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I. TASK OBJECTIVES THIS QUARTER
A. To conduct field work in Kodiak, LCI, Bering and Beaufort study
areas.

B. To begin processing of materials collected this quarter.

II. FIELD AND LABORATORY ACTIVITIES
A. Field Trip Schedule

1. 1-31 July (Kelly) Otter Island (Pribilofs) survey of
beached mammals.

2, 7-19 July (Dieterich, O'Connor) Alaska Peninsula beached mammal
survey, via Supercub aircraft.

3. 14-18 August (Dieterich, Murray) LCI beached mammal survey,
via Surveyor 78B Leg I.

4. 15-26 August (Shults) Necropsy of collected specimens,
Beaufort Sea, via CGC Northwind.

5. 28 August-12 September (Shults) Necropsy of collected

specimens, Kodiak, via Surveyor 78B Leg II.

B. Laboratory and Other Activities
Collected materials were shipped to Fairbanks or forwarded to other
appropriate laboratories for analysis. Analytical procedures are underway.
The P.I. participated in the Alaska Science Conference, 15-17 August,

and presented a progress report on the results to date.

C. Methods
All beached mammal surveys were via helicopter or small, fixed-wing

aircraft at elevations ranging from 100 to 150 feet and air speeds of 30 to 50




knots. Necropsies of beached carcasses and collected specimens were by

standard methods, described previously.

III. RESULTS

A total of 103 collected specimens were necropsied this quarter, as

follows:
Steller sea lion, Eumetopias jubatus 19
Pacific harbor seal, Phoca vitulina richardsi 81
Ringed seal, Phoca hispida 3

These had been taken primarily for the purposes of other OCSEAP projects
(R.U. #229, 230, 232, 243) and were made available to this project on a
cooperative basis,

About 2,000 km of beaches were surveyed for dead and moribund marine
mammals in the southern Bering, Lower Cook, and Kodiak study areas. The
number and kinds of carcasses found were comparable to findings in previous
years. Actual numbers have not yet been tabulated.

Necropsies were performed on at least 18 of the carcasses that were still

sufficiently intact to lend themselves to this procedure. They were as follows:

Belukha, Delphinapterus leucas 3
Steller sea lion, Eumetopias jubatus 3
Harbor seal, Phoca vitulina richardsi 8
Sea otter, Enhydra lutris 4

IV, PRELIMINARY INTERPRETATION OF RESULTS

No interpretation feasible at this time, due to incomplete analysis

of materials collected.




V. PROBLEMS ENCOUNTERED/RECOMMENDED CHANGES

None

VI. MILESTONE CHART

Two activities planned for this quarter, and shown on earlier mile-
stone charts, were cancelled, due to changes in scheduling which conflicted
with other personnel commitments. These were the "Kodiak collection and
necropsy (Pitcher charter)" in July and the "St. Lawrence Island stranding
survey (charter)" in August. However, two other activities not shown in
the previous schedule, were added: "Otter Island stranding survey (charter)"
which was done in connection with other studies, funded largely by other
sources, and "Beaufort Sea collection and necropsy (CGC Northwind)" funded

through the OCSEAP Arctic Project Office.
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Field activities dominated much of the fourth quarter. Two cruises
aboard the NOAA ship Surveyor and one cruise aboard the A.D.F.&G. vessel

Pandalus resulted in the collection of 88 harbor seals (Table 1).

A total of 21 aerial radio tracking surveys were flown to collect data
on the movements of individual harbor seals (Table 2). During these
surveys, 12 animals were located at hauling areas other than those at

which they had been captured.

Field camps were manned at three locations in the Gulf of Alaska for at
least a portion of the quarter. Trend count areas were established at
hauling areas in each of the three lease areas; Kodiak - Tugidak Island,
LCI - Elizabeth Island and NEGOA - Channel Island. A series of counts
of seals using these hauling areas was obtained during the molting

period.

Laboratory activities were confined to processing female reproductive

tracts. Ovarian sections and uterine sections were examined for evidence

of reproductive activity from 28 seals.




Table 1. Numbers, dates and general locations of collected harbor seals,
June-September 1978.

Area Date Numbers of Seals
Montague Is. 20 June 1
Nuka Bay 21 June 6
Kamishak Bay 22-23 June 19
Puale Bay 24 June 5
Shumigan Is. 26 June 5
Sanak Is. 27-28 June 11
Southern Kodiak 1-2 July 7
Northern Kodiak 29-30 July 7
Kodiak 27 Aug. - 9 Sept. 24
Puale Bay 2 Sept. 3
TOTAL 88

10




Table 2. Harbor seal radio tracking surveys, June-September 1978.

Area Date Results
N.E. Kodiak 19 June One located
E. Alaska Pen. 24 June Negative
Semidi Is. 29 June Negative
Chirikof Is. 30 June One located
S. Kodiak, Trinity Is. 1 July Two located
S. Kodiak 2 July One located
N.E. Kodiak 3 July Negative
E. Kodiak 24 July Two located
N. Kodiak 26 July Negative
E. Kodiak 27 July Negative
Ugak Is. 29 July Negative
N.E. Kodiak 26 Aug. Negative
S.E. Kodiak 27 Aug. Negative
S.W. Kodiak 28 Aug. Two located
W. Kodiak 1 Sept. Negative
E. Alaska Pen. 2 Sept. Negative
N. Kodiak 4 Sept. Negative
N.E. Kodiak 6 Sept. One located
Semidi Is. 8 Sept. Negative
Chirikof Is. 8 Sept. Negative
S. Kodiak, Trinity Is. 9 Sept. Two located
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I. Task Objeétives

1. Summarization and evaluation of existing literature and
available unpublished data on reproduction, distribution,
abundance, food habits and human dependence on bearded
and ringed seals in the Bering, Chukchi and Beaufort Seas.

2. Acquisition of large amounts of specimen material required
for an understanding of productivity, growth rates and
mortality in these two species.

3. Acquisition of baseline data on mortality (including
parasitology, diseases, predation and human harvest) of
ringed and bearded seals.

4, Determination of population structure of bearded and ringed
seals as indicated by composition of harvest taken by
Eskimo subsistence hunters.

3. Initial assessment of regional differences in density and
distribution of ringed and bearded seals in relation to
geographic areas and, to a lesser extent, in relation to
major habitat condition.

6. Acquisition of additional information on seasonal migratioms.

II. Field and Laboratory Activities

Effort this quarter was devoted primarily to laboratory processing
of specimen material collected during the spring field season. Male
reproductive tracts were analyzeéd. Claws and teeth were processed to
determine seal ages,

Field work comsisted of a village collection at Wainwright in which
specimens from 6 bearded seals and 33 ringed seals were obtained.
Project personnel participated in a Beaufort Sea icebreaker cruise
aboard the USCGC NORTHWIND during which three ringed seals were collected.
In addition, a person was sent to Point Lay in early August to investigate
a report of a large number of belukhas in the nearby lagoon.

Data management occupied a substantial amount of time. Newly
processed specimen data were coded, keypunched and prepared for submission
to NODC. In mid-September we obtained a data microprocessor and began
work on software for data entry and analysis.

Table 1 provides a complete listing of field and laboratory activities
during the past quarter. Dates and personnel are included.
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Table 1. Field and laboratory activities, 1 July-30 September 1978.

Activity Dates Personnel

Specimen collections:

Wainwright 1-12 August D. Strickland
Beaufort Sea-NORTHWIND  15-22 August K. Frost
Point Lay belukha observation 1-5 August G. Seaman

Planning meeting for Beaufort
Sea winter studies 31 July-1 August K. Frost, J. Burns

Laboratory processing of
specimen material continuous J. Burns, P. Field,
" R. Lynn, D. Strickland,
R. Tremaine, G. Seaman

Data management intermittent K. Frost

Data microprocessor hookup,
data analysis L. Lowry, L. Miller

Methods

For a discussion of methods, refer to RU #230 Annual Report,
1 April 1978.

Data Collected

Table 2 summarizes the results of collection efforts during this
quarter, as well as those of spring quarter collections not previously
reported.

Table 2. Seal specimens obtained during the period 1 July-30 September 1978.

Location Phoca (Pusa) hispida Erignathus barbatus
Gambell 9 48
Savoonga 33 44
Diomede 25 10
Wales 34 29
Elephant Point 3 -
Wainwright 33 6
NORTHWIND 3 -
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ITII. and IV. Results and Preliminary Interpretation

A detailed presentation and discussion of results was provided in
our 1978 Annual Report. Further results and discussion of data will be
presented upon completion of additional laboratory work and data analysis.
V. Problems Encountered/Recommended Changes

None.

VI. Estimate of Funds Expended

As of 31 August we have expended the following amounts during
FY 78:

Salaries and benefits $ 78,200
Travel and per diem 13,900
Contractual services 9,000
Commodities 3,600
Equipment 9,100

Total Expenditures $113,800
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I. Task Objectives

The investigation of trophic relationships among ice inhabiting
phocids is addressed to the following task objectives:

1. Compilation of existing literature and unpublished data on
food habits of ringed seals, bearded seals, spotted seals
and ribbon seals. 1In addition, available information on
distribution, abundance and natural history of potentially
important prey species is being gathered.

2, Collection of sufficient specimen material (stomachs) for
determination of the spectrum of prey items utilized by
the seal species being studied throughout their geographic
range and during all times of year. The contents of seal
stomachs are sorted, identified and quantified. This
information will be analyzed for geographical and temporal
variability in prey utilization patterns as well as for
species, sex- and age-related dietary differences.

3. Analysis of feeding patterns in relation to distribution,
abundance and other life history parameters of key prey
species. This involves determination of the degree of
selectivity demonstrated by each species of seal as well
as the availability and suitability of primary and alter-
native food sources. To whatever extent possible the effect
of seal foraging activities on populations of prey species
will be examined in light of observed rates of food
consumption and foraging behavior. The accomplishment of
this objective is largely dependent on information gathered
by other OCSEAP projects involving benthic and planktonic
organisms.

4. Analysis of trophic interactions among these species and
other potential competitors such as walruses, whales, marine
birds, fishes and humans. Input from other OCSEAP studies
will be eritical in this phase of the project.

With the understanding thus obtained of the trophic interrelation-
ships of ice inhabiting phocids in the Bering-Chukchi and Beaufort
marine systems we will evaluate the probable kinds and magnitude of
effects of OCS development on these species of seals. This will involve
both direct effects such as disruption of habitat in critical feeding
areas or alterations of populations of key prey species, and indirect
effects such as influence on populations of competitors for food resources.

IT. Field and Laboratory Activities

During this quarter extensive effort was directed to laboratory
processing of specimen material. All seal stomachs obtained during the
spring/summer field season were processed. These included collections
from Shishmaref, Gambell, Savoonga, Diomede, Nome, Wales, Point Hope and
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Wainwright, and totaled about 264 stomachs with food. Processing of
specimen material from belukha whales was begun.

Limited field work was undertaken. A village collection was made
at Wainwright in August. Project personnel participated in the Beaufort
Sea NORTHWIND cruise.

Data management occurred on a continuous basis. All data generated
by extensive lab work were coded, catalogued and submitted for keypunching.
Additional 1976 and 1977 data were submitted to Michael Crame at AEIDC
for submission to NODC. In mid-September the long awaited data micro-
processor arrived. Extensive time is currently being devoted to getting
this system operational and to writing software for data entry and
analysis.

Table 1 provides a complete listing of field and laboratory activities
during the past quarter. Dates and personnel are included.

Table 1. Field and laboratory activities, 1 July-30 September 1978.

Activity Dates Personnel

Speclmen collections:

Wainwright 1-12 August D. Strickland
Beaufort Sea-NORTHWIND
cruise 15-22 August K. Frost

Beaufort Sea winter work
planning meeting 31 July-1 August K. Frost, J. Burns

Data management continuous K. Frost

Data microprocessor hookup/
software preparation 15-30 September L. Lowry, L. Miller

Laboratory processing of

specimen material continuous L. Lowry, K. Frost,
R. Tremaine, D. Strickland,
G. Seaman

Methods

Field collection procedures and methods for laboratory analyses are
described in the 1978 Annual Report for RU #232,

Data Collected or Analyzed

Table 2 summarizes the numbers of stomachs analyzed since 1 July
1978. Only stomachs containing food are tabulated.




Table 2. Seal stomachs analyzed during the period 1 July-30 September
1978. Only stomachs containing food are shown.

Phoca Phoca Erignathus

Location hispida largha barbatus
Southeastern Bering Sea

Hooper Bay 3 2 2
Northern Bering Sea

Gambell 6 5 39

Savoonga 3 7 14

Wales 20 8 12

Diomede 3 - 2
Chukechi Sea

Shishmaref 57 10 16

Wainwright 42 2 5

Elephant Point 3 - -
Beaufort Sea

NORTHWIND 3
Total 140 34 90

ITI. and TV. Results and Discussion

A detailed presentation and discussion of results was provided in
the 1978 Annual Report. Further results and discussion of results will
be presented in the 1979 Annual Report.
V. Problems Encountered/Recommended Changes

None.

VI. Estimate of Funds Expended

As of 31 August we have expended the following amounts during FY 78:

Salaries and benefits $82,000
Travel and per diem 6,600
Contractual services 12,100
Commodities 5,900
Equipment 400

Total Expenditures $107,000

19




QUARTERLY REPORT

Contract #03-5-022-69
Research Unit #243

Reporting Period-July 1 - Sept.

Number of Pages - 7

Population Assessment, Ecology and Trophic
Relationships of Steller Sea Lions in
the Gulf of Alaska

Principal Investigators:

Donald G. Calkins, Alaska Department of Fish and Game
Kenneth W. Pitcher, Alaska Department of Fish and Game
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I. Task Objectives

To determine numbers and biomass of Steller sea lions in the Gulf
of Alaska. To establish sex and age composition of groups of sea
lions utilizing the various rookeries and hauling grounds. To
determine patterns of animal movement, population identity and
population discreteness of sea lions in the Gulf. To determine

changes in seasonal distribution.

To investigate population productivity and growth rates of Steller
sea lions in the Gulf of Alaska with emphasis on determining; age
of sexual maturity, overall birth rates, duration of reproductive

activity and survival rates for various sex and age classes.

To determine food habits of Steller sea lions in the Gulf of Alaska

with emphasis on variation with season and habitat type. An effort
will be made to relate food habits with prey abundance and distribution.

Effects of sea lion predation on prey populations will be examined.

To incidentally collect information on pathology, envirommental

contaminant loads, critical habitat and fishery depredations.

IT. TField or Laboratory Activities
A. Field Activities
1. Cruise aboard ADF&G vessel "Pandalus"
a. July 26 through August 2
2.  Cruise aboard NOAA vessel "Surveyor"

b. August 25 through September 10

21




B. Scientific Parties
1. July 26 through August 2
a. Donald Calkins A.D.F.&G.
Principal Investigator
b. Kenneth Pitcher, A.D.F.&G.
Co-principal Investigator
c. Paul Smith, A.D.F.&G.
Collector
2. August 25 through Septémber 10
a. Donald Calkins A.D.F.&G.
Principal Investigator
b. Kenneth Pitcher, A.D.F.&.G.
Principal Investigator
c. Karl Schneider, A.D.F.&G.
Observer and collecting crew
d. Dennis McAllister, A.D.F.&G.
Collecting crew
e. Paul Smith, A.D.F.&G.
Collecting crew, OCS observer
f. Larry Schults, University of Alaska
Parsitology and pathology
C. Methods
1. See annual report
D. Sample localities
1. July 26 through August 2
a. Kodiak

2. August 25 through September 10

22




a. Southern Kodiak
b. Chirikof I.

c. Semidi Is.

d. Puale Bay

e. Afognak I.

f. Marmot I.

g, Two Headed I.

III. Results

A. A total of 15 sealions were collected on the two cruises.
B. Branded Sea Lion Sightings
A summary of sightings of branded sea lions is presented in
Table 1. Animals were marked with an X on Sugarloaf Island.
Left shoulder brands were used in 1975 and right shoulder
brands in 1976. TFor Marmot Island, a left shoulder 0 was used
in 1975 and a right shoulder T in 1976.
Table 1. Branded sea lions sighted during SURVEYOR cruise RP-4-SU-78B,
Leg II, August 25 - September 10, 1978.
Location Brand Number Sighted
Chirikof T. X Left 1
0 Right 1
Sugarloaf 1. Unident. Left 8
Unident. Right 2
X Right 6
X Left 1
X Right 1
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Latax Rocks X Right
Unident. Right
Unident. Left
T Right
X Left

(R S RN

Marmot I. T Right 1
0 Left
Unident. Right
X Left
X Right

N Oy

Chowiet I. X Right 1

C. Sea Otter Survey - Trinity Islands

Approximately 10,000 km? of potential sea otter habitat lies around
the southwestern end of Kodiak Island, the Trinity Islands and
Chirikof Island. Portions of the area are within proposed oil and
gas lease tracts. A small number of sea otters has been known to
exist in this area since the 1950's. It is believed that their
numbers have been increasing since then, but the distribution and

size of the population remained unknown.

This survey was designed to delineate the distribution of the
population and to establish at least the order of magnitude of

abundance.

Sea otters had been sighted regularly around Chirikof Island and
around the Trinity Islands, particularly south of Tugidak Island.
The Chirikof Island area had been surveyed on Leg VII of Cruise RP-
4-8U-78A. Attempts to survey the area around the Trinity Islands

on that same cruise were thwarted by unsatisfactory weather conditions.
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The Trinity Island survey was accomplished on 26 August 1978.
North-south tracklines spaced 5 minutes of longitude apart were
flown with the Bell 206 at an altitude of 200 feet. All sea otters
sighted within 0.1 nautical miles of either side of the helicopter
were counted. A total of 264 nautical miles of trackline were
flown providing a sample of 52.82 square nautical miles. This was

about 7.14 percent of the area sampled.

A total of 13 sea otters were seen inside the transects, If expanded

to the entire area sampled, this yields an estimate of 182 sea

otters. There are probably two to three times this number since

survey conditions were marginal, a significant portion of the population
is under water at any given moment and not all potential sea otter
habitat was sampled. While the data are not adequate to make a

precise population estimate it appears that several hundred sea otters

occupy the area and that densities are still quite low. Table 2

illustrates the location of sea otter sightings.

Table 2. Locations of sea otters sighted on 8/26/78 systematic strip transect
survey of Trinity Islands.

Group GNS Position Corrected Position#* Distance Approx.
Size Latitude Longitude ZLatitude Longitude From Shore Depth
1 56°30.8"' 153°59.3"' 56°30.3' 154°01.3' 50 vyd <5 fm
1 56°27.5"' 154°00.0"' 56°27.0' 154°02.0' 2.8 nm 20 fm
1 56°26.6" 154°10,0"' 56°26.1' 154°12.0' 3.5 nm 20 fm
2 56°24.9"' 154°29.7' 56°24.4' 154°31.7' 5.3 nm 15 fm
1 56°25.9' 154°29.,6" 56°25.4' 154°31.6 4.2 nm 12 fm
o L 56°28.4" 154°35,0"' 56°27.9' 154°37.0" 0.5 nm <5 fm
+w/pup 56°23.9"  154°40.1' 56°23.4"' 154°42.1' 1.0 nm <10 fm
1 56°23.0' 154°40.0" 56°22.,5' 154°42.0" 1.6 nm <10 fm
1 56°23.8" 154°49.2' 56°23.3" 154°51.2' 2.7 nm 10 fm
1 56°23.8" 154°49.,2" 56°23.3' 154°51.2' 2.7 nm 10 fm
Fw/pup  56°23.8'  154°50.3' 56°23.3' 154°52.3' 3.2 mm 10 fm
1 56°19.9°' 154°54.8" 56°19.4' 154°56.8" 7.5 nm 12 fm
1 56°21.0" 154°54.8' 56°20.5' 154°56.8' 6.9 nm 12 fm

* Positions corrected on basis of GNS reading at known landmarks.
Correction Factors: Latitude = -0.5"'" Longitude = +2.0'




Iv.

VI.

Preliminary interpretation of results

A. Sea otter survey

The survey verified previous impressions of the distribution of

the population. The majority of sea otters inhabit shallow

waters south of the Trinity Islands with the greatest concentration
south of Tugidak Island. None were seen north of the Trinity
Islands on the survey but very small numbers have been seen

there on previous occasions.,

The survey fulfilled its objectives even though conditions were
not good. It demonstrated that the population is well established
but remains well below its potential size. The limited
distribution and small size of the population make it highly

vulnerable to oil spills.

B. Branded and collected sea lions--no preliminary interpretation

available at this time.

Problems encountered

A. None

Estimate of funds expended:
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Funds expended during this quarter:

1. Salaries and benefits $32,000
2. Collecting trips & surveys 12,000
3. Commodities (lab supplies,

phote supplies, etc.) 2,000
4, Travel and per diem 4,000
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I. Task Objectives
The specific project objectives are:

1 To determine the extent and distribution of regularly
occurring, ice-dominated marine mammal habitats in the
Bering, Chukchi and Beaufort Seas;

2) To describe and delineate those habitats;

3) To determine the physical environmental factors that
produce those habitats;

4) To determine the distribution and densities of the various
marine mammal species in the different ice habitats; and

5) To determine how the dynamic changes in quality, quantity
and distribution of sea ice relate to major biological
events in the lives of marine mammals (e.g. birth, nurture
of young, mating, molt and migrations).

II. TField and Laboratory Activities

Field activities for this project ended in August. Kathryn Frost,
in conjunction with her work on project RU 232, participated in the
August cruise of the icebreaker NORTHWIND in the Beaufort Sea. She
recorded information on the abundance of marine mammals in relation to
different ice types and obtained data required for verification of NOAA
satellite imagery.

Starting in September, Mr. Brenden Kelley began the tasks of
analyzing all available NOAA satellite imagery which show the extent and
characteristics of ice in selected areas of the Bering, Chukchi and
Beaufort Seas. As an initial step in this process, imagery for the
years 1974-1976 were reanalyzed to determine the applicability of previous
findings to this study.

In the previous study, 20 widely scattered stations including all
proposed OCS lease sites north of the Alaska Peninsula were selected.
Imagery showing ice at each station was examined. Two kinds of infor-
mation were coded: 1) quality of the images on a scale of 1-4, and 2)
the characteristics of ice on a scale of 1-15. This scale was used to
record characteristics ranging from open water to solid, landfast ice.

This effort was made to determine the accuracy and applicability of
the existing data base for purposes of our project. Imagery for 1977
and 1978, not previously analyzed, will be examined in a similar manner.
Additional information including extent of ice cover and movements (as
determined from sequential images) are recorded. '

Statistical programs to analyze these data are currently being
developed. These will provide a summary of the frequency of specific
ice conditions at each station, over a period of time. Another program
will allow us to analyze changes in ice conditions at the 20 stations
for purposes of correlating the occurrence of changes between and among
the stations, and with changes in prevailing seasonal winds (expressed
as vector mean winds).
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ITI. Results

None are available for reporting at this time.
IV. Problems Encountered.

None
v. Estimate of funds expended during this quarter

This project is presently being conducted on the basis of a no-cost
extension.
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IT.

IIT.

Task Objectives - Kamishak Bay

A.

To determine species composition and abundance of marine birds
on colonies.

To determine as many aspects as possible of the breeding
biology of marine birds on the colonies.

To determine whenever possible the food habits of nesting
marine birds and their young.

To determine changes in abundance of breeding populations of
marine birds on colonies visited in 1976.

To make other incidental observations of habitat use, forage
areas, migration areas and abundance of non-colonial marine
birds.

Field Activities

A.

Field Trip Schedule: During July and August 1978, an Avon
rubber raft was used to conduct pelagic and shoreline bird
surveys in Kamishak Bay.

Scientific Party: Observers for the surveys were Paul Arneson
and James Butcher, Alaska Department of Fish and Game, Anchorage,
Alaska.

Methods: The coastline of Kamishak Bay was surveyed from a
distance of 50 to 150 meters in a rubber raft. Bird observations
were recorded along the route, and whenever a breeding colony
was located, attempts were made to count all nests and active
burrows when access to a colony was possible. Breeding biology
information was recorded whenever possible. Pelagic transects
were conducted to determine bird distribution and abundance in
nearshore waters. Some birds were collected to determine food
habits of summering birds in Kamishak. Type II1 sea watches
were conducted in the Cottonwood/Iliamna Bay area and beached
bird surveys were conducted on three beaches.

Sample localities: See Figure 1.

Data Collected: The total trackline for shoreline surveys
included 364 km of beach, and 255 km of pelagic transects were
conducted. Thirty-six colonies were documented and 26 sea
watches were conducted. Five beached bird surveys were completed.

Results and Preliminary Interpretation

Data from summer bird surveys has been sent to the keypuncher, but
as yet no analysis has been attempted. That information will be
included in the final report scheduled for completion in FY79.
Only general observations will be given in this report.
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Figure 1. Trackline of boat surveys
for birds and locations of bird colonies,
Kamishak Bay, Summer 1978.



Seabirds were not abundant anywhere in Kamishak Bay. Glaucous-
winged Gulls and Tufted Puffin comprised the bulk of the seabird
population (Table 1). Only two breeding Common Murre colonies were
found and Black-legged Kittiwakes did not nest in Kamishak Bay in
1978.

Seaducks comprised the largest percentage of avian biomass summering

in Kamishak Bay, and the most abundant species were Surf and White-
winged Scoters. A flock of 3800 scoters was sighted near Pomeroy
Island in late June, and flocks of several hundred or more were

seen in shallow water of bays throughout the summer. These birds
appeared to be feeding largely on small clams and mussels on intertidal
or shallow subtidal areas.

Glaucous-winged Gulls also frequently fed on intertidal mudflats

and were found breeding throughout Kamishak. Other gull species

were only locally abundant. Feeding flocks of Black-legged Kittiwakes
were found in the Chinitna Point vicinity and in McNeil Cove.
Elsewhere they were uncommon. Several hundreds of non-breeding Mew
Gulls roosted on intertidal areas near the mouth of the Douglas

River and "Kamishak'" Islands but were not found in abundance anywhere
else.

