongo samples and from a portion of the neuston samples have been ident-
ified.

II. Objectives
Collect and analyze ichthyoplankton samples from a portion of the eastern
Bering Sea during the spring of 1976 (completed) and 1977 (in progress).

III. Field or Laboratory Activities
A. Ship or Field Trip Schedules

None

B. Scientific Party
Kenneth D. Waldron NMFS Co-Principal Investigator (part-time)
Beverly M. Vinter NMFS Ichthyoplankton specialist (part-time)
Donald M. Fisk NMFS Technician (part-time)

C. Methods
Ichthyoplankton was removed from the general plankton under contract with

the Ecological Services Division of Texas Instruments, Inc., of Dallas, Texas.

Fish larvae were identified by microscopic examination and standard
procedures used in larval fish taxonomy.

D. Sample Collection Localities
No samples were collected during the quarter.

E. Data Collected and/or Analyzed
1. Number of samples examined:

.505 mm mesh bongo samples 134
Neuston samples 66

2. Number and type of analyses:
Larval specimens identified (bongo samples) 9,694
Larval specimens identified (neuston samples) 2,959

3. Flowmeters used during the survey were recalibrated at the Corps of
Engineers Division Hydraulics Laboratory, Bonneville, Oregon.

IV. Results

Collections made with the .505 mm mesh, 60 cm bongo nets contained 9,694
fish larvae in 134 samples, an average of 71 larvae per sample (range 0-844);
only 5 samples did not contain fish larvae. Samples collected during the same
months of 1976 contained only 42 fish larvae per sample (range 0-202). Exam-
ination of catches of the neuston net has not been completed, but the average
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catch appears to be greater than for similar samples collected during 1976.

Walleye pollock larvae (Theragra chalcogramma) made up 83% of the bongo catch;

only 2/o have not yet been identified to at least the family level (most of

these are badly damaged specimens), and the remaining 15% were divided among

24 taxa (species, genus, or family) (Table 1). The 1977 collections included

all taxa present in the 1976 collections, plus an additional 5 taxa (those

marked with an asterisk in Table 1) represented by a few specimens.

Numbers and distribution of pollock larvae in April-May 1977 differed from

1976. Standardized maximum number (No./10 m
2 ) caught during the 1976 survey

was 881 larvae at a single station, while in the 1977 survey maximum number

in a single sample was 5,751 larvae, and 13 samples contained more than 1,000

pollock larvae per 10 m2.

During the 1977 survey, samples were collected more than once at a number off

stations -- with 24 stations occupied 3 times, and 39 stations occupied 2 times

within a one month period, 16 April - 15 May 1977. We will thus be able to

ascertain some indication of short-term variability in catches of fish eggs

and fish larvae. Figure 1 shows the difference in abundance of walleye pollock

larvae (.505 mm mesh bongo samples) at 39 stations for two periods, 19-26

April and 3-15 May 1977. In the relatively short interval between the two

sampling periods, average abundance declined from 727 pollock larvae/station

to 245 pollock larvae/station, and centers of high abundance observed during

the first period were not apparent during the second period.

Fish eggs collected during the survey have not yet been identified and enum-

erated. Cursory examination of the 1977 samples indicates that the distribution

of eggs will not be the same as that of larvae, and centers of abundance may

be expected to differ from those of larvae.

V. Preliminary Interpretation of Results

None

VI. Auxiliary Material
A. Bibliography of References.

None

B. Papers in Preparation or in Print
Waldron, Kenneth D. Ichthyoplankton of the eastern Bering Sea, April-

May 1976. Journal: NMFS Special Report, Status of the Environment, 1976

(manuscript).

C. Oral Presentations
None

VII. Problems Encountered and Recommended Changes
Lack of adequate published descriptions has made it difficult to identify

certain groups of larvae, especially those in the families Agonidae, Bathy-

masteridae, Cottidae, Cyclopteridae, Hexagrammidae, Pholidae, and Stichaeidae.

Taxonomic status of the Bering Sea members of some of these groups is uncertain

and adequate descriptions of adults are lacking in many instances. One solu-

tion to this problem would be funding of specific systematic and taxonomic

studies by OCSEAP or NM'S. 258



Table 1.-Larval fish identified in samples collected with, a .505 mm mesh bongo
net, Miller Freeman Cruise RP-4-MF77R, Legs V & VI, eastern Bering
Sea, 16 April-15 May 1977.

VIII. Estimate of Funds Expended
Total for the FY 1977 $50,000.
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Figure 1. Distribution cf larvae of walleye pollcck (Theragra chalcogramma), as No./10 m2, during two
sampling periods, (A) 19 - 26 April 1977, and (3) 3 - 15 May 1977. Cruise RP-4-MF773. (RU-380)
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QUARTERLY REPORT

I. Task Objectives

The main purpose of the study is to describe some of the important features

of the principal intertidal and nearshore assemblages in lower Cook Inlet.

The overall objectives are to obtain information on patterns of trophic

dynamics and succession, and to develop preliminary estimates of primary

and secondary production in the assemblages examined. Considerable effort

is being placed in obtaining biomass and production estimates for the algai

assemblages in the rocky intertidal and subtidal region on the south side

of Kachemak Bay.

II. Field and Laboratory Activities

A. Ship or Field Trip Schedule

1. 29, 30 June - Gull Island via Dames & Moore vessel, Sea Star.

2. 2, 3 July - Seldovia Point rocky beach via charter aircraft

and inflatable boat.

3. 12, 15, 22, 25 July - Jakolof Bay dive study via Dames & Moore

vessel, Sea Star.

4. 28 July - Homer Spit via personal car.

5. 29 July - Deep Creek sand beach via personal car.

6. 30 July - Chinitna Bay mudflat via chartered aircraft.

7. 31 July - Douglas River beach via chartered aircraft.

8. 4, 5 August - Seldovia Point dive study via Dames & Moore vessel,

Sea Star.
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9. 18 August - Jakolof Bay dive study via Dames & Moore vessel,

Sea Star.

10. 27, 30 August - Gull Island via Dames & Moore vessel, Sea Star.

11. 28, 29 August - Seldovia Point rocky beach via Dames & Moore

vessel, Sea Star.

12. 13 September - Seldovia Point subtidal survey via Dames & Moore

vessel, Sea Star.

B. Scientific Party

1. Deborah Boettcher, Dames & Moore, Assistant Biologist

2. William Driskell, Dames & Moore, Assistant Biologist

3. Dr. Jonathan Houghton, Dames & Moore Project Marine Biologist

4. Dennis Lees, Dames & Moore, Project Manager

5. Richard Rosenthal, Alaska Coastal Research, Consulting Biologist

C. Methods

1. Field sampling

a. Soft Substrates

(1) A profile of beach elevations is established.

(2) A stratified random sample design is being utilized.

(3) Ten cores 10 cm in diameter and about 30 cm long are

collected randomly at each of at least four levels of

the beach below MLLW.

(4) Samples are individually bagged and'labeled.
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(5) After sample collection is completed (about one hour),

the fresh samples are screened in seawater through a

1 mm sieve to remove the sand. The sample remaining in

the screen is rebagged with its label and fixed with a

10% formaldehyde-seawater solution.

b. Rock Substrates

(1) A stratified sampling design is being used.

(2) Levels being occupied at Seldovia Point are about +8

ft., +2 ft., MLLW, -1 ft., -30 ft., -40 ft. and -60 ft.

elevations.

(3) Levels being occupied at Gull Island are about +12 ft.,

+5 ft., MLLW and -1 ft. elevations.

(4) Ten 1/4 m2 quadrats are placed randomly at each level;

within each quadrat the number and/or relative cover of

each plant taxon are recorded and all plants attached

within the frame are removed and bagged. Additionally, the

number and/or relative cover of conspicuous invertebrates

and fish are recorded.

(5) Additional quadrats (from 1/16 m to 25 m2) are utilized

at each level to obtain better estimates of density and

cover for the plants and animals in the study area.

(6) Feeding observations are recorded.

(7) Samples of many invertebrates are collected to establish

size distributions.
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(8) At Jakolof Bay, individual plants of Laminaria

groenlandica, Agarum cribrosum and Alaria fistulosa

were tagged, measured and marked in such a manner as to

allow the determination of growth rates.

2. Laboratory Procedures

a. Soft Substrates

(1) In the laboratory, the samples are sorted and the organ-

isms identified to the lowest practical taxon and counted.

(2) Aggregate drained wet weights are measured for each spe-

cies, where practical, or for major taxa.

(3) Representative specimens are sent to taxonomic specialists

for identification or verification.

b. Rock Substrates

(1) Plant samples from each level are handled and recorded

individually.

(2) Drained wet weight and length are measured for each lam-

inarian; aggregate drained wet weights are measured for all

other algae.

(3) Sizes are measured for various invertebrate species to

establish size distributions.

(4) Fish and selected invertebrate species are observed or

dissected in order to determine food habits and develop

food webs.
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D. Sample Localities

1. Soft Substrates

a. Deep Creek - 1½ mi. south of beach access at beach park

(Figure 1); transect based on very large triangular boulder

at base of cliff;

b. Homer Spit - 2½ mi. south of Kachemak Drive, off beach access

ramp on west side of.spit (Figure 1);

c. Glacier Spit - at Byer's home site, on the north side of Chi-

nitna Bay (Figure 1); transect based on a solitary intertidal

boulder clump near MLLW.

2. Rock Substrates

a. Gull Island, in Kachemak Bay - Gorilla Rock at west end of

island (Figure 1);

b. Jakolof Bay, in Kachemak Bay - on the reef at the mouth of

Jakolof Bay, under the overhead high tension wires (Figure 1);

c. Seldovia Point, in Kachemak Bay - directly at the point; tran-

sect based on a very large boulder, marked by a pointed arrow,

at the base of the cliff (Figure 1).

E. Data Collected or Analyzed

1. Soft Substrates (7-28-77)

a. Homer Spit

(1) Beach profile

(2) Forty core samples - sorted and identified

b. Deep Creek (7-29-77)

(1) Beach profile
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(2) Forty core samples - sorted and identified

(3) Size distribution for four species

c. Chinitna Bay - Glacier Spit (7-30-77)

(1) Forty core samples collected

(2) 1/16 m2 quadrats for density and dominant invertebrate - 100

d. Douglas River (7-31-77)

(1) Reconnaissance survey

2. Rock Substrate

a. Gull Island (6-29-77 and 6-30-77)

(1) 1/4 m2 quadrats for plant cover, density and biomass - 26

(2) 1/4 m2 quadrats for cover and density of plants and

invertebrates - 6

(3) Feeding observations - 2

(4) Size distribution for two species

b. Seldovia Point intertidal survey (7-2-77 and 7-3-77)

(1) 1/4 m2 quadrats for plant cover, density and biomass - 39

(2) 1/4 m2 quadrats for cover and density of plants and

invertebrates - 2

(3) Beach profile

(4) Feeding observations - 2

(5) Size distribution for four species

(6) Reproductive status for one species
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c. Jakolof Bay Subtidal Studies (7-12, 15, 22, 25-77)

(1) Large quadrats for plants and large invertebrates:

0.5 x 28m - 1

0.5 x 30m - 8

(2) 1/4 m2 quadrats for plant density, cover and biomass -

9 + 7 - 16

(3) Tagged plants measured:

Agarum cribrosum - 6

Alaria fistulosa - 9

Laminaria groenlandica - 13

Nereocystis luetkeana - 6

(4) Feeding observations - 35

(5) Size distribution for six species

d. Seldovia Point Subtidal Survey (8-4-77 and 8-5-77)

(1) Large quadrats for plants and large invertebrates

0.5 x 12m - 1

0.5 x 25m - 5

1.0 x 25m - 2

(2) 1/4 m2 quadrats for plant cover, density and biomass - 30

(3) 1/4 m2 quadrats for cover and density of dominant plants and

animals - 4

(4) Feeding observations - 1

(5) Size distribution for three species
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e. Jakolof Bay Subtidal Studies (8-18-77)

(1) Tagged plants measured:

Laminaria groenlandica - 10

(2) Feeding observations - 8

(3) Size distribution for one species

f. Gull Island (8-27-77 and 8-30-77)

(1) 1/4 m2 quadrats for plant cover, density and biomass - 25

(2) Feeding observations - 1

(3) Size distribution for two species

g. Seldovia Point Intertidal Survey (8-28-77 and 8-29-77)

(1) 1/4 m2 quadrats for plant cover, density and biomass - 39

(2) Feeding observations - 5

(3) Size distribution for three species

h. Seldovia Point Subtidal Survey (9-13-77)

(1) 1/4 m2 quadrats for plant cover, density and biomass - 10

(2) Size distribution for three species

F. Milestone Chart and Data Submission Schedule

The scheduling projected in the milestone chart is being met, with

two exceptions. Submission of data reports and digital data are

lagging because of field schedules, keypunch backlog and delays in

taxonomic assistance. However, the situation is better than at last

reporting. Taxonomic information has become available and a data
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report covering through August is in progress. Completion of that

report is projected for 30 November 1977.

III. Results

A brief data report will be submitted after laboratory analysis is com-

pleted.

IV. Preliminary Interpretation of Results

Plant production was high during the summer at Seldovia Point and Gull

Island, except on the horizontal portion of the bench at Gull Island.

The disappearance of the thatched barnacle Balanus cariosus there re-

sulted in the absence of a usually dense cover of Adaria ?praelonga

that zone. Causes cannot be determined.

The kelp bed at Seldovia Point was well developed this year and included

large numbers of both Nereocystis luetkeana and Alaria fistulosa.

Growth rates for those two species were consistently quite high, but were

decreasing to a low rate through the summer for Laminaria gruenlandica

and Agarum cribrosum.

V. Estimated Funds Expended

$92,000.00
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RECONNAISSANCE OF THE INTERTIDAL AND

SHALLOW SUBTIDAL BIOTIC LOWER COOK INLET

(SUPPLEMENT TO RESEARCH UNIT #417)

WILL BE AVAILABLE AT A LATER DATE.
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I. Task Objective

Our main objective is to conduct a quantitative survey to determine
the seasonal distribution of commercially or ecosystem important species
of ichthyoplankton, crab and shrimp larvae in Lower Cook Inlet, Alaska.