Tufted Puffins frequently rafted near colony sites but were seldom
observed in bays or along exposed coastline on nearhsore waters.

They apparently flew out into the inlet for feeding. Horned Puffins,
however, frequently were found in bays and in nearshore waters both
roosting and feeding. They were found in abundance only at Burr
Point on Augustine Island.

All colonies visited in 1976 were revisited in 1978, and several

marked differences were noted in species composition and abundance.

For example, in 1976 on Iniskin Tsland four Double-crested and 26
Pelagic Cormorant nests were found. This year we found 49 Double-
crested nests and only one Pelagic nest. On a cliff near Rocky

Cove in 1976 we recorded 21 Double-crested, 42 Pelagic and 15 Red-
faced Cormorant nests. This year there were 13, 24 and 0, respectively.
On some cliffs where cormorants nested in 1976 there were none in

1978.

Several changes were also noted in Glaucous~winged Gull breeding
populations. Nests increased from 92 to 196 and decreased from 82
to 35 between 1976 and 1978 on Vert and Daisy Islands, respectively.
Other colonies contained almost identical numbers of bhreeding

gulls. Little change was noted in Tufted Puffin populations, and
the most notable additional information was the discovery of an
estimated 500 Common Murres at Contact Point which were not noted
in 1976 and the disappearance of 750 Black-legged Kittiwakes in
Amakdedulia Cove which were replaced in 1978 by 122 Double-crested
Cormorant nests.

The only species for which production data was obtainable in 1978

was for Glaucous-winged Gulls, and production was low in all areas.
Several storms during the peak of hatching in late June and early
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Table 1. Estimated seabird populations on colonies in Kamishak Bay, Summer 1978.

Colony DCCo PeCo RFCo B10y GWGu CoMu PiGu HoPu TuPu Total
Gull Is. 4 600 20 80 750 1454
Dry Bay 30 30
0il Reef 15 25 15 10 6 15 86
Pomeroy Is. 6 140 12 10 500 668
Iniskin 1Is. 100 15 4 900 2 8 8 1000 2037
Vert Is. 2 500 4 125 631
Scott Is. 4 15 15 34
Mushroom Islets 4 75 90 169
Toadstools 50 50
"Twin Rocks" 125 125
Entrance Rock 6 20 26
Knoll Head 35 100 2 12 10 10 6 175
Daisy Is. 2 70 72
Knoll Head Lagoon 6 150 6 40 15 217
North Head 30 6 20 10 15 81
White Gull Is. 8 4 350 4 12 300 678
South Head 25 10 5 15 30 85
Rocky Cove vicinity 35 75 25 15 50 6 206
Fortification Bluff 125 12 137
Bruin Bay Islands 20 300 40 75 25 460
Contact Point 250 200 60 200 500 24 12 6 1252
Amakdedulia Cove 300 6 306
Amakdedulia Islands 4 125 129
Nordyke Islands 8 500 600 1108
Akjemguiga Cove 80 4 84
North McNeil Cove 80 80
Mc¢Neil Cove 110 75 41 9 235
McNeil Islet 2000 2000
"Mushroom Rock" 35 80 6 121
Pinkidulia Peninsula 10 75 85
Akumwarvik Bay 30 2 32
"Akumwarvik Head" 100 15 115
"Kamishak Islands" 300 14 200 514
Douglas River-Islands 100 200 1 4 4 309
Shaw Is. 28 500 10 50 1500 2088
Burr Pt.-Augustine Is. 10 100 15 425 375 925

TOTAL 1015 463 60 120 5907 2503 316 851 5569




VI.

July may have contributed substantially to the loss. The southern
part of Kamishak Bay seemed to experience poorer production than
northern portions. On Nordyke Island 319 adults were counted but
only six nests containg eggs and three chicks were found. Nearly
500 adult gulls were counted on Shaw Island, but only one chick and
two nests with one egg each were found. Scrapes were relatively
abundant on both islands, but few eggs were being laid and fewer
chicks being hatched.

Another source of loss in gull production in some areas was brown
bear predation. A total loss occurred on several small islands in
Bruin Bay, and a brown bear visited White Gull Island in both 1976
and 1978, This summer, besides destroying all accessible Glaucous-
winged Gull nests and chicks, it dug up 80 percent of the Tufted
Puffin burrows leaving only those that were inaccessible.

Few birds were found on beached bird surveys although evidence of
the February wreck of Common Murres was found in most areas. Dead
murres were still found in the upper drift line and were frequently
found on promontories where they had been carried by scavengers.
One was found 260 meters up Augustine volcano.

Surprising to me was the lack of certain bird species in Kamishak
Bay. For example, we sighted no terns during the entire field
season. While we were in southern Kamishak an injured Aleutain
Tern did wash ashore at Cottonwood Bay accompanied by two flying
adults, but we found no other evidence of terns in those waters.
Only one Sooty Shearwater was sighted during the summer and small
numbers of Fork-tailed Storm-Petrels were reported for Cottonwood
Bay during a severe storm.

In summary, the greatest use of Kamishak Bay in summer is by non-
breeding and molting scoters. Seabird colonies are relatively
small with little species diversity. Bird densities, in general,
appeared to be lower than many other areas in Alaskan waters.
Problems Encountered

No major problems were encountered in this report period.

Estimate of Funds Expended

Salaries 512,640
Travel/per diem 270
Contractual Services 1,290
Commodities 110
Equipment -0~
Total $14,310
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I ABSTRACT

During the 14th quarter, our major activity has been the field work on
St. Paul and St. George Islands, and participation in several cruises in the
vicinity of the Pribilof Islands. In the studies of reproductive biology, our
most important finding was the documentation of reproductive failure in the
Red-legged Kittiwake, particularly on St. Paul, while finding other species,
including the Black-legged Kittiwake to be enjoying "normal"” or near normal
levels of success. Shipboard cruises filled data gaps, but led to no unexpected
results during July and August. The results of food sampling have yet to
be analyzed.

IT TASK OBJECTIVES

1) Conduct studies of phenology, reproductive success, growth rates and food
habits of seabirds nesting on St. Paul and St. George Islands.

2) Participate in two cruises on the Discoverer, in August and late
September.

3) Participate in PROBES cruises in July.

In addition, we took advantage of the opportunity to cooperate with Dr. Barney
Easterday in his study of the incidence of avian influenza, Salmonella and
Pasturella in St. Paul Island seabird populations.

III RESEARCH ACTIVITIES
A. Field Studies

1) On St. George Island, Squibb was present from early May until
late September. He was joined by Pitts for the period of heaviest
work load from mid June - late August.

2) On St. Paul Island, Rodstrom was present from early May through
late September, as was Naughton except when away participating in
cruises. Braun was present mid June - mid September, Hunt late
June - late August and Roelke early July - late August.

3) Participation by Naughton on PROBES cruises occurred during the
first half of July.

4) The Discoverer was staffed by Naughton and Hunt during August

and by Rodstrom, Naughton and Squibb in September. Glenn Ford
of Dr. John Weins' group aided on the August Cruise.
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LLaboratory

1)  Over the summer Burgeson worked on food samples from previous
years, updating indentifications.

2) Data Management tasks were performed by Bush, including coding
of cruise results and cleaning up past data submissions as error
checks were performed.
B. Scientific Party
George L. Hunt, Jr. Associate Professor, U.C.I., P.I.
Barbara Braun Graduate Student, Research Assistant,
U.C.I., S5t. Paul colony work, field

data management.

Barbara Burgeson Administrative Assistant [, U.C.I.,
administrative chores, food sample work-up.

Grace Bush Coder, U.C.I., data management.
Maura Naughton Laboratory Assistant II, U.C.I.,

in charge of at-sea surveys, help with
St. Paul colony work.

Mary Pitts Laboratory Assistant I, U.C.I.,
Graduate student, U. Wisconsin; help
in colony work, St. George island.

William Rodstrom Laboratory Assistant II, U.C.I.,
in charge colony work, St. Paul Island;
help with at-sea surveys.

Melody Roelke Laboratory Assistant [, U.C.I.,
Veterinary student, Washington State
University, Pullman; aid with colony
work, St. Paul; cost-shared help with
Easterday avian disease study.

Ron Squibb Laboratory Assistant II, U.C.I.,
in charge colony work , St. George
Island; and help on at-sea surveys.

C. Methods

We are using the same methods as used in previous years. Please
see the 1977 Annual Report (1 April 1978).
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D. Sample Locations/Tracklines

Field work was conducted on St. Paul and St. George Islands in the
Bering Sea (St. George Basin lease area).

Approximate tracklines for the August cruise on the Discoverer is
appended. Tracklines are not yet available for the PROBES cruises or
for the September Digcoverer cruise.

E. Data Collected

1) At-Sea Surveys:

PROBES Legs Il - V - approximately 800 segments

Digscoverer - August 292 segments
99 XBT
18 CTD
26 IKMT
Discoverer - September 306 segments
124 XBT
22 CTD

54 Nutrients

11 IKMT
2) Food Samples Collected -
St. George - 158
St. Paul - not yet complete - estimate 150, species

not yet available.

3) Reproductive Ecology and Growth Rates -

The final sample sizes from the islands are not yet available.
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F. Data Analysed -

Little data analysis was conducted during this quarter.

IV,v. RESULTS AND PRELIMINARY INTERPRETATION

Although we have yet to begin analysis of our 1978 data, limited results
are available.

1)  The most noteworthy of our 1978 findings is the apparent near complete
failure of Red-legged Kittiwake reproduction on St. Paul and, to a lesser
extent, on 5t. George Islands. Since the Black-legged kittiwake did not
show an equivalent reproductive failure, it is reasonable to rule out weather
as the prime cause. A drop in the availability of Myctophid fish is more
likely the answer. Red-legs specialize on these fish, while Black-legs

and other species of Pribilof Island seabirds rarely take Myctophids.

2) During the IKMT tows we found Myctophids near the surface at night

at and beyond the continental slope, but not over shelf waters. This
distribution fits well with our knowledge of where Red-legged kittiwakes
forage. Additionally Amphipods of the genus Parathemisto seemed most
abundant in areas known in the past, and found in August, to be important
murre foraging areas. Parathemisto are important in the diets of Murres.

3) In August, a modest number of murres with chicks were seen at sea.
Most of these were seen in known or suspected prime foraging areas.

4) 'The XBT and CTD casts revealed the presence of fronts around the
islands, with a single-layer system in shallow water and a two-layer
system in deeper water. The relationship between bird distributions
and these fronts will require further analysis.

2) Preliminary screening for Salmonella and Pasturella revealed no certain
positive cultures. Final analysis for bacterial infection or viral infections
will be done in Dr. B. Easterday's laboratory at the University of Wisconsin.
This work with Dr. Fasterday was in large part supported by an N.S.F.
grant to Dr. Easterday.

6) With the aid of Dr. Glenn Ford and Dennis Heineman of Dr. John Weins'
group, we obtained data for trade-off times (length of absence from the
nest) of Thick-billed murres. They also obtained data on flight speeds.
Their data will all be used in their modeling efforts.

7) With the exception of the Red-legged Kittiwakes, 1978 looked, in general,
very similar to other years. But, in 1978, several Black-legged Kittiwakes on
St. Paul managed to raise two young. Until final data are available on
reproductive success and growth rates, it would be premature to conjecture
whether this was a particularly good year for Black-legged Kittiwakes.
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VI AUXILIARY MATERIAL

None.

VII PROBLENMS ENCOUNTERED

No serious problems were encountered.

VIII ESTIMATE OF FUNDS EXPENDED (Direct Costs)

Total Appropriated Total Expended Balance as of

1975 - 1978 1975 - 31 Aug 78 31 August 1978
Salaries 109,714 104,985 4,729
Employee Benefits 16,028 13,057 2,971
Supplies 20,499 19,953 546
Equipment 16,147 8,790 7,357
Travel 37,966 28,537 9,429
Other 7,538 3,068 4,470
Total 207,892 178,390 29,502

It is anticipated that there are sufficient funds to complete the work
contracted for.
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INTRODUCTION

In order to model the role of the seabird community of the Pribilof
Islands in the Bering Sea ecosystem, we must first be able to describe
the temporal and spatial distribution of its energetic requirements.

The knowledge of how much energy is extracted from a given area at a
given time is basic to an assessment of the impact of the seabirds on
their environment. It is also the information that must be used to
predict what effects a perturbation of that environment will have on

the population dynamics of the seabird community. Our research has thus
proceeded in three steps: (1) determination of the spatial distribution
of energetic demands, (2) determination of the temporal distribution of
energetic demands, and (3) prediction of perturbation effects on the
seabirds and temporal and spatial allocation of their energetic require-
ments, Our first report (March, 1978) dealt with the spatial partition-
ing of energetic demands based on transect data collected by George Hunt
and his colleagues. This report will deal primarily with the temporal
partitioning of energetic requirements based on colony data from St.

Paul and St. George Islands, also collected by George Hunt.

METHODS

Our basic tool for estimating time-energy demands was a computer
model of avian community energetic requirements, BIRD II, developed by
John Wiens and George Innis. This model requires as input a large number
of species- and population-specific variables in order to perform &
detailed simulation of the changing energy demands of each species

through the course of an annual cycle. The internal structure and




assumptions on which this model is based may be found in Innis et al.
(1974), Innis and Wiens (1977), and Wiens and Innis (1973). Because
the input variables are specific to a given population, whenever possi-
ble we estimated them from data collected on the Pribilof Islands,
resorting to literature values only when these data were insufficient.
Although many of the variables vary between year and island, the data
base was not extensive enough to permit partitioning by either year or
island. Average values were calculated for all variables for which data
from more than one year-—island were available. Since most of our input
values were calculated from raw data, we will give a brief description
of the method used in the calculation of each general category of vari-
able. Computer mnemonics are given in parentheses for all variables

referred to in the text for comparison with Table 1J.

Phenological parameters

values were specified that describe the onset and end of immigra-
tion and the onset and end of emigration of adults (TS, TI, TD, and TJ),
and the initiation and termination of egg laying (DOI, DCI). The timings
of immigration and departure were estimated using counts of the number
of birds of a given species found on reference ledges and nests. Data
from all reference areas for a given species, year, and island were
combined to form a plot of the percent of the maximum number of birds
present through time. A flat-top curve was fitted by eye to these plots
and the inflection points of the curve used to describe the phenology of
arrival and departure. The time of initiation of nesting was assumed to

coincide with the time of the end of immigration. Initiation and
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3
termination of egg laying was taken directly from the annual reports of
Hunt's group (Hunt 1976, 1977). Juveniles were assumed to depart at
the same time as adults (TDJ, TEJ). The period of incubation (PI) and
the length of the nestling period (PN) were calculated directly from

data for marked nests and averaged for each species.

Population size parameters

Total population size estimates (PBD) were taken from the censuses
of Hickey (1976). Populations of both St. Paul and St. George were com-
bined since we are currently intercsted in overall community energy
demands. The proportion of the population that is breeding females
(PPEF') is also a necessary input; however, there were no appropriate
data available to estimate this parameter. We are certain that.the true
value lies between 0.25 and 0.45, and chose 0.35 as our most reasonable
approximation. The effect of this uncertainty on model results will be

discussed later.

Body size parameters

Body weights of hatchlings, fledglings, and adults (HMW, FwW, and
AMW) were available for most species from Hunt's data. We resorted to
literature values for Fulmars and Tufted Puffing, but no data were
available for hatching and fledging weights of Crested or Least auklets.
Since Crested Auklets are similar in body size and configuration to
Parakeet Auklets, we assumed that their fledging and hatching weights
were the same. The ratio of adult body weight to hatching and fledging
weights of Parakect Auklets were also assumed to apply to Least Auklets.
In addition to body weights, it was also necessary to estimate the logis-
tic constant of the nestling growth equation (Ricklefs 1968) for each

species (AKW). Basically this entails fitting a logistic curve to the
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Table 1.

Input variables:

abbreviations, descriptions,

units,

and values.

Where the value of a variable is constant for all species the value is

given

below, otherwise it is given on the following page.

noted by footnote all data are from Hunt (1976,1977,1978).

Except where

Abbr. Description Units Value
NSP Number of species Dimensionless 11

DEF (Digestive efficiency)'l " 1.33

TC Lower limit to thermoneutral zone Degrees C 0

BOTT Min. activity elevation of metabolism Dimensionless .10

SPHZ Time that BOTT is attained Julian date 15

TTOP Max. activity elevation of metabolism Dimensionless .25

TL.A Deviation from 12~hr photoperiod Hours see text
TSTRT Time of start of run Julian date 120

PS Population gize at TSTRT Birds 0

TS Time of first arrival Julian date "

TIN Time of initiation of nesting " "

PBD Population size at TIN Birds "
PPBF Fraction of PBD that are breeding 2% Dimensionless see text
DOT Time of completion of first clutch Julian date Variable
DCT Time of completion of last clutch " "

Ccs Mean clutch size Eggs "

PI Length of incubation period Days "

HMW Mean body weight of hatchlings Grams "

HS Hatching success Dimensionless "

PN Length of nesting period Days "

AK Logistic growth curve constant Dimensionless "

r'w Mean body weight of fledglings Grams "

FS Fledging success Dimensionless "

AMW Mean body weight of adults Grams "

TD Time of first departure Julian date "

TE Time of last departure " "

PLE Population size at TEND Birds 0

TEND Time of end of run 0 Julian date 263




Table 1 (cont.). Input variables.

SPECIES
Abbr. NF REFC BLK RLK CM TBM TP HP PA CA LA
TS 143 119 146 156 146 128 141 142 120 120 120

TIN 186 140 169 171 169 165 168 169 151 151 151
ppl 707 75 1030 2222 2290 16100 70 324 1840 3400 2730
pOI 186 140 169 171 169 165 168 169 151 151 151
DCI 2002 157 185 180 183 179 1902 190 163 1632 1632
cs 1 3.01 1.41 1 1 1 1 1 13 1 1
PI 494 30 29 32 31 36 455 405  36% ;1 34

HMW 75 41.6 48.3 46.1 86.9 82.7 61.98 63.1 50.0 872 152

HS .84 .46 .75 .85 .33 .66 .762 .76  .762 .762 .762
PN 504 54 43 37 20 21 555 407 35 317 30
AK .140% .206 .183 .188 .358 .355 .183% .243 .327 .286 .2927

FW 10004 1912 442 395 188 177 5608 394 283 2832 502
FS .90 .85 .63 .82 .66 .84  .682 .68 .682 .682 .68
aMW 8007 1844 444 383 968 1098 811 567 290 288 89

TD 257 264 238 238 231 224 264 264 212 212 205

TE 264 264 259 261 243 292 264 264 232 229 229

lppp is displayed in hundreds; Hickey (1977)
Estimated

3springer (1977)

dHatch (1977)

SLeschner (1977)

Manual (1977)

Searing (1977)

8Wehle (1977)
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weight-time growth pattern of a nestling. Since the only data availa-
ble for most of the species were in the form of average weight gain per
day, we derived a method for estimating the logistic constant from
average daily weight gain that gives good correspondence with litera-

ture values, providing that the assumed logistic growth form is correct.

Reproductive parameters

. Estimation of population energy demands requires knowledge of the
number of eggs and nestlings present through time. Specified model
inputs for this purpose are clutch size, hatching success, and fledging
success (CS, HS, FS). Input values were the weighted average of these
parameters for all years and islands. Values for 1975 and 1976 were for
the most part available in Hunt's annual reports (lunt 1976, 1977);

values for 1977 were worked up from Hunt's raw data.

Energetic varialbes

Although the existence metabolism of many species of bkirds has
been studied under caged conditions, free-living birds have a substan-
tially higher existence metabolism due to the costs of their greater
activity. This added cost varies as a function of time of year; it is
highest during the breeding season due to the demands of courtship and
repoduction, and lowest during the nonbreeding season. BIRD TT
assumes that this cost varies as a sine curve, with its low point
(BOTT) occurring on a specified date (SPHZ). Its high point (TTOP)
occurs during the peak of the breeding season. The value of TTOP for

passerines is generally agreed by avian physiologists to be on the order

of 0.25 of the caged existence metabolisms. It is as yet unclear whether
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seabirds experience a higher or lower elevation of metabolism
during the breeding season; plausible arguments can be made for either
case. Seabirds do not engage in singing, display, or appreicable
intraspecific aggression as do passerives. On the other hand, their
foraging activities require long distance flights to foraging areas
and return flights heavily loaded with food for nestlings. It is likely
that these variables are in part compensatory and that the ture value
for seabirds also lies in the neighborhood of 0.25. We therefore used
0.25 as our best estimate, but bracketed it for sensitivity analysis by
making model runs using 0.15 and 0.25 as alternative values for TTOD.

Avian metabolism is also known to vary as a function of photoperiod
and temperature above the thermoneutral zone. Since sea surface temnper-
atures in the Bering Sea during the period from May to August seldom fall
below 4.5OC, the lower critical zone of Murres (Johnson and West 1975)
(Fig. 1) we set both lower critical temperature (TC) and ambient temper-
atures (TEMPC) to the same values. The effect of photoperiod on avian
metabolism has been considered for temperate species {Kendeigh et al
1978) but little is known of its effect on species in higher latitudes.
The equations of Kendeigh (Kendeigh et all 1978) assume a linear rela-
tionship between photoperiod and metabolism that may not be valid at
higher latitudes. To correct for this, we used three different values
for daylength as model inputs, bracksting the true deviation from a
12 h day of 3 h (TLA) by + 3 h for the sensitivity analyses.

An additional energetic variable, digestive efficiency (DEF),
is also a model input. For a wide variety of avian species and food
types, this variable is very close to 70%. Recent data on Sooty
Sbearwaters (Lynne Krasnow, personal communication) suggest that
birds feeding on fish andnguid may hav a digestive efficiency as high

as BO%. We chose an intermediate value of 15% as an approximation for
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407 THERMAL NEUTRAL ZONE OF MURRES

Y

30 -

PERCENT OF
TOTAL OBSERVATIONS

TEMPERATURE (°C)

Fig. 1. Relation of recorded sea surface temperatures during May-August in
the Bering Sea to the lower portion of the thermal neutral zone of
murres (Johnson and West 1975).

54




this variable.

RESULTS AND DISCUSSION

The energetic demands of the Pribilof Island seabird community
begin to increase rapidly in early May with the arrival of the murre
population (Fig. 2). Thick-billed and Commom murres account for about
80% of the community energy intake during the period from May through
August. Immigration of murres is completed in early June, but energy
demands continue to increase due to the cost of egg production until the

last week of June. Community energy demands remain at a plateau of about

7 x 108 keal day~l until late July-early Auqust. Demand increases during
this period due to the increased reguirements of nestlings. With the onset
of the departure of murres and auklets in early August, energy demands be
begin to decline rapidly. By the end of August and the termination of the
simulation, demand remains at a slightly higher level than at the beginning
of the run due to the continued presence of breeding fulmars and kittiwakes.
The total community energy demand for the entire breeding season,
i.e. the integral of Fig. 2, is 6.49 x 1010 xcal. Assuming an average
energetic content of approximately 1.2 kcal/g wet weight of prey items
(Wiens and Scott 1975), this corresponds to 53,600 metric tons of food
consumed during the 4-month breeding season by all bird species. Nearly
80% of the food consumption, 42,700 metric tons (23,200 g per adult) is
taken by murres alone. Of the remaining 20%, kittiwakes account for 8%
and auklets 7%.
Because both murres and auklets confine their foraging activities
to a region less than 40 km from their home island, these energy demands

are spatially quite concentrated (Fig. 3) The most intense demands

occur in the region between 10 and 20 km from St. George where birds




(KCAL/DAY) x 108

MURRES
AUKLETS
KITTIWAKES
FULMARS
CCRMORANTS
PUFFINS

MAY JUNE JULY AUGUST

Fié. 2. Temporal course of total population energy demands of the major seabird species
breeding in the Pribilof Islands during May-August.
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KCAL M~2

KM FROM NEAREST ISLAND

Fig. 3. Distribution of seabird energy demands with increasing distance
from the breeding colony (St. George or St, Paul).




remove approximately 13.6 kcal m--2 during the course of the breeding
gseason., The impact of the Pribilof Island seabird community drops off
sharply beyond 40 km from either island. At 50 to 60 km distance, they

-2
remove only 1.7 g m = and the impact drops off steadily with increasing

distance.

Sensitivity Analysis

In order to carry out the simulation, it was necessary to specifiy
as inputs three important parameters: the proportion of the population
that is breeding females (PPRF) and two parameters used for describing
the annual photoperiodic effect on existence metabolism (TLA, TTOP).
Model runs were made for three different values of each of these para-
meters - an upper limit, our best estimate, and a lower limit. The
percent deviation in total community cnergy demand resulting from
perturbation of each variable from our best estimate provides and
index of the sensitivity of the model to our uncertainty (Table 2).
Maximum and minimum pertubations of PPBF and TLA result in less than
+ 5% variation, which is quite reasonable for our purpose. Variation
in TTOP, however, could result in as much as 9% and one of our current

priorities is improving our estimates for this variable.




Table 2.

Percent variation in total community energy demands resulting
from perturbing variables to upper and lower limits of their

reasonalbe ranges.

. Upper Lower
Variable limit limit
PPBF 3.5% ~3.3%
TLA 4.5% -1.5%
TTOP 8.9% -5.9%
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Task Objectives

The ultimate objective of this study is the assessment of the
degree and nature of dependence of each shorebird species on Arctic
habitats which may be susceptible to perturbation from offshore oil
development activities. The approach entails three major areas of
investigation:

1. Seasonal occurrence of shorebirds by species, in a variety of
arctic littoral and near-littoral habitats, both disturbed
and undisturbed.

2. Foraging habitat preferences of shorebirds within the littoral
zone, by species.

3. Studies of the major invertebrate prey systems used most
heavily by common shorebird species in arctic littoral

habitats,
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IT.

Field Activities

A.

Field work continued at 3 sites

1. Prudhoe Bay, through 10 September
2. Barrow, through 30 August

3. Kotzebue Sound, through 7 September
Scientific Party

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

Research assistants: Carolyn S. Connors, UC-BML
Katherine Hirsch, UC-Davis
Craig Hohenberger, UC-BML
Douglas Woodby, UC-Davis
Methods
We censused all previously established marked transects at each
site once every 5 days, recording all species by age and sex
whenever possible. Habitats on all transects were characterized
to obtain foraging habitat data. At Prudhoe Bay and Barrow we
sampled zooplankton densities at shoreline sites every 10 days.
In Kotzebue Sound we sampled benthic invertebrates and collected
birds for stomach analysis in situations of heavy shorebird use
in littoral areas.
Sample Localities. See Section A.
Data Collected
1. Approximately 800 transect censuses were completed during
this period. Approximately 60 birds were collected and
100 plankton or benthic samples were obtained.
2. Data analysis has not begun during this period.

3. Not applicable.

63




III. Only data pertaining to the most common species using shoreline
transects on the ARCO West Dock and on the adjacent mainland have
been partially analyzed. The seasonal changes in densities of
several species in these two habitat categories are compared in
figures 1 through 6.

IV. Preliminary Interpretation of Results Concerning ARCO West Dock

1. In general: Except for gulls and loons, bird use of the dock
shoreline was very low until August when densities suddenly
increased, with very sharp peaks for some species.

2. Zooplankton foragers (especially phalaropes) were more common
on dock transects than on adjacent mainland shore transects.
Phalarope foraging was almost all within 10 m of shore, usually
on the wind protected shore. This is the same pattern as observed
on natural spits (Pt. Barrow).

3. Very transitory but heavy use by the 2 phalarope species and by
Glaucous Gulls (15-25 Aug) corresponds to the period of an
extremely sudden appearance of very high densities of copepods
and arctic cod along West Dock. This increase in prey densities
was very local and of short duration. Copepod densities varied
on opposite sides of the dock and at different positions along
the dock.

4. Other patterns of seasonal habitat use were shown by other species.
Arctic and Red-throated Loons also foraged very close to shore,
were somewhat more common along the dock than on adjacent mainland
shores, but remained at fairly constant densities over a long
$eason.

5. Ruddy Turnstones foraged along both dock and mainland shores over

a fairly long period.
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VI.

Dunlins, utilizing both zooplankton and benthic infauna, were
more common along the natural shoreline transects, but densities
fluctuated quickly. Moderate numbers of Dunlins also occurred on
West Dock during non-census observations.

The ARCO Dock, as an artificial gravel spit, seems to be favored
as a foraging area by several species. This may, however, result
in attracting birds to the region of highest industrial activity
and therefore greatest potential environmental hazard.

Problems Encountered
None

Estimate of Funds Expended

For 1978, funds expended through August 31, 1978 totaled

approximately $55,215 of the allocation of $65,652.
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I. Task Objectives

Determine the relationship of pelagic seabirds to the ice environment
on a seasonal basis.

IT. Field Activities

A. Ship and field trip schedule

Dates Location Personnel
1 July - 12 September Cooper Island bivoky,
Ford, Good,
Scharffenberger
1-30 August Inshore Beaufort Divoky, Good

Alumiak and Natchik

25 August ~ 15 September Offshore Beaufort Divoky, Good,
USCGG Northwind Scharffenberger

III. Results

Excellent weather, early ice breakup and the lack of major fox predation
helped to make the field season on Cooper Island an extremely productive
one. Birds banded as chicks in 1975 and 1976 were found breeding in
1978 providing information on recruitment rates. The early breakup of
shorefast ice allowed the observation of breeding birds and migrants

in ice conditions unlike those found in past years.

Shipboard observations were hindered by fog and ice, which prevented

the completion of a grid north of the coast between the Colville River

and Camden Bay. Only spotty information was obtained on pelagic and
nearshore densities. This problem was compounded by the early termination
of the icebreaker cruise.

IV. Preliminary interpretation of results

None
V. Problems encountered
None
VI. Estimate of funds expended

Expenditure estimates not available at this time.
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I Abstract

This report is in abstract form. See Sections IV Results and V Prelim-
inary Interpretation of results.

I1 Objectives

1) To provide estimates of nesting success of the principle species of
narine birds;

2) To establish and describe sample areas which may be used in subsequent
years for monitoring the populations at Bluff Cliffs;

3) To determine the amount and kinds of foods used by the principle
species, and to describe the daily foraging patterns; when possible to
determine the relationships of food selected to food available;

4) To describe the chronology and phenology of events during the breeding
season, including changes in populations and their habitat distribution,
from occupation of the nest sites in spring to departure in the fall;

5) To provide comparison of current data with recent historical data;

IIT Field Activities

A. Field Schedule

1) Fixed transects were taken over the Northern Bering Sea and Norton
Sound in July and August. The aircraft used was Cessna 336.

2) Searches were made for the distribution of feeding seabirds in the
Hope Basin in July and August. The aircraft used was a Cessna 336.

3)  Counts were made of the age classes of Glaucous Gulls along the
becaches between Wainwright and Unalaklecet in July, coincident with these
operations.

4) Ao excursion of the NARL vessel Natchik was made from Barrow to
Wainwright in late July, but the cruise was terminated (see below, VIT),

5) A visit to Little Diomede Tsland by Diomede Islanders' skin boats
was prevented by bad weather. The Diomeders did not come to Wales for about
three wecks. The purposc of the trip was to repeat observations made in 1977.

6) Detailed studies of breeding biology were carried out at 14 study
sites.and repeated visils were made to seven other sites at the seabird cliffs
at Bluff. Censuses were made of the entire cliffs at Bluff and Sledge Island.

7) Aerial estimates werc made of the scabird populations of the cliffs
at Bluff Cliffs, Sledge Island, King Island, Saint Lawrence Island (Savoonga,
Cambel and Southwest Capes), Jittle Diomede, Fairway Rock, Cape Thompson and
Cape Lisburne.

B. Scientific party

William W. Drury, College of the Atlantic D.I.
Mary Drury Field Assistant
J.

Brand French, Univ. of Wisconsin Field Assistant
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Cathy Ramsdell College of the Atlantic Field Assistant

David M. Rand Harvard College Field Assistant
Alan Watson White Mountain School Field Assistant
F. Murphy Univ. of Alaska Consultant
C. Methods
o 1) Fixed transects flown at 120 ft., 120 knots; birds counted in a
30 arc.

2) Surveys of the beaches flown at 100 feet, 120 knots.

3) Visits to study sites al three-day intervals (more frequently
during laying or hatching) to record the breeding phenology and success
of Common Murres and Black-legged Kittiwakes. Contents and activities at
mapped nests are recorded.

4) Counts of all species on the cliffs

5) Collections were made of food dropped on ledges, brought in by
parents. A sample of 50 adults carrying food to the cliffs was taken.

D. Sample locations
Locationg are recorded in previous annual reports. Transect lines are
shown on the map.

E. Data collected

1) 650 five-minute periods of counts were spread along about 6500
miles of transects '

2) About 1500 miles of beach were surveyed.

3) 580 nesting sites of Black-legged Kittiwakes were studied; 127
mapped areas, including on average 4 pairs each, of Common Murres were studied.

4) Seven censuses were made of the Bluff Cliffs. Five areas were
identified and counted as sample locations for detailed comparisons in the
future. Five 24-hour counts were made to observe the daily changes in numbers
of birds at the cliffs.

IV Results
1) Seabird feeding areas during the breeding season
a) Murres and kittiwakes were found to gather at the mouth of the
Golovnin Lagoon and within 20 miles of the Bluff Cliffs,
b) Moderate concentrations of feeding seabirds were observed from
about 20 miles Fast of King Island to about 50 miles Southeast of King Island.
Extensive, important feeding concentrations were observed West of
King Island extending at least as far as the international boundary. These
concentrations extend Southwest to the West end of Saint Lawrence Island and at
least as far as 35 miles Southwest of the Southwest Capes on St. Lawrence Is.
c¢) A heavy concentration of feeding seabirds occurs in the Bering
Strait.
d) Feeding seabirds were observed to gather along the edge of the deeper
water sSouthwest and West of Cape Thompson.
Feeding seabirds were observed in large numbers in shallow water
within a few miles of shore to the Northeast of Cape Lisburne.
2) About 1,000 Glaucous Gulls wergaged and counted between Wainwright and
Unalakleet. Of these 18% were subadults. Chicks had not yet fledged when
the survey was made in late July.
3) Censuses of seabirds at Bluff Cliffs and Sledge Island gave results
similar to those of 1975, 1976, and 1977, cxcept thal an unusually large
count was made during one trip to Sledge Island and a maximum count was made
in early June at Bluff Cliffs. These high counts may be associated with
favorable conditions for reproduction.
Aerial estimates were made of the Bluff Cliffs, Sledge Island, King
Island and Little Diomede Island. We compared these aerial estimates to
previous counts made from the surface. This comparison provides a correction
factor to apply to the aerial estimatew we made of the seabird cliffs at
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Saint Lawrence Island, Cape Thompson and Cape Lisburne. We can also compare
our aerial estimates with the surface counts of Springer and Roseneau,

4) Our studies of breeding biology showed an exceptionally high reprod-
uctive success among Common Murres and Black-legged Kittiwakes at Bluff.

5) Observations on food showed again that Sand Launce in the major food
of Black-legged Kittiwakes. Common Murres feed heavily on Sand Launce, but
bring Pricklebacks back to their chicks on the cliffs.

V  Preliminary Interpretation of Results

1) The data collected in the course of overwater transects confirmed

our previous ideas about the distribution of feeding concentrations of seabirds
in the Northern Bering Sea and Norton Sound. Our observations are also consist-
ant with those of Schwartz in the Hope Basin, off Cape Thompson, in the early
1960s and the observations of Roseneau and Springer at Cape Thompson and Cape
Lisburne in the 1970s.

We believe that we have a good picture of the location of the import-
ant feeding concentrations of seabirds in the Northern Bering Sea, Bering
Strait and Southern Chukchi Sea. Unfortunately we do not have data from West
of the International Date Line.

2) Common Murres and Black-legged Kittiwakes had unusually successful
reproductive season at Bluff Cliffs in 1978. The kittiwakes produced about
4/5 of a yourngone per nest which is twice as well as they did in the next best
year, 1975, and 40 times as well as they did in the poorest year, 1976.

Reproductive performance among kittiwakes was so high that differences
in performance amonf different parts of the cliff were not evideni. During 1975
conspicuous differences were found, while during 1976 and 1977 reproduction was
so poor that differences were masked.

3) Counts of the age classes of Glaucous Gulls along 1500 miles of
coastline in Northwest Alaska sugpgest that Glaucous Gulls may be in or enter-
ing a period of rapid growth of their population. Sucigrowth, a familiar
secondary effect of economic development, has unfortunate implications for other
seabird populations. For example, a single pair of Glaucous Gulls nesting
on top of a rock stack will exclude five hundred or more pairs of Common
Murres from the preferred nesting habitat.

VII Problems Encountered

In July 1977 we arranged a lease of a fishing vessel out of Kodiak in
order to make studies of the food of seabirds in the Northern Bering Sea,
Norton Sound and the Bering Strait. Unfortunately, the lease was cancelled
by the fishermen when they found other ways of making more money.

We subsequently arranged to lease Natchik out of NARL, Barrow. This
vessel left Barrow in late July and we flew D. Roseneau to Wainwright to join
the vessel. Two members of an LGL fisheries group were on board during the
trip from Barrow to Wainwright and Roseneau joined them on the return trip to
Barrow for repairs and refitting. We recibved negative reports from W.
Griffiths and D. Roseneau about the condition and operation of the vessel,
and as a result decided that Natchik was suitable for operations out of Barrow
in sheltered waters where repair facilities are available. We decided not to
use her for the long trip to Nome and for extended work many tens of miles off
shore in a region lacking shelter from the weather and lacking any repair
facilities. The reports we have recieved about the Natchik's operations later
in the summer support this decision,

As a result of these two circumstsnces we were unable to carry out our
studies of the reproductive success of seabirds at King Island and Little
Diomede. We also reduced our studies on the food of seabirds to taking about
fifty specimens at Bluff Cliffs for examination of stomach contents.
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In the meantime we have reconsidered our plans to make studies of the
fisheries resourcesg in relation to the diets of seabirds. We have, furthermore
compared the fisheries data available from the Northern Bering Sea(Wolotira,
1978) with our obscrvations on seabirds. It is doubtful that contemporary
fisheries technology will allow us to take the samples needed to sample the
resources which the seabirds are using, at least from the benthic or demersal
stocks. We think that the most productive next step would be based on study
of the feeding behavior of birds, on samples of stomachs of feeding birds,
and on surface samples. We believe that instead of a larger vessel, a small,
fast craft (large sized whaler or Aquasport 22.5) would be best. Such a
small boat would allow sampling fish and invertebrates near the surface and
measuring temperatures and salinities. 1Its greatly increased mobility and
low logistics and personnel requirements are in its favor.

We can explain these conclusions in greater detail and develop¢
the plans further if that seems desireable.

78




- QUARTERLY REPORT

Contract: (1-5-022-2538
Research Unit: RU %37
Reporting Period: July 1, 1978 to

September 30, 1978

SEASONAT, DISTRIBUTION AMD ABUNDANCE OF MARINME BIRDS IN ALASKAM WATERS

Calvin Lensink
PRINCIPAL TIIVESTIGATOR

Patrick Gould
PROJECT LEADIZR

Te S. Fish and Wildlife Service
Office of Biological Services - Coastal Tcosystems
1011 E, Tudor Road
Anchorage, Alashka 99503

October 1, 1078




RU 337
GUARTLRLY REPORT
JULY - SEPTEMBER 1078

I. ABSTRACT OF QUARTERS ACCOMPLISHMENTS

Data processing and the initial stages of writing the first draft of
the final 337 report occupied this entire gquarter. Keypunching and
dirital data verification was begun and partially completed for 1978
cruises in the Kodiak area. VWriting was begun on some introductory
sections of the final report. The first two final data tapes were
raceived from Dr. Hal Peterson.

T, TASK OBJECTIVES

The overall objective of RU 337 in 1978 is the analysis of shipboard
and aerial survey data and the preparation of a final report. Specific
tasks for this quarter included: 1) processing of data from limited
cruises conducted under RU 341 in the Kodiak integrated project, 2)

review of pertinent literature, and 3) preparation of introductory
sections of the final report.

I7I. PFIELD OR LABORATORY ACTIVITIES

Mo ficld or laboratory programs were conducted although some support
was oiven “o shipboard surveys conducted under RU 3431 in the
integrated Kodiak studies.

TV. RESULTS

Hone of the tasks were completed during this work period but major
headway was made in all areas.

V. PRULIMINARY INTERPRETATION OF RESULTS

This section is not applicable to this quarters work.

VI. AUXILIARY MATERTAL

There was no auxiliary material for this quarters work.

VIT. PRORLEMS ENCOUNTERED/RECOMMENDED CHANGES

No new or specific problems were encountered during this quarter.

The length of time nceded by Dr. Hal Peterson to complete the editing,
verification and rormat conversion of RU 337 digital data remains the

central probles with respect to beginning data analysis and to
establishir~ ~ aate [or the completion of the final report.

30




QUARTERLY REPORT

Contract: 01-5-022-2538

Research Unit: 341

Reporting Period: July 1, 1978 to
September 30, 1978

POPULATION DYNAMICS AND TROPHIC RELATIONSHIPS
OF MARINE BIRDS IN THE GULF OF ALASKA

Principal Investigator

Calvin Lensink

Study Leaders

Gerald Sanger
Patrick Gould
Robert Gill
Robert Jones

U.5. Fish and Wildlife Service
Office of Biological Services - Coastal Ecosystems
1011 E. Tudor Road
Anchorage, Alaska 99503

November 1, 1978




QUARTERLY REPORT

RU 341
JULY - SEPTEMBER 1978

I. ABSTRACT OR HIGHLIGHTS OF QUARTERS ACCOMPLISHMENTS

Breeding biology studies were completed at Chisik Island, Middleton
Island, Sitkalidak Straits and Chiniak Bay. These studies produced a
wealth of new data and the field personnel returned with new insights
into the relationship between seabird breeding and food availability.
Field efforts associated with the Integrated Kodiak Food Web Studies
were completed. Data were collected on the feeding habits of selected
seabird species and on the distribution and abundance of all seabirds
occurring in Kodiak bays and over the nearby continental shelf. Lab-
oratory personnel devoted an increasing amount of their time to data
management. Data from all of the 3,405 stomach samples assessed to date
have been keypunched and now await computer analysis. An analysis of
Marbled Murrelet stomach contents data was completed and showed a
dramatic shift in diet from summer to winter.

ITI. TASK OBJECTIVES
A. Colony Studies

The colony work was directed toward obtaining baseline data on the
breeding bilology of important seabird species. The most important
data collected included: colony size, breeding chronology, clutch
size, productivity, growth rates, food habits, and habitat use., The
major species studlied at each camp were: Black-legged Kittiwake (all
colonies), Tufted Puffin (Chiniak and Sitkalidak), Horned Puffin
(Chisik), Pelagic Cormorant (Middleton Island and Chiniak), Glaucous-
winged Gull (all colonies). Other species investigated under lower
priority status included: Mew CGull, Arctic Term, Aleutian Tern,
Common Murre, Pigeon Guillemot, Common Eider, Rhinoceros Auklet and
Black Oystercatcher.

B. Feeding Ecology and Trophic Relationships

Feeding ecology studies were both lab and field oriented. The field
work centered on the collection of selected seabird species and their




stomach contents in conjunction with plankton and fisheries
research being conducted in the same area and time frames. Key
species being studied were Sooty Shearwater, Tufted Puffin, Black-
legged Kittiwake, Common Murre and Pigeon Guillemot. Distribution
and abundance data on all seabirds in the study area were gathered
by standard USFWS transect techniques. Movement of Tufted Puffins
and Black-legged Kittiwakes to and from colony areas was studied
by 48-hour seawatches at Outer Right Cape. Laboratory work in-
volved data processing and stomach content analysis.

ITI. FIELD AND LABORATORY ACTIVITIES
A. Ship or Field Trip Schedule
The ship and field trip schedule is presented in Table 1.
B. Scientific Party
The scientific parties are listed in Table 1.
C. Methods

Field and laboratory methods used during this quarter were the
same as for the previous quarter. In general, colony work is
conducted by establishing study plots and marking individual
nests and birds. Basic data on each aspect of the birds' breed-
ing biology is checked at least every five days and frequently
every two days depending on the specific requirements of each
species and each chronological event. Feeding ecology studies
included, in order of descending priority: intensive collect-
ionsg of birds in Izhut Bay and Kiliuda Bay for feeding habits
data; observing and documenting foraging behavior and areas;
and, conducting transect counts to determine distribution and
abundance in relation to distribution and abundance of prey.
Seawatches from Outer Right Cape, Kodiak Island, monitored the
movements of birds through a spotting scope over a 48-hour
period. Laboratory methods involved sorting, measuring and
classifying stomach contents and the digitizing of all derived
data.

D. Sample Location/Ship or Aircraft Tracklines

The location of the secawatches is indicated on Figure 1. The
location of colony studies is indicated on Figure 2. Collecting




work aboard the R/V Commando was concentrated in Izhut and Kiliuda
Bays, Kodiak Island, but transect counts were taken over most
bay and continental shelf areas of east and south Kodiak Island.

E. Data Collected or Analyzed
1. Number and types of Samples/Observations

A preliminary listing of data and sample sizes obtained
during the 1978 colony studies is presented in Table 2.

Fish and Wildlife Service personnel participated in cruises
7B through 10 of the R/V Commando as part of the Integrated
Kodiak Food Web Study. A total of 63 Sooty Shearwaters,

30 Tufted Puffins, 43 Black-legged Kittiwakes, 25 Common
Murres, 22 Marbled Murrelets and 18 Pigeon Guillemots were
collected in Izhut Bay and northern Sitkalidak Strait. One
hundred and thirty three transects for distribution and
abundance data were completed aboard the R/V Commando and
109 were obtained aboard the NOAA ship Miller Freeman. Four
48-hour seawatch studies were conducted at Outer Right Cape,
Kodiak Island.

2. Sorting and analysis of data from the 1978 field season
has not yet been completed although a few preliminary pro-
ducts are available. USFWS personnel on the Alaska Informa-
tion Management Systems (AIMS) program have been working on
computer programs to translate feeding data from two older
formats to the final format. After frustrating delays that
continued for nearly a year and a half, the final computer
format for feeding studies of marine birds (NODC Record
Type 031) was approved by NODC and NOAA in August. AIMS

is also working on quality control checking programs for
our data, and we anticipate being able to begin computer
analysis of our feeding data in the near future.

3. Miles of Trackline

This information has not yet been derived for the 1978 field
season.

IV. RESULTS

A, Colony Studies

Only a general summary of the results of colony studies for
the major marine bird species is appropriate at this point
in time.




1. The 1978 breeding chronology for all species appears
to be similar to that found in previous years. The new
studies on Middleton Island indicate that local popula-
tions begin breeding at a significantly earlier date and
that the breeding season there is spread over a longer
period of time.

2. The 1978 breeding success for all species except
Black-legged Kittiwake appears to be similar to that
found in previous years,

3. Black~legged Kittiwake breeding success was very
poor throughout the Gulf of Alaska with the exception
of one colony in Chiniak Bay (see Table 3).

B. Feeding Ecology

One of our laboratory personnel (Valerie Hironaka) has calcu-
lated the Index of Relative Importance (IRI) for the prey of
Marbled Murrelets in the Kodiak area and in Kachemak Bay,

Lower Cook Inlet. The IRI (Pinkas et al., 1971) is defined as:
IRI = % frequency of occurrence X (% numbers + % volume). The
resulting number provides a means of evaluating the relation-
ship of various food items. For Marbled Murrelets in the Kodiak
area the IRI reflects a dramatic shift in diet from summer to
winter. In summer, the 59 birds sampled were exclusively pis-
civorous, eating juvenile Caplin and Sandlance. They ate pre-
dominantly Capelin in May, and predominantly Sandlance by mid-
August. A trace of juvenile Walleye Pollock also occurred in
their diet. However, in winter no fish occurred in the diet of
the 38 murrelets sampled. Their diet was then dominated by

the mysids Acanthomysis and Neomysis. In Kachemak Bay in winter,
the diet of 20 Marbled Murrelets was dominated by Thysanoessa
euphausiids and juvenile Capelin, and contained some unidenti-
able mysids.

V. PRELIMINARY INTERPRETATION OF RESULTS

An interpretation of results other than those presented in the
Results section of this report is not possible at this point in time.

VI. AUXILIARY MATERIAL

We have no auxiliary material to present with this report.

VII. PROBLEMS ENCOUNTERED/RECOMMENDED CHANGES

No new problems have been encountered during this quarter nor do
we have any recommended changes at this point.
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Table 1. Ship and Field Trip Schedules and Scientific Party.

FIELD OPERATION BEGIN END PLATFORM USFWS PERSONNEL

DATE DATE
Colony Study 78-05-08 78-09-07 Sitkalidak Island Patricia Baird (work leader)
FW8009 Martha Hatch {field assistant)
Colony Study 78-05-15 78-09-04 Chisik Island Robert Jones (work co-leader)
FW8010 Margaret Petersen (work co-leader)
Coleny Study 78-05-15 78-09-04 Chiniak Bay David Nysewander (work leader)
FW8013 Bruce Barbour (field assistant)
Colony Study 78-04-28 78-08-18 Middleton Island Scott Hatch (work leader)
FWw8021 Tom Pearson (field assistant)
Feeding Ecclogy 78-07-11 78-07-31 R/V Commando Lynne Krasnow (work leader)
FW8017 David Wiswar (field assistant)
Feeding Ecclogy 78-07-31 78-08-13 R/V Commando Douglas Forsell (work leader)
FW8018 Claudia Voss (field assistant)
Feeding Ecology 78-08-14 78-08-30 R/V Commando Lynne Krasnow (work leader)
FW8019 Kenton Wohl (field assistant)
Seawatch 78-07-15 78-07-18 Outer Right Cape Lynne Krasnow (work leader)
FW8017 David Wiswar (field assistant)
Seawatch 78-07-28 78-07-30 Quter Right Cape Lynne Krasnow (work leader)
FW8017 David Wiswar (field assistant)
Seawatch 78-08-08 78-08-10 Outer Right Cape Douglas Forsell (work leader)

FW8(018 Claudia Voss (field assistant)
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Table 1. Ship and Field Trip Schedules and Scientific Party

FIELD OPERATION BEGIN END PLATFORM

DATE DATE
Seawatch 78-08-25 78-08-27 Outer Right Cape
FW8019
Shipbeoard Survey 78-06-20 78-07-07 NOAA Ship
FW8016 Miller Freeman
Foraging Ecclogy 78-08-04 78-08-04 Small Boat
FW8023
Foraging Ecology 78-08-03 78-08-03 Small boat
FW8027
Foraging Ecology 78-09-04 78-09-04 Small boat

FW8028

(cont'd.)

USFWS PERSONNEL

Douglas Forsell (work leader)
Patricia Baird (field assistant)

Juan Guzman (work leader)
Univ. of Calgary, Canada

Robert Jones (work leader)
Gerry Sanger (field assistant)

Robert Jones (work leader)

Robert Jones (work leader)
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Table 2. Data

Collected During 1978 Colony Studies.