II. Field or Laboratory Activities

A. Ship or Field Trip Schedule

None in this quarter.

B. Scientific Party

None in this quarter.

C. Methods

Ten routine sampling locations were established in the Lower
Cook Inlet region (Figure 1 and Table 1). Seven seasonal cruises were
made from April 1976 through February 1977; bad weather prevented
sampling four stations (Table 2).

Plankton samples were obtained by using open bongo nets in double-
oblique hauls. The diameter of the nets was 60 cm and the mesh sizes
were 333 and 505 µm. The volume of water filtered was estimated as the
product of the area of the net opening and the distance of each haul
measured by a calibrated flow meter in the mouth of each net. The
assumption was implicit that the efficiency of filtration was 100%. If
one flow meter failed, the other meter reading was used; in two instances
when both meters failed, an estimate was made using the duration relative
to other hauls.

The samples were sorted repeatedly to remove fish eggs, fish larvae
and juveniles, shrimps, and crabs. In most cases the entire sample was
examined; subsamples were taken when organisms in a group were relatively
abundant (Table 3). When the first subsample contained too few of the
desired organisms, further subsamples were examined.

The organisms were identified to the lowest practicable taxonomic
category and life history stage. The concentrations of the organisms
were recorded, and reported in data submissions destined for the National
Oceanographic Data Center, as abundance per cubic meter, with a minimum
concentration of 0.001.

The concentrations taken with paired 333 and 505 µm meshes did not
appear to differ as might occur with extrusion of small organisms with
escapement of large organisms (Figure 2). Therefore, the catches of the
paired nets for each haul were combined as the geometric means of the two
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Figure 1. Station locations, Cook Inlet area.
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Table 1. Station Locations
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Table 2. Samples taken at ten locations on seven seasonal cruises

in Lower Cook Inlet, April 1976 through February 1977.
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Table 3. Percentage of sample volume examined for four categories

of organisms.
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Figure 2. Comparison of concentrations between 333 and 505 um
mesh nets
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concentrations. Those mean concentrations per cubic meter were
transformed, based on the depth of each sample, to abundance per 10
square meters for graphical and tabular presentations.

The methods of laboratory analysis are unchanged from earlier
reports.

D. Sample Localities

See Figure 1 and Table 1.

E. Data Analyzed

The number and kinds of net hauls analyzed from the Discoverer
cruise, Leg III, 06-13 April 1976, are reported in Tables 4, 5 and 6.
Thirteen replicate samples were collected by standard MARMAP procedures
using a 60 centimeter bongo net with 333 and 505 µm mesh sizes. Fifteen
samples were collected using a l--m NIO (National Institute of Oceanography)
net with 571 µm mesh. One sample was collected with a Miller net, one
sample with a 3-m NIO net and one sample with a 5 x 6-m NIO. The Miller
net mesh size was 571 pm; the two NIO nets had 2 inch meshes. Samples
were collected at 11 stations, including 2 in the Gulf of Alaska and 1
in Prince William Sound.

The number and kinds of net hauls analyzed from the Discoverer
cruise, Leg V, 05-09 May 1976, are reported in Tables 7 and 8. Twelve
replicate samples were collected by standard MARMAP procedures using a
60 centimeter bongo net with 333 and 505 pm mesh sizes, and one sample
was collected with a 1-m NIO (National Institute of Oceanography) net at
11 stations, including 1 station in the Gulf of Alaska.

The number and kinds of net hauls analyzed from the Discoverer
cruise, Leg VII, 22-30 May 1976, are reported in Tables 9 and 10.
Eighteen replicate samples were collected by standard MARMAP procedures
using a 60 centimeter bongo net with 333 and 505 pm mesh sizes, and one
sample was collected with a 1-m NIO net at twelve stations, including 3
stations in the Gulf of Alaska and one in Prince William Sound.

The number and kinds of net hauls analyzed from the Acona cruise,
Leg III, 08-15 July 1976, are reported in Table 11. Fifteen replicate
samples were collected by standard MARMAP procedures using a 60
centimeter bongo net with 333 and 505 pm mesh sizes at 11 stations,
including 2 stations in the Gulf of Alaska.

The number and kinds of net hauls analyzed from the Surveyor
cruise, Leg II, 24-31 August 1976, are reported in Table 12. Fifteen
replicate samples were collected by standard MARMAP procedures using a
60 centimeter bongo net with 333 and 505 pm mesh sizes at 13 stations,
including 3 stations in the Gulf of Alaska and 1 in Prince William
Sound.
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Table 4. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976

Bongo Tows



Table 5. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976

1-m NIO Tows



Table 6. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976

Miscellaneous Net Tows



Table 7. UW Haul Summary Sheet, Discoverer, Leg V, 05-09 May 1976

Bongo Tows



Table 8. UW Haul Summary Sheet, Discoverer, Leg V, 05-09 May 1976

1-m NIO Tows



Table 9. UW Haul Summary Sheet, Discoverer, Leg VII, 22-30 May 1976

Bongo Tows



Table 9. (continued)



Table 10. UW Haul Summary Sheet, Discoverer, Leg VII, 22-30 May 1976

1-m NIO Tows



Table 11. UW Haul Summary Sheet, Acona, Leg II, 08-15 July 1976

Bongo Tows



Table 12. UW Haul Summary Sheet, Surveyor, Leg II, 24-31 August 1976

Bongo Tows



The number and kinds of net hauls analyzed from the Miller Freeman
cruise, Leg III, 17-29 October 1976, are reported in Table 13. Nine
replicate samples were collected by standard MARMAP procedures using a
60 centimeter bongo net with 333 and 505 µm mesh sizes at 9 stations.

The number and kinds of net hauls analyzed from the Discoverer
cruise, Leg I, 21-26 February 1977, are reported in Table 14. Eighteen
replicate samples were collected by standard MARMAP procedures using a
60 centimeter bongo net with 333 and 505 µm mesh sizes at 11 stations,
including 2 stations in the Gulf of Alaska.

F. Milestone Chart

The Milestone Chart (Table 15) covers the contract period of
this report from October 1976 to October 1977.

III. Results

The summaries of samples analyzed from the Discoverer cruise,
Leg III, 06-13 April 1976,cover the taxonomic categories of fish eggs,
fish larvae, crab and shrimp larvae and adult shrimps (Tables 16-25).
These data are complete and correct and correspond to data cards
(024 DIS001 DISCOVERER III 76/04/06 - 76/04/13 GOA/ICHTHYOPLANKTON).

The summaries of samples analyzed from the Discoverer cruise,
Leg V, 05-09 May 1976, cover the same taxonomic categories (Tables 26-
31). These data are complete and correct and correspond to data cards
(024 DIS002 DISCOVERER V 76/05/05 - 76/05/09 GOA/ICHTHYOPLANKTON).

The summaries of samples analyzed from the Discoverer cruise,
Leg VII, 22-30 May 1976 cover the same taxonomic categories (Tables 32-
37). These data are complete and correct and correspond to data cards
(024 DIS003 DISCOVERER VII 76/05/22 - 76/05/30 GOA/ICHTHYOPLANKTON).

The summaries of samples analyzed from the Acona cruise, Leg II,
08-15 July 1976 cover the same taxonomic categories (Tables 38-42).
Crab larvae were sorted from the 505 µm mesh nets, but not the 333 pm
mesh nets. All other data are complete and correct and correspond to
data cards (024 AC0001 ACONA II 76/07/08 - 76/07/15 GOA/MEROPLANKTON).

The summaries of samples analyzed from the Surveyor cruise,
Leg II, 24-31 August 1976, cover the same taxonomic categories (Tables
43-47). Crab larvae were sorted from the 505 pm mesh nets, but not the
333 µm mesh nets. All other data are complete and correct and
correspond to data cards (024 SUR003 SURVEYOR II 76/08/24 - 76/08/31
GOA/MEROPLANKTON).

The summaries of samples analyzed from the Miller Freeman cruise,
Leg III, 17-29 October 1976, cover the same taxonomic categories
(Tables 48-52). Crab larvae were sorted from the 505 pm mesh nets,
but only one 333 pm mesh net from station 1, haul 1, was sorted.
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Table 13. UW Haul Summary Sheet, Miller Freeman, Leg III, 17-29 October 1976

Bongo Tows



Table 14. UW Haul Summary Sheet, Discoverer, Leg I, 21-26 February 1977

Bongo Tows



Table 15. Milestone Chart



Table 16. Number of Fish Eggs and Larvae at each Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg III, 6-13 April 1976
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Table 16. (continued)
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Table 17. Summary of taxonomic categories of fish eggs, larvae,

young and adults found in Bongo, 1-m, 3-m, and 5 x 6-m

NIO net samples collected on the Lower Cook Inlet
Discoverer cruise, Leg III, 6-13 April 1976
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Table 17. (continued)
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Table 18. List of Possible Fish for Egg Size Categories
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Table 19. Identification of Fish Eggs and Larvae by Station

Cook Inlet Bongo Tows, Discoverer, Leg III, 06-13 April 1976
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Table 19. (continued)



Table 19. (continued)



Table 19. (continued)



Table 19. (continued)



Table 20. Identification of Fish Eggs and Larvae by Station

1-m NIO Tows (571 µm mesh size), Discoverer, Leg III



Table 20. (continued)



Table 20. (continued)



Table 20. (continued)



Table 21. Identification of Fish and Larvae by Station

Gulf of Alaska Miscellaneous Net Tows, Discoverer, Leg III



Table 22. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in bongo, 1-m, 3-m, and
5 x 6-m NIO net samples collected on the Lower Cook Inlet
Discoverer cruise, Leg III, 6-13 April 1976
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Table 23. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg III, 06-13 April 1976



Table 23. (continued)



Table 23. (continued)



Table 23. (continued)



Table 24. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet 1-m NIO Net Tows
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Table 25. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Misc. Net Tows



Table 26. Number of fish eggs and larvae at each station

Lower Cook Inlet, Discoverer, Leg V, 05-09 May 1976
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Table 27. Summary of taxonomic categories of fish eggs, larvae,
young and adults found in Bongo and l-m NIO net samples
collected on Lower Cook Inlet, Discoverer cruise, Leg V,
05-09 May 1976.
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Table 27. (continued)
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Table 28. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg V, 05-09 May 1976



Table 28. (continued)
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Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 29. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet 1-m NIO Tows, Discoverer, Leg V, 05-09 May 1976



Table 30. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in bongo and 1-m NIO net

samples collected on the Lower Cook Inlet Discoverer cruise,
Leg V, 05-09 May 1976.
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Table 31. Identification of Crab and Shrimp Larvae by Station

Lower Cook Inlet Bongo and 1-m NIO Net Tows, Discoverer, Leg V, 05-09 May 1976
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Table 31. (continued)



Table 31. (continued)



Table 31. (continued)
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Table 31. (continued)



Table 32. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Discoverer, Leg VII, 22-30 May 1976
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Table 32. (continued)
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Table 33. Summary of taxonomic categories of fish eggs, larvae,
young, and adults found in Bongo net samples and 1-m NIO
net sample collected in Lower Cook Inlet and Prince
William Sound, Discoverer cruise, Leg VII, 22-30 May 1976.
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Table 33. (continued)
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Table 34. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg VII, 22-30 May 1976
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Table 34. (continued)



Table 34. (continued)



Table 34. (continued)



Table 34. (continued)



Table 34. (continued)



Table 34. (continued)



Table 34. (continued)



Table 35. Identification of Fish Eggs and Larvae by Station

1-m NIO Tow, Discoverer, Leg VII, 22-30 May 1976



Table 36. Summary of taxonomic categories of connerciall y important

crab and shrimp larvae found in bongo and 1-m net samples

collected on the Lower Cook Inlet Discoverer cruise, Leg
VII, 22-30 May 1976,
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Table 37. Identification of Crab and Shrimp Larvae by Station

Lower Cook Inlet Bongo and 1-m NIO Net Tows, Discoverer, Leg VII, 22-30 May 1976
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Table 37. (continued)



Table 37. (continued)
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Table 38. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Acona, Leg II, 08-15 July 1976

401



Table 39. Summary of taxonomic categories of fish eggs, larvae, young

and adults found in bongo net samples collected on Lower

Cook Inlet, Acona Cruise, Leg II, 08-15 July 1976.
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Table 39. (continued)
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Table 40. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Acona, Leg II, 08-15 July 1976



Table 40. (continued)



Table 40. (continued)



Table 40. (continued)
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Table 40. (continued)



Table 40. (continued)
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Tab le 4 1. Summary of taxonomic categories of commercialy important

crab and shrimp larvae found in bongo net samples collected
on the Lower Cook Inlet, Acona cruise, Leg II, 8-15 July, 1977.
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Table 41. (continued)
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Table 42. Identification of crab and shrimp larvae by station

Lower Cook Inlet bongo net tows, Acona, Leg II, 8-15 July 1976
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Table 42. (continued)



Table 42. (continued)
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Table 42. (continued)
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Table 42. (continued)



Table 43. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Surveyor, Leg II, 24-31 August 1976
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Table 44. Summary of taxonomic categories of fish eggs, larvae,
young and adults found in bongo net samples collected
on Lower Cook Inlet, Surveyor cruise, Leg II, 24-31 August 1976.
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Table 44. (continued)
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Table 45. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Surveyor, Leg II, 24-31 August 1976
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Table 46. Summary of taxonomic categories of commercially important

crab and shrimp larvae found in bongo net samples collected

on the Lower Cook. Inlet, Surveyor cruise, Leg II, 24-31

August 1976
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Table 47. Identification of crab and shrimp larvae by station

Lower Cook Inlet bongo net tows, Surveyor, Leg II, 24-31 August 1976
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Table 48 . Number of Fish Eggs and Larvae at each Station

Lower Cook Inlet Bongo Tows, Miller Freeman, Leg III

17-29 October 1976
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Table 49. Summary of taxonomic categories of fish eggs, larvae,
young and adults found in bongo net samples collected
on Lower Cook Inlet, Miller Freeman cruise, Leg III,
17-29 October 1976.
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Table 50. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Miller Freeman, Leg III, 17-29 October 1976
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Table 51. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in bongo net samp les collected
on the Lower Cook Inlet, Miller Freeman cruise, Leg III,
17-29 October 1976
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Table 52. Identification of crab and shrimp larvae by station

Lower Cock Inlet bongo net tows, Miller Freeman, Leg III, 17-29 October 1976
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All other data are complete and correct and correspond to data cards
(024 MFR001 M. FREEMAN III 76/10/17 - 76/10/29 LCI/MEROPLANKTON).