Black-legged Kittiwake

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Pepulation X2 X X X
Census
Chronology1 180 nests 155 nests 61 nests 121 nests
Productivityl 180 nests 147 nests 171 nests 121 nests
Growthl 30 chicks 2 chicks 53 chicks 24 chicks
Food 45 5 02 35
Samples1
Habitat +2 + + X
Use

Tufted Puffin
Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population X 0 0 X
Census
Chronologyl 40 nests 0 46 nests 103 nests
Productivityl 0 0 46 nests 103 nests
Growthl 10 chicks 0 37 chicks 16 chicks
Food 16 0 0 27
Samplesl
Habitat + 0 + X

Use
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Table 2. Data Collected During 1978 Colony Studies (cont'd.)

Glaucous-Winged Gull
Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population + + X X
Census
Chronologyl 67 nests + 38 nests 117 nests
-Productivityl 67 nests 0 35 nests 117 nests
Growth? 0 0 0 30 chicks
Habitat + + + X
Use
Food 0 0 0 61
Samples1

Horned Puffin
Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population 0 + c +
Census
Chronologyl 0 30 nests G +
Productivityl 0 30 nests 0 +
Growth! 0 30 chicks 0 0
Food 0 1 0 0
Samples1
Habitat 0 + 8] +




Table 2. Data

Collected During 1978 Colony Studies

Common Murres

{cont'd.)

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Populaticn X X 0 0
Census
Chronologyl 399 chicks 10 chicks 0 0
Productivityl 0 0 0 0
Growth® Fledging 0 0 0
condition
Food 0 0 0 0
Samples
Habitat + + 0 0
Use
Pelagic Cormorant

Data Type Middleton Island Chisik Island Chiniak Bay Sitakalidak Straits
Population X 0 X X
Census
Chronologyl 60 nests 0 28 nests +
Productivityl 100 nests 0 135 nests +

1
Growth 0 0 0 G
Food 5 0 0 0
Samples
Habitat Use + 0 + +
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Table 2. Data

Collected During 1978 Colony Studies

Rhinoceros Auklet

{cont'd.)

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population + ] + 0

Census

Chronologyl 30 nests 0 0 0
Productivity1 0 0 0 0

Growthl 0 0 0 0

Food Samples 72 0 0 0

Habitat Use + 4] + 0

Red-faced Cormorant

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population X 0 X +

Census

Chronologyl 0 0 + +
Productivityl 0 0 40 nests +

Growthl 0 0 0 0

Food Samples 0 0 0 0

Habitat Use + 0 + +
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Common Eider

Table 2. Data Collected During 1978 Colony Studies {(cont'd.)
Mew Gull
Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population 0 0 X +
Census
Chronologyl 0 0 40 nests +
Productivityl 0 0 40 nests 0
Growthl 0 0 0 0
- Food Samples 0 0 0 0
Habitat Use 0 0 + 0

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population 0 + + 0

Census

Chronologyl 0 =+ 20 nests 0
Productivityl 0 + 20 nests ]

Growthl 0 0 0 0

Food Samples 0 0 0 0

Habitat Use 0 + + 0




Table 2. Data Cocllected During 1978 Celony Studies <{cont'd.)
Afctic Tern

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population 0 0 X X
Census
Chrcrnology:L 0 0 108 nests 51 nests
Productivity1 0 0 63 nests 51 nests
Growth’ 0 0 0 56 chicks
Food Samples 0 0 0 10
Habitat Use 0 0 + X

Aleutian Tern
Data Type Middleten Island Chisik Island Chiniak Bay Sitkalidak Straits
Population 0 0 X X
Census
Chronologyl 0 0 106 nests 53 nests
Productivityl 0 0 13 nests 53 nests
Growth’ 0 0 0 30 chicks
Food Samples 0 0 0 12
Habitat Use 0 0 + X
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Table 2. Data Cocllected During 1978 Cclony Studies

Black Oystercatcher

(cont'd.)

Data Type Middleton Island Chisik Island Chiniak Bay Sitkalidak Straits
Population X + X +

Census

Chronology1 0 1 nest 14 nests +
Productivityl 0 + 14 nests 0

Growth! 0 0 0 0

Food Samples 0 0 0 0

Habitat Use + + + 0

1
Sample sizes given in this table are only close approximations.
not be available until the data has been sorted and analyzed.

2

X
+
0

= Samples Taken
General Observations Taken
No Data

Exact values will



Table 3. Breeding Success of Black-legged Kittiwakes in the
Gulf of Alaska in 1978.

Breeding Colonies
Parameter Chiniak Sitkalidak Middleton Chisik

Number of Nests

Built 259 121 180 155
% Nests Built

Containing Eggs 0.66 0.54 0.81 0.75
Mean Clutch Size 1.72 1.15 1.94 1.56

% Nests with Eggs
Hatching 1 or More
Egg 77.2 43,0 70.3 25.5

% Chicks Hatched
Per Egg Laid 0.72 0.49 0.63 0.13

% Chicks Fledged
Per Chick Hatched 0.93 0.52 0.14 0.09

Number of Chicks
Fledged Per Nest
Containing Eggs 1.16 0.31 0.17 0.02

Number of Chicks
Fledged Per Nest
Built 0.77 0.17 0.15 0.01
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Summary of Second Quarter Operations

The majority of our field work occurred during the second quarter.

A one day visit was made To Cape Thompson on 4 July. Cape Lisburne was
visited from 5 July to 13 July and a field party of two returned to Cape
Lisburne on 22 July and remained there until 22 August. A second party of 2
people worked at Cape Thompson from 12 August to 24 August. A final one day
visit was made to Cape Thompson on 17 September.

In cooperation with Bill Drury and the Arctic Project Office, we flew
aerial transects on 25-29 July and 18-19 August. The flights were made in a
Cessna 336 chartered from Don Olson in Golovin. We intended to use the aerial
transects to establish areas where seabirds were feeding and the flights were
planned to coincide with arrival of the vessel Natchik out of Barrow. Marine
sampling of the waters within which birds were found feeding was planned
as well as sampling in areas not being utilized by seabirds in an attempt to
determine both physical and biological characteristics of waters which appear
to be relatively highly productive. Unfortunately the Natchik ran aground at
Wainwright and the remainder of that cruise had to be scratched. None the
less, the aerial transects proved valuable in determining areas of imporfant
feeding habitat for seabirds at the ftwo colonies. We were able to refine our
estimates of murre and kittiwake feeding areas which we had made from
observations of the directions bird took when flying to and from the colonies.
We have not yet completed our analysis of the data obtained during those
flights, however, it appears that murres at Cape Lisburne may feed as far as
125 km to the northeast of the colony and murres at Cape Thompson may feed an
equal distance to the south and southeast of that colony.

Atmost without exception the breeding season this summer was earlier
than in 1977 and, in the case of murres at least, was earlier than in any
other year for which we have data. The first seagoing of murres at Cape
Thompson was observed on 13 August, The next eartiest date being 18 August
in 1960.

We did not count murres at Cape Thompson but |imited counts at Cape
Lisburne suggested no major change in the population between 1977 and 1978.
The number of kittiwakes at Cape Thompson, Cape Lisburne and Cape Lewis,
however, did change appreciable between the two years. At both Cape Thompson
and Cape Lisburne kittiwake populations may have been as much as 13-15 per
cent higher than last year while at Cape Lewis the population may have been
at least 35 per cent higher than in 1977. Productivity of kittiwakes at these
colonies was also higher than in 1977, a greater number of breeding pairs had
on an average larger ciutches and larger broods of young.

These observations indicated that some factor or a combination of
factors were particularly favorable for seabird nesting this summer. Spring
came unusualty early and the ice went out nearly a month earlier than in 1977.
The resulting open water, therefore, provided an enlarged feeding area near
the cliffs during the early phases of the breeding cycle and probably helped
promote The success of the effort. The food base upon which murres and
kittiwakes depend also seemed to be larger than in 1977. Sand Launce appeared
to be abundant throughout the summer at jeast from early July on, as did cod
and invertebrates, principally decapods and amphipods.




This summer we also saw a relatively large number of "unusual"
birds at Cape Lisburne. We saw at least 6 individual murres in winter
plumage, at least two individual kittiwakes in a plumage which was neither
adult nor juvenile but was characterized by a grey hood just above the nape,
and a guillemot in winter plumage. We also observed at least ftwo kittiwakes
with grey hoods at Cape Thompson. We had not seen any birds similar to
those In previous years either at Cape Thompson or Cape Lisburne, however,
Swartz reported murres in winter plumage at Cape Thompson in 1960. We
believe that the factors which resulted in the early and productive season
may also have been responsible for the presence of these atypical birds.

Estimate of Funds Expended

Total Budget: $112,423.00

Expenses through 31 August 1978: 109,154.57

Balance: $3,268,43
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II.

BEAUFORT SEA BARRIER ISLAND-LAGOON
ECOLOGICAL PROCESS STUDIES

Highlights

Field research, which commenced in June of last quarter from the Milne
Point field camp at Simpson Lagoon, continued until the last week of
this quarter. Field research efforts included sampling in nearshore
habitats for fish and benthic invertebrates, measuring physical charac-
teristics of the water at these sampling sites, surveying island and
mainland habitats for nesting birds, and surveying coastal waters for
waterfowl in the vicinity of Simpson Lagoon and east to Demarcation

Point.

Task Objectives

This program was originated to design and carry out a series of inte-
grated ecological process studies in a barrier island-lagoon ecosystem
on Alaska's Beaufort Sea coast. The program's broad objectives are to:

(1) Identify and analyze the importance of selected ecosystem compo-
nents and processes contributing importantly to the structure and
productivity of nearshore ecosystems.

(2) Evaluate the feasibility of detecting and quantifying temporal
change in those ecosystem components and processes identified as
important.

(3) Identify mechanisms by which those components and processes could
be tested for their sensitivity to man-caused change, and,
therefore, for their utility in predicting and analyzing impacts
of OCS petroleum development.

This program is being implemented in conjunction with the research
efforts of OCSEAP Research Units No. 526, 527, 529, 530, and 531,
(nutrient dynamics, oceanography, gecomorphology, and sedimentology).

It is the responsibility of LGL Limited to conduct studies in aquatic
ecology and ornithology, to administer the integration of the above
Research Units into the entire barrier island-lagoon program, and to
synthesize information from all related research disciplines to make a
final assessment of petroleum development impact on the nearshore

ecological processes of the Beaufort Sea.
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Ecosystem modeling during the course of the program functions to
create a common base for communication among PI's, program managers,
and NOAA and BIM coordinators. Each stage of computer simulation of
the geophysical and biological processes in the barrier island-lagoon
system represents the current level of understanding. In successive
interdisciplinary workshops investigators critically examine each
research effort in light of data gaps revealed through in-depth work-
shop discussions and through evaluations of key processes represented
by the model.

Specific task objectives of RU 467 are as follows:

(1) To clarify the food web and energy flow processes (to include all
trophic levels from the ultimate food base to the key bird and
fish species) which support important vertebrates in the barrier
island-lagoon system,

(2) To assess food sources and feeding dependencies of fishes and
invertebrates in lagoon and nearshore marine waters.

(3) To document movements and residency behavior of fish and inverte-
brates in the lagoon habitat.

(4) To characterize the manner in which selected bird species utilize
the barrier island-lagoon system for feeding, resting, nesting
and/or molting.

(5) To describe the feeding and habitat dependencies of the bird and
fish species studied as these dependencies may be disrupted by
0CS-related development.

(6) To evaluate the importance of microhabitat features (which may
potentially be altered by petroleum development activities) to
the breeding and feeding activities of birds and fish.

(7) To determine locations and mechanisms of over-wintering (as opposed
to annual recolonization) by fish and invertebrates.

(8) To evaluate feeding dependencies and habitat use by arctic foxes
as these relate to other elements of the biological community.

(9) To document the dependencies of biotic communities on coastal
dynamics, geochemical processes, and nearshore circulation patterns
through active coordination with Research Units No. 526, 527, 529,
530, and 531.




III. Activities

Name

A.

this

0y

(2)

(3)

(4)

Field Work, Laboratory Analyses, Workshops

The following types of research activities were performed during

quarter:

Samples of invertebrates were taken by several methods at stations
near the mainland,on landward and seaward sides of the barrier
island chain, in mid-lagoon, and in lagoon entrances between
islands. Gill nets, fyke nets, beach seines, and purse seines
were used for sampling fish in waters in and near the lagoon.
Temperature and salinity were routinely measured as these inverte-
brate and fish samples were being taken. Samples of water were
also taken periodically at these stations for subsequent nutrient
analysis by Don Schell of RU 527.

Invertebrate samples taken were examined to determine their gen-
eral composition, then preserved for more thorough analysis at a
later date. Appropriate samples of all fish caught were measured,
otoliths of some were excised for subsequent aging of the fish,
and stomachs of some were removed and preserved for later analysis.

Rectangular plots established on the barrier islands and on the
nearshore mainland were searched for nesting birds so that bird
nesting densities by habitat type could be estimated. Daily
watches were made during a portion of the quarter. for birds

moving through or into the area to help evaluate the extent to
which migrating and feeding birds used the lagoon and adjacent
land areas. Aerial surveys were conducted in the Simpson Lagoon
and Harrison Bay areas and eastward to Demarcation Point to deter-
mine the distribution and density of waterfowl (primarily oldsquaw)
by habitat type and location along the coast.

Detailed laboratory analyses of samples of invertebrates and of
fish and bird stomachs commenced in August. These analyses
included species identifications, composition by biomass, and life
history interpretations.

Scientific Party

The scientists involved in this program and their roles and

affiliations are listed below.

Affiliation Project Role

Joe Truett, Ph.D. 1GL Limited - U.S., Inc.* Project Director
Peter Craig, Ph.D. LGL Limited ** PI, Aquatic Ecology

(fish)

William Griffiths, M.Sc. LGL Limited *#*# Aquatic Ecology

(invertebrates)
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B.  Scientific Party (cont'd)

Name Affiliation

Project Role

Lewis Haldorson, Ph.D.
Howard McElderry, B.S.

LGL Limited ##*
LGL Limited *#*%*

Stephen Johnson, Ph.D.
Robert Dillinger, B.S.

* 103-A Pleasant Street, Bryan, Texas

LGL Limited - U.S., Inc.*

LGL Limited - U.S., Inc.*

Aquatic Ecology
(fish and invertebrates)

Aquatic Ecology
(fish and invertebrates)

PI, Avian Ecology

Laboratory Analysis
(invertebrates)

77801

*% 53 Howard Avenue, Nanaimo, British Columbia VO9R 3P9
**% 10110 - 124 Street, Edmonton, Alberta TSN 1P6

C. Methods

General methods used for the several areas of research this quar-

ter are presented below:

Research Activity

Collecting epibenthic invertebrates

Sampling epibenthos in lagoon entrances
between islands

Collecting fish

Measuring water temperature and
salinity profiles

Collecting water samples for nutrient
analysis

Laboratory analyses of invertebratcs
and fish and bird stomach samples
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Methods

Drop nets, air lifts, hand nets,
otter trawl, epibenthic trawl,
baited traps

Drift nets

Gill nets, fyke nets, beach
seine, purse seine :

Hydro-lab

Messenger-activated water sam-
pling bottle; freezing of
samples for storage

Included in analyses are species
identifications, percent compo-
sition by biomass, and size
classes of seclected species (for
life history determinations).




C. Methods (cont'd)
Research Activity ‘Methods
Estimating nesting bird densities Searches of permanent rectangu-
lar plots
Evaluating local bird movement and Standardized watches with
habitat use binoculars and telescope;
opportunistic observations
Surveys of waterfowl distribution Aerial survey by fixed-wing
and abundance aircraft
D. Sample Localities
A1l fish and invertebrate samples were collected in or near
Simpson Lagoon. Bird surveys were made in nearshore waters in
the vicinity of Simpson Lagoon and Harrison Bay as well as
eastward to the Canadian border. Bird surveys were also made
on the barrier islands and on the nearshore mainland.
E. Data Analyzed
Data collected in 1978 have not been analyzed to date; commence-
ment of analysis is expected to occur next quarter.
IV. Results

Results from the sampling program this quarter are preliminary and

should at this point be viewed as unsubstantiated by critical analysis.

Important hypotheses proposed as a consequence of the sampling efforts

performed, and which will be tested as data are analyzed, include the

following:

(1)

The lagoon appears to be an overwintering area for amphipods
(mainly Onisimus sp.), bivalves, polychaetes and isopods but not
for mysids.

The area was recolonized by mysids in early summer, first along
open water leads near the mainland and island shores and then
the central portions of the lagoon as the ice cover disintegrated.
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Seasonal amphipod and mysid abundance and biomass showed similar
patterns to those reported in 1977 except that the number of
mysids in the system this year declined rapidly after mid-August;
this was not evident in 1977.

(2) Generally, anadromous fish species collected in 1978 and their
patterns of movements were similar to those found in 1977. The
one major exception to this was a run of pink salmon (Oncorhynchus
garbuscha) which moved through the system in early August.

The marine fish species collected were similar to those reported
in 1977. The main difference was the drastic increase in the
number of arctic cod (Boreogadus satda) moving through the system.
This large run started in mid-August and continued into September,

(3) Nesting densities of most birds, as well as diversity of bird
species, appeared to be higher on the mainland tundra adjacent to
the lagoon than they were on the tundra-covered islands. Excep-
tions to this trend were the high densities of glaucous gulls
found on a few of the islands bordering Simpson Lagoon. (Glaucous
gulls were not found nesting on the mainland study plots.)

(4) Aerial and shoreline surveys conducted during 1978 indicated that,
similar to 1977, oldsquaws and red and northern phalaropes were
the key species present in the study area. Surveys of shoreline
transects, which were conducted once during each 5-day period,
indicated that the densities of phalaropes in the study area were
lower than during 1977. Aerial surveys, conducted once during
each 10-day period, covered a more extensive area of coastline
during 1978, compared with 1977. Although Simpson Lagoon (and
adjoining Gwydyr Bay) remained as an important area for large
numbers of oldsquaws during 1978, areas farther east, especially
Foggy Island Bay and Jago and Beaufort Lagoons also supported
large numbers of this species.

(5) It appears that bivalves (clams) comprised a larger proportion
of oldsquaw diets than was the case in 1977; however, mysids and
amphipods remained the primary source of food for oldsquaws in
Simpson Lagoon. Indications are that copepods remained the major
taxon consumed by phalaropes in 1978.

(6) The density of lemmings in the study area remained exceedingly
low for the second consecutive ycar. Possibly related to this
feature, no foxes were recorded on any of the Jones Islands
during 1978, and the number of nesting common eiders, arctic terns
and glaucous gulls recorded on the barrier islands greatly increased
during 1978 compared with 1977, when at least one fox was present
on each island of the Jones Islands chain.

V. Preliminary Interpretation of Resul ts
Interpretation of the results of this quarter's research in more detail

than is given in IV above is not presented at this time.
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VI. Auxiliary Material

None submitted.
VII. Problems Encountered/Recommended Changes
No major problems have been encountered. There are no recommended

major changes in research objectives.

VIII. An estimated 60% of 1978 project funds has been expended.
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KODIAK SHELF

I. TASK OBJECTIVES

Preliminary observations of biological interrelationships, speci-
fically crab and shrimp trophic interrelationships, between selected

segments of the benthic biota.

A qualitative and quantitative inventory of dominant epibenthic

species within and near identified oil-lease sites.

A description of spatial distribution patterns of selected species

within and near identified oil-lease sites.

I1. FIELD AND LABORATORY ACTIVITIES

Trawl cruise 19 June-9 July 1978 via the NOAA Ship Miller Freeman.

1. Scientific party - Stephen C. Jewett and William Kopplin, Institute
of Marine Science (IMS), responsible for collection of all benthic

invertebrate data and feeding data.

2. Methods - Samples were obtained via a 400-mesh otter trawl and a

36 X 91 cm pipe dredge.

3. Sample locality - Continental Shelf north, east and south of
Kodiak Island.

4, Data Collection - Tows were made at 16 stations and a pipe dredge
was taken at 13 stations. Miscellaneous invertebrates were re-
corded at all stations. Stomachs were examined from 190 Pacific
cod (Gadus macrocephalus), 189 yellow Irish lords (Hemilepidotus
Jordani), 72 great sculpins (Myoxocephalus polyacanthocephalus),
156 flathead sole (Hippoglossoides elassodon), 94 rock sole
(Lepidopsetta bilineata), 31 sablefish (dnaplopoma fimbria), 20
Atka mackerel (Pleurogrammus monopterigius), and 18 arrowtooth
flounders (Atheresthes stomias). A total of 191 king crabs, 167

snow crabs, and approximately 1000 pink shrimps were collected

for stomach analysis.




B. Trawl cruise 9-21 July 1978 vwia M/V Yankee Clipper and R/V Commando.

1. Scientific party - Max K. Hoberg, IMS, responsible for collection

of all benthic invertebrate data.

2. Methods — Samples were obtained via a 20 foot try-net on the
Yankee Clipper and via a 400-mesh otter trawl on the Commando.

3. Sample locality - Izhut and Kiliuda bays of Kodiak Island.

4. Data Collection — Izhut Bay: 17 tows were made from the Yankee
Clipper as well as four tows from the Commande. 1In addition to
obtaining Invertebrate catch data from each tow, 158 snow crabs
(Chionoecetes bairdi), 18 king crabs (Paralithodes camtschatica),
and two quarts of pink shimps (Pandalus borealis) were taken for
stomach analysis.

Kiliuda Bay: Seven tows were made from the Yankee Clipper as well
as three tows from the Commando. A total of 222 snow crabs, 72

king crabs, and one quart of pink shrimps were collected for

stomach analysis.

C. Trawl cruise 8-23 August 1978 via the M/V Yankee Clipper and the R/V
Commando . '

1. Scientific party -~ John R. Rose, IMS, responsible for collection
of all benthic invertebrate data.

2. Methods - Samples were obtained vig a 20 foot try-net on the

Yankee Clipper and via a 400-mesh otter trawl on the Commando.
3. Sample locality — Izhut and Kiliuda bays of Kodiak Island.

4, Data collection - Izhut Bay: A total of 14 tows were made from
the Yankee Clipper as well as three tows from the Commando. In
addition to obtaining invertebrate catch data, 31 snow crabs,

20 dungeness crabs (Cancer magister), one king crab, and 300 pink
shrimps were collected for stomach analysis. Fourteen large
sunflower sea stars (Pycnopodia helianthoides) were examined in
the field for food contents.

Kiliuda Bay: Seven tows were made from the Yankee Clipper as well

as three tows from the Commando. Forty-four king crabs and 61
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snow crabs stomachs were taken for analysis; 20 Pacific cod and
20 walleye pollock (Theragra chaleogramma) stomachs were examined

for contents in the field,

D. Laboratory activity: Invertebrates taken by trawl from the 7-15 May,
7-22 June, 19 June-9 July, 9-21 July, and 8-23 August cruises have been
verified. Stomachs of king crabs and snow crabs were also examined.

Pink shrimps were stored for examination in FY 1978-79.

ITI. RESULTS

1. All trawl data are in process of organization for key punching.

2. To date, the following stomachs have been collected and examined: king
crabs 653 collected - 250 examined; snow crabs 1216-~307; dungeness crabs
37-0; pink shimps *= 200-0; yellow Irish lord 228-228; great sculpin 94-
94; Pacific cod 234-234; flathead sole 156-156; rock sole 117-117;
arrowtooth flounder 18-18; sablefish 31-31; Atka mackerel 20-20; wall-
eye pollock 20-20; and the sunflower sea star 163-163,

IV. PRELIMINARY INTERPRETATION OF RESULTS

Data collected during the past quarter will aid in fulfilling the task
objectives.

The food of king and snow crabs appears to be dominated by polychaete
worms, snails, and clams. A quantitative interpretation of most of the '
results will be available once all crab and shrimp feeding data have been
analyzed. -

Food of all fishes and the sunflower sea star were examined in the field
by the frequency of occurrence method. Dominating foods within each species
were: Yellow Irish lord - polychaetes, snow crabs, hermit crabs, and pea
crabs; great sculpin - pink shrimps, snow crabs, and unidentified fishes;
Pacific cod ~ snow crabs and pink shrimps; flathead sole - pink shrimps;
rock sole - polyéhaetes, protobranch clams (Yoldia spp.), and brittle stars;
arrowtooth flounders - walleye pollock; sablefish and Atka mackerel - sand
lance; walleye pollock - pink shrimps; and the sunflower sea star - snails

(Oenopota sp. and Solariella sp.), and the clam Nuculana fossa.

115




V. PROBLEMS ENCOUNTERED/RECOMMENDED CHANGES

Biological sampling by IMS on Leg IV of the NOAA Ship Miller Freeman
(19 June-9 July) was conducted on a "not-to-interfere basis". As a result,
two biologist spent 21 days collecting data from only 16 stations; eight
of which were sampled in the last four days. Furthermore, the ships over-
time funds for the fishing crew were nearly exhausted, and consequently,
trawling from 19 June to 1 July was limited to only 8 hours per day.

Another problem on Leg IV centered around the gear. The trawl drum
was being repaired in Seattle. The lack of this piece of gear also reduced
the time available for trawling. Only two 400-mesh otter trawls were avail-
able for trawling — both of which were badly worn and constantly needed
repair. These problems, in addition to those outlined in the previous
Quarterly Report (June 1978), have made biological sampling on the Kodiak
shelf, as required by RU 5, less than adequate.

It is suggested that collection of data on a "mot-to-interfere basis"
or "piggy-back operation" be thoroughly examined, by way of meetings with

all concerned parties, in future planning. Care must be taken to see that

the objectives established by each participating research group are met.




BERING SEA AND GULF OF ALASKA
I. TASK OBJECTIVES

Inventory and census of dominant species

Description of spatial and seasonal distribution patterns of selected

species.

Provide comparisons of dominant species distribution with physical,

chemical and geological factors as appropriate.

Provide preliminary observations of biological interrelationships

between selected segments of benthic marine communities.