The summaries of samples analyzed from the Discoverer cruise,
Leg I, 21-26 February 1977, cover the same taxonomic categories
(Tables 53-57). Crab larvae were sorted from the 505 µm mesh nets,
but not the 333 um mesh nets. All other data are complete and correct
and correspond to data cards (024 DIS004 DISCOVERER I 77/02/21 -
77/02/26 LCI/MEROPLANKTON).

Many species of fishes, shrimps, and crabs of commercial, sport,
and ecosystem importance were identified from the bongo net samples on
seven seasonal cruises in the Lower Cook Inlet region (Tables 58, 59,
and 60). In some cases the early life history stages could not be
identified to species reliably and have, therefore, been reported in
more inclusive categories. The more abundant and important categories
were selected for further analysis (Tables 61, 62, 63, and 64).

The seasonal quantitative density distributions of early life
history stages of the selected categories are presented, as abundance
per 10 square meters, on maps of the Lower Cook Inlet region (Figures 3
to 106).

The planktonic fish eggs are considered in four nominal size
categories based on the diameter of the chorion: less than 1 mm, about
1 mm, about 2 mm, and about 3 mm (Table 18).

The fish eggs in the category less than 1 mm are between 0.74 and
0.88 mm in diameter. The fish eggs in this category are probably
Limanda aspera, the yellowfin sole. The fish eggs in this category were
caught from May through August (Figure 3). These fish eggs were most
abundant in the July samples near Kachemak Bay and Kamishak Bay.

The fish eggs in the category about 1 mm are between 0.90 and
1.28 mm in diameter. The fish eggs in this category are probably a
complex of four fishes: Isopsetta isolepis, the butter sole; Parophrys
vetulus, the English sole; Platichthys stellatus, the starry founder;
and Psettichthys melanostictus, the sand sole. The fish eggs in this
category were caught from April through August (Figure 4). These fish
eggs were most abundant in the May samples near Kachemak Bay and
Kamishak Bay.

The fish eggs in the category about 2 mm are between 1.30 and 2.54
mm in diameter. The fish eggs in this category are probably Theragra
chalcogramma, the walleye pollock, and three flatfishes, Atheresthes
stomias, the arrowtooth flounder, Glyptocephalus zachirus, the rex sole,
and Lyopsetta exilis, the slender sole. The fish eggs in this category
were caught from April through August (Figure 5). These fish eggs were
most abundant in the May samples at scattered locations in the Lower Cook
Inlet region.
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Table 53. Number of Fish Eggs and Larvae at each Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg I

21-26 February 1977
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Table 53. (continued)
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Table 54. Summary of taxonomic categories of fish eggs, larvae,
young and adults found in bongo net samples collected
on Lower Cook Inlet, Discoverer cruise, Leg I, 21-26
February 1977.
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Table 55. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg I, 21-26 February 1977
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Table 56. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in bongo net samples collected
on the Lower Cook Inlet, Discoverer Cruise, Leg I, 21-26
February 1.977
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Table 57. Identification of crab and shrimp larvae by station

Lower Cook Inlet bongo net tows, Discoverer, Leg I, 21-26 February 1977
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Table 58. Fishes collected in the Lower Cook Inlet region, April
1976 through February 1977.
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Table 58. (continued)
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Table 59. Pandalid shrimp collected in the Lower Cook Inlet region,
April 1976 through February 1977.
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Table 60. Commercially important species of crab larvae collected

in Lower Cook Inlet region, April 1976 through February

1977.

486



Table 61.

FISH EGGS/10 SQ M
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Table 61 (continued).

CONTINUATION-FISH EGGS/10 SQ M
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Table 62.
HIPPOGLOSSOIDES SP./10 SC M
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Table 62 (continued).

CONTINUATIoN-GADIDAE/10 SCO
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Table 62 (continued).

CONTINUATION-OSMERIDAE/10 SG M
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Table 62 (continued).

CLUPEA HARENGUS PALLAST/10 SQ M
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Table 62 (continued).

CONTINUATION-AMMODYT[S HEXAPTERUS/10 SC M
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Table 63.

ANDMURA/10 SQ M
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Table 63 (continued).

CONTINUATION-BRACHYURA/10 SQ M
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Table 63 (continued).

CONTINUATION-PARALTIPODES CAMTSCHATICA/10 SQ M
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Table 63 (continued).

PARALITHODES PLATYPUS/10 SC M
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Table 63 (continued).

CONTINUATION-PARALITPODES PLATYPUS/10 SQ M
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Table 63 (continued).

CONTINUATION-CANCER MAG I STER/10 SQ M
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Table 63 (continued).
CANCER OREGONENSIS/10 SQ M
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Table 63 (continued).

CONTINUAT1UN-CANCER OREGONENSIS/ 10 SQ M
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Table 63 (continued).

CONTINUATION-CANCER PROJUCTUS/10 S M
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Table 63 (continued).

CONTINUATION-CANCER PRODUCTUs / 10 S M
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Table 63 (continued).

CHIONDECETES SP,/10 SQ M
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Table 64.

PANDALOPSIS DISPAR/10 SQ M
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Table 64 (continued).

CONTINUATION-PANGALOPSIS DISPAR/10 SQ M
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Table 64 (continued).

CONTINUATION-PANCATES BOREALIS/10 SQ M
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Table 64 (continued).
CONTINUATION-PANDALUS BOPEALIS/10 SQ M
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Table 64 (continued).

PANDALLS DAMAE/10 SQ M
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Table 64 (continued).

CONTINUATION-PANDALUS DAMAE /10 SQ M
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Table 64 (continued).

PANDALUS GENIURES/10 SQ M
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Table 64 (continued).

CONTINUATION-PANDALES GONIURUS/10 SC M
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Table 64 (continued).

PANDALUS HYPSINGIUS/10 SQ M
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Table 64 (continued).

CONTINUATION-PANDALUS HYPSINOTUS/10 SC M
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Table 64 (continued).

PANDALUS PLATYCEkOS/l0 SQ M
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Table 64 (continued).
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Table 64 (continued).

Figures 3 - 106. Seasonal quantitative density

distributions of early life history stages.

Relative abundance of organisms of commercial, sport, and

ecosystem importance from under 10 in2 surface area taken at

10 stations on 7 cruises in the Lower Cook Inlet region.
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Figure 3.
FISH EGGS

<IMM DIRM/10 SQ M
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FISH EGGS
Figure 4. ~1MM DIAM/10 SQ M
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FISH EGGS
Figure 5. ~2MM DIRM/10 SQ M
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FISH EGGS
Figure 6. ~ 3MM DIRM/10 SQ M
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RMMODYTES HEXRPTERUS
Figure 7. LRRVR/10 SQ M
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RMMODYTES HEXAPTERUS
Figure 8. JUVENILE/10 SQ M
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CLUPER HARENGUS PALLASI
Figure 9. LARVA/10 SO M
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CLUPER HARENGUS PRLLRSI
Figure 10. JUVENILE/10 SQ M
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GADIDAE
Figure 11. LRRVR/10 SO M
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GRDIDRE
Figure 12. JUVENILE/10 SQ M
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HIPPOGLOSSOIDES SP.
Figure 13. LRRVR/10 SQ M
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HIPPOGLOSSOIDES SP.
Figure 14. JUVENILE/10 SQ M

531



MALLOTUS VILLOSUS
Figure 15. LARVA/10 SQ M
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MALLOTUS VILLOSUS
Figure 16. JUVENILE/ 10 SQ M
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OSMERIDRE
Figure 17. LARVA/10 SQ M
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OSMERIDRE
Figure 18. JUVENILE/10 SQ M
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PANDRLOPSIS DISPRR
Figure 19. STRGE 1/10 SQ M
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PANDALOPSIS DISPAR
Figure 20. STAGE II/10 SQ M
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PANDRLOPSIS DISPRR

Figure 21. STAGE III / 10 SQ M

Figure 

038
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PRNDRLOPSIS DISPAR
Figure 22. STAGE IV/10 SQ M
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PRNDRLOPSIS DISPRR
Figure 23. STRGE V/10 SQ M
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PANDALOPSIS DISPRR
Figure 24. JUVENILE/10 SQ M
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PRNDRLUS BORERLIS
Figure 25. STRGE I/10 SQ M
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PANDALUS BORERLIS
Figure 26. STRGE II/10 SQ M
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PRNDRLUS BORERLIS
Figure 27. STAGE III/10 SQ M

544



PANDALUS BOREALIS
Figure 28. STAGE IV/10 SQ M
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PRNDRLUS BORERLIS
Figure 29. STAGE V/10 SQ M
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PRNDRLUS BORERLIS
Figure 30. STAGE VI/10 SQ M
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PRNDRLUS BORERLIS
Figure 31. STAGE VII/10 SQ M
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PANDALUS BOREALIS
Figure 32. JUVENILE/10 SQ M
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PRNDRLUS DRNRE
Figure 33. STRGE I/10 SQ M
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PRNDRLUS DANAE
Figure 34. STAGE II/10 SQ M
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PANDALUS DANAE
Figure 35. STAGE III/10 SQ M
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PANDALUS DRNRE
Figure 36. STAGE IV/10 SQ M
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PANDALUS DANAE
Figure 37. STRGE V/10 SQ M
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PANDALUS DANAE
Figure 38. STAGE VI/10 SQ M
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PANDALUS DANAE
Figure 39. JUVENILE/10 SQ M
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PRNDRLUS GONIURUS
Figure 40. STAGE I/10 SQ M
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PRNDRLUS GONIURUS
Figure 41. STAGE i/l1 SO M
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PRNDRLUS CONTURUS
Figure 42. STAGE III /10 SQ M
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PANDALUS GONIURUS
Figure 43. STAGE IV/10 SQ M
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PANDALUS CONIURUS
Figure 44. STRGE V/10 SQ M
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PRNDRLUS GONIURUS
Figure 45. STAGE VI/10 SQ M
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PANDALUS GONIURUS
Figure 46. STAGE VII/10 SQ M
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PRNDRLUS GONIURUS
Figure 47. JUVENILE/10 SQ M
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PANDALUS HYPSINATUS
Figure 48. STAGE I/10 SQ M
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PANDALUS HYPSINOTUS
Figure 49. STAGE II/10 SQ M
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PANDALUS HYPSINOTUS
Figure 50, STAGE III/10 SQ M
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PRNDRLUS HYPSINOTUS
Figure 51. STAGE IV/10 SQ M
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PRNDRLUS HYPSINOTUS
Figure 52. STAGE V/10 SQ M
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PRNDRLUS HYPSINOTUS
Figure 53. STRGE VI/10 SQ M
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PRNDRLUS HYPSINOTUS
Figure 54. JUVENILE/10 SQ M
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PRNDRLUS PLATYCEROS
Figure 55. STRGE I/1U SQ M
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PRNDRLUS PLRTYCEROS
Figure 56. STRGE II/10 SQ M
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PANDALUS PLATYCEROS
Figure 57. STRGE III/10 SQ M
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PANDALUS PLATYCEROS
Figure 58. STRGE IV/10 SQ M
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PRNDRLUS PLRTYCEROS
Figure 59. JUVENILE/10 SQ M
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PRNDRLUS STENOLEPIS

Figure 60. STRGE 1/10 SQ M

Figure
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PANDALUS STENOLEPIS
Figure 61. STRGE 11/10 SQ M
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PRNDRLUS STENOLEPIS
Figure 62. STRGE 11I/10 SQ M
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PRNDRLUS STENOLEPIS
Figure 63. STAGE IV/10 SQ M
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PANDALUS STENDLEPIS
Figure 64. STAGE V/10 SQ M
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PRNDRLUS STENOLEPIS
Figure 65. STAGE VI/10 SQ M

582



PANDALUS STENOLEPIS
Figure 66. JUVENILE/10 SQ M
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PANORLUS MONTRGUI TRIDENS
Figure 67. STRGE I/10 SQ M
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PANDRLUS MONTRGUI TRIDENS
Figure 68. STAGE I1/10 SQ M
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PRNDRLUS MONTAGUI TRIDENS
Figure 69. STAGE III/10 SQ M
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PRNDRLUS MONTAGUI TRIDENS
Figure 70. STRGE IV/10 SQ M
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PRNDRLUS MONTRC4JI TRIDENS
Figure 71. JUVENILE/10 SQ M
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ANOMURA
Figure 72. ZOER/10 SQ M
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RNOMURR
Figure 73. MEGALOPA/10 SQ M
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BRACHYURR
Figure 74. ZOER/10 SO M
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BRACHYURA
Figure 75. MEGALOPA/1 SQ M
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CANCER MRGISTER
Figure 76. STRGE 1/10 SQ M
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CRNCER MAGISTER
Figure 77. STAGE II/10 SQ M
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CANCER MRGISTER
Figure 78. STAGE 11 I/10 SQ M
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CANCER MRGISTER
Figure 79. STRGE IV/10 SO M
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CANCER MAGISTER
Figure 80. STAGE V/10 SQ M
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CRNCER MRGISTER
Figure 81. MEGALOPA/10 SQ M
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CANCER OREGONENSIS
Figure 82. STAGE I/10 SQ M
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CRNCER OREGONENSIS
Figure 83. STRGE II/10 SQ M
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CRNCER OREGONENSIS
Figure 84. STAGE III/10 SQ M
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CANCER OREGONENSIS
Figure 85. STRGE IV/10 SQ M
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CANCER OREGONENSIS
Figure 86. STAGE V/10 SQ M
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CRNCER OREGONENSIS
Figure 87. MEGALOPA/1O SQ M
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CRNCER PRODUCTUS
Figure 88. STAGE I/10 SQ M
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CANCER PRODUCTUS
Figure 89. STAGE 11/10 SQ M
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CRNCER PRODUCTUS
Figure 90. STAGE III/10 SQ M
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CANCER PRODUCTUS
Figure 91. STAGE IV/10 SQ M
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CRNCER PRODUCTUS
Figure 92. STRGE V/10 SQ M
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CANCER PRODUCTUS
Figure 93. MEGALOPA/10 SQ M
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CHIONOECETES BRIRDI
Figure 94. STAGE 1/10 SQ M
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CHIONOECETES BRIRDI
Figure 95. STRGE II/10 SQ M
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CHIONGECETES SP.
Figure 96. MEGALOPA/10 SQ M
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PARALITHODES CAMTSCHATICA
Figure 97. STAGE I/10 SQ M
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PARALITHODES CAMTSCHATICA
Figure 98. STAGE II/10 SQ M
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PARALITHODES CAMTSCHATICA
Figure 99. STAGE III/10 SQ M
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PARALITHODES CAMTSCHATICA
Figure 100. STAGE IV/10 SQ M
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PARALITHODES CAMTSCHATICA
Figure 101. MEGALOPA/10 SQ M
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PARALITHODES PLATYPUS
Figure 102. STAGE I/10 SQ M
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PARALITHODES PLATYPUS
Figure 103. STAGE 11/10 SQ M
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PARALITHODES PLATYPUS
Figure 104. STAGE III/10 SQ M
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PARALITHODES PLATYPUS
Figure 105. STAGE IV/10 SQ M
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PARALITHODES PLATYPUS
Figure 106. MEGALOPA/10 SQ M
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The fish eggs in the category about 3 mm are 2.56 mm and larger
in diameter. The fish eggs in this category are Hippoglossoides of
an undetermined species, probably H. elassodon, the flathead sole.
The fish eggs in this category were caught from May through August
(Figure 6). These fish eggs were most abundant in the May samples at
locations near the mouth of Cook Inlet.