II. FIELD AND LABORATORY ACTIVITIES
Grab Program
1. No cruises were scheduled for the Bering Sea this quarter.

2. A cruise to Port Etches, Zaikof and Rocky Bays, adjacent to
Hinchinbrook Entrance to Prince William Sound, was accomplished
in Northeast Gulf of Alaska (NEGOA) on the M/V Searcher 27 July-
8 August 1978.

a. Scientific party - Howard M. Feder and Max Hoberg, IMS.

b. Methods - samples were obtained vig van Veen grab; samples
were washed by standard methodology (see past Annual and

Quarterly OCSEAP reports by Howard M. Feder).

3. Final organization of the NEGOA Final Grab Report occupied much

of this quarter.

Trawl Program
1. No cruises were scheduled for the Bering Sea this quarter.

2. A cruise to Port Etches, Zaikof and Rocky Bays was accomplished

in NEGOA on the M/V Seqrcher 27 July-8 August 1978,

a, Scientific party - Howard M. Feder and Max Hoberg, IMS.
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b. Methods — samples were obtained via a small otter trawl

(try-net).

3. Organization of the NEGOA Final Trawl Report occupied much of
this quarter.

III. RESULTS

Grab and Trawl Programs

1. The final Bering Sea Trawl Report was submitted to OCSEAP at the be-

ginning of this quarter.

2. The Final NEGOA Grab Report is now in final draft form. Drafting is

essentially complete.

3. The Final NEGOA Trawl Report was submitted to OCSEAP at the end of

this quarter.

4. The Bering Sea Final Report on the infauna is in the final stages of

completion.

5. A thesis tentatively entitled "A Numerical Analysis of the Distribution
of the Benthic Infauna of the Southeastern Bering Sea Shelf" is in the
final stages of completion., This thesis will be submitted as part of

the Bering Sea Final Infauna (Grab - Pipe Dredge - Clam Dredge) Report.

6. A total of 14 try-net tows were made in Port Etches, 11 tows in Zaikof
Bay and seven tows in Rocky Bay. S5ix grab stations were occupied in
Port Etches; time did not permit grab stations in Zaikof and Rocky
Bays.

IV. PRELIMINARY INTERPRETATION OF RESULTS

General interpretations of grab and trawl data are included in the
1976, 1977, and 1978 Annual Reports, the NEGOA, Norton Sound-Chukchi Sea
and Bering Sea Final Reports, and in Institute of Marine Science Techni-
cal Report R76-8 submitted by H. Feder and his research group. Additional
comments on Grab and Pipe-dredge data and food relationships will be

included in the appropriate Final Reports.
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V. PROBLEMS ENCOUNTERED

No direct problems.

With the exception of the food data collected from Port Etches, Zaikof
Bay and Rocky Bay - three areas adjacent to Hinchinbrook Entrance, Prince
William Sound ~ we have essentially no invertebrate food data from the north-
east Gulf of Alaska (NEGOA), and Bering Sea food data is spotty. I would
strongly suggest that further data on food habits of invertebrates and
fishes in these regions be collected in the near future if oil-related
activities are initiated in either area.

Any cruises accomplished in the future offshore in NEGOA or outside of
Hinchinbrook Entrance should be planned on vessels designed to operate with
safety in these unpredictable waters. NOAA vessels and selected, large com-

mercial fishing boats are appropriate.
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LOWER COOK INLET

I. TASK OBJECTIVES

Inventory and census of dominant species.

Description of spatial and seasonal distribution patterns of selected

species.

Provide comparison of dominant species distribution with physical,

chemical and geological factors.

Provide preliminary observations of biological interrelationships

between selected segments of benthic marine communities.

II. FIELD AND LABORATORY ACTIVITIES

Field Activities

1. Two cruises, 12 July to 22 July (NOAA Ship Miller Freeman) and
13 August to 22 August (NOAA Ship Surveyor) have been completed.

The following goals and activities were completed:

a. Distribution and abundance data were collected from several
established stations. A major nursery area for snow crab

identified on previous cruises was reoccupied.

b. Summer feeding data for snow crabs, king crabs, dungeness crabs,
hermit crabs, pink shrimps, humpy shrimps, crangonid shrimps,
and miscellaneous fishes were collected to compliment existing

winter and spring data.

C. Qualitative and quantitative benthic samples were collected
from areas with major concentrations of snow crab. Prey

abundance will be related to snow crab food preferences.

d. Qualitative and quantitative benthic samples were collected

in areas with major concentrations of clams.




e, Sediment samples were collected for Dr. Arnold Bouma of the
Geologic survey, Menlo Park, California and for organic carbon

and nitrogen analysis in Fairbanks.

f. Grab and trawl samples were collected from PMEL sediment trap
stations and OSU Microbieclogy stations enabling integration
with these studies. Species composition and abundance were
recorded. Stomachs of common invertebrates were collected
for analysis of prey species, sediment content and bacteria

content.

g. Live clams and shrimps were collected for radioactive tracer

experiments (see below).

h. Sediment samples and shrimp-gut contents were collected for

preliminary work designed to assess bacterial biomass.

Surveys of shallow water macroinvertebrates were conducted during
the summer of 1978 in Kachemak Bay/Lower Cook Inlet (Rick Rosenthal,
Alaska Coastal Research, Subcontract). Subtidal investigations

were carried out:

a. Along the broad shelf off Bluff Point and Anchor Point:

b. At the rocky entrance to Jakolof Bay;
C. Within the extensive kelp bed off Seldovia Point and,
d. On the soft bottom at the head of Sadie Cove.

Direct observations were made at each of these station while scuba
diving from -2.0 m to about -18.0 m below the sea surface. Numer-
ical information, e.g., frequency of occurrence, density, percent
coverage etc., on the dominant or key species of macroinvertebrates
living in each of these general study sites was collected from
randomly placed transect lines and 1/4 m2 quadrats. Samples of

the macroinvertebrate population were also obtained for size dis-
tribution, aging and growth analysis. Other specimens were col-

lected in order to delineate dietary trends and food habits.
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Laboratory Activities

Data on the following subjects have been collected:

1.

Detailed stomach analysis (species present, KOH and HCl digestible
fractions of snow crabs, king crabs, dungeness crabs, hermit crabs,

pink shrimps, humpy shrimps, and crangonid shrimps are underway.

Analysis of sediment content of stomachs of the above organisms

was initiated.

Post-larval king crabs and juvenile dungeness crabs were collected

by divers for detailed stomach analysis.

Age, growth, mortality, and productivity estimations for selected
species of clams have been completed. The data is now being

compiled in final form.

Dry tissue weights are being determined for organisms from grab
samples to determine the relative importance of the major groups

of infauna to standing stock.

Techniques to study the sediment-detrital system, utilizing radio-
active (1“C) bacteria, are currently being explored. Live pink
shrimps, coonstripe shrimps, crangonid shrimps, hermit crabs, and
clams (Macoma spp.) are being utilized in these experiments. The
objective of the research is to determine if these organisms have

the ability to assimilate bacterial carbon.

A graduate thesis concerning the feeding biology of the sand shrimp,
Crangon dalli, an important forage species for many benthic pre-

dators, has been initiated., This study will include:

a. A detailed microscopic evaluation of the gut contents of the

shrimp collected on Lower Cook Inlet cruises in 1978.

b. Caustic alkali (KOH) and Hydrochloric Acid digestion of
shrimp gut contents to determine the fraction of sediment

and digestible organic content present.

c. Radiocactive tracer experiments to examine the importance of

bacteria in the diet of Crangon (see 5 above).
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d. Assessment of envirommental parameters at selected stations

where the shrimp is present.

7. Preliminary experiments designed to estimate bacterial biomass

are in progress. Several methods are being assessed.

ITI. RESULTS
The 1978 field program is completed and collected specimens are now
being examined in the laboratory. Data for the November 1977 and
March 1978 cruises are now available for analysis, and are presently
being evaluated for species compositon, KOH and HC1 digestible frac-
tions and sediment content. Examination of collections from cruises

of May, June, July, and August 1978 are in progress.

An intensive effort has been made to examine the feeding habits of a
varlety of shrimps; this effort is being accomplished in parallel with
the studies noted above that are primarily concerned with quantitative

estimates of stomach contents.

1. A total of 557 specimens of shrimps of the Families Pandalidae
(Pandalue borealis, Pandalus goniurus, Pandalus danae, Pandalus
hypsinotus), Crangonidae (Cramgon dalli, Crangon communis, Crangon
franciscorum, Sclerocrangon boreas) and Hyppotytidae (Lebbeus
groenlandica) from eleven stations from cruises of March, June,
and July were examined. The shrimp were weighed, measured, and

their stomach contents analyzed.

2, A list of the prey found in the stomachs of the above shrimp
species has been compiled. The frequency of occurrence of the
prey species contained in the stomachs was noted (gsee Table
I for preliminary data). When possible, the quantity of the

prey species in a stomach was determined.

Dry weights of aged clams (see Annual Report for 1978 by H. Feder
for age data) are completed. Carbon analysis is in progress.
Species examined were: Spisula polynyma, Nuculana fossa, Tellina
nuculoides, Glycymeris subobsoleta, Macoma calcarea, Nucula tenuis.
Productivity calculations for these species will be initiated when

carbon values are determined.
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ROUGH ESTIMATES OF THE FREQUENCY OF OCCURRENCE OF ITEMS IN SHRIMP
STOMACHS FROM COOK INLET

Stations are those of Feder (see OCSEAP Annual Reports)
or Lawrence (see OCSEAP Annual Reports)

Crangon dalli 50 specimens
¢C.I. St. 62B 11 June 78

Diatoms -~ few
Foraminifera — few
Polychaeta - Common
Bivalvia - few
Crustacea -~ abundant
Sediment - abundant

€. dalli 50 specimens
C.I. PMEL 1 14 July 78

Diatoms - abundant
Foraminifera - few
Hydrozoa - few
Nematoda - few
Polychaeta - abundant
Gastropoda - few
Bivalvia - few
Crustacea - common
Holothuria - few
Teleost - few
Sediment - abundant

C. dalli 80 specimens
C.I. St. 53 Tr. 1 18 July 78

Diatoms ~ common
Foraminifera ~ few
Nematoda - few
Polychaeta - abundant
Bivalvia - few
Crustacea - few
Sediment - common

C., dalli 27 specimens
C.I. St. 5 27 March 78

Diatoms - few
Foraminifera - few
Polychaeta — common
Bivalvia - few
Crustacea - abundant
Sediment - common

Selerocrangon boreas 34 specimens
Cc.I. $t. E1 28 March 78

Diatoms -~ common
Foraminifera - few
Polychaeta - common
Polyplacophora - few
Bivalvia - common
Crustacea - common
Sediment - abundant

S. boreas 16 specimens
¢.I. St. 56A 29 March 78

Diatoms - few
Foraminifera - few
Polychaeta — abundant
Crustacea - common
Polyplacophora - few
Bivalvia ~ few

Crangon communis 20 specimens
C.I. St. 5 27 March 78
Polychaeta - few
Crustacea - few
Sediment - common
Crangon franciscorum 8 specimens
Crustacea - common

Lebbeus groenlandica 25 specimens
C.I. St. 56A 29 March 78

Diatoms - few
Foraminifera - few
Porifera - common
Polychaeta - few
Gastropoda - few
Crustacea — abundant
Sediment - common




TABLE I

CONTINUED

Pandalus hypsinotus 20 specimens Pandalus danae 27 specimens
C.I. 8t. 56A 29 March 78 C.I. St. 56A 29 March 78

Diatoms - few
Hydrozoa - few
Polychaeta ~ abundant
Bivalvia - common
Crustacea - abundant
Sediment - abundant

P. hypsinotus 32 specimens
C.I. S8t. 27 31 March 78

Diatoms - few
Foraminifera - few
Polychaeta - common
Bivalvia - few
Crustacea - common
Teleost - few
Sediment - common

Pandalus goniurus 50 specimens
C.I. St. N2 28 March 78

Foraminifera - few
Bivalvia - few
Crustacea -~ few
Holothuroidea - few
Sediment ~ common

P. goniurus 48 specimens
C.T. St. 37 31 March 1978

Diatoms - faw
Foraminifera - few
Polychaeta - few
Bivalvia ~ few
Crustacea - common
Teleost - few
Sediment - abundant

P. gonmiurus 30 specimens
C.I. S5t. 62A 30 March 78

Diatoms ~ few
Foraminifera - few
Polychaeta - common
Gastropoda - few
Bivalvia - common
Sediment - abundant

Diatoms - few
Foraminifera - few
Porifera - few
Hydrozoa -~ few
Polychaeta - common
Crustacea - common
Sediment - abundant

Pandalus borealis 19 specimens
L.C.I. PMEL 7 13 July 78

Diatoms - few
Foraminifera - few
Porifera - few
Polychaeta ~ common
Bivalvia ~ common
Crustacea - abundant
Teleost - few
Sediment ~ abundant

P. borealis 21 species

St. 5 27 March 78

Diatoms ~ few
Foraminjfera -~ few
Polychaeta - common
Bivalvia - few
Crustacea - abundant
Sediment - common




Release of larvae of pink shrimps, snow crabs, and king crabs in tanks
at the Seward Marine Laboratory has made it possible to complete a
series of experiments on food density and larval responses to these
densities. These types of experiments had not been accomplished prior
to this study, and should contribute to the understanding of the lower
Cook Inlet system and its potential "response' to oil contamination.

A report on these experiments is completed, and will appear in the
Annual Report for 1978-79.

A rather modest effort has resulted in a general comprehension of
methodologies needed to assay the bacterial biomass of sediments.
Techniques examined to date are: assessment of viable counts in
sediments, gram stain characteristics of sediment bacteria (necessary
technique when indirect biomass assessment methods are used); and
Muramic Acid assay-this is an indirect determination of biomass by
assaying for Muramic Acid. The muramic acid assay methods of King
and White (1977) and Casagrande and Park (1978) are being examined
presently.

Radiotracer experimental data are currently being analyzed, and are not

available at this time.

Preliminary diving studies in Kachemak Bay have resulted in the

following:

1. Samples of subtidal populations of the horse mussel (Modiolus
modiolus) were obtained from different geographical areas in Kachemak Bay.
Size frequency data has been generated from these collections,
and large numbers of individual Modiolus were preserved and
shipped to the University of Alaska, Seward Marine Station, for
preliminary examination of the growth rings in the shell.
Average age of the mussels will be reported if feasible. FPre-
liminary observations show that the Modiolus modiolus population

in Kachemak Bay is strongly bimodal.

2. Dungeness crabs (Cancer magister) were captured by divers during
daylight hours in the shallow waters of Sadie Cove., Attempts were

made to capture different size (age) crabs engaged in various
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modes of activity, i.e., walking, feeding, mating, and burrow—
ing. These samples of the dungeness crab population in Sadie
Cove were also transported to the Seward Marine Station for future

examination of food items by University personnel.

Juvenile tanner crab (Chionoecetes bairdi) were obtained for food
habit studies. Specimens were captured on the west side of Cook
Inlet and from within the confines of Kachemak Bay. Most of the

crabs have been preserved for future processing.

The shallow water assemblage of macroinvertebrates inhabiting the
rocky shelf off Bluff Point/Anchor Point has been examined for
community structure, estimation of relative abundance and trophic
interaction between the conspicuous species. Shallow water random
transect stations and 1/4 m2 quadrats revealed gome of the important
members of the community to be: Flustrella gigantea (bryozoan);
Fusitriton oregomensis (gastropod); Strongylocentrotus spp. {sea
urchin); Evasterias troschelli (sea star); Tonicella spp. (chiton);
Cucumaria spp. (sea cucumber); Cancer oregonensis (crab); Neptunea
spp. (gastropod); Balanus nubilus (Barnacle); Microporina borealis
(bryozoan); Ritterella 7 spp. (ascidian) and Modiolus modiolus

(mussel).

It appears from subtidal observations of this season that there has
been a decline in the abundance of the horse mussel (Modiolus
modiolus) off Bluff Point since studies in Kachemak Bay began

in 1974 (Rosenthal and Lees, unpub. OCSEAP data). Densities

of up to 57 mussels/m2 were recorded for Modiolus in 1975-1976;
however the average density at Bluff Point for the current year

was probably closer to 15 individuals/mz. During August (1978}

we observed windrows of freshly killed Modiolus shells along the
10 fathom contour. Predation could possibly account for this
dramatic decrease in the Modiolus population; however, more dives

and samples will be needed to delineate the extent of reduction

of the subtidal population.




IV. PRELIMINARY INTERPRETATION OF RESULTS

General interpretations of all initial data are included in the 1978
Lower Cook Inlet Annual Report. Additional comments on the work in progress,
field studies and laboratory experiments will be included in subsequent
Quarterly Reports and in the Annual Report for the 1978-1979 research period.

Gut content analyses of shrimps of lower Cook Inlet indicate that they
are benthic feeders and that they are opportunistic in selection of prey.
Bacterial biomass data, should it become available in the next research
period, and 14C assimilation experiments will help in the evaluation of
potential importance of bacteria to these shrimps.

Of the 285 crangonid shrimps analyzed, from Cook Inlet, the major prey
items appear to be polychaetous annelids and crustacean remains. Benthic
and pelagic diatoms were common in stomachs. Protobranch clams (Nucula,
Nuculana, Yoldia) made up the majority of the bivalves in stomachs, and
often were almost intact (i.e., valves undamaged). Sediment was common in
stomach contents (Table I).

Within the 247 pandalid shrimp stomachs analyzed, the major prey items
were also polychaetes and crustacean remains. Protobranch clams commonly
occurred in the stomachs. Some diatoms were present; however, they were not
as common as in crangonid stomachs. Sediment was often found in stomach
contents (Table I).

0f the 25 hippolytid shrimps examined, the dominant prey items were
crustaceans, mainly small brachyuran crabs. Bivalves were not found in
stomachs. Diatoms and polychaetes were less numerous in stomachs than they
were in pandalids and crangonids. Porifera (sponge) spicules and hydrozoan
(hydroid) fragments were commonly found. Sediment was often present in the
stomachs (Table I).

The presence of deposit-feeding polychaetous annelids (Spionidae;
Maldanidae; Ampharetidae; Terebellidae) and protobranch clams (Vuculana sp.;
Yoldia sp.; Nucula tenuis) in the stomachs of pandalid and crangonid shrimps
demonstrates the important indirect trophic relationship between sediment,
with its associated organic carbon sources, and the two shrimp groups. A
further relationship is the known importance of many of the shrimp species

investigated as a food resource for bottom-feeding fishes and some crab
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species (see various Annual and Final Reports by Howard M. Feder and
research group). The latter relationship further expands the importance
of the interaction between sediment-deposit feeders-shrimps (and crabs)-
and demersal fishes (Table I).

Tt has become increasingly apparent that bacteria play an important
role in the carbon cycles of ecosystems and specifically in detrital food
chains in the ocean (Fenchel and Jdrgensen, 1977). A variety of aquatic
invertebrates have been shown to utilize bacteria for their nutritional needs
(Rieper, 1978). The distribution of certain deposit-feeding invertebrates
has been related to bacterial numbers in the sediments (Dale, 1974).

There are many methodological problems associated with studying the
numbers, biomass, and activity of sediment bacteria in nature, and the
resolution of these problems is mandatory to understand sediment systems.

A variety of methods, both direct and indirect, for determining bacterial
biomass are currently being assessed. Much literature now exists on
methodologies useful for measurement of bacterial biomass (see attached
selected bibliography). Many of the methods have been adapted from those
used in the water column. However, the nature of the sediment and the
association of the bacteria with the sediment complicates the methodology.
To date, no completely satisfactory method exists. It is assumed that a
combination of methods will ultimately be used to characterize the sedi-
ment environment.

We examined several methods to measure biomass. Colony forming units
were determined by plating on Zobell's 2216E Marine Agar, and were used as
a gross estimate of biomass and also to supply colonies from various sta-
tions for gram stains. The gram stains were used to characterize the
population for application in the indirect biomass assays. The muramic
acid assay was chosen because of its specifity for prokaryotes and because
it can be used on gut contents of detrital feeding animals with a minimal
amount of interference from other substances (Moriarty, 1976; Moriarty, 1977).

Several authors (Moss, Diaz, Lambert, 1971; Casagrande and Park, 1978;
Casagrande and Park, 1977) have suggested that gas-liquid chromatography can
be used for the quantitative analysis of muramic acid. The technique has been

applied to analysis of muramic acid in bog soil in the Okefenokee swamp by
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Casagrande and Park (1978). This would suggest that a similar technique
could be applicable in the analysis of marine-sediment. The procedure
described by Casagrande and Park (1977 and 1978) consists of 3 main steps:
(1) extraction of the soil by HCl; (2) derivation of the muramic acid by
a silyation reaction to make a compound more easily volatilizable; and

(3) analysis by gas-liquid chromatography. By use of a standard response
curve to know amounts of muramic acid, quantification of unknown samples
should be possible. The amount of muramic acid in a particular sample can
then be used as an indicator of bacterial carbon/total C in that sample.
It is planned to accomplish preliminary stages only of this analytical
procedure during the balance of the present research period. It should
be stressed that only very preliminary assessment of relevant techniques
will be possible within the financial and time constraints of the present
Research Unit (R.U. 5).

Not only are bacterial numbers important, but, the activity and, thus,
turnover of the population is also important. Although there are some
problems with measuring activity by using artificial substrates, nevertheless,
if used with caution, this can be another means of describing bacterial
populations (see Morita and Griffiths OCSEAP Reports for Methods and data
for Cook Inlet).

Understanding the relative importance of sediment bacteria in specific
areas and relating this importance to invertebrate distribution and the

bacterial component in gut contents of detrital feeders should give a

better understanding of detrital food chains in lower Cook Inlet.




V. PROBLEMS ENCOUNTERED

Basically the research program is going very well with very adequate
ship time available during the past fiscal year. Both the NOAA Ships,
Surveyor and Miller Freeman, proved to be excellent vessels in Cook Inlet
to complete the field studies listed in our objectives (see 1978 proposal
to NOAA). The laboratory and deck space on the Miller Freeman have been
especially valuable to us, and have enabled us to expand all programs
satisfactorily.

The one problem not anticipated on the NOAA Ship Miller Freeman con-
cerns the expected availability of the ship's full trawling capability
(based on our past cruises on this vessel) and the presence on shipboard of
all facilities essential to process trawl material (again, based on our
many past experiences on cruises with this vessel). We have been somewhat
hampered in some areas by not being able to use a large trawl (always
assumed to be ship's equipment), and instead had to use a very small try-
net not designed to use on a large vessel. Thus, we have seldom been able
to collect large samples of adult and juvenile snow and king crabs as
planned.

The total absence of previous summer distribution data for snow and king

crabs in relation to established stations also hampered the collection of
these animals. The inability of the M{ller Freeman and the Surveyor to enter
shallow water bays precluded sampling in these areas.

As always on shipboard, it was difficult to maintain living benthic
organisms for return to the Seward Marine Station. This problem was com-
pounded when a "Touch and Go" for the NOAA in Seward could not be arranged
initially. Fortunately, it was ultimately possible for a few brief port
calls on occasion, and it was animals from these stopovers that were used
in Jaboratory experiments. It is recommended that "Touch and Go" port
calls be considered essential to projects requiring living material for
OCSEAP experimental work.

As expected, evolving methodologies have delayed the output of data from
important aspects ¢f the experimental program, i.e. bacterial biomass analy-
ses of sediment and stomach contents, and 14C assimilation experiments with

shrimps and clams. The very poorly funded and, thus, necessarily brief

131




bacterial program carried on by this project will only result in suggestive
procedures for the future. It is highly recommended that this very impor-
tant aspect of the sediment system, the sediment-bacteria association (an
association undoubtedly vulnerable to oil impact), be treated intensively

in a Research Unit in the near future.

Milestones

It is intended to maintain a relatively consistent schedule of submis-
sion of Final Reports, Some of the report submission dates have been
altered from that suggested in past Quarterly Reports. This is primarily
related to the subdivision of the northeast Gulf of Alaska (NEGOA) and
Bering Sea Reports into Grab-Pipe Dredge Trawl Reports. The completed and

tentative completion dates for Final Report Submissions are as follows:
1. Kodiak (Alitak and Ugak Bays) - Completed and submitted
2, Norton Sound-Chukchi Sea ~ Completed and submitted

3. Cook Inlet (Report of First Two Years of Study) - Completed and
submitted with the 1978 OCSEAP Annual Report

4. Bering Sea Trawl Report - Completed and submitted
5. NEGOA Trawl Report - Completed and Submitted

6. NEGOA Grab Report - October 1978

7. Bering Sea Grab and Pipe Dredge Report - November 1978
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I. Abstract

Laboratory research this quarter has included additional grab sample

processing and the identification of large benthic macro-infauna (> 0.5 mm

in size). Food web synthesis and invertebrate stomach analyses continue. A
large amount of WEBSEC-71 polychaete data have been analyzed and the basic
distributional data transmitted on magnetic tape to NODC. RU #6 participated
in the 1978 USCGC NORTHWIND cruise; grab, trawl, box-core and epibenthic sled
samples were taken for continued analysis of the Beaufort Sea food web and of
the ecology of dominant prey organisms.

II. Task Objectives
A. General nature and scope of the study.

The ecological studies of the shelf benthos include functional, process-
oriented research that is built on a strong base of descriptive work on ecologi-
cal patterns and their relationship to the environment. Seasonal changes in the
mumerical abundance and biomass of the large macro-infauna (> 1.0 mm) are defined
at stations across the continental shelf. The benthic food web and its relation-
ship to bird, fish and mammalian predators are under investigation.

The species composition, distribution and abundance of the benthos are being
defined in the southwestern Beaufort Sea. Species and station groupings are
statistically analyzed and the relationships to the bottom environment explored.
Dominant species are identified. These patterns provide an insight into the
relative importance of various features of the environment in determining the
distribution and abundance of the benthic invertebrate fauna.