The larvae of Ammodytes hexapterus, the Pacific sand lance, were
caught from April through August and again in February (Figure 7).
These larvae were most abundant in May in Kachemak Bay. No juvenile
Ammodytes were observed (Figure 8).

The larvae of Clupea harengus pallasi, the Pacific herring, were
caught in July and August (Figure 9). These larvae were most abundant
in July at the most northern station location. One juvenile herring
was taken in October at the same location (Figure 10).

The larvae of the Gadidae, the codfishes, are probably Theragra
chalcogramma, the walleye pollock, and Gadus macrocephalus, the Pacific
cod. The gadid larvae were caught from April through July (Figure 11).
These larvae were most abundant in May toward the mouth of Cook Inlet.
One gadid juvenile was taken in August near Kachemak Bay (Figure 12).

The larvae identified as Hippoglossoides sp. are probably one
species, H. elassodon, the flathead sole. The larvae of Hippoglossoides
were caught from May through August (Figure 13). One juvenile

Hippoglossoides was taken in August near Kachemak Bay (Figure 14).

The larvae of Mallotus villosus, the capelin, were caught on
every cruise except late May (Figure 15). The capelin larvae were
most abundant in July and August near Kachemak Bay and Kamishak Bay,
but were taken at all sampling locations. One juvenile capelin was
taken in August and another in February (Figure 16).

The larvae of the family Osmeridae, the smelts, probably include
Thaleichthys pacificus, the eulachon, Spirinchus thaleichthys, the
longfin smelt, some small Mallotus, and other smelt. The larvae of
Osmeridae were caught on five cruises, but not in April and late May
(Figure 17). The osmerid larvae were most abundant in July and August
and were widely scattered over the Lower Cook Inlet region. One
juvenile osmerid was taken in February (Figure 18).

The early life history stages of Pandalopsis dispar, the sidestripe
shrimp, were taken on all cruises except October (Figures 19-24).
Stages I, II, III and IV were represented in the samples; Stage V and
juveniles were not represented.

The early life history stages of Pandalus borealis, the northern
pink shrimp, were taken from April through August (Figures 25-32).
Stages I, II, III, IV, V and juveniles were represented; stages VI and
VII were not represented.
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The early life history stages of the shrimp Pandalus danae were
taken in July and August (Figures 33-39). Stages II and V were
represented; stages I, III, IV, VI, and juveniles were not represented.

The early life history stages of Pandalus goniuras, the humpback
shrimp, were taken from April through July (Figures 40-47). Stages I,
II, III, IV, and juveniles were represented; stages V, VI, and VII were
not represented.

The early life history stages of the Pandalus hiponotus, the
coonstripe shrimp, were taken in May (Figures 48-54). Stage I was
represented; stages II, III, IV, V, VI, and juveniles were not
represented.

The early life history stages of the shrimp Pandalus platycerus
were taken in February (Figures 55-59). Stage II was represented;
stages I, III, IV, and juveniles were not represented.

The early life history stages of the shrimp Pandalus etenolaris
were taken from May through August (Figures 60-66). Stages I, II, III,
IV, V, and VI were represented; the juveniles were not represented.

The early life history stages of the shrimp Pandalus montagui
tridens were taken from April through July (Figures 67-71). Stages I,
II, and III were represented; stage IV and juveniles were not
represented.

The early life history stages of non-commercial crabs of the
category Anomura were taken on all cruises (Figures 72-73). The zoea
and megalopa stages were represented.

The early life history stages of non-commercial crabs of the
category Brachyura, the true crabs, were taken from May through AugusL
and in February (Figures 74-75). The zoea and megalopa stages were
represented.

The early life history stages of Cancer magister, the Dungeness
crab, were taken from July through October (Figures 76-81). Stages I,
II, V, and megalopa were represented; stages III and IV were not
represented.

The early life history stages of Cancer oregonensis, the small
non-commercial hairy cancer crab, were taken on all cruises except
early May (Figures 82-87). Stages I, II, III, IV, V, and megalopa
were represented.

The early life history stages of Canoer productus, the rock crab,
were taken in May (Figures 88-93). Stage I was represented; stages II,
III, IV, V, and megalopa were not represented.

The early life history stages of Chionoecetes bairdi, the tanner
crab, were taken in May and July (Figures 94-95). Stages I and II were
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represented. The mcgalopa stage of Chionosestes sp. is probably

mostly C. bairdi, but that stage has not been described well enough to

be certain. Chionocestes sp. megalopa occurred in April and May, and

again in August (Figure 96).

The early life history stages of Paralithodes comtschatica, the

red king crab, were taken in April and May, and again in February

(Figures 97-101.). Stages I, II, and II1 were represented; stage IV

and the megalopa were not represented.

The early life history stages of Paralithodes platypus, the blue

king crab, were taken in July (Figures 102-106). The megalopa stage

was represented; stages 1, II, III , and IV were not represented.

Time series plots were prepared to emphasize the seasonal aspect

of quantitative density distributions of the early life history stages

of categories of fish eggs, fish larvae, crabs, and shrimps (Figures

107-124). This graphic representation depicts the samples from the ten

station locations on each seasonal cruise as replicates representing

the distributions of abundance within the cruise. The wide differences

in abundance within and between seasons suggested the format of a

semi-logarithmic plot of log abundance against linear time.

The fish eggs of the four size categories occurred from April

through August, with the smallest and largest eggs restricted to May

through August (Figure 107). The l-mm eggs were most abundant and the

less than 1-mm eggs were the second most abundant.

The fish larvae of the six categories occurred from April through

October and in February, with all individual categories restricted to a

shorter period (Figure 116) . The Mallutus pillosus and Osmeridae were

the most abundant, with Armodytes hexapterus next in abundance.

The time series plots for the shrimps and crabs emphasize the

seasons at which the species occur, the progression of life history

stages over time, and the stages which did not occur in the samples.

The most abundant shrimp was Pandalus gonlurus, with Pandalus

borealis and Pandalus montagui tridena next most abundant. The non-

commercial Anomura and Brachyura were very abundant, and the small

Cancer oregonensis were the most abundant species identified.

Paralithodes camtschatica was the most abundant commercial crab, with

Chionoecetes bairdi next in abundance.

IV. Discussion

The sampling and analysis reported here has provided quantitative

seasonal density distributions for the early life history stages of

representative fishes, shrimps, and crabs in the Lower Cook Inlet region.

The more abundant categories of organisms differed in abundance by

factors of 10 to 10,000 between seasons, between stations, and even

between stations within seasons.
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Figure 107. FISH EGGS
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Figure 108. FISH LARVAE
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Figure 109. ANOMURA

Figure 110. BRRCHYURA
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Figure 111. CANCER MAGISTER
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Figure 112. CANCER OREGONENSIS

631



Figure 113. CANCER PRODUCTUS
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Figure 114. CHIONOECETES
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Figure 115. PARALITHODES CAMTSCHATICA
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Figure 116. PARALITHODES PLATYPUS

635



Figure 117. PANDALOPSIS DISPAR
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Figure 118. PRNDRLUS BORERLIS
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Figure 119. PANDALUS DANAE
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Figure 120. PANDALUS GONIURUS
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Figure 121. PANDALUS HYPSINOTUS
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Figure 122. PANDALUS PLATYCEROS
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Figure 123. PANDALUS STENOLEPIS
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Figure 124. PANDALUS MONTAGUI TRIDENS
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The Kachemak Bay area, and secondarily the Kamishak Bay area,
were foci of abundance for the earliest life history stages of a variety
of species. The lowest concentrations of abundance were often in the
most northern sampling locations, in the center of Lower Cook Inlet on
a line between Kachemak Bay and Kamishak Bay, and near the mouth of
Lower Cook Inlet.

The older early life history stages tended to be more uniformly
distributed and less concentrated near the locations of maximum
abundance of the earliest life history stages. There is no reason to
believe that most populations in Lower Cook Inlet are supplied from
spawning populations outside Cook Inlet which provide planktonic early
life history stages that are swept into Lower Cook Inlet and concentrated.

The seasonal and geographic sampling patterns were sufficiently
diffuse to leave many unanswered questions. The apparent low relative
abundance of early life history stages of several exploited species, the
Dungeness crab, the sidestripe shrimp, and the coonstripe shrimp, is
believed to reflect inadequate temporal and spatial sampling, although
we have no information on the range of natural annual variability.
Several populations show indications of peak abundances at two or more
times or places, but the observations are too few to establish such
patterns with any confidence.

The apparent seasons of abundance are undoubtedly extended when
more than one species is contained in a category. Better identifications
of planktonic fish eggs will be possible when living eggs can be reared
until the formation of pigment can be observed. The larval fishes can be
identified with more certainty when more complete developmental series
can be obtained.

The bongo nets caught few juvenile fishes and relatively few later
life history stages of shrimps and crabs. More effective sampling gear
could increase the catch of larger organisms which may have avoided the
bongo nets.

The year of reconnaissance level sampling has demonstrated that
some early life history stages of organisms important in sport and
commercial fisheries and forage fishes and non-commercial shell fishes
of ecosystem significance were present during all seasons sampled in
Lower Cook Inlet. Those early life history stages are necessary to
sustain many important fish and shellfish populations in Lower Cook
Inlet. These data are adequate to give a preliminary indication of the
geographic areas and seasons with the greatest abundance of early life
history stages in Lower Cook Inlet.

The reconnaissance level sampling strongly suggests that unit
populations can be identified in Lower Cook Inlet, particularly near
Kachemak Bay. A major strength of the bongo net sampling is that a
complex of heavily exploited and unexploited non-commercial species of
fishes, shrimp, and crabs are available for analysis to establish a
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quantitative ecological baseline and to allow monitoring for input to
models to assess changes related to exploitation, natural variation,
and environmental degradation.

The abundance of small pelagic forage fishes is striking. The
herring, smelt, and sand lance spawn on the bottom in relatively shallow
water. That complex of species can provide a good annual integrated
assessment of any effects of environmental degradation in the shallow
areas of Lower Cook Inlet. The bongo net, as expected, does not catch
many juvenile fishes, juvenile shrimp, or crab megalopa. Those later
early life history stages should not be emphasized in the analysis of
bongo net catches; the older, larger forms can be sought with other
sampling equipment when the hypothesis of interest evolves toward more
site specific process studies.

V. Future Work

We are working toward the synthesis meeting in December and the
annual report in March. We will try to separate several more categories
of fish eggs and fish larvae for tabular and graphic presentation. We
will seek graphic formats that further summarize the results of our
analyses. The trade-off will be to sacrifice some detail to gain visual
impact and enhance comprehension.

We will continue to attempt to synthesize our work with other
research units. The residual currents in Lower Cook Inlet have a strong
influence on the dispersal of early life history stages of fishes,
shrimps, and crabs from the area in which they were spawned. The
apparent tendency toward retention of populations in Kachemak Bay, and
to a lesser extent Kamishak Bay, must reflect relatively restricted
water movements in those areas. The favorable aspect of being able to
determine the relative, and sometimes absolute, ages in days of early
life history stages could be used to track and verify water movements if
a sufficiently intensive sampling scheme could be implemented. Further
insight into the earliest stages released near the bottom and later
stages settling toward the bottom could be gained by a sampling plan to
determine vertical distributions.

We should be able to begin a preliminary model of an appropriate
portion of the Lower Cook Inlet ecosystem when the synthesis meeting has
clarified BLM needs and OCSEAP objectives. The year of reconnaissance
level sampling has provided the necessary preliminary quantitative
information about important species present and spatial and temporal
patterns to facilitate the design of an efficient approach to program
objectives.

VI. Estimate of funds expended.

100% of the funds have been expended.
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QUARTERLY REPORT

Contract 03-5-022-56
Research Unit #426

Task Order #13
Reporting Period 7/1-9/30/77

ZOOPLANKTON AND MICRONEKTON STUDIES OF THE
BERING/CHUKCHI SEAS - INSHORE STUDIES

Dr. R. Ted Cooney

Institute of Marine Science

University of Alaska

Fairbanks, Alaska 99701

October 15, 1977
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I. Task Objectives:

This study addresses the survey of zooplankton and micronekton communities

in the inshore region from Norton Sound to Point Hope. Standing stocks and
occurrance of cominant species in the diets of fish collected by other
investigators will be used to evaluate the importance of animal plankters
in the nearshore zone during the mid-summer period.

II. Field Activities:

Samples were collected from the NOAA vessel Surveyor, June 26-July 7, 1977
in the Norton Sound-Bering Strait region. Unseasonably heavy and late ice
restricted the survey to the nearshore area south of Kotzebue Sound. The
following samples were obtained:

1. 1-m net (vertical tows) 55
2. 1/2-m net (horizontal tows) 8
3. Bongo net 3
4. Tucker trawl 16

The field effort was undertaken by Mr. Ken Coyle, Mr. Lee Neimark, Ms. Liz
Clarke, and Mr. Al Rude.

Sampling locations and the ships track is available as part of the cruise
report filed by the Chief Scientist.

III. Results:

The onsite evaluation of sampling is included as part of the cruise report
for Surveyor June 26-July 7, 1977. Due to budget limitations, the samples
presently on hand cannot be processed. Monies allocated for these
collections were spent analysing the remainder of the extensive inventory
from the previous summer which was considerably larger than anticipated. I
estimate that an additional $5,000 will be required to sort, tabulate, and
submit these results.

IV. Problems:

Aside from the sample processing problem, the field work went relatively
smoothly. The Surveyor has become a very adequate platform to work from
particularly since the crew is now familiar with our filed sampling
requirements.
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RU #485

NO REPORT WAS RECEIVED
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Quarterly Report

Contract #03-5-022-69
Research Unit #486
Reporting Period July 1, 1977 -

September 30, 1977
Number of Pages: 1

Demersal Fish and Shellfish Assessment in Selected
Estuary Systems of Kodiak Island

James E. Blackburn
Alaska Department of Fish and Game

P.O. Box 686
Kodiak, Alaska 99615

September 30, 1977
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I. Task 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 an ordinal level

documentation of commercial catch, stock assessment data, distribu-

tion 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.

II. Field or Laboratory Activities

Activities have consisted of data analysis and final report preparation.

III. Results

The final report is partially completed and will be completed and

reviewed during the coming quarter and prepared for submission

December 31, 1977, as approved per letter from Herb Bruce dated

September 9, 1977.
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IV. Preliminary Interpretation of Results

Not applicable.

V. Problems Encountered/Recommended Changes

We have had difficulty implementing the use of the computer for data

analysis.

VI. Estimate of Funds Expended

The contract period is ending at this time and preliminary accounting

indicates the budget is virtually exhausted. An exact accounting of

funds expended is being determined by State auditors.
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I. Task Objectives

A. Determine the spatial and temporal (June-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
pelagic 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, distri-
bution, 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.

II. Field or Laboratory Activities

Activities have consisted of data analysis and final report preparation.

III. Results

The final report is largely completed and will be reviewed during the
coming quarter and prepared for submission on December 31, 1977 as
approved per letter from R. Engelmann, dated September 14, 1977.

IV. Preliminary Interpretation of Results

Not applicable.

V. Problems Encountered/Recommended Changes

We have had difficulty in implementing the use of the computer for data
analysis.

VI. Estimate of Funds Expended

The contract period is ending at this time and preliminary accounting
indicates the budget is virtually exhausted. An exact amount of funds
expended is being determined by State auditors.
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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 invertebrate components of

the shallow, nearshore benthos of the bays of Kodiak Island, and yet these

components may be the ones most significantly affected by the impact of

oil derived from offshore petroleum operations. Baseline data on species

composition is essential before industrial activities take place in waters

adjacent to Kodiak Island. It was 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 were:

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 were established in two bays - 28 sta-

tions in Alitak Bay and 25 stations in Ugak Bay. These stations were

occupied with a 400-mesh Eastern otter trawl on four separate cruises in

June, July and August of 1976, and March 1977. Taxonomic analysis of the

epifauna collected delineated 12 phyla, 23 classes, 66 families, 79 genera

and 106 species. The Arthropoda (Crustacea) dominated in species composi-

tion and biomass. Porifera, Cnidaria, Annelida, Mollusca, and Echinodermata

accounted for only 2.0% of the biomass collected.

Differences in sex composition and stage of maturity of king and

snow crabs between and within the two bays were noted. King crabs,
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Paralithodes camtschatica, occurred mainly at the outer stations of

Alitak Bay and consisted mostly of egg-bearing females and juveniles.

King crabs were well dispersed throughout Ugak Bay, and mainly consisted of

juveniles. Snow crabs, Chionoecetes bairdi, in Alitak Bay were primarily

juveniles; snow crabs in Ugak Bay were primarily adult males. Preliminary

life history data for these crabs for the two bays are now available.

Food data for king and snow crabs for the two bays are also available,

and these data, in conjunction with similar data from Cook Inlet and the

Bering Sea, enhance our understanding of the trophic role of these crusta-

ceans in their respective ecosystems. Additional food data for three species

of flatfishes, as well as an assessment of the literature, have made it

possible to develop a preliminary food web for benthic and nektobenthic

species of Alitak and Ugak Bays and the inshore waters around Kodiak Island.

Comprehension of basic food interrelationships is essential for assessment

of the potential impact of oil on the crab-dominated benthic systems of

the nearshore waters of Kodiak.

The importance of deposit-feeding clams in the diet of king and snow

crabs in the two Kodiak bays has been demonstrated by preliminary feeding

data collected there. It is suggested that an understanding of the relation-

ship 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 crabs 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 characteristic of the bays investigated and that these species

may represent organisms that could be useful for monitoring purposes.
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It is suggested that a complete understanding of the benthic systems

in both bays can only be obtained when the infauna is also assessed in

conjunction with the epifauna. Based on stomach analyses, infaunal species

are important food items for king and snow crabs. However, the infaunal

components of the Kodiak shelf have not been investigated to date. A pro-

gram designed to examine the infauna should be initiated in the very 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 of species present can lead to erroneous interpretations of changes

that might occur if the area becomes altered (see Nelson-Smith, 1973;

Pearson, 1971, 1972; Rosenberg, 1973, for general discussions on benthic

biological investigations in industrialized marine areas). Populations of

marine species fluctuate over a time span of a few to 30 or more 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

changes, and by their presence, generally reflect the nature of the
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substratum. Consequently, the organisms of the infaunal benthos have

frequently been chosen to monitor long-term pollution effects, and are

believed to reflect the biological health of a marine area (see Pearson,

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 com-

munities since many commercial species feed on infaunal and small epifaunal

residents of the benthos (see Feder et al., 1977, Zenkevitch, 1963, and

this report for a discussion 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

essential to an understanding of the trophic interactions there and the

potential changes that could take place once oil-related activities are

initiated. An intensive benthic biological program in the northeast Gulf

of Alaska (NEGOA) has emphasized the development of a qualitative and quan-

titative inventory of prominent species of the benthic infauna and epifauna

there (Feder et al., 1976). In addition, a developing investigation
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concerned with the biology of selected benthic species from NEGOA 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 an assessment of the fauna of two

bays of Kodiak will extend investigations into little-known shallow-water

benthic systems. The study reported here 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.

Relevance to Problems of Petroleum Development

The effects of oil pollution on subtidal benthic organisms have been

seriously neglected, although the results of 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 to predict the effects of oil-related activity on the subtidal

benthos of the Kodiak shelf and the two Kodiak bays investigated. However,

the expansion of research activities into Kodiak waters should ultimately

enable us to identify certain species or areas that might bear closer scru-

tiny once industrial activity is initiated. It must be emphasized that a

considerable time span is needed to understand fluctuations in density of

marine benthic species, and it cannot be expected that a short-term research

program will result in predictive capabilities. Assessment of the envir-

onment 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
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Kodiak Island and its bays, and supports a commercial fishery of considerable

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 con-

sidered in the continuing assessment of this benthic species in the Gulf of

Alaska (Karinen and Rice, 1974). Few other direct data based on laboratory

experiments are available for subtidal benthic species (see Nelson-Smith, 1973

for review). 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 all Outer Continental Shelf (OCS) areas of inves-

tigation. In addition, potential effects of the loss of sensitive species to

the trophic structure of the shelf must be examined. The above problems can

best be addressed once benthic food studies are made available as a result of

the Outer Continental Shelf Environmental Assessment Program (OCSEAP) (e.g.,

see the following annual 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). He describes 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 commercially important king

and snow crabs, and some bottom fishes, use deposit feeders as food (Feder

et al., 1977 and present report); thus, contamination of the bottom by oil

might indirectly affect the commercial species around Kodiak Island.
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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 (AEIDC, 1975; Rosenberg, 1972). The exploratory

trawl surveys of the National Marine Fisheries Service (undated) are the

most extensive investigations of the benthic epifauna of the Kodiak shelf.¹

However, caution must be exercised in interpreting data from these surveys.

Results, each 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

2
and Game King Crab Indexing Surveys). The International Pacific Halibut

Commission surveys parts of the Kodiak shelf annually, but the only inver-

tebrates recorded are the commercially important crabs (see Intl. Pac.

Halibut Comm., 1964).

Alitak Bay has a past history as a king crab mating ground (Kingsbury

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 composition

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.

Unpublished data. Reports available from the National Marine Fisheries
Service Laboratory, Kodiak, Alaska.

2Unpublished reports. Inquiries may be directed to Alaska Department of Fish
and Game, Box 686, Kodiak, Alaska 99615.
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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

and March, 1977 (Figs. 1 and 2).

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, and in 1977 during March

3-18. 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.

Fifty-three permanent stations were established in the two bays -

28 stations in Alitak Bay and 25 stations in Ugak Bay.

The number of stations occupied in each bay by cruise are as follows:

Cruise Date Alitak Bay Ugak Bay Total Stations

June 17-22, 1976 28 25 53

July 18-28, 1976 28 25 53

August 19-29, 1976 22 25 47

March 3-18, 1977 21 23 44

TOTAL 99 98 197

Bay stations were arbitrarily divided into three sections; inner sta-

tions, mid-bay stations, and outer stations (Figs. 1 and 2).

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,
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Figure 1. Trawl station grid and stations occupied in Alitak Bay, Kodiak Island,
Alaska. June, July, and August 1976, and March 1977. The oblique,
dashed lines drawn across the bay divide it into three sections referred
to in the text.
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Figure 2. Trawl station grid and stations occupied in Ugak Bay, Kodiak Island, Alaska. June, July,

and August 1976, and March 1977. The oblique, dashed lines drawn across the bay divide

it into three sections referred to in the text.



University of Alaska. Laboratory examination occasionally revealed more

than one species in a sample that had been identified to a single species

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 spe-

cies ratio to encompass the entire catch of the trawl.

After final identification, all invertebrates were assigned code

numbers (Mueller, 1975) to facilitate data analysis by computer. Repre-

sentative and voucher samples of invertebrates are temporarily stored at

the Institute of Marine Science, University of Alaska, Fairbanks, Alaska.

The major limitation of the survey was that imposed by the selec-

tivity of the otter trawl used. In addition, rocky-bottom areas could

not be sampled since otter trawls of the type used can only be fished on

relatively smooth bottoms. Location of stored commercial crab gear in

Alitak Bay, necessitated elimination of six stations (9 through 13) during

the August sampling period. Seven (7) outer Alitak Bay stations (14, 18,

25 through 29) were eliminated in March, 1977 due to heavy concentrations

of ovigerous female king crabs.

Food data were collected by examination of stomachs, either on ship-

board or in the laboratory, of two species of crabs (snow crab, Chionoecetes

bairdi and king crab, Paralithodes camtschatica) and four species of flat-

fishes (Limanda aspera, Platichthys stellatus, Hippoglossoides elassodon

and Lepidopsetta bilineata). Male snow crabs between 75 and 180 mm carapace

width and male king crabs between 90 and 200 mm carapace length were ex-

amined. 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.

671



King and snow crabs were separated by weight, sex, and state of

maturity. Male king crabs were considered sexually mature if their wet

weight was at least 2.0 kg. Male snow crabs were considered mature if

their wet weight was at least 0.45 kg. Weight criteria established for

maturity of both crab species are approximations based on the minimum

weight of legal-size crabs (J. Hilsinger and S. Jewett, unpublished data).

Female king and snow crabs were classified as immature (pre-reproductive)

or mature (reproductive or post-reproductive) based on the enlarged abdo-

men, modified pleopods, and egg clutch of the adults.

All station data not included in tables and appendices in this report

are on file at the National Oceanographic Data Center (NODC).

VI. RESULTS

Distribution, Abundance and Reproductive Biology

Alitak Bay

The average epifaunal invertebrate biomass for all Alitak Bay stations

sampled was 6.24 g/m2 (Table I). The lowest biomass recorded was in August,

3.17 g/m2 , while the highest biomass was in March 1977, 10.59 g/m2

Taxonomic analysis of epifaunal invertebrates from Alitak Bay delineated

10 phyla, 16 classes, 46 families, 60 genera, and 79 species (Table II;

Appendix Table I). Arthropoda (Crustacea) and Mollusca dominated species

representation with 34 and 22 species, respectively (Table II; Appendix

Table I). Arthropod crustaceans accounted for 99.1% of the total invertebrate

biomass (Table III; Appendix Table II); 97.7% of this biomass was made up

of the families Pandalidae, Lithodidae, and Majidae (Table IV; Appendix Table

III). The leading species in each of these families, respectively, were the

pink shrimp (Pandalus borealis), the king crab (Paralithodes camtschatica)
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TABLE I

TOTAL EPIFAUNAL INVERTEBRATE BIOMASS FROM BENTHIC TRAWLING ACTIVITIES IN ALITAK AND

UGAK BAY; JUNE, JULY, AND AUGUST 1976, AND MARCH 1977



TABLE II

A LIST OF SPECIES TAKEN BY TRAWL FROM ALITAK BAY, KODIAK

ISLAND, ALASKA IN JUNE, JULY, AUGUST, 1976 AND MARCH, 1977
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CONTINUED
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CONTINUED
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TABLE III

NUMBER, WEIGHT, AND DENSITY OF MAJOR EPIFAUNAL INVERTEBRATE
PHYLA OF ALITAK AND UGAK BAYS, JUNE, JULY, AUGUST, 1976

AND MARCH 1977



TABLE IV

NUMBER, WEIGHT, AND DENSITY OF MAJOR EPIFAUNAL INVERTEBRATE

FAMILIES OF ALITAK AND UGAK BAYS, JUNE, JULY, AUGUST, 1976
AND MARCH 1977



and the snow or tanner crab (Chionoecetes bairdi) (Table V; Appendix Table

IV). Although 22 species of Mollusca were represented, these species only

accounted for 0.14% of the total invertebrate biomass (Table III).