B. Specific Objectives

The major emphasis of the ongoing research (FY-78) is the delineation of
the benthic food web and description of the coastal benthos. Efforts to character-
ize the composition of the Beaufort Sea fauna to the species level are continuing
since this is a critical step toward understanding the dynamics of the benthic
ecosystem.

1) Objective 1 - Beaufort Sea benthic food web analysis

a) The numerical density, biomass, and gross taxonomic composition of
the benthic macro-infauna at selected 1977 water column food web stations
will be obtained.

b) The identification of prey species important in the benthic food web
will be undertaken.

c) The gut contents of selected species of benthic invertebrates will
be analyzed as far as possible to determine the food web links within
the benthic communities.




2) Objective 2 - Beaufort Sea coastal benthos

The numerical density, biomass, and gross taxonomic composition
of the coastal benthic macro-infauna will be obtained from grab samples
taken at stations on the inner continental shelf and coastal zone.
These samples were collected during the summer of 1976 on the R/V
ALUMIAK. This research is in large part supported by supplemental
funds from NOAA/BIM in response to a letter proposal of April 5, 1977.
This research will continue throughout the FY-78 contract year.

3) Objective 3 - Benthic macro-infaunal ecology

a) Further identifications of abundant species will be undertaken
from samples collected in the southwestern Beaufort Sea during the
WEBSEC and OCS field trips and cruises.

b) Statistical analyses of species and station groups will be run, and
correlations between these and various characteristics of the benthic

environment will be made.

4) Objective 4 - Summary and synthesis of benthic environment characteristics

a) Sediment samples from OCS benthos stations will be analyzed for
particle size, organic carbon, and Kjeldahl nitrogen by a subcontract to
Dr. S. Naidu, University of Alaska.

b) The bottom water characteristics of the southwestern Beaufort Sea
continental shelf will be summarized as far as possible with the available
information.

ITIT. Field and Laboratory Activities
A. Field activities ~ 0OCS 8.
1) Ship Schedule

During the period 15 August - 15 September 1978, Research Unit
#6 participated in the second integrated food web cruise to the
southwestern Beaufort Sea on board the USCGC NORTHWIND. The
biota through the water column to the sea floor were sampled at
selected areas on the inner shelf to define trophic inter-
relationships.

2} Field Scientific Party (OSU Benthos)

a) R. Eugene Ruff OSU Research Assistant (05U Bénthos Group)
b) Bruce Caldwell 0OSU Research Assistant (Temporary)

3) Field Methods
2 .
a) Benthic macro-infauna (> 0.05 mm) were sampled by 0.1 m~ Smith-

McIntyre bottom grab at selected stations. Five to ten quantitative
samples were obtained at each station to provide adequate estimates
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of quantitative variability and a sufficient number of species

for description of the community composition. Several shallow
stations were occupied from a hovering U.S. Coast Guard helicopter.
The samples were washed on shipboard with 0.42 mm aperture sScreens

to retain the macrofauna. The samples were temporarily preserved

in 10% neutralized formalin and shipped back to Oregon for laboratory
analysis. Subsamples for sedimentological analyses were taken from
each grab and were stored deep-frozen.

b) Benthic meiofauna (0.064-0.5 mm in size) were subsampled by
coring from the Smith-McIntyre grab and a 0.1 m2 spade box-corer.

d) Pelagio-benthic invertebrate fauna were sampled by hauling a
0.5 m2 zooplankton net adjacent to the sediments on the inner shelf
in the lease area from a helicopter. A Hessler-Sanders epibenthic
sled was also utilized.

d) Mega-epifauna were sampled at selected stations east of Barter
Island by a 10-foot otter trawl.

4) sSample localities

As planned, a series of stations were occupied on the inner
continental shelf in the southwestern Beaufort Sea from Point Barrow
+o Demarcation Point. A total of 97 grab and 4 otter trawl samples
were collected (Tables 1-3). Several Hessler-Sanders epibenthic sled
and 0.1 m2 box core samples were also attempted. The inshore environ-
ment and the BLM oil lease area were most heavily sampled. The third
year of samples was collected from the standard OSU Benthos stations
off Pitt Point to determine the temporal variability of the benthic
infaunal communities across the continental shelf.

Laboratory Activities

Laboratory personnel

a. Andrew G. Carey, Jr. Principal Investigator
Associate Professor

Responsibilities: coordination, evaluation, analysis, and
reporting
b. James Keniston Research Assistant (Part-time)
Responsibilities: data management [NB: Gish resigned from the

position on 9 March 1978. Mr. Keniston was
hired as a part-time temporary replacement
until additional funds are awarded for

FYy-79 (?)1.
¢. Paul Montagna Research Assistant
Responsibilities: sample processing, biomass measurements,

crustacean systematics (Harpacticoid Copepoda
and Gammarid amphipoda) and field collection.
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d. R. Eugene Ruff Research Assistant

Responsibilities: species list compilation, sample processing,
reference museum curation, polychaete
systematics, field collection and laboratory

management.
e. Paul Scott Research Assistant
Responsibilities: sample processing, data summary, molluscan

systematics and sample collection.
2. Laboratory Methods

No changes have been made in our standard laboratory methodology this
quarter. See previous reports for our standard laboratory procedures.

3. Data Analyzed
a. Numerical density of macro-infauna.

Faunal densities for 21 grabs from PPB-25 and PPB-55 collection
on 0CS-4 (August 1976) are listed in Tables 4 through 8.

b. Biomass of macro-infauan.

Wet-preserved weights for 21 grabs from PPB-25 and PPB-55 collected
on 0OCS-4 are summarized in Tables 9 through 13.

¢. Systematics.,

(1) Polychaete Species Identification

Species identification of polychaetous annelids collected on
0CS-5 (August 1976) from the R/V ALUMIAK in water depths of

5 to 25 meters has continued throughout the quarter. A total
of 42 species from 14 families have been examined and
identified by R.E. Ruff. A summarization of polychaete
families and species encountered is found on Table 14.
Tdentifications will be verified with the cooperation of Dr.
Kristian Fauchald of the University of Southern California.

(2) Pelecypod Mollusc Species Identifications

Pelecypod molluscs from OCS-1, 0CS5-2, and 0CS-5 have been
identified to species by P.H. Scott. This material includes
40 species from 18 families for a total of 2571 specimens
examined. The bivalve species data, stations of occurrence
and number of specimens encountered is listed on Table 15.
All species have been verified by Dr. Frank Bernard of the
Fisheries Research Board of Canada (Nanaimo, B.C.).

(3) Harpacticoid Copepod Species Identification

All harpacticoid copepods from the large macro-infaunal fraction
(> 1.0 mm in size) from cruises OCS-1 through OCS-7 have been

139




identified by P.A. Montagna. Table 16 summarizes the data
for 41 harpacticoid species from 10 families which were
collected on the 0CS and WEBSEC-71 cruises. Identifications
have been verified by Dr. Bruce Coull at the University of
South Carolina.

4. Milestone Chart and Data Submission Schedule
a. The up-dated 1977-78 laboratory schedule is shown in Figure 1.
b. Explanation of schedule changes

1. Milestone number 5, s=pecies identifications, has not yet been
reached; this is a continuing effort. Detailed data, i.e.
species, numerical density and distribution, of polychaetous
annelid worms have been submitted in digital format on
magnetic tape for samples from the U.S. Coast Guard icebreaker
GLACIER cruise, WERSEC-71. An up-date of pelecypod mollusc
and harpacticoid copepod species is also included in this report
and on the tape.

2. Milestone 6, sediment analyses, are now being completed for
the 1976-77 samples taken from the benthic stations.

3. Milestone 7, WEBSEC-OCS epifaunal photo survey summary, is
being completed. Selection of computational techniques have
delayed completion.

4, Milestone 8, WEBSEC-0CS infaunal survey summary, is underway.
Confirmation of species in several taxonomic groups has been

delayed.

5. Milestone 10, benthic food web analysis and synthesis, is
underway. A preliminary summary has been achieved.

IV. Preliminary Interpretation of Results.

As further accumulation of data is needed for some of the proposed objectives,
an interpretation of results is premature at this time.

V. Problems Encountered and Recommended Changes.

The analysis of the small macro-infauna (0.5-1.0 mm in size) and the life
histories of dominant species at the PPB seasonal stations have not been under-
taken owing to lack of personnel and funding.
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VI. Estimate of Funds Expended (1/30/78).

Spent
Budget Spent Thig Quarter

SBalaries & Wages $166,965 $156,815%* $16,570
Materials & Services 31,235 33,420 6,664
Travel 13,350 14,243 1,627
Equipment 47,617 47,431 ——————-
Payroll Assessment 26,291 24,078 2,768
Overhead 85,367 76,163 9,393
TOTAL $370,825 $352,150 $37,022

*The surplus funds in Salaries and Wages have accumulated owing to the departure
of James Gish, the Programmer - Data Analyst, from the job. Because of the short
period of guaranteed funds, it was impossible to hire a full-time replacement to
£ill the position until the end of the FY-78 contract year. The plan is to hire
a full-time person for FY-79 and to utilize some of these excess funds for that
purpose. A portion of them will probably also be used to balance the overspent
budget categories, Materials/Services and Travel.




Table 1

Station

19

21

PPB-25

PPB-40

PPB-55

PPB-70

PPB-100

NIB-15

NIB-25

List of benthic stations on the 0CS 1978 USCGC NORTHWIND

summer cruise.

Position

71°11.13'N 150°13,

70°20.18'N  146°04.

70°36.3'N  148°19.

70°13.2'N 143°19.

71°01'N 142°23!

71°10.1'N 152°47"

71°16.5'N 152°37

71°18.9'N 152°48.

71°20'N 152°39°

71°21.7'N 152°41.

70°28'N 147°36"

70°29.6'N 147°34.

Smith-McIntyre Grab

Samgles
55'W 5
8'wW 5
6'W 5
7'W 5
W 5
W 10
W 10
5'W 5
W 5
4'w 5
W 2
6'W 5

TOTAL 67




Table 2. List of (proposed) seasonal benthic stations occupied by helicopter on
the OCS 1978 USCGC NORTHWIND summer cruise.

Smith-McIntyre Grab

Station Pogition Depth Samples’
sl 70°20.0'N  147°28.5'W 7m 7
82 70°12.8'N 146°39.0'W 5.5m 5
53 70°14.4'N 146°36.5'W 7m 5
sS4 70°09.8'N 146°05'W 3m 5
S5 70°12'N 146°02'W 6.5m 5
EB-1 70°24'N 147°30'W 3m ' 3

TOTAL 30

Table 3 . Tentative list of epibenthic otter trawl stations on the

0Cs 1978 USCGC NORTHWIND summer cruise.

Station Position Depth Samples
DPB-50 70°06.5'N 142°04.1'W 42 1
DPB-1000 70°39.7'N 141°12.0'W 768-914 1
DPB-250 70°25.9'N 141°28.1'W 290 1
DPB-250 70°25.5'N 141°44.5'W 150-310 1
TOTAL 4
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Table 4: Animal densities for PPB-25 (0OCS~4) collected on 20 August 1976.
Grab Number Total 3
per of
Phylum Class order 1281 1282 1283 1284 1285 m? fauna
Protozoa Foraminiferida -— - + - -— +
Nematoda 5 - 3 - 1 18 2.9
Priapulida 1 -- - -- 1 4 0.6
Arthropoda: Crustacea: Decapoda 2 1 - 1 - 8 1.3
Amphipoda 2 14 6 2 3 54 8.6
Cirripedia -— -— - - - - -
Isopoda 1 4 - 2 () 26 4.1
Tanaidacea 1 -— 3 1 1 12 1.9
Cumacea 1 - 5 - 3 18 2.9
Calanoida 3 3 - - - 12 1.9
Mollusca: Pelecypoda 55 24 33 40 69 442 70.2
Gastropoda 4 4 1 1 6 32 5.1
Chordata: Pisces 1 - - - - 2 0.3
TOTAL 76 50 51 48 20 628 100.0
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Table 5: Animal densities for PPB-25 (0CS-4) collected on 1 September 1976.
Grab Number Total ®
per of
Phylum Class Order 1359 m2 fauna
Protozoa Foraminiferida + + +
Nematoda 3 6 7.1
Arthropoda: Crustacea Amphipoda 5 10 11.9
Isopoda 3 6 7.1
Tanaidacea i 2 2.4
Calanoida 1 2 2.4
Mollusca: Pelecypoda . 26 52 61.9
Gastropoda 3 6 7.1
TOTAL 42 84 100.0




Table 6 : Animal densities for PPB-55 (0CS-4) collected on 1 August 1976
Grab Number Total *
per of
Phylum Class Order 1331 1333 1334 1337 1338 m? fauna
Protozoa Foraminiferida + + + + + + +
Cnidaria: Anthozoa - + - - - + +
Nematoda 188 85 79 56 191 1198 35.3
Nemertinea 6 3 2 1 11 46 1.4
Sipuncula 2 5 6 1 3 34 1.0
Echiura 1 2 2 - 8 26 0.8
Arthropoda: Crustacea: Decapoda - - - 1 1 4 0.1
Amphipoda 46 58 57 32 62 510 15.0
Cirripedia 33 6 5 1 45 180 5.3
Harpacticoida 4 11 11 3 20 28 2.9
Isopoda - - 1 5 — 12 0.4
Ostracoda 57 40 39 23 66 450 13.3
Tanaidacea 20 29 14 3 23 188 5.5
Cumacea 27 35 29 22 36 298 8.8
Calanoida 3 1 - - - 8 0.1
Nonbenthic Mysidacea - - 1 - —— 2 0.1
Arachnida: Acarina -— 1 - - - 2 0.1
Pycnogonida - ~— - 1 —- 2 0.1
Mollusca: Pelecypoda 17 13 12 22 20 168 4.9
Gastropoda 3 11 17 10 12 106 3.1
Aplacophora 1 - -— - 2 0.1
Brachiopoda - 1 - - —— 2 0.1
Echinodermata:Ophiuroidea 3 1 9 6 9 56 1.6
Chordata: Ascidiacea -— - -— - 1l 2 0.1
TOTAL 410 303 284 192 508 3394 100.0
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Table 7 : Animal densities for PPB-55 (0CS-4) collected on 31 August 1976.

Total %

Grab Number per of
Phylum Class order 1339 1342 1343 1345 1346 m? fauna

Protozoa Foraminiferida + + + + + + +
Cnidaria: Anthozoa -- - - - 2 4 0.1
Nematoda 92 78 150 154 87 1122 34.2
Nemertinea 5 2 - - - 14 0.4
Platyhelminthes:Turbellaria - - -— 1 - 2 0.1
Sipuncula 1 4 - 2 1 16 0.5
Echiura 1 - - - - 2 0.1
Arthropoda: Crustacea: Decapoda 2 3 - 4 3 24 0.7
Amphipoda 66 50 68 68 82 668 20.4
Cirripedia - - 1 —— 2 6 0.2
Harpacticoida 3 8 4 4 2 42 1.3
Isopoda 2 - 1 - 9 24 0.7
Ostracoda 27 51 57 41 a2 436 13.3
Tanaidacea 15 10 9 26 14 148 4.5
Cumacea 31 29 32 32 38 324 9.9
Copepoda: (Calanoida) 1 1 - 1 12 30 0.9
(parasitic) -— 2 - - - 4 0.1
Pycnogonida - - 1 - -— 2 0.1
Mollusca: Pelecypoda 11 31 50 32 21 290 8.8
Gastropoda 10 7 3 8 5 66 2.0
Polyplacophora - - - - 4 8 0.2
Brachiopoda - e 1 - - 2 0.1
Fchinodermata:Ophiuroidea 2 4 2 3 7 36 1.1
Holothuroidea -- 1 - - - 2 0.1
Chordata: Ascidiacea 1 1 1l 1 3 14 0.4
TOTAL 270 282 380 377 332 3282 100.0
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Table 8 :

Animal densities

for PPB-55 (0CS-4) collected on 31 August 1976.

Phylum

Class

Order

Grab Number

1351

Total
per
m2

Protozoa
Cnidaria:
Nematoda
Nemertinea
Sipuncula
Echiura
Priapulida
Arthropoda:

Mollusca:

Brachiopoda

Echinodermata:

Chordata:

TOTAL

Anthozoa

Crustacea:

Pelecypoda
Gastropoda

Ophiuroidea
Ascidiacea
Pisces

Foraminifera

Decapoda
Amphipoda
Cirripedia

Harpacticoida

Isopoda
Ostracoda
Tanaidacea
Cumacea

Copepoda (parasite) -~

Calanocida

+

1358
26
22
14

704
184
80
24
1298
218
328

240

104

54

4688

A% )

.

OO0 Wwo +

-

.
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Table ©: Biomass, preserved wet weight in grams per 0.1 m2 from PPB-25

(0CS-4) collected on 20 August 1976.

Total %

Grab Number weight of
Group 1281 1282 1283 1284 1285 per m biomass
Anthozoa - - - - -
Sipuncula - - - - -
Annelida .72 1.71 .37 1.41 1.59 11.60 31.6
Arthropeda .10 .42 .16 .21 .21 2.20 6.0
Mollusca 3.20 1.31 .83 .93 3.10 18.74 51.0
Echinodermata - - - - -
Misc. 1.52 - .08 - .50 4.20 11.4
TOTAL 5.54 3.44 1.44 2.55 5.40 36.74 100.0

- = absent




. . . 2
Table 10: Biomass preserved wet weight in grams per 0.1 m

from PPB-25 (0OCS-4) collected on 1 September 1976.

Total %
Grab Number weight of

Group 1359 per m? biomass
Anthozoa -

Sipuncula -

Annelida 1.96 3.92 60.3
Arthropoda .70 1.40 21.5
Mollusca .58 1.16 17.8
Echinodermata .01 .02 0.3
Misc. -

TOTAL 3.25 6.50 100.0

- = absent
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Table 11l: BRiomass preserved wet weight 1in grams per 0.1 m from PPB-55
{OCS-4) collected on 31 August 1976.

%
Grab Number ToFal
welghE of
Group 1331 1333 1334 1337 1338 per m biomass
Anthozoa - .04 - - - .08 .1
Sipuncula - .45 .09 .02 .12 1.36 1.9
Annelida 4.51 4.11 4.87 4.95 3.31 43.50 59.4
Arthropoda .63 1.65 1.00 1.15 .34 9.54 13.C
Mollusca .42 1.11 .79 1.0 2.45 13.34 18.2
Echinodermata .07 .06 .48 1.00 .16 3.54 4.8
Misc. .14 .08 12 .09 .48 1.82 2.5
TOTAL 5.77 7.50 7.35 9.11 6.86 73.18 100.0
— - = absent
3 * = pne large Sipuncula weighed 12.17 g.
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Table 12: Biomass preserved wet weight in grams per 0.1 m2 from PPB-55

(0CS-4} collected on 31 August 1976.

Total %
Grab Number weight of
Group 1339 1342 1343 1345 1346 per m2 biomass
Anthozoa - - - - .09 .18 0.2
Sipuncula .09 .04 - .04 .02 .38 c.4
Annelida 2.14 3.12 1.49 3.04 2.45 24.48 27.9
Arthropoda 1.74 .98 .82 3.62 .60 15.52 17.7
Mollusca 4.23 1.05 2.77 2.73 7.05 35.66 40.7
Echincdermata .15 .13 .15 .03 .40 1.68 1.9
Misc. .20 .04 .04 .94 3.68 9.80 11.2
TOTAL 8.55 5.34 5.27 10.40 14.29 87.70 100.0

~ = absent
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Table 13 : Biomass preserved wet weight in grams per 0.1 m from PPB-55

(0CS-4) collected on 31 August 1976.
Grab Number ToFal *
. welghB of

Group 1347 1348 1349 1350 1351 per m biomass
Anthozoa - - + .62 - 1.24 2.0
Sipuncula .02 - - .14 .02 .36 c.6
Annelida 2.44 3.50 2.46 2.41 3.30 28.22 46.6
Arthropoda .73 1.17 2.53 1.80% 1.18 14.82 24.4
Mcllusca .35 .57 .54 1.12 3.79 12.74 21.0
Echinodermata .03 .03 .58 .04 .04 1.44 2.4
Misc. .41 .27 .07 .11 .04 1.80 3.0
TOTAL 3.98 5.54 6.18 6.24 8.37 60.62 100.0
- = absent
+ = present, not weighable

*
Il

one crab weighed 12.95 g.



Table 14. Species data for polychaetous annelids from OCS-5

(August 1976).

Family: Species Stations of Occurrence Tota.‘!.
Specimens
AMPHARETIDAR
Ampharete acutifrons BRB-5, BRB-10, BRBE-25, PPB-5, PPB-10,
PIB-15, NIB-5, NIB-10, NIB-15, BAB-5,
BAB-10, BAB-1%, BAB-20 —-—meecemeaee 83
Ampharete arctica PPB-10 o e 1
Ampharete vega BRrB~5, BRB-10, PPB-%, PIB-5, PIB-10,
NIB-5, NIB-10, NIB-15, BAB-5, BAB-1(,
BAB-15 e e 1024
Amphicteis sundevalli PIB-15, NIB=10, BAB-25 ——ceommmacccc—cm———e 19
Lysippe lablata PIB~15, NIB-15, BAB~15, BAB-20 —cemocm—w- 13
Neosabellides sp? BRB-5, BRB-10, BRB-20, BRBr25 —meeeeo—o 12
Sabellides borealis PIB-15, NIB-1lU —meemem e 4
ARENICOLIDAE
Arenicola glacialis PPB-5, BAB-5 —emcom e 2
FLABELLIGERIDAE
Brada incrustata BAB-15 ~mee e 1
Brada villosa BRB-5, BRB-10, BRB-15, BEB-20, PPB-10,
PIB-15, NIB-5, NIB=-10, NIB-15, BAB-10
BAB-15, BAB-20, BAB-25 cmeommmmm e 305
Diplocirrus hirsutus NIB-15 mea e 1
Diplocirrus Iongosetosus HNIB~15, BAB-20 =----—emmm;ccocmmemao oo 3
Flabelllgera affinis BRB=20 —e e 1
NEPHTYIDAE
Aglaophamus malmgreni PPB=20 - e e e 1
Mieronephihys minuta BRB-5, BRB-10, BRB-15, BRB-20, BRB-25,
PPB-5, PPB-10, PPB-15, PPB-20, PIB-5,
PIB-10, PIB-15, NIB-15, BAB-10, BAR-15,
BAB-20, BAB-25 —mweoeommmmmeee 586
Nenhtys ciliata BRB~15, BRB-20, BRB-25, PPB-10, PPB-15,
N PIB-10, PIB-15, NIB-10, NIB-15, BAB 15,
BAB-20, BAB-25 ——eemeeee . 36




NEPHTYIDAE (con't)

Nephtys discors
Nephtys incisa
Nephiys longosetosa

OPHELIIDAE

Ophelina acuminata
Onhelina cylindricaudata

Ophelina groenlandica
Eyavisia sP.

ORBINIIDAE

Seoloplos acutus

Scoloplos armiger

PECTINARIIDAE

Cistenides hyperborea

PHYLLODOCIDAE

Anaitides groenlandica

Tteone flava
Eteone longa

Eteone spetshergensis
Mysta barbata

BRB-10, BRB-25 =mrm—emmem—ce—m—eommeaem 4
BRB=10, BAB-25 me=————mmmmec—ememm—meeeee 2
BRB-5, BRB-10, BRB-20, PPB-10, PIB-15,

NIB-10, BAB-1C, BAB-15, BAB-20 =--e—=- 134
PPB~15, PPB-20, NIB-15 ——emecmcmmco—am- 3
PIB-15, NIB-10, NIB-15, BAB-15, BAB-20,

BAB=25 —-r—som—mmmmm—m—mmmmeo—m—mmmm—— 76
BRB-10, BAB-15, BAB-20 ==mm-=—————mm—m——— 7
PPB=5, NIB=l(Q ~e=me=-r-—ecmecmco—mmm—————— 3

BRB-10, BRB-15, BRB-20, BRB-25, PPB-10,

PIB-15, NIB-15, BAB-15, BAB-20, BAB-25 - 78
BRB-5, BRB-10, PPB-5, PPB-10Q, PIB-5,

PIB-15, NIB-10, NIB-15, BAB-5, BAB-10,

BAB~20 =--s—memeem—mmmm—me—eame———m e 383

BRB-5, BRB-10, BRB-15, BRB-20, BRB-25,
PPB-20, BAB-15, BAB=20 =-m-e--m—mm=m—— 1764

BRB-5, BRB-10, BRB-15, BRB-20, BRB-Z25,

PPB-20, PIB-15, NIB-10, NIB-15, BAB-5

BAB-10, BAB-15, BAB-20, BAB-25 -—~=----- 86
BRB-25 —cre—mmmmmmemeeeme—memme———me—m o 1
BRB-5, BRB-10, BRB-15, BRB-20, BRB-25,

PPB-5, PPB-10, PPB-15, PPB-20, PIB-5,

PIB-10, PIB-15, NIB-5, NIB-10, NIB-15,

BAB-5, BAB-10, BAB-15, BAB-20, BAB-25 - 233
BAB=15 ~cm—mmmmm—mmmm————m o m o o 2
BRB=5 ————eoemmmmmm——mm—e——mmam e ————— 1

156




HESIONIDAE
Borwuania sp?

Nereimyra aphroditoides

SCALIBREGMIDAE

Scalibregma inflatum

SIGALIONIDAE

Pholoe minuta

STERNASPIDAE

Sternaspis scutata

TEREBELLIDAE

Artacama proboscidea
Lanassa venusta

Proclea graffii
Laphania boecki
Polyeirrus medusa
Terebellidae n.g., n.sp.