The average catch of Pandalus borealis for all Alitak Bay stations

in all sampling periods was 15.97 kg per tow (1581.86 Kg/99 tows) (also see Table V).

Abundant catches of pink shrimps were obtained during June, July and August

1976, from Alitak Bay stations 11-16 (Fig. 1). During March 1977 the

greatest catches came from stations 3-7 (Fig. 1). The greatest single catch

was obtained in July at station 23; 426.0 kg.

Pink shrimps were not carrying eggs during June and July. However, in

August, aqua-colored eggs were either visible through the cephalothorax

and/or were attached to the abdominal appendages. By the following March,

the eggs had advanced to the eyed-condition. Other pandalid and crangonid

shrimps displayed similar timing of egg maturation.

The average catch of Paralithodes camtschatica for all Alitak Bay tows

was 44.10 kg per tow (4365.87 kg/99tows) (also see Table V). During June through

August, Alitak Bay stations 21 through 29 had good catches. However, the

largest catches were obtained in the outer stations during March 1977.

Several 10-minute tows were made in this outer bay area and these short tows

produced full catches of adult female king crabs. Due to the concentrations

of these female crabs and the high mortality which would probably result

from continued sampling, trawling was aborted in seven of the outer Alitak

Bay stations.

Ovigerous king crabs were collected in each of the four sampling periods.

Many egg clutches were partially hatched and approximatel 3% were completely

hatched by March. No grasping was observed at the latter time. Differences

in sex composition and stage of maturity were observed over the four sampling
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TABLE V

NUMBER, WEIGHT, AND DENSITY OF THE MAJOR EPIFAUNAL SPECIES OF
ARTHROPODA (CRUSTACEA) FROM ALITAK AND UGAK BAYS, JUNE,

JULY, AUGUST, 1976 AND MARCH, 1977



periods (Tables VI and VII). The sex ratio of king crabs in the outer Alitak

Bay stations for the present study, as well as from other studies (Gray

and Powell, 1966; Kingsbury and James, 1971), is presented in Table VIII.

The average catch of Chionoecetes bairdi was 47.76 kg per tow (4728.56 kg/99 tows)

(also see Table V). Large catches of snow crabs were obtained in Alitak

Bay stations 2 through 5 from June through August. The largest catch, 11.9.51

kg, was recorded at Alitak Bay station 3 in July. The catch of snow crabs

in Alitak Bay declined from June to August; the catch was up slightly in March.

Adult males were the main component of the population during the summer samp-

ling periods (Table VI); in March adult females carrying eyed-eggs were common

(Table VII). Ovigerous snow crabs were present during the four sampling

periods.

Ugak Bay

The average epifaunal invertebrate biomass for all Ugak Bay stations

sampled was 3.54 g/m2 (Table I). The lowest and highest biomasses were

recorded in June 1976 and March 1977, respectively.

During the four Ugak Bay sampling periods, in which 98 tows were made,

epifaunal invertebrates were identified to 12 phyla, 19 classes, 50 families,

67 genera and 84 species (Table IX; Appendix Table V). Arthropoda and

Mollusca dominated Ugak Bay in species representation with 30 and 22 species

present, respectively (Table IX). Crustaceans accounted for 95.8% of the

total invertebrate biomass (see Appendix Tables VI, VII, and VIII for biomass

data); 87.2% of the biomass consisting of pink shrimps, king crabs and snow

crabs (Table V).

The average catch of Pandalus borealis for 98 Ugak Bay tows was 9.0 kg

per tow (8896 kg) (Table V). Large catches of pink shrimps w.- -'
98 tows
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TABLE VI

SEX AND MATURITY COMPOSITION OF KING CRABS AND SNOW CRABS IN ALITAK AND UGAK BAYS, JUNE, JULY,
AND AUGUST, 1976



TABLE VI

CONTINUED



TABLE VII

SEX AND MATURITY COMPOSITION OF KING CRABS AND SNOW CRABS
IN ALITAK AND UGAK BAYS, MARCH, 1977
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TABLE VIII

SEX RATIOS OF KING CRABS IN OUTER ALITAK BAY¹
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TABLE IX

LIST OF SPECIES TAKEN BY TRAWL FROM UGAK BAY, KODIAK ISLAND,
ALASKA IN JUNE, JULY, AUGUST, 1976 AND MARCH, 1977
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CONTINUED
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from Ugak Bay stations 10-14, 22 and 23 (Fig. 2) during June, July and August,

1976. During March 1977 the greatest pink shrimp catches came from stations

6-14 (Fig. 2). The reproductive state of pink shrimps in Ugak Bay was similar

to that observed for Alitak Bay.

Paralithodes camtschatica was not as common in Ugak Bay as in Alitak Bay.

The average catch in Ugak Bay for all stations and all sampling periods was

nearly half the average catch of Alitak Bay, i.e., 26.40 kg per tow in Ugak Bay

(258671kg) (Table V) as opposed to 44.10 kg per tow in Alitak Bay. During

June, July, and August, large catches were made at Ugak Bay stations 1-4;

the largest catch was 99.88 kg in August at station 4.

King crabs were well dispersed throughout Ugak Bay in all months. The

composition during all sampling months was mainly juveniles (Tables VI and

VII). Ovigerous females were present in each of the four sampling periods.

The king crab sex ratio in Ugak Bay is presented in Table X. Seven grasping

pairs were observed in March.

Chionoecetes bairdi was normally dominant at all stations. Large

catches were obtained at Ugak stations 9, 10, 13, and 22 during June through

August. Station 9 had the largest catch during March; 89.08 kg. The com-

position was mainly adult males during June through August (Table VI).

Ovigerous females and juvenile males and females were more common during

March than for the period June through August (Tables VI and VII).

Feeding Data

The food of Paralithodes camtschatica, Chionoecetes bairdi, and the

yellowfin sole Limanda aspera was determined (Table XI). King crabs from

Alitak and Ugak Bays fed almost exclusively on molluscs, crustaceans, and

unidentified fishes. Snow crabs fed primarily on polychaetes, clams, and
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TABLE X

SEX RATIOS OF KING CRABS IN UGAK BAY
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TABLE XI

PERCENT FREQUENCY OF OCCURRENCE OF FOOD ITEMS (LISTED ACCORDING TO LOWEST
LEVEL OF TAXONOMIC IDENTIFICATION) FOUND IN STOMACHS OF KING AND

SNOW CRABS AND YELLOWFIN SOLE FROM ALITAK AND UGAK BAYS,
KODIAK ISLAND, JUNE, JULY, AUGUST, 1976 AND MARCH 1977

693



TABLE XI

CONTINUED

694



unidentified fishes. Sediment and plant material were also frequently

present in stomachs of C. bairdi.

Clams and fishes were the main organisms consumed by L. aspera.

Flathead sole, Hippoglossoides elassodon, fed on euphausiids and caridean

shrimps (five fish examined), and rock sole, Lepidopsetta bilineata, fed

primarily on polychaetes and the clam Nuculana fossa (four fish examined).

Of the 40 yellowfin stomachs examined in March (Alitak Bay) 38 were empty.

Also during March, 27 starry flounder, Platichthys stellatus, were examined,

and were also found to be empty.

The Kodiak Island food web (Fig. 3) is based on data presented in

this report, information from McDonald and Peterson (1976), Feder et al.

(1977), and Jewett (1977). The food web is presented so that carbon flow

is generally from bottom to top and always in the direction of the arrows.

Data were insufficient to clearly identify major food pathways. Polychaetes,

gastropods (snails), pelecypods (clams), amphipods, anomurans (hermit crabs),

brachyurans (true 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 (Clupea

harengus pallasi), capelin (Mallotus villosus), and sand lance (Ammodytes

hexapterus) are important as food for larger predatory fishes such as Pacific

cod (Gadus macrocephalus), king salmon (Oncorhynchus tehawyischa), and hali-

but (Hippoglossus stenolepis) (see Feder et al., 1977 for additional Gulf of

Alaska food data).

Feeding relationships for snow crabs, king crabs, and Pacific cod

(data from Feder et al., 1977 and Jewett, 1977) are shown in more detail

in Figures 4, 5, and 6, respectively. Snow and king crabs feed heavily on

benthic animals that, in turn, rely in whole or in part on detritus, bacteria,
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Figure 3. A food web based on the epibenthic species taken from Alitak and Ugak Bays and inshore

waters around Kodiak Island, Alaska.



Figure 4. Food web for the snow crab (Chionoecetes bairdi) in Alitak and Ugak Bays and
inshore waters around Kodiak Island, Alaska.



Figure 5. Food web for the king crab (Paralithodes camtschatica) in Alitak and Ugak Bays and

inshore waters around Kodiak Island, Alaska.



Figure 6. Food web for the Pacific cod (Gadus macrocephalus) from inshore waters around Kodiak
Island, Alaska. (Also see Jewett, 1977 for comments on cod food habits in the Gulf
of Alaska.)



benthic diatoms, and meiofauna for food (Figs. 5 and 6). Pacific cod

feeds primarily on animals that are feeding on small benthic invertebrates

or scavenging animal remains (Fig. 6; Table XII). The invertebrates in the

two bays relied on a variety of feeding methods while the fishes tended to

be predators (Table XII).

Number, weight and frequency of occurrence calculations used in this

report are based on Appendix Tables I through VIII.

VII. DISCUSSION

Station Coverage

The trawl program discussed in this report represents the first in-

tensive 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, and March

1977. August sampling in Alitak Bay was hampered when stored crab gear

prevented sampling of five stations. Seven outer Alitak Bay stations were

eliminated in March 1977 due to high concentrations of ovigerous king crabs.

During the four sampling periods, 99 stations were occupied in Alitak Bay

2
covering a total of 1.99 km . Station coverage in the 98 Ugak Bay stations

2
totalled 2.03 km . The average distance fished at each station was 1.85 km.

Biomass

The epifaunal standing stock reported in the present study is similar

to standing stock estimates presented in other OCSEAP benthic trawl studies

elsewhere, i.e., see Jewett and Feder, 1976; Feder et al., 1977. The total

biomass of epifaunal invertebrates of the northeast Culf of Alaska was 2.6

g/m2 (Jewett and Feder, 1976). The biomass determined for epifaunal
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TABLE XII

FEEDING METHODS1 OF ORGANISMS INCLUDED IN THE KODIAK ISLAND (ALITAK AND UGAK BAYS AND OTHER

INSHORE WATERS) FOOD WEB

Phylum abbreviations: A=Annelida; M=Mollusca; Art=Arthropoda; Ecd=Echinodermata

Ctn=Chaetognatha; Cho=Chordata; X=dominant feeding method; O=other feeding method
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invertebrates in the southeast Bering Sea was 3.3 g/m² in 1975 and 5.0 g/m²

in 1976 (Feder et al., 1977). The average epifaunal biomass for Alitak

and Ugak Bay during all sampling months was 4.74 g/m² (Table I).

Russian benthic investigations (Neyman, 1963), provide biomass esti-

mates based on grab samples for infauna and small epifauna from the southeast

Bering Sea with the lowest value reported as 55 g/m². Use of a commercial

trawl results in the loss of infaunal and small epifaunal organisms that

are an important part of the benthic biomass. Therefore, the total benthic

biomass value is probably best expressed by combining both grab and trawl

values. Combined infaunal and epifaunal surveys should be part of all future

investigations designed by OCSEAP.

Species Composition and Diversity

Examination of the species composition of both bays revealed crusta-

ceans and molluscs to be the major epifaunal invertebrates present. In

general, epifaunal diversity was similar to that reported in Feder et al.

(1976) and Jewett and Feder (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 Annelida and Echinodermata found in the

bays. The survey in 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 5 and 12 species respectively. The hermit crab,

Pagurus, was the most diverse genus present with six species collected

(Tables TI and IX).

King crabs live most of their lives on the deeper part of the con-

tinental shelf, coming into shallow water once a year to mate. Except during

the mating season (mid-March to June), the sexes remain segregated in deeper
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water (lverson, 1966). Changing physical conditions from year to year may

alter the periodicity of migration and breeding. The documented-life history

of king crabs reported elsewhere is reflected in the observations made on

this crab in the Kodiak bays discussed in this report. Examination of sex

composition and stage of maturity of king crabs from past and present studies

in outer Alitak Bay indicates a high number of adult females to adult males

during the mating season (Tables VI-VIII). The low numbers of adult male

king crabs in Alitak Bay during the summer months probably reflect their

departure following spawning. The migratory pattern of king crabs in Ugak Bay

was not clearly defined during the study period. Segregation between sexes

in juveniles is not apparent (Tables VT-VTTI; Powell and Nickerson, 1965).

Catches of king and snow crabs in Ugak Bay during the present study re-

flect a similar sex-maturity composition to that found during the A.D.F. & G.

crab indexing studies in this bay, i.e., a predominance of juvenile king

crabs of both sexes and adult male snow crabs from June-August (A.D.F. & G.,

unpublished reports). Juvenile male and female king crabs and juvenile snow

crabs were most common in March. Although Ugak Bay does not typically yield

commercial-size king crabs, the outer bay is often fished for snow crabs

(A.D.F. & C., Kodiak, Alaska snow crab catch statistics).

Food Habits

The main species examined for stomach contents, Chionoec•tes bairdi

and Paralithodes carntschatica, in the present study were the most abundant

and widely dispersed organisms present.

Inferences from the present study, as well as other snow crab food data

(Feder et al., 1977; Yasuda, 1967; Feder, unpublished data from Prince William

Sound) concerning prey species, suggest that food used by snow crabs are

705



area specific. Most of the important food items consumed by Alitak Bay and

Ugak Bay snow crabs (i.e., polychaetes, clams, shrimps, plants, sediment)

differed from food items used by this species in Cook Inlet. Feder et al.

(1977) examined 715 snow crabs in Cook Inlet, and found the main items, in

order of decreasing percent frequency of occurrence, in stomachs were Macoma

spp. (clams), Pagurus spp. (hermit crabs), Balanus spp. (barnacles), and

sediment. The only similar stomach items in the present study were clams and

sediment. The role of sediment in crab feeding is not known. However,

Moriarty (1977) reported on the occurrence of sediment in the food contents

of five species of Penaeid shrimps. The nutritional benefit of sediment in-

take to these shrimps appears to be derived from the film of organic carbon,

inclusive of bacteria, on sand grains. Yasuda (1967) found benthic diatoms to

be abundant in Chionoecetes opiZio elongatus in the Bering Sea, and postulated

that diatoms were taken indirectly with food and sediment.

Food items among king crabs appear to be similar at different geographic

locations. McLaughlin and Hebard (1961) found molluscs to be the most fre-

quently consumed food group (69.0%) in Bering Sea king crabs (with pelecypods

more frequent than gastropods). Echinoderms ranked second, appearing in

42.2% of the crabs. Takeuchi (1959; 1967) examined the stomach contents of

king crabs from the west coast of Kamchatka, and found molluscs (primarily

pelecypods) to be the dominant food group. Crustaceans and echinoderms were

the second and third most important groups, respectively. Bering Sea king

crabs examined by Feder et al. (1977) also showed pelecypod molluscs to be

the dominant food, specifically Clinocardium sp. and Nuculanq sp. Nuculana,

a deposit feeder, is the most frequently occurring food used by king crabs

in Alitak and Ugak Bays. Gastropods and shrimps were food items of secondary

importance in the present study. Although echinoderms were absent from the
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46 king crabs examined, sand dollars (Dendraster sp.) are occasionally

consumed by king crabs occupying the outer continental shelf between Alitak

and Ugak Bays (Guy C. Powell, A.D.F. & G., personal communication).

The two commercially important animals of great abundance near Kodiak

Island, king crabs and snow crabs, 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

plant material, polychaetes, shrimps, and small clams from the bottom.

Post larval stages of king crabs were not preyed upon by any of the fishes

examined. However, the soft-shelled stage of the king crab is probably

preyed upon since soft-shell snow crabs are known prey of Octopus spp. and

sea stars (J. Hilsinger, unpublished data). Juvenile snow crabs are major

prey of Pacific cod, Gadus macrocephalus, on the Kodiak continental shelf

(Jewett, 1977).

The use of deposit-feeding animals as food, as well as the consistent

uptake of sediment, 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 the major epifaunal

invertebrates of the two study bays. Twelve phyla are represented in
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the collection. The important groups, in terms of species, in descending

order of importance are the Arthropoda (Crustacea), Mollusca, Echinoder-

mata and Annelida. The latter three groups only accounted for less than

1.0% of the biomass collected in each bay, while Arthropoda accounted for

95.8 and 99.1% of the biomass in Ugak and Alitak Bay respectively.

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.

Differences in sex composition and stage of maturity of king and snow

crabs between and within the two bays were evident. Throughout the sampling

period in Alitak Bay, king crabs occurred mainly at the outer stations and

consisted primarily of egg-bearing females and juveniles of both sexes.

King crabs were well dispersed throughout Ugak Bay during this period, and

consisted mainly of juveniles. Snow crabs in Alitak Bay were primarily

juvenile while mainly adult males inhabited Ugak Bay. Life history data

for these crabs for March, June, July and August 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 king and snow

crabs is demonstrated for the two bays; this situation is also true for crabs

observed elsewhere. A high probability exists that oil hydrocarbons will
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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 suggest that adequate numbers of 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, food habits, and reproduction of the

chosen species.

LX. 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, and March 1977. Additional studies are needed

during other seasons and years to describe seasonal and year-to-year varia-

tions in the distribution and relative abundance of the epifauna.

3. Seasonal predator-prey relationships should be examined in con-

junction with simultaneous infaunal sampling.
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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, chemical, and sediment data are currently available.

This information should be obtained in the future in conjunction with all

biological sampling efforts.
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XI. APPENDIX

The following Appendix tables are taken from computer printouts

of OCSEAP data submitted to the National Oceanographic Data Center (NODC).
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APPENDIX TABLE I

OCCURRENCE OF EACH SPECIES IN ALITAK BAY - JUNE, JULY,
AND AUGUST 1976, AND MARCH 1977
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APPENDIX TABLE I
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APPENDIX TABLE II

PERCENTAGE COMPOSITION BY WEIGHT OF ALL PHYLA FROM ALL STATIONS IN ALITAK BAY -
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APPENDIX TABLE V

OCCURRENCE OF EACH SPECIES IN UGAK BAY - JUNE, JULY,

AND AUGUST 1976, AND MARCH 1977
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APPENDIX TABLE VI
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I. Task Objectives

A. To characterize marine microbiological communities in

sufficient detail to establish a baseline description

of microbiological community characteristics on a seasonal

basis.

B. To determine the role of microorganisms in biodegrada-

tion of petroleum hydrocarbons.

II. Field and Laboratory Activities

A. Field Schedule

Pilot studies were carried out to test methodology for

studying oil degradation in Beaufort Sea sediment. During

June,sediment was collected in Elson Lagoon and placed in

Plexiglas trays 25 cm x 25 cm x 5 cm. Two hundred ml

Prudhoe crude oil was added to each tray. The trays were

placed back in situ under the ice in Elson Lagoon by scuba

divers. Excess oil washed from the sediment. After 1,2

and 3 weeks replicate trays were recovered. During this

period ice still covered the area. Replicate trays were

also recovered after 8 weeks exposure when there was open

water. Observations were made on the benthic invertebrates

on or in the oiled sediment and unoiled control sediment.

B. Laboratory Activities

To recover oil from the sediment portions of diethyl

ether were mixed with sediment and decanted. The diethyl

ether portions were combined and concentrated. Analysis

of residual oil will initially be performed by gas liquid

chromatography.
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III. Results

Nutrient analyses from the 1976 Glacier cruise were received

from Dr. Vera Alexander. Results of these analyses are being

incorporated into previously established data files at NIH.

Orange pigmented bacteria were found to be dominant in

Arctic waters during summer months. Additional cluster

analyses were performed on orange pigmented bacteria isolated

from 1975 and 1976 samplings. The results indicate that orange

pigmentation is distributed in very heterogeneous groups of

bacteria and not in a single group. Many of the orange pig-

mented taxonomic groups appear to represent genera of bacteria

not previously described.

The in situ oil-sediment exposure experiments showed that

oil could be added to sediment under ice and later recovered

both under ice and when there is open water. The ability to

relocate the oil-sediment trays will permit needed long term

studies. Analyses of the recovered oil have not yet been performed.

Initial examination of invertebrates recolonizing the oil

contaminated sediment indicates that while extensive recoloniza-

tion occurs within two months after oil exposure,the benthic

invertebrate community recolonizing oil contaminated sediment

is significantly different than the benthic invertebrate community

of unoiled control sediment.
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IV. Interpretation of Results

No new interpretation of analyses were made during this period.

V. Problems Encountered

None.

VI. Estimate of Funds

It is estimated that 100% of this year's funds were expended as

of October 1, 1977.
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I. Task Objectives

A. To characterizemarine microbiological communities in

sufficient detail to establish a baseline description

of microbiological community characteristics on a seasonal

basis.

B. To determine the role of microorganisms in the biodegrada-

tion of petroleum hydrocarbons.

II. Field and Laboratory Activities

A. Field Schedule

No field activities were scheduled during this quarter.

B. Laboratory Activities

Numerical taxonomic testing of 500 isolates from the April

Cook Inlet sampling was carried out. As previously described,

each isolate is characterized by 300 features. Data acquisi-

tion from these tests has been completed, and the data is being

transmitted to NIH for data archival and analysis.

III. Results

No new samples were collected for enumeration during this period.

Also, no new cluster analyses were performed during this period.

IV. Interpretation of Results

No new interpretation of analyses was made during this period.

V. Problems Encountered

Due to the size and cost of cluster analyses of data from Cook

Inlet isolates, a decision has been made to change the computer

programs we have been using. This change has resulted in a

transition period during which no cluster and feature frequency
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analyses are being performed. Computer programmers at NIH

have almost completed initial program modifications. These

programs should be functional during the next month. An

additional transition will occur later when further efficiency

program modifications are made.

An additional problem is a personnel change in our program.

Dr. Kaneko, who worked on this project for two years, unexpectly

moved to an industrial position. We are presently searching for

a replacement according to required affirmative action procedures.

This personnel change will result in a temporary delay in analysing

data, but should not effect the overall output or quality of our

project.

VI. Estimate of Funds

It is estimated that 90% of this year's funds were expended as

of October 1, 1977.
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I. Task Objectives

a. To measure the relative levels of microbial activity in the
waters and sediments of the Lower Cook Inlet and to measure the
concentration of bacteria found in the same samples using epifluo-
rescent microscopy (Task A-27).

b. To study hydrocarbon degradation by psychrophilic hydrocarbon
degrading bacteria (Task B-9).

c. To study the effects of crude oil on growth and metabolism of
natural marine microbial populations.

d. To coordinate the above studies with Dr. Atlas and his associates
(R U #29).

II. Field and Laboratory Activities

A. Field trip schedule

No field trips during this period; however, we did receive sediment
samples from the Beaufort Sea Glacier cruise for analysis.

B. Scientific party

All of the personnel involved in this project are in the Department
of Microbiology, Oregon State University. Ms. Steven started her
employment with us on 8/16/77.

C. Personnel

Dr. Richard Y. Morita, Principal Investigator
Dr. Robert Griffiths, Co-Principal Investigator
Mr. Thomas McNamara, Technician (Research Assistant, Unclassified)
Ms. Sue Steven, Technician (Research Assistant, Unclassified)

D. Methods

The methods that have been used to analyze the sediment samples from the
Beaufort Sea Glacier cruise are essentially the same as those described
in our 1977 annual report. The methods that we have been evaluating
during this quarter will be reported in the next quarterly report
after a more extensive analysis has been completed.
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III. Results

A. Laboratory studies

1. Two sets of experiments were completed on sediments that were
returned to our laboratory at Oregon State University after the
April, 1977 Lower Cook Inlet cruise. One set involved the study of
the effects of crude oil on the growth of marine heterotrophic
bacteria on agar plates and the other was a study of presumptive
nitrogen fixing bacteria concentrations in many of the same samples.

In the first study, the effects of crude oil in the agar medium
on the growth of heterotrophic bacteria were measured in 10 Cook
Inlet sediment samples (Table 1). In 6 of the 10 samples, there
was a reduction in the number of organisms that were capable of
growth in the presence of crude oil.

In the second study there was a positive correlation of 0.47
between the presumptive nitrogen fixing bacterial concentrations
and the relative nitrogen fixation rates observed in the same samples
(Table 2). Work is continuing to give positive confirmation of
nitrogen fixation by these organisms.

2. Eighteen chitinoclastic bacterial strains were isolated from
Cook Inlet and Beaufort Sea sediments. These strains were screened
for their ability to grow and produce chitinase activity in the
presence of crude oil vapors. None of the strains tested appeared to
show growth inhibition under these conditions but at least four strains
showed reduced chitinase activity. The same type of study is currently
underway using another technique which will produce more definitive
measurements of the effects of crude oil on chitinase.

3. The effect of crude oil on nitrogen fixation rates in five
sediment samples taken from Yaquina Bay was also studied. This is
the same type of experiment that we conducted on four Cook Inlet
samples that was reported in Table 9, page 26 of our last quarterly
report. In all cases, there was some reduction in the amount of ethylene
produced in the samples that were treated with Cook Inlet crude oil.
In the samples that were treated with sucrose (used to increase
ethylene production rates), crude oil treatment decreased ethylene
production in three of the five samples studied. Further studies
of this nature will be conducted on Arctic sediment samples in the
future.

4. Three methods of determining rates of crude oil biodegradation
are also currently being evaluated in our laboratory. The primary
method being evaluated involves the use of gas chromotography in the
determination of crude oil compositional changes. Preliminary results
indicate that by summing the total area of a wide range of peaks, we
obtain values that correlate well with gravimetric measurements. We
are in the process of comparing the results of these studies with
values obtained by measuring the respiration of 1 4C labeled hexadecane
and pristane in Cook Inlet crude oil.
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5. We are also in the process of evaluating the relative biodegradative

efficiency of a number of oil enrichment cultures obtained from sediments

taken from both the Beaufort Sea and the Cook Inlet. We are studying

these natural mixed populations under conditions where all known

inorganic nutrient requirements are met. By studying these cultures,

we hope to determine how crude oil might be degraded under idealized

conditions.

It is also hoped that we will obtain a microbial population that

might be unusually effective in degrading crude oil under the severe

environmental conditions found in the Beaufort Sea. Future studies

of these natural mixed populations should give us information about

the dynamics of crude oil degradation under conditions that more

closely approximate those found in the natural marine environment.

6. On September 8 we received a number of fresh sediment samples from

the Beaufort Sea Glacier cruise. These were collected by Dr. Eugene

Ruff (an associate of Dr. Andrew Carey) during the recent Glacier

cruise and transported to us by Dr. Rita Horner. These samples are in

the process of being subjected to the following experiments: (a) the

effects of crude oil on both the uptake and respiration of 14C labeled

glucose and glutamic acid, (b) crude oil biodegradation potentials (c)

the effects of crude oil on nitrogen fixation rates (d) total numbers

of bacteria present using agar plate counts (e) the concentration of

lipolytic bacteria present. In addition, we will be using these samples

to obtain natural microbial populations that are especially effective

in degrading crude oil. A report of these findings will be presented

in the next quarterly report.

B. Data processing

We are in the process of placing all applicable data into the same

data bank at NIH that Dr. Atlas is currently using. Soon after we

received additional funds for that purpose, Dr. Krichevsky of NIH

visited our laboratory and gave us a briefing on the procedures for

incorporating our data into this data base. All data through the

October, 1976 Cook Inlet cruise is now on file at NIH. All data

collected in the Beaufort Sea and NEGOA area from August, 1975 to

April, 1976 is in file number 100188. The data collected in the

Beaufort Sea during the August, 1976 Glacier cruise is in file number

100236 and the data from the October, 1976 Lower Cook Inlet cruise

is in file number 100237. These are the same file numbers that Dr.