TRICHOBRANCHIDAE

Terebellides stroemi

BRB-5, BRB-10, BRB-25, PIB-15, NIB-5,
NIB-1G, NIB-15, BAB-15, BAB-20 —ec-—een 147
BRB-5, BRB-25, PPB-15, PPB-20, PIB-5,
PIB-15, NIB-5, NIB-10, NIB-15, BAB-5,
BAB-10, BAB-15, BAB=20, BAB~25 wc—ce-eo 253

BRB-10, PPB-10, PIB-10, PIB-15, NIB-5,
NIB-10, NIB-15, BAB-10, BAB-15,
BAB=20  —mmm e oo 83

BRB-10, BRB-15, BRB-20, BRB-25, PPB-5,
PPB-20, PIB-15, NIB-15, BAB-15, BAB-20,
BAB-25 memmmmm e e e 116

BRB-20, BRB-25, PPB-10, PPB-20, PIB-10,

PIB-15, BAB=20 —===mwmeo—mmcceemme 4l
PPB-10, PPB-20, BAB=20 =-cceeoccaco—ccme- 6
PIB-15 w——ommmmmmem e 1
PPB-5, PPB-10, NIB~15, BAB-10, BAB-20 -—- 6
HIB-15 memom oo oo 4
BRB~10, PPB-5, NIB-5, NIB-10, BAB-10 ---~ 13

PPB-5, PPB-10, PPE-20, PIB-5, PIB-10,
NIB-5, NIB-10, BAB-5, BAB-10 w=eme————m- 47

BRB~-10, BRB-15, PPB-5, PPBE-1C, PIB-5,
PIB-10, PIB-15, NIB-5, NIB-1Q, NIB-15,
BAB-5, BAB-10, BAB-15, BAR-20C, BAB-25 - 202




Table 15,

of shells only

Species data for pelecypod molluscs from OCS-1 (October 1975},

0CS-2 (March 1976) and 0CS-5 (August 1976). * denotes presence

Family: Species Stations of Occurrence Tota}
Specimens
Nuculidae
Nucula bellotii BRB-25, PPB-25, PPB-55, PPB-100, 133
PIB-10, PIB-15, BAB-20, BAB-25
Nuculanidae
Nuculana minuta PPB-55, PPB-70, PPB-100 12
Nuculana pernula PPB-25, PPB-40, PPB-55, PPB-70, PPB-100, 25
PIB-15, BAB~20
Nuculana radiata BAB-20 1
Portlandia arctica PPB-25, PIB-10, PIB-15, BAB-5, BAB-10, 401
BAB-15, BAB-20, BAB-25
Portlandia frigida PPR-25, PPB-40, PPB-55, PPB-70, PPB-100, 111
BAB-25
Portlandia lenticula PPBR-25, BAB-20, BAB-25 6
Yoldia hyperborea PPB-40, PPB-100 2
Yoldia myalis BRB~10, BRB-25, PPB-55 9
Yoldia scissurata BRB-20 *
Arcidae
Bathyarea glacialis PPB-100 *
Mytilidae
Crenella decussata BaB-20 2
Dacrydium vitreum PPB-55, PPB-70, PPB-100 6
Musculas discors PPB-55 2
Mugculus niger PPB-25, PPB-70 11
Pectinidae
Cyclopecten greenlandicus PPB-25, PPB-55, PPB~70, PPB-100, PIB-10, 101
PIB-15, BAB-15, BAB-20, BAB-25
Thyasiridae
Axinopgida orbiculata BRB-10, BRR-20, BRB-25, PPB-100, PIB-10, 660
BAB-5, BAB-10, BAB-15, BAB-20, BAB-25
Thyasira gouldii PPB-25, PPB-40, PPB-55, PPB-100 41
Thyasira equalis PPB-40 1
Montacutidae
Montacuta dawsoni BRB-5, BRB-10, PIB-10, BAB~10, BAB-15 37
Mysella planata BRB-10, PPB-100 9
Mysella tumida PPB-100 8
Carditidae
Cyclocardia crebricostata PPB-55, PPB-100 7




Family: Species

Stations of Occurrence

Total

Specimens
Astartidae
Astarte crenata PPB-55 1
Astarte esquimalti PPB-55 22
Astarte borealis PPB~40, PPB-100, PIB-10, PIB~15 *
Astarte montaguil PPB~55, PPB-70, PPB~100, PIB-15 318
Cardiidae
Clinocardium ciliatum PPB-55, PPB-70 9
Serripes greenlandicus BRB-5, BRB-10, BRB-15, PPB-55 54
Tellinidae
Macoma calcarea BRB-10, BRB~15, BRB-20, BRB-25, PPB-25, 225
PPB-55, PIB-10, PIB-15, BAB--5, BAB-10,
BAB-15, BAB-20, BAB-25
Macoma moesta PIB-15 1
Veneridae
Liocyma fluctuosa BRB-5, BRB-10, PPB-25, PPB-55, PPB-70, 252
PPB-100, PIB-10, PIB-15, BAB-5, BAB-10,
BAR-15
Liocyma viridis BRB-25 *
Myidae
Mya pseudoarenaria BRB-10, BRB-~20, BRB-25, PIB-15 i8
Hiatellidae
Cyrtodaria kurriana BAB-5 5
Hiatella arctica BRB-10, BRB-25, PPB-55, PPB-70, PPB-100 10
Pandoridae
Pandora glacialis PPB-25, PPB-55, PPB-70, P1B-10, PIB-15 36
BAB~15, BAB-20
Lyonsiidae
Lyonsia arenosa PPB-25, PPB-55, PPB-70, PPB-100, PIB~10 25
PIB-15, BAB-15
Periplomatidae
Periploma aleutica PPB-25, PPB-100 2
Thraciidae
Thracia devexa PPB-40, PPB-70, PIB~15, BAB-20 8
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Table 16, Species data for harpacticoid copepods from
cruises 0CS-1 through 0CS-7 and WEBSEC-71.

Family: Species Stations of Occurrence Tota}
Specimens
Ameiridae '
Proameira dubia PPB-100 1
Sarsameira elongata PPB~70 1
Sarsameira sp. PPB-55 1
Cerviniidae
Cervinia langi WBS-2, WBS-6, WBS-10, WBS-1l, WBS-18, 110

WBS-20, WBS-29, WBS-37, NIB-40, PPB-70,
PEB-100, AW-34, AW-35, AW-36, AW-40

Cervinia sp. A AW-29, AW-32 3

Cervinia sp. B WBS-43, AW-58 6

Cerviniopsis smirnovi AW-10, AW-58 3

Pseudocervinia magna WBS-1, WBS-2, WRS-8, WBS~1l, WBS~15, 215
WBS-16, WBS-18, WBS5-19, WBS-20, WBS-22,
WBS-23, WBS-28, WB5-29, WBS-35, WBS-36,
WwBS-37, WBS-40, PPB-25, PPB-55, PPB-70,
PPB-100, NIB-55, NIB-40, AW-37

Stratiopontes sp. AW-40 1

Cletodidae

Argestes mollis WBS-20, WBS-22, WBS-28, WBS-29, PPB~55, 21
AW-34, AW-35, AW-40, AW-54, AW-58

Eurycletodes arcticus PPB-5, PPB-55, PPR-100 5

Eurycletodes serratus PPB-55 1

Mesocletodes brevifurca AW-10 1

Mesocletodes katherinae AW-40 1

Mesocletodes monensis NIB-40 1l

Paranannopus echinipes WBS-19, WBS-20, WBS-22, WBS-29, WBS-36, 113
WRS~-37, WBS-40, PPB-55, PPB-100, BAB-20,
AW-37

Diosaccidae

Amphiascus propingvus WBS-22 1

Paramphiscella fulvofusciata WBS-21, WBS-23 2

Paramphiascopsis giesbrechti WBS-2, WBS-12, WBS-20, WBS-22, WBS-29, 60
PPB-25, PPB-40, PPB-55, PPB-70, PPB-100,
AW-37, AW-39

Pseudomesochra longifurcata PPB-55 1

Stenhelia nuwukensis PPB-5, PPB-10, PIB-10, BAB-20, BAB-15, 809
AW-37

Stenhelia proxima PPB-5, BAB-20 5

Stenhelia sp. B PPB-5 21

Stenhelia sp. C PPB-5 14

Stenhelia sp. E BAB-20 3

Typhlampiascus lamellifer WBS-19, WBS-41, PPB-40, PPB-55, PPB-70, 16
PPB-100
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Family: Species

. Total
Stations of Occurrence

Specimens
Ectinomidae
Bradya confluens WB5-6, WBS-20, AW-35, AW-40, AW-58 12
Bradya typica WBS-19, WBS-20, WBS-23, WBS-24, WB5-37, 71

Halectinosoma neglectum

Halectinosoma sp.

Harpacticidae
Harpacticus superflexus

Zaus sp.

Laophontidae

Echinolaophonte brevispinosus

Tachidudae
Danielssenia fusiformis

Thompsonala hyaenae

Thalestridae
Parathalestris jacksoni

Pseudotachindius sp.
Thalestris frigida

Genus A

Tisbidae
Tisbe sp.
Zosime sp.

PPB-40, PPB-55, PPB-70, PPB-100, PPB-5,
NIB-15, PIB-5, BAB-20, BAB-15, AW-37

PPB-55, PPB~100, PPB-5, BRB~10, BAB-20 23
WBS-2, WBS-9, WBS-20, WBS-28, WBS-37, 32
PPB-40, PPB-55, PPB-70, PPB-100, PPB-5,
BaB-20, AW-37

WBS-1, WBS-2, WBS~-6, WBS5-8, WBS-9, 879
WBS-10, WBS-15, WBS-16, WBS-18, WBS-19,
WBS-20, WBS-21, WBS-22, WBS-23, WBS-24,
WB5-28, WBS-29, WBS-30, WBS-34, WBS-37,
WBS-38, WBS-39, WB5-40, PPR-25, PPB-40,
PPB-55, FPB-~70, PPB-100, PPB-5, PPB-10,
NIB-5, NIB-15, NIB-10, BRB-10, BRB-5,
BAB-20, BAB-15, BAB-10, AwW-34, AW-35,

AW-36, AW-37, AW-39, AW-40, AwW-54, AW-58

PPB-55 2
PPB-55 1
PPB-100 4
PPB-5 7
PPB-100, BRB-5 2
AW-35, AW-36, AW-58 60
WBS-9, PPB-55, PPB-100, PPB-5, BRB-10, 34
BRB-5, PIB-10, BAB-20, BAB-15

AW-35, AW-58 6
PPB-55, PPB-100, BAB-20, AW-39 31
PPB-55, BAB-20 2

WBS = WEBSEC-71
PPB = Pitt Point Benthic
AW = Arctic West Summer 77 (0CS-7)
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I. Abstract

During this quarter we completed the analysis and tabulation
of data from quantitative samples previcusly collected in the
Pribilof Islands and on the Alaska Peninsula. A report on the
results of our studies at these sites is partially written. The
analysis of data collected in the Bering Sea and Norton Sound
is in progress. Magnetic tapes containing data from five cruises
in the Eastern Gulf of Alaska, Bering Sea, and Kodiak Island area
have been submitted to NODC. |
II. Objectives

Our objectives are to describe the distribution and abundance
patterns of benthic plants and invertebrates in communities in
the intertidal zone at representative sites along the coast of
Alaska and to compare the patterns within and between sites in
order to identify key factors controllirg the structure of the
communities.
ITI. No field studies were conducted. Laboratory activities
included graphical and numerical analyses of species composition
and relative biomass and abundances of rlants and invertebrates

at representative sites on the Alaska Peninsula and in the

Bering Sea and KNorton Sound.
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IV. A processed report on the results of our studies in the
vicinity of Kodiak Island is complete and was submitted in August
to the Juneau Project Office of OCSEAP. Secparate "basin reports”
of the results of our studies in the Berirg Sea and Norton Sound
are partially written and will be submitted in the first quarter
of Fiscal Year 1979. Magnetic tapes containing the.remainder of
the data (four cruises to the Eastern Gulf of Alaska and the
Bering Sea) collected in 1975 and the data from one cruise (to
Kodiak Island) in 1976 were submitted to NODC. Four 1976 cruises
remain to be key punched and sent to NOCC. The University of
Alaska Sorting Center completed processing our intertidal samples
and a summary report was received from CGeorge Mueller, Director
of the Center.
V. Auxiliary Material
Papers in print.
Calvin, N.I. and R.J. E11is. 1978. Quantitative and

qualitative observations on Laminaria dentigera

and other subtidal kelps of scuthern Kodiak
Island, Alaska. Marine Biology 47:331-336.

Zimmerman, S.T., J.L. Haﬁson, J.T. Fujioka, N.I.
Calvin, J.A. Gharrett, and J.S. MacKinnon. 1978.
Intertidal biota and subtidzal kelp communities of
the Kodiak Island area. lorthwest and Alaska

Fisheries Center Auke Bay Lzboratory, Auke Bay,

Alaska. 192 p.




V.  Problems Encountered

C.E. 0'Clair, the Project lLeader and the only person still
funded by OCSEAP on RU #78 was unemplcyed Trom July 13’tq
September 22 because the Civil Service Commission in Washington,
D.C. had misplaced two sets of employmen: zpplication and up-
date forms which were required for his continued federal employ-
ment. Consequently the completion schedilss for the reports on

St. George Basin, Bering Sea, and Norton Sound haye been delayed.

VII. Estimate of FY 1978 funds expended :hrough September 30, 1978.

Salaries ' $44.4K
Travel 2.9
Contracts (Computer Services) 6.9
GSA Printing 0.7
Equipment and Supplies 1.9
Other Direct and Indirect Costs _18.2
TOTAL $75.0K
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II.

Task Objectives: Task objectives of the quarter were those set
forth in our proposal for Fiscal 1978. The specific approaches
followed were:

A. Sample littoralbiota at selected shore stations in the Colville
delta, Prudhoe Bay, and on Flaxman Island to determine popula-
tion structure and contribute to studies of annual and seasonal
variability and population dynamics in the littoral zone (pro-
posal objectives 1, 2, 3, and 5).

B. Sample benthic and epibenthic biota in water deeper than 2 met-
ers for studies of population structure, variability and dynam-
ics (objectives 1, 2, 3, and 9).

C. Continue studies of food and feeding of the principal coastal
invertebrate species of the Beaufort Sea through analyses of
gut contents and through experimental work on assimilation
(objective 4).

D. Continue studies of ecology and trophic relationships in Arctic
salt marshes and effects of chemical and physical perturbations
on the marshes and marsh biota (objectives 1 and 7).

E. Collect fish from the Beaufort Sea lease zone for benzopyrene
hydroxylase determinations (objective 8).

F. Initiate studies of the flora and fauna of the Stefansson Sound
Boulder Patch by on-site diving and sampling (objectives 1, 10,
11, 12, 13, 14).

G. Continue Taboratory analysis of material collected during the
1977 field season (objectives 1, 2, 3, and 5).
Field or Laboratory Activities:
A. Ship or Field trip schedule
1. Shore and Tittoral stations in the Colville delta, in Prud-
hoe Bay and on Flaxman Island (see table 1) were sampled by
the party of Harris and Kannestrom between July 6 and
August 26.

2. Broad and Smith participated in the cruise of the RV
ALUMIAK (see table 2) between August 3 and August 30.

3. A party of Schneider, Koch, Childers and Pounds worked on
gut analyses and feeding experiments at NARL, Barrow, from
June 21 to September 15.




Table 1: Shore stations sampled by RU356 during 1978.
North West
Station Latitude Longitude Dates Sampled
Jz2D 70 26.3 150 22.0 7/15, 7/29, 8/20
J2E 70 26.3 150 21.8 7/15, 7/29, 8/20
J2F 70 26.3 150 21.6 7/15, 7/29, 8/20
J2G 70 28.7 150 24.5 7/17, 7/30, 8/19
J2ZH 70 29.0 150 25.5 7/17, 7/30, 8/19
J21 70 29.2 150 26.0 7/17, 7/30, 8/19
E59 70 10.9 145 59.0 7/21, 8/7, 8/25
FO5 70 12.0 146 05.0 7/20, 8/8, 8/24
H12 70 20.7 148 12.3 7/10, 7/25, 8/18
H28 10 18.5 148 28.8 7/8, 7/24, 8/15
H32 70 22.6 148 32.6 7/11, 7/28, 8/14
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Table 2: Stations sampled from RV ALUMIAK during 1978. P = plankton tow;
E = epibenthic dredge tow; T = trawl sample. Stations marked *
are within the boulder patch area.

North West Depth  No. Other
Station Latitude Longitude (m) Grabs Samples Remarks
d2C 70 35.5 150 25.0 10 4 --
J1A 70 33.1 150 14.0 5 4 PET Laminaria
J@B 70 30.9 150 01.9 3 4 PET
I3G 70 34.5 149 30.0 10 4 T Laminaria with holdfasts
I3H 70 33.8 149 30.0 5 4 --
H4A 70 25.5 148 43.3 5 4 -
H3G 70 25.7 148 32.4 5 4 PET
H3H 70 32.4 148 32.4 10 4 PET
H@B* 70 24.3 148 06.6 5 4 PET Laminaria with holdfasts
G5A* 70 29.8 147 53.0 7 4 PE pprqacoiyc Srabs
G4A* 70 21.2 147 46.5 6 4 PET Laminaria, Red Algae
GPA 70 14.0 147 06.0 6 4 PE gégyﬁ\ggggggﬁggbgrabs
F5A 70 10.7 146 52.5 3 4 PE
FQE 70 11.2 146 05.7 3 4 PET Many molgula
F1A 70 10.1 146 14.3 3 4 PE
F2A 70 12.4 146 27.8 4 4 PE
F4B 70 12.1 146 41.4 5 4 PET
G@B 70 12.6 147 00.0 b 4 PET
G@C 70 15.5 147 00.0 5 4 PE
G2A 70 17.5 147 20.0 5 4 PET
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Mason and Kiera began studies of Marsh Ecology and grazing
by black brant on May 15. This study, which was interrupted
during mid-summer, was ended on September 10.

Dunton, Plesha, Smith and Olson did field work in Alaska and
particularly in Stefansson Sound from July 11 to August 24
(see table 3).

The laboratory in Bellingham was in operation during the en-
tire quarter but functioned mornings only during July and
August.

B. Scientific Party (all of Western Washington University)

1. A. C. Broad, Principal Investigator
2. Helmut Koch, Laboratory Supervisor
3. David E. Schneider, Associate Investigator
4, David T. Mason, Associate Investigator
5. Martin Harris, Field Team Leader
6. Ken Dunton, Assistant Investigator
7. Gary Smith, Field Assistant, Diver
8. John QOlson, Field Assistant, Diver
9. Paul Plesha, Field Assistant, Diver
10. Harold Kannestrom, Field Assistant
11. Scott Smith, Field Assistant
12. Mark Childers, Field Assistant
13. Wendy Pounds, Field Assistant
14. Eileen Kiera, Field Assistant
15. James Hanes, Laboratory Assistant Supervisor, part time
16. Dawn Christman, Laboratory Helper, part time
17. John Zehr, Laboratory Helper, part time
18. Janice Chiavario, Laboratory Helper, part time
19. Alexander Benedict, Computer Programmer, part time
20. Don C. Williams, Associate Investigator (August only)
C. Methods
1. Littoral stations were sampled at depths up to 2 or 2.5 me-
ters with an Ekman or Ponar grab, epibenthic dredge and plank-
ton net. Each site was sampled three times during the summer.
Methods were those we have used since 1975.
2. Benthic biota in deeper water was sampled from RV ALUMIAK
with a 0.1m¢ Smith-McIntyre grab and with an epibenthic dredge.
The methods were employed in 1976 and have been reported pre-
viously. Trawling for epibenthos using either a 6 ft. otter
trawl of 2 inch mesh o a 10 ft. beam trawl of % inch mesh
(cod end only) was done in 1978. These are reported in more
detail in the cruise report to the Arctic Project Office.
3. Methods employed in analyzing gut contents of littoral in-

vertebrates and experiments designed to test hypotheses of
feeding and assimilation are dealt with separately below (see
appendix 1).
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Table 3: Summary of dive sites in Stefansson Sound during the 1978 field
season.
Occurrence
Kelp of
Dive Site Latitude Longitude Transect Kelp Comments
DS-1 70 20.5 147 34.8 X X
DS-2 70 20.8 147 44.5
DS-3 70 20.4 147 38.0 X X
DS-4 70 21.0 147 36.6
DS-5 70 21.4 147 39.3
DS-6 70 21.8 147 39.8
DS-7 70 22.4 147 40.8
DS-8 70 23.1 147 41.8 X
DS-9 70 20.4 147 35.6 X
DS-10 70 20.2 147 35.3 X
DS-11 70 19.5 147 34.5 X X Pinger dup]ored
Ds-12 70 20.8 147 36.2 X Pinger deployed

DS-13 70 21.0 147 34.3
DS-14 70 21.2 147 42.7
DS-15 70 20.8 147 40.3
DS-16 70 20.6 147 39.0
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Methods employed in the investigations of Marsh Ecology were
those used in 1977 and reported earlier.

For exploration of the Boulder Patch in Stefansson Sound,
the following methods were employed.

a. Dive Strategy: Divers followed a plan drawn up by the
Team Leader which delegated tasks and outlined proce-
dures for the day at hand. Underwater sampling was done
in teams of two with the alternate diver acting as
standby. An underwater communication system enabled
divers to be in constant communication with the sur-
face and with each other. This system was used in co-
ordinating underwater sampling efforts, relaying data
to a surface tape recorder, and as a diver safety aid.
Divers made two dives a day, each dive averaging 45
minutes. A rest period was usually taken between dives.

b. Sampling Strategy: Three dive sites, DS-1, DS-3, and
DS-11 were sampled intensively in this program. These
dive sites were found by spot diving at 800 or 1500m
intervals along a magnetic course. Prior to sampling
at each site a 50m transect line, buoyed and anchored at
each end, was set on the bottom. The transect line pro-
vided a reference point from which divers could work
underwater. Tasks assigned to the dive team for a sam-
pling day included, (1) estimation of algal and rock cov-
er at every square meter along the transect line, (2) .05
and .25m¢ quadrat photography, (3) close-up photography,
(4) overall community photography and (5) collection of
fauna and flora. Divers were also required to make in-
dependent observations on depth, visibility, currents,

approximate rock and algal cover, sediment characteristics,

predominant algal and invertebrate species, and other dis-
tinguishing community characteristics. From shipboard
salinity and temperature measurements were taken at the
surface, 2m, 4m, and at 6m using an SCT meter. Meteor-
ological data were also recorded and our exact position
calculated using a sextant to measure angles between
known surface points. At completion of diving the tran-
sect was retrieved and a buoy anchored on location. The
buoy provided a reference marke~ for the dive site and
was used as a pivot point on which subsequent transect
1ines of known degree bearings were set. DS-1 and DS-3
were sampled over a three-day period and DS-11 was sam-
pled only once (the other time spent on winter experi-
ments).

c. Several dive sites were merely inspected (not sampled)
in this study as they were part of a four mile transect
which was undertaken to determine the extent of the
boulder patch. It was on this transect that a large
and dense algal community at DS-11 was discovered. At
these sites (DS$-4, DS-5, DS-6, DS-7, DS-8, DS-9 and
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ITI.

and DS-10) a quick spot dive of 5-15 minute duration
was made. The diver noted depth, visibility, currents,
approximate rock and algal cover, sediment character-
istics and biota.

6. Methods of Taboratory analyses were those we have used since
1975.
D. Sample Localities and E. Data Collected
1. Shore stations sampled in 1978 are given in table 1.
2. Stations sampled from RV ALUMIAK are given in table 2.

3. The marsh sites studies were in the mouth of the Putuligayak
River at Prudhoe Bay and at Arctic Circle Landing Strip near
Kotzebue. These study sites are those at which studies were
begun in 1977. Black brant were studied in the Colville
Delta and at Prudhoe Bay.

4. Sites in Stefansson Sound at which diving operations were
conducted are given in table 3.

F. Milestone Chart: No update required.

Results and IV. Preliminary interpretations.

Results of shore or benthic sampling are premature at this time.
Those benthic stations within or near the Boulder Patch were noted
to be richer than other stations sampled which may reflect higher
production in this area.

A preliminary paper on bioassay has been submitted by D. T.
Mason (see Arctic Project Bulletin 21) and will be followed by a
more definitive report.

Some preliminary interpretations of feeding experiments are
presented in attached appendix 1.

The Boulder Patch in Stefansson Sound supports a kelp community
comprised largely of brown algae (Laminariaceae), several species of
red algae (bladed, filamentous and encrusting), and an abundance of
invertebrate life dominated by sponges and cnidarians. The boulder
patch is by no means contiguous. Instead it appears that a number
of patches at DS-11 covers at least 400 square meters and is char-
acterized by a dense cobble bed interspersed with boulders. The
area is rich in animal and plant 1ife. Kelp plants (Laminaria sp.)
one meter long are not uncommon and dominate the community. Other
boulder patches are far smaller and less spectacular in comparison,
but all the patches studied seem to possess distinct differences in
floral or faunal assemblages. We believe that these patches or
vegetated "islands" might be a result of the age of the patch but
are unsure of other factors that might be involved.

The notion that these kelp communities appear as islands is
further supported by their occurrence on undersea shelves which
rise 1 to 2 feet above the sea bottom. Using a recording fathometer
we observed simultaneous decreases in depth with slight elongation
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of return signals. Reimnitz (RU-205) has reported similar responses
on a Simrad depth recorder when traversing boulder patches. The com-
position of sediments in the boulder patches varied greatly, from
hard compacted silt (DS-3) to course granular materials (DS-11) to
sand (DS-8).

It is our belief that the boulder patches in Stefansson Sound
support a kelp community which in itself is unique to the Beaufort
Sea. Many of the attached algae found in this community have been
previously found only as drift and some along with several inverte-
brates are suspected to be new to the Beaufort Sea. The ecological
importance of this community to fish and marine mammals, its resil-
jence to disturbance created by offshore development, and its role
in a detrital based food web (due to relatively high biomasses per
m2) are yet to be determined.

Problems encountered: Except for mechanical hydraulic problems on
RV ALUMIAK dealt with in the cruise report, there were no problems
encountered during the quarter.

Estimate of funds expended: To be submitted later.

174




Appendix 1

Trophic Relationship of the Arctic
Shallow Water Marine Ecosystem
by
D. E. Schneider and H. Koch
with the assistance of

M. Childers and W. Pounds

The continuation of our study of the trophic relationships of
the shallow water animals of the Beaufort Sea during the summer of
1978 employed two major approaches. First, we again collected data
on the composition of gut contents and fecal pellets of freshly col-
lected specimens. Secondly, we conducted a series of experiments
to assess the ability of selected species to derive nutrition from
the vascular plant detritus that originates by erosion of terrestrial
peat deposits. Only a brief outline of the studies completed will
be presented in this Quarterly Report. A detailed report of these
experiments will appear in the 1978 Annual Report following complete
analysis of the data.

Composition of Gut Contents and Fecal Pellets

The following uniform procedure was used for all of the obser-
vations on the composition of fecal pellets and gut contents. A
single pellet was thoroughly teased apart on a microscope slide and
covered with a cover slip. Four complete, non-overlapping traverses
of the slide were made at 400X magnification and all identifiable
structures were counted. Following this, the entire slide was
examined at 100X to note structures not seen in the traverses.

A total of 165 pellets and guts were examined with this tech-
nique. Table 4 presents the number of fecal pellets and guts ex-
amined for each of the 19 species studied and indicates the principal
structures found. From the degree of overlap of general food cat-
egories it is evident that there is 1ittle trophic specialization
in this ecosystem. The high proportion of species ingesting diatoms
(95%) and peat (68%), along with the presence of fine mineral grains
in most of the species studied, suggests that deposit feeding may
be important in many of these animals. The proportion of species
ingesting crustaceans (53%) and polychaetes (32%) is lower, however
most of these must be considered omnivorous since diatoms and peat
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Table 4

Fecal Pellet and Gut Analysis

FP = fecal pellet
F = fecal material
G = gut
No.
Structure Structures
Species Sampled Sampled Principal food items
Amphipods
Gammarus setosus FP 24 Diatoms, peat and crustaceans
Onisimus litoralis FP 17 Crustaceans, diatoms {many not digested
Apherusa glacialis FP 19 Diatoms, dinoflagellates, peat, crustaceans
Gammaracanthus loricata FP 3 Crustaceans, peat
Atylus carinatus Fp 3 Diatoms, peat, crustaceans
Acanthostephia behringensis G 2 Diatoms, crustaceans, peat
Caprellids FP 5 Diatoms, polychaetes, peat
Isopods
Saduria entomon FP G 15 Diatoms, polychaetes, peat
Saduria sabini F 1 Diatbms, peat
Mysid
Mysis relicta FP 34 Peat, diatoms, crustaceans
Decapod
Pagurus trigonicheirus FP G 2 Diatoms, crustaceans
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Table 1 (continued}

Number
Structure Structures

Species Sampled Sampled Principal food items
Chironomidi

Dyscamptocladius sp. G 1 Diatoms, peat
Polychaetes

Terebellides stroemi F G 12 Diatoms, peat

Scolecolepides arctius F 3 Diatoms, polychaetes, peat

Haploscoloplos elongatus F 1 Peat, polychaetes, diatoms

Pectinaria granulata G 2 Diatoms

Harinothoe imbricata FP 1 Diatoms, crustaceans
Priapulid

Priapulus caudatus FP 1 Diatoms, polychaetes, peat
Fish

Myoxocephalus quadricornis FP G 19 Polychaetes, crustaceans, diatoms
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are frequently major components of their diet. Of the species
studies, only Onisimus litoralis is predominantly a carnivore.

Egestion Rate Experiments

In a number of our experiments we have used the egestion rate
or rate of fecal pellet production as an index of the feeding ac-
tivity on different classes of food. In animals that produce dis-
creet fecal pellets, the quantitative collection of these is more
reliable than attempting to estimate the amount of food actually
ingested. Described below are the experiments in which this tech-
nique was used.

Gut Clearance Times

In an attempt to provide information on the length of time food
was held in the gut, several experiments were set up to measure gut
clearance times. Two experiments were set up using freshly collected
Gammarus setosus. The animals were placed in millipore filtered sea-
water in compartmented plastic boxes and the fecal pellet production
was monitored at frequent intervals. Experiment no. 1 ran for 34
hours and had 30 replicates. Experiment no. 2 ran for 9.5 hours with
24 replicates. A similar experiment was set up using Onisimus litor-
alis. This experiment was run for 56.5 hours with 24 replicates.
Information from these experiments was used in the design of future
experiments where it was important to know how long to hold animals
before presenting them with an experimental food.

Sediment Feeding Experiments

The ability of Gammarus setosus to ingest fine silty sediments
was examined in several experiments. Twenty-four starved Gammarus
were placed in silt-laden water in individual compartments of a plas-
tic box and their fecal pellet production was monitored in which
certain particle sizes were removed from the silty water by sieving
through a graded series of nitex screens and Nuclepore filters. Fecal
pellet production was monitored over an 11 hour period. Twelve repli-
cates of this experiment were run.

Peat Particle Size Feeding Experiment

The ability of Gammarus setosus to ingest different particle
sizes derived from peat was investigated by the following experiment.
Peat was fractioned into the following size series by passing it
through nitex screens: >1050 u; 425 < X< 105013 202 < X < 425w
102 < X <202 u; 63< X 102wu; and< 63 u. Eight replicate samples
of each size fraction were offered to Gammarus setosus for a 10.5
hour period and fecal pellet production was monitored. In addition
the organic content of the peat size fractions and the fecal pellets
produced was measured by the weight loss on ignition in a muffle
furnace.
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Egestion Rate with > 1.168 mm Peat Particles

Twenty-four Gammarus setosus were fed peat particles > 1.168 mm
for a period of 24 hours. The rate of production of fecal pellets
was monitored at hourly intervals for the first 12 hours and again
at 24 hours. Only data on the number of pellets produced was col-
lected and no dry weights of pellets were determined.

Combined Sediment and > 1.168 mm Peat Feeding Experiment

A combination of silty water and peat particles > 1.168 mm
was offered to 24 Gammarus setosus)for 24 hours. Fecal pellet pro-
duction was monitored at hourly intervals for the first 12 hours and
again at 24 hours. The organic content of 10 samples of these fecal
pellets was determined for comparison to freshly produced pellets
from recently collected animals.

Gravimetric Assimilation Experiments

Experiments were performed on several common species of shallow
water animals to determine their ability to assimilate material from
several different types of food. In these experiments the initial dry
weight and organic content of the food presented to each animal was
estimated. After a period of feeding, the remaining food and the
fecal pellets were quantitatively recovered and the dry weights and
organic contents were determined. From this information it is
possible to calculate the amount ingested and compare it to the
amount of feces produced. A gravimetric assimilation efficiency can
then be calculated using the relationship

Ul

=(%x 100

where U1 is the percentage of assimilation, I is the quantity ingested,
and N is the quantity excreted as feces. Assimilation efficiencies of
this type can be calculated for total (inorganic and organic) assimi-
lation, for organic matter, and for ash. In view of the difficulty

in quantitatively collecting food and feces without some error, Con-
over (1966) has derived an equation from the above relationship that
does not necessitate quantitative collection of food and feces. As-
similation efficiences derived from Connover's equation will be used

as a somewhat independent estimate of assimilation efficiency:

1.1
1 _ [ (F-E7) ]
o |t ¢ 10

where U1 is the percentage of assimilation, and F1 and E1 are the
ash-free dry weight: dry weight ratios for ingested food and feces
respectively. As the data analysis for these experiments is not yet
complete, the assimilation efficiences will not be reported in this
Quarterly Report. A brief description of the experiments performed
follows:
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Gammarus Coarse Peat Experiments

Peat coliected from a submerged Tocation on the shore of Elson
Lagoon was sieved to yield a fraction of particle sizes > 1.168 mm.
Known quantities of this fraction were presented to Gammarus setosus
for a period of 10 or 24 hours. The animals were then moved to fresh
containers and allowed an additional 12 or 24 hours for gut clearance.
Uneaten food and fecal pellets were collected for gravimetric and or-
ganic content analysis as described in the introduction to this sec-
tion. Three spearate experiments of this type with 19, 10, and 12
replicates were run.

Gammarus Fine Peat Experiments

Two experiments were performed with Gammarus setosus using fine
particulate fractions sieved from peat collected at a submerged loca-
tion on the shore of Elson Lagoon. The first experiment used a par-
ticle size <63 u and had 10 replicates. The second experiment used
a particle size 63 < X <« 102y with 12 replicates. The procedures
were similar to those described above.

Gammarus Eroding Tundra Experiments

A major question is whether peat that has freshly eroded into
the marine ecosystem can be utilized as a food source by Gammarus
setosus. In an attempt to provide an answer to this question, two
experiments were set up to examine the assimilation of peat derived
from an eroding tundra bank. The material collected had not yet
entered the marine system so two different procedures were used in
each experiment. The first experiment was conducted on eroding tun-
dra peat that had been soaked in millipore filtered sea water for
12 hours. This procedure was employed to soften the peat and allow
clumps to be broken up without exposing the material to marine
microbes. The peat was then sieved and the fraction > 1.168 mm was
used for the experiment. The second experiment was conducted using
a> 1.168 mm fraction that had been soaked in raw unfiltered sea
water for one week. The procedures were as described for the pre-
vious assimilation experiments. In both experiments 12 replicates
were run.

Gammarus Dried Tundra Grass Experiment

An experiment was conducted to determine whether freshly dried
tundra grass can be utiiized as a food source by Gammarus setosus.
Presumably during erosion of tundra, some fresh material of this sort
will be washed into the marine system. Fresh tundra grass (leaves
only) were collected and dried at room temperature in the laboratory
before being presented to Gammarus. The procedure was essentially
as described for the other gravimetric assimilation experiments and
12 replicates were run.
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Onisimus Coarse Peat Experiment

A parallel experiment to the Gammarus coarse peat experiment
was set up using Onisimus Titoralis. No fecal pellets were pro-
duced over a 72 hour period in any of the 10 replicates set up.

Mysis Fine Peat Experiments

Mysis relicta has been observed frequenting areas where peat
deposits are prevalent and peat was shown to be the major fecal
pellet component. Two experiments were set up to determine the as-
similation efficienty for < 63 u particle size fraction sieved from
peat collected from a submerged location on the Elson Lagoon shore.
Both experiments were conducted using the same basic procedure out-
lined for the other assimilation experiments. Ten replicates were
run in the first experiment and 12 were run in the second.

Gammarus Laminaria Experiment

It is not uncommon to find either broken pieces or small whole
plants of the kelp Laminaria drifting in shallow water inhabited by
Gammarus setosus. Feeding experiments in 1977 indicated that Gammarus
would ingest this material. As a result, we set up an experiment to
determine the assimilation efficiency of Gammarus feeding upon Lam-
inaria. The procedure paralleled that used for the peat assimila-
tion experiments and 10 replicates were run.

Organic Content Determinations

Several sets of data were collected on the organic content of

peat derived from different sources. 1In all cases the peat was sieved
through a graded series of nitex screens to give the following particle
sizes: >1mm; 425 u < X< 1mm; 202 u < X< 425 u; 102 4 < X < 202 us
631 < X< 102 u; and < 63 1. Peat for these determinations was der-
ived from: 1) eroding tundra not yet washed by sea water; 2) a clump
of tundra sod on the beach that had been washed intermittently by sea
water; and 3) peat from a submerged location in Elson Lagoon. In addi-
tion, the organic content of three species of amphipods (Apherusa gla-
cialis, Onisimus litoralis, and Gammarus setosus) was determined.

ATP and Nitrogen Content of Food and Fecal Pellets

Several experiments were set up to analyze the ATP content of food
and fecal pellets. ATP content has been used as a measure of microbial
biomass in ecological studies (Holm-Hansen and Booth, 1966, Lopez et al.
1977) and it was hoped that these analyses would yield some information
on the utilization of microbial populations associated with peat. Some
technical difficulties were encountered in these experiments and at
present the data are inconclusive. Further experimentation is planned
using this technique.
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Some preliminary work was done on the determination of the nitro-
gen content of food and fecal pellets by the Kjeldahl method. Tech-
nical difficulties were encountered, perhaps attributable to the
small sample sizes available and further work will have to be done
before these determinations can be made.

General Conclusions

As the data from the above experiments have not yet undergone
complete analysis, only some tentative, rather general conclusions
will be presented here. A detailed discussion of these experiments
will appear in the Final Report.

Both the fecal pellet analysis and the sediment feeding ex-
periment indicate that Gammarus setosus actively ingests small parti-
cles down to <62y but probably does not ingest particles < 8w in
diameter. The implication of these observations is that this species,
at least under some conditions, acts as a deposit feeder ingesting
organic rich surface sediments. In addition, this species is appar-
ently capable of ingesting a wide range of peat particle sizes from
>1mm to < 63u .

The gravimetric assimilation experiments suggest that Gammarus
setosus can assimilate a surprisingly high proportion of the organic
matter in a coarse fraction of peat that had been immersed in sea
water for some time. Assimilation efficiencies calculated according
to Conover's (1966) equation averaged around 65 to 75% for all three
experiments. Assimilation efficiencies were negative for the five
fractions from sea water soaked peat. This low assimilation may
be the result of prior utilization of the more easily assimilated
carbon in the peat as it was being broken down to a smail particle
size. Analysis of the organic content of different peat particle
sizes supports this view in that the percent of organic matter is low-
est in the smallest particle sizes. Microscopic examination of the
five peat fractions also suggests that they may inciude a large pro-
portion of material derived from the breakdown of fecal pellets.

A comparison of the assimilation efficiencies for dried tundra
grass, eroding tundra peat, and peat that had been submerged in sea
water suggests that the peat may require a period of conditioning
in sea water before it can be efficiently assimilated by Gammarus
setosus. Assimilation efficiencies were low or even slightly nega-
tive for eroding tundra peat even after presoaking in raw sea water
for a week, yet the assimilation was high for peat actually col-
Jected from a saltwater covered location. Assimilation of dried
tundra grass was high, probably the result of a high proportion of
relatively easily digested organic matter in this fresh material.

The ability of Gammarus setosus to assimilate the kelp, Lamin-
aria is high. Considering that drifting or attached macro algae may
seasonally abundant in some localities, Laminaria may be an impor-
tant supplementary food source for Gammarus.

Mysis relicta showed a low but positive assimilation of < 63y
peat.  This appears to be a higher assimilation for this material
than that shown by Gammarus, but further analysis of the data and
further experimentation are needed before this can be fully evalu-
ated.
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I. Abstract - Highlights

This quarter was spent preparing for and going on the USCGC
Northwind cruise in the Beaufort Sea. Processing of the 1977 data was
completed,

II. Task Objectives

The objectives of this study are to assess the dengity distri-
bution and environmental requirements of zooplankton and ichthyoplankton
collected in the Beaufort Sea and to measure phytoplankton activity.

1IT. Field or Laboratory Activities

A. Ship schedule

1. 15 Aug to 15 Sep 1978; cruise length shortened from 10 Aug to

25 Sep due to ship scheduling and equipment problems
2, USCGC Northwind

B. Scientific party

1. Rita A, Hormer, Principal Investigator
2, Thomas Kaperak, Assistant Oceanographer

C. Acknowledgements

We thank Captain R. R. Garrett, the officers and men of
Northwind for their outstanding support during the cruise. We particularly
thank Ens. Rich Gaudiosi, MSTC Bruce Carnell, and MST 1 Tony Creamer for their
heip in making our work go more smoothly. Special thanks go to LTJG Dennis
Sobeck and the deck force for the many hours they spent supporting our project.

D. Methods

Phytoplankton samples were collected with 5-% Niskin bottles.
Subsamples of the water were taken for salinity, standing stock, primary
productivity, and plant pigment determinations. Standing stock samples were
preserved with 5-10 ml of 4% formalin buffered with sodium acetate. Primary
productivity measurements were made in 60 ml reagent bottles. Two light and
one dark bottle were used for each depth. Two ml of NaH!*CO3 solution were
added to each bottle, aluminum foil was wrapped around the dark bottle, and
the samples were incubated in a laboratory sink under a bank of cool white
fluorescent lights. Light levels were measured at the beginning and end of
the incubation period with a Gossen Super Pilot photographic light meter. Low
temperature was maintained by running seawater and was monitored throughout
the incubation period. Following a 3 to 4 hr incubation period, the samples
were filtered onto 25 mm HA (0.45 um) Millipore filters, rinsed with 5 ml
filtered seawater and 5 ml 0.01 N HC1, and placed in liquid scintillation vials.
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Water for plant pigment determinations was filtered through 47 mm HA
(0.45 um) Millipore filters. A few drops of a saturated MgCO3 solution
were added near the end of the filtration and the filter was rinsed with
filtered seawater. The filters were folded into quarters, placed in glassine
envelopes, and frozen,

Salinity was determined on board using a Beckman Industrial Instruments
Model RS-7A portable induction salinometer. 'Copenhagen" water was used as
the standard. Temperatures, measured with deep sea reversing thermometers,
were corrected using calibration factors provided by the Coast Guard and
following the procedure outlined in the U.S. Naval Oceanographic Office Publ.
607 (1968). Water transparency was measured with a Secchi disc.

Zooplankton samples were collected with bongo nets having mesh sizes of
333 and 500 um, mouth openings of 60 cm, and areas of 0.2827 m?, A TSK Model
313 flowmeter (InterOcean Systems, Inc.) was mounted in the mouth of each net.
A 45 kg rectangular weight was attached to the net frame. Tows were double
oblique with the net lowered at ca. 40-50 m/min to a depth ca. 10 m from the
bottom at shallow stations or to 200 m at deep stations, soaked for 30 sec,
and retrieved at ca. 20 m/min.

The sampleés were concentrated by gently swirling in a net collection
cup to remove excess water. The samples were poured into jars and preserved
with 37% formalin and saturated sodium acetate solution. The amount of
formalin and buffer depended on the jar size. A label containing collection
data was put in the jar, seawater added if necessary to fill the jar, and
the jar was capped for storage.

E. Sample locations
Sample locations are given in Table 1 and Fig. 1.

F. Data collected

Number Number
Parameter Collected Analyzed
Temperature 241 241
Salinity 247 242
Primary productivity 241 In progress
Plant Pigments 241 0
Standing stock
Phytoplankton 241 0
Zooplankton (bongo nets) 34 0
Water transparency
Secchi disc 28 -
Quantum meter 9 0
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Table 1. Summary of station locations, hydrography, and ice cover, USCGC Northwind, 15 Aug to 15 Sep
1978.
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) (X) (W) (m) (m) (oktas) {m) (°C) S% o0
01 17 Aug 71°11"! 150°14" 8 45 ol 005 —0.0l: 24 .16
015 2,55, 30.19

025 1.95 31.16

035 2.39+ 31.55

045 1.57 32.08

03 18 Aug 70°58.5" 149°17" 7 41 4-5 0G3 -0.27 15.93
010 -1.03 29,11

015 -0.45, 29.88

020 -0.71 30.73

025 2.80 31.52

030 2.40 31.68

035 2.17 31.68

04 19 Aug 70°19.8"' 146°05° 5 33 1 000 -0.36 28.86
005 -0.42 29.30

010 - 31.82

0l5 -1.16 32.15

020 -1.64 32.17

025 ~-1.64 32,22

05 21 Aug 70°36.2" 148°20.2" 5 22 3-4 000 -0.08 22.36
003 -0.20 26,20

Q06 -0.84 31.31

009 -1.52, 32.06

012 =1.45 32.09

015 -1.52 32.10

020 -1.53 32.08

*

- =Ffemperature-based-on-enly-one-thermometer

—— All thermometers on the water bottle failed to work

Temperature values questionable
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Table 1. {continued)
Date Secchi Senic Ice Sample
{(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) (M) (W) (m) (m) (oktas) (m) (°C) 5%/ 0o
06 22 Aug 70°55" 148°11" 5 40 “ 5 000 0.56, 9.46
Q05 -1.13 28.38

010 ~1.42 29,80

015 -1.39 30.12

020 -0.17, 31.05

025 -0.64 31.32

030 -0.64,, 31.60

035 0.18 31.87

07 23 Aug 70°05.9" 14G9°54" 8 24 0 000 0.56 24.90
005 0.49 z5.16

010 0.79 27.93

015 3.46 29.97

020 2,12 30.58

08 23 Aug 71°03.6" 150°52.9" 9 23 0 000 .89 25.33
005 0.92 25.65

010 3.34 28.87

015 3.60 29.69

020 3.54 29.77

09 24 Aug 71°11.1°' 151°51.3"' 10 2% 0 000 1.77, 25.76
005 1.84 26.31

610 1.73 28.73

015 4,81 29.30

020 3.51 2%.93




Table 1. (continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) () (W) (m) (m) (oktas} (m) (°C) 5%/
10 24 Aug 71°05" 152°51" 7 23 4] 000 1.76, 25.46
005 2.22 27.94

010 2.68 30.24

015 2.33 31.09

020 2.38 31.13

11 24 Aug 71°19.8" 152°47.7"' 10 55 0 000 1.96, 26.02
005 1.75 26.06

010 5.12 28.64

015 4.91 29.23

© 020 3.91, 29.72
- 030 2.12 31.26
040 2.07, 31.34

0590 1.27 31.52

12 24 Aug 71°21.6" 152°41.1" 10 99 000 2.88* 26.11
005 3.31 26.83

010 4.59 28.90

015 5.74 29.19

020 5.88 29,22

030 5.44 29.65

045 2,07, 31.21

G660 0.72 31.60

075 -1.03 31.88

090 -1.24 32.47
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Table 1. (continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp
Sta (GMT) N) (W) (m) (m) (oktas) (m) (°C) $°/ oo
13 26 Aug 71°33.5" 150°27.0"' 10 1050 2 000 0.08, 23.40
005 0.21 24 .14
010 0.30 27.54
015 0.62 28.80
020 0.87 30.61
030 -0.45 31.13
045 -1.01, 31.72
060 ~-1.43 31.98
075 -1.20, 32.16
100 -1.16 32.41
125 -1.30 32,67
150 -1.12, 32.98
L75 ~0.96 33.62
200 -0.30 34.09
1860 -0.36 34.52
14 28 Aug 70°36" 147°38.7" 7 27 v o4 000 -0.69, 21.29
003 -0.79 27.81
006 -1.20 29,92
009 -1.26 30.55
012 ~-1.43 31.76
015 -1.44 31.81
018 -1.48 31.84
16 29 Aug 70°29" 147°23" 7 27 vo4 000 -0.33, 21.11
003 -0.80 26,37
006 -1.10 29.88
009 -1.15 34.37
012 ~1.45 31.75
015 -1.36, 31.79
018 -l.46, 31.7%
021 -1.49 31.80




Table 1. <{continued)
Date Seecchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp
Sta (GMT) (N) (W) (m) (m) (oktas) (m) (°C) 5% 60
17 30 Aug 70°21.9°' 146°51.7" 7 21 000 ~0.15 22,47
003 -0.73 26,01
006 -0.94, 29.05
00% -1.28 30.60
012 _1'38+ 31.45
015 -0.99, 31.66
N 018 -1.16 31.63
18 31 Aug 70°34" 145°51.7°7 5 20 1-2 000 0.44 23.65
003 -0.20 27.14
= 006 -0.63, 29.37
w 009 _0’99+ 30.73
012 -0.87, 31.74
015 -1.37, 31.75
018 -1.04" 31.75
19 01 Sep 70°12.7°7 143°22.6' 11 25 0 000 2.63 26.28
003 -0.12 30.10
006 -0.54, 30.59
009 ~0.42 31.06
012 --0.90+ 31.62
015 -0.41° 32.05
018 -1.21 32.07
20 02 Sep 69°58.5" 142°15" 5 18 0 000 4.07 28.51
) 003 l.97+ 30.09
006 1.88 31.00
009 0.43 31.02
012 0.327  31.05
015 0.28 31.08
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Table 1. (continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT}) (N) (W) (m) (m) (oktas) (m) (°C) $°/ 0o
21 03 Sep 70°57.8" 142°20.8° 1848 0 000 -1.38 27.69
005 -1.29 30,27

010 -1.19 30.26

015 -1.12 30.88

020 -1.28 31.12

025 -1.33 31.32

030 -1.33 31.59

045§ -1.53 31.83

2400 -0.39 35,01

22 05 Sep 69°45" 141°17.5" 10 18 0 000 3.44 29.42
003 2.12 30.96

006 1.79 31.30

009 0.93 31.79

012 0.12 31.85

015 0.10 31.85

23 06 Sep 70°28.0" 143°33.0' 42 0 000 4.36 25.60
005 3.34 28,03

010 0.13 30.22

015 -1.03, 31.41

020 -1.28, 31.87

025 ~-1.24 32.26

030 -1.45 32.32

035 -1.61 32.34

g

Ship drifted to where water depth was 2560 m




Table 1. {continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) (N) (W) (m} (m) (oktas) (m) (°C) 5% a0
24 06 Sep 70°28.6" 143°42,3" 15 62 0 000 4,18, 26.25
005 3.02, 30.33

010 1.75 31.08

015 -1.11 31.34

020 -1.26, 31.52

030 -1.48 31.81

045 -1.56 32.11

055 -1.33 32,42

25 07 Sep 70°15.1" 143°40.0" 31 000 2.93, 27.35
003 2,18 27.94

006 -0.18 30.43

009 ~-0.54 31.27

012 -1.14, 31.85

015 -1.43 32.21

020 ~-1.47 32.23

025 -1.51 32.23

26 08 Sep 70°07.7° 