Atlas has used for his data from the same sources. Computer cards

containing data collected during the April, 1977 Cook Inlet cruise

will be submitted to Dr. Krichevsky during the next quarter.

As of this date, Dr. Griffiths is in Washington confering with

Drs. Atlas and Krichevsky in an effort to optimize data formats for

the integration of the data sets generated by both our group and

Dr. Atlas. Discussions are also being conducted on the most efficient

method of obtaining statistical analysis of the data being produced

by these two groups.
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IV. Preliminary interpretation of results

None available at this time.

V. Problems encountered, recommended changes, acknowledgements

A. Problems encountered: none

B. Recommended changes: none

C. Acknowledgements:

We would like to thank Dr. John Baross of our laboratory (not
funded by NOAA) for his analysis of bacterial numbers, concentrations
of nitrogen fixing bacteria and Vibrio sp. concentrations in the
sediment samples taken during the Glacier cruise.

We would also like to thank Dr. Eugene Ruff with Dr. Andrew
Carey's group (RU#7) for collecting sediment samples for us during
the August, 1977 Beaufort Sea cruise. In addition, we would like
to thank Dr. Rita Horner (RU#359) for transporting these samples
from the field to our laboratory at Oregon State University.

Table 1. The effects of crude oil on the growth of marine bacteria plated
on a marine agar medium. Dilutions were made from sediments taken from
the Lower Cook Inlet during the April, 1977 Discoverer cruise.
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Table 2. Concentration of presumptive nitrogen fixing bacteria in sediments
collected during the April, 1977 Lower Cook Inlet cruise.
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Table 3. The effects of crude-oil on nitrogen fixation rates in sediment
samples taken from Yaquina Bay, Oregon. Quantities of ethylene production
are given as pmoles ethylene produced during a 41 hr. incubation period at
24 C. Treatments used (1) no additives, (2) sucrose added, (3) crude oil
added, (4) sucrose and crude oil added.
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ABSTRACT

Increased emphasis has been placed on the health status of
demersal fishes in the northern Gulf of Alaska (NGOA). During
a cruise on the Polish research vessel, Professor Siedlecki, in
this area from July 1 to August 8, 1977,- Four species of fish
were found to have pathological conditions. The affected
species, condition, and prevalence were as follows: Pacific
cod (Gadus macrocephalus), pseudobranchial tumors (1.3%) and
skin ulcers (1.0%); walleye pollock (Theragra chalcogramma),
pseudobranchial tumors (0.1%); and Pacific ocean perch (Sebastes
alutus) and sharpchin rockfish (S. zacentrus), opercular tumors
(0.5 and 1.5%, respectively). In general, the frequencies of
occurrence of pathological conditions in the NGOA were much
lower than previously found in the above fish species in the
Bering Sea.

OBJECTIVES

I)etermine the frequency, geographical distribution, and
biological and pathological characteristics of demersal marine
animals and macro-invertebrates in the Bering and Beaufort
Seas, and the Gulf of Alaska. Also, characterize the micro-
organisms isolated from diseased animals using standard micro-
biological procedures.

FIELD AND LABORATORY ACTIVITIES

Ship or field trip schedule

Dates: July 1 to August 8, 1977.
Vessel: R/V Professor Siedlecki
Arrangement: A joint scientific investigation between the

Polish and U.S. governments.

Sc i enti fic party

1. Field activities:

a. Professor Siedlecki, leg I, July 1 to July 18, 1977.
William D. Gronlund, P.I., Party Chief, responsible for

examining fish for pathological conditions, and collecting
specimens and statistical data.

Sue Gazarek, electron microscope technician, aided in
examination of fish and collection of specimens for electron
microscopy.

b. Professor Siedlecki, Leg II, July 19 to August 8, 1977.
Bruce B. McCain, Phi), P.I., Party Chief, examined fish For

pathological conditions, collected tissue specimens and bac-
terial isolates.

Mark S. Myers, assisted in the examination of fish and.
collected statistical data.
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2. Laboratory activities:

Bruce B. McCain, PhD P.I., coordinates field and
laboratory activities, parti-

cipated in histopathological,
and microbiological analyses,
and writes progress reports
and manuscripts.

Harold 0. Hodgins, PhD P.I., supervises NMFS investi-

gations and reviews all reports
and manuscripts.

Mark S. Myers Performs histopathological
analyses of tissue specimens
and participates in data
processing.

William D. Gronlund P.I., participates in data
processing and analyses of
biological data.

Katherine King Invertebrate pathologist,
participates in data process-
ing, analyses of biological
data, and histopathological
examination of invertebrate
tissue specimens.

S.R. Wellings, MD, PhD Consultant, coordinates histo-

pathological analyses of
tissue specimens (Dept. of
Pathology, School of Medicine,
Univ. California, Davis).

Linda Rhodes Histology technician.

Methods

1. Field activities:

Aboard the Professor Siedlecki, fish were examined for
lesions and for overall appearance. Wherever possible, the
fish samples examined were identical to those used by biologists
from the RACE Division, NWAFC for collection of length, weight,
sex, and age data.

Fish with pathological signs were weighed, measured for
length, and aged. The lesion(s) and usually the major organs
were preserved for histological examination. In cases of
previously unreported or unusual pathological conditions,
photographs of the fish were taken. Attempts were also made to
isolate bacteria from some tumors and skin ulcers. Bacterial
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isolates were colony-purified and inoculated into tubes con-
taining agar medium for storage until further tests can be per-
formed at the NWAFC.

2. Laboratory activities:

Histological examination of fish tissues from the NGOA was
continued.

Sample collection localities

Approximately 1520 to 1330 West Longitude by 54.50 to 580
North Latitude.

Data collected and/or analyzed

Number and type of samples

a. Field activities:

15,088 fish were examined for pathological conditions;
18 tissue specimens were collected for light microscope histol-
ogy; 3 tissue specimens were collected for electron microscopy;
30 bacterial isolates were obtained.

b. Laboratory activities:

273 tissue specimens were processed for histology;
546 histological slides were prepared.

Number and type of analyses

250 histological slides were examined and interpreted;
80 statistical analyses of data on invertebrates from Norton
Sound/Chukchi Sea.

RESULTS

Field activities:

A total of 15,088 fish in 56 trawl catches were examined
aboard the Professor Siedlecki. Of the 28 species of fish
examined, four species had pathological conditions involving
41 fish (Table 1). The affected species were Pacific cod,
walleye pollock, Pacific ocean perch, and the sharpchin rock-
fish (Sebastes zacentrus). Pacific cod and walleye pollock had
pseudobranchial tumors at frequencies of 1.3 and 0.1%, respec-
tively. These tumors were located in the antero-dorsal region
of the buccal cavity in a position surrounding the pseudo-
branchial gland. The Pacific ocean perch and sharpchin rock-
fish had epithelial tumors in the opercular region just poste-
rior to the last (5th) gill arch on the translucent marginal
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TABLE 1. Summarization of fish pathology data from the R.V. Professor Siedlecki



epithelium; the prevalence was 0.5 and 1.5%, respectively. In
some cases, these tumors had spread over the roof of the buccal
cavity onto the pharngeal aperture, and often solitary tumors
were seen on the gill filaments. Pacific cod with skin ulcers
were also found; however, fish from only two hauls had signifi-
cant involvement.

Laboratory activities:

Intensive histopathological examination of tissue specimens
from tumor-bearing and normal Pacific ocean perch was performed.
Particular attention was paid to the tumor-specific X-cells,
which have been described previously (OCSEAP Report RU 332,
June 1977). These cells were variable in size with the smaller
cells positioned adjacent to the basement membrane of both the
collagenous and vascular stomal components. Although a clear
demarcation between the X-cells and stroma was usually seen, in
some cases these cells were present within the stroma. A
lymphocytic infiltrate of variable intensity was often present
in the nests of X-cells in the tumor. Such infiltrates are
seldom observed in X-cell tumors from Pacific cod or flatfish.

One tumor-bearing Pacific ocean perch had a chondroma
(benign tumor of cartilaginous tissue) of unknown origin in the
spleen.

PRELIMINARY INTERPRETATION OF RESULTS

Field activities:

Most of the fish species examined during the cruise of the
Professor Siedlecki in the NGOA were free of externally detect-
able pathological signs. Although tumors were found in Pacific
cod and walleye pollock, and skin ulcers were seen on Pacific
cod, the frequencies of occurrence were much lower than previ-
ously found in these species in the Bering Sea.

Previous to this cruise, opercular tumors had been found
only in Pacific ocean perch (OCSEAP Report RU 332, June 1977).
This new data contributes significantly to our knowledge of the
prevalence and geographical distribution of opercular tumors in
Pacific ocean perch. In addition, a new species of Sebastes
(S. zacentrus) with these tumors was found. In one instance,
a Pacific ocean perch was found with opercular tumors, which
had spread to and completely covered the anterior portion of
the esophogeal epithelium.

Laboratory activities:

Although the opercular tumors in Pacific ocean perch have
many similarities to the skin tumor of flatfish and the pseudo-
branchial tumors of Pacific cod and walleye pollock, such as
the presence of X-cells and their epithelial nature, some major
differences exist. The most important of these differences is
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the presence of lymphocytic infiltration in the perch tumors,
suggesting a more intense host response to the tumors by this
species.

AUXILIARY MATERIAL
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Papers in preparation or in press
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PROBLEMS ENCOUNTERED/RECOMMENDED CHANGES -- None

ESTIMATE OF FUNDS EXPENDED -- 53.6 K
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Quarterly Report for Quarter Ending September 30, 1977

Project Title: Phytoplankton Studies in the Bering Sea

Contract Number: 03-5-022-56

Task Order Number: 1

Principal Investigator: Dr. Vera Alexander
Professor of Marine Science
Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701

I. Task Objectives

To study the dynamics of phytoplankton populations at the edge of the
retreating ice pack in the Bering Sea in order to assess the significance
of the ice edge in the productivity of the Bering Sea. Secondly, to
assess the levels of phytoplankton productivity in the southeast Bering
Sea during ice free conditions in order to compare seasonal activity,
and also to look at the role of the shelfbreak and the Aleutian upwelling
in Bering Sea production dynamics. The seasonal role of algae growing
on the underside of the ice is also included in the study.

II. Field Activities

No field activities have been undertaken this quarter. Laboratory analyses
and preparation of the final report covering the 1975 and 1976 data have
been in progress. The status of samples collected during the three spring
cruise" is as follows:

L. Nutrient analyses for all cruises are complete and calculations are
in progress.

2. Chlorophyll values have been calculated and the in situ flurometer
calibrated.

3. Primary productivity values are complete for the two 9urveyor cruises.
Counting is complete and alkalinities have been determined for
Discoverer, Leg VI but final calculations are not yet available.

4. Phytoplankton counts are in progress for all cruises.
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III. Results

The three cruises this spring covered a time span which began with

pre-bloom conditions showing very low chlorophyll concentrations

through a well defined bloom associated with the retreating ice front

on the last cruise. Chlorophyll profiles of the water column appear to

show a tongue of chlorophyll-rich colder surface water sinking beneath

the warmer oceanic water approaching from the south. This may explain

the deep chlorophyll layer observed with discreet samplings in the past.

The ice edge bloom appears while the water is uniformly mixed and cold.

When the warmer ocean water encroaches from the south the colder

productive water slips beneath. This phenomena could be of major

importance for containing and transporting dissolved hydrocarboni down-

ward to the benthic community.

IV. No major problems were encountered.
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I. TASK OBJECTIVES

1) Establish mass balance relationships for particulate and dissolved

nitrogenous nutrients beneath the winter ice cover in the nearshore

Beaufort Sea.

2) Compare standing stocks of epontic algae in relation to under-ice

circulation.

3) Begin data collection to delineate temporal and spatial variability

in ice algae blooms in the nearshore Beaufort Sea.

The scope of the above objectives was restricted due to delays in

project funding but work has begun on all aspects. The groundwork has been

established for a more intense and complete study in conjunction with the

LGL-Barrier Island study group for 1978.

II. FIELD ACTIVITIES

Two field trips were undertaken during spring 1977 from the Naval Arctic

Research Laboratory at Barrow:

1) A trip to Dease Inlet was made using NARL fixed wing aircraft on

30 and 31 March 1977. Ice cores and water samples were collected

at five stations on a transect of Dease Inlet from the head to

outside of the barrier islands. Samples were processed for later

chemical analyses upon returning to NARL.

2) A transect of Elson Lagoon between Plover Point and the mainland

was made on 23 May 1977, using a NARL tracked vehicle. The slow

travel rate and worsening weather limited sample collection to

three stations. Ice algae samples, ice cores and water column

samples were taken at each station.
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III. LABORATORY ACTIVITIES

Filtration and processing of acquired ice and water samples was

completed immediately after acquisition at the Naval Arctic Research

Laboratory at Barrow. The analyses for nitrogenous nutrients has begun

at the Institute of MNrine Science. Inorganic nutrient analyses are

now complete for all ice and water samples taken and data processing has

begun. Further analyses for dissolved organic nitrogen and particulate

nitrogen will be completed in the future.

IV. PROBLEMS ENCOUNTERED

Logistic problems arising from severe weather and competing needs

for aircraft were the principle difficulties encountered. The March 1977

trip to Dease Inlet was hampered by winds and temperatures of -280C which

presented equipment handling problems. However, the basic sampling

objectives of this trip were accomplished.

The May 1977 trip to Dease Inlet was not accomplished due to severe

weather and whiteout conditions that prevented fixed-wing aircraft from

being able to land on the ice. Helicopter support was unfortunately

unavailable and the ice algae collections were made'in Elson Lagoon

utilizing a NARL tracked vehicle. The slow speed and rough surface of

the ice limited sampling from this vehicle to the immediate vicinity of

Barrow.

Overall, the field season provided a start for 1978 data collection

and the basis for an effective .late winter-spring sampling program to be

conducted in conjunction with the LGL-Barrier Island study group.
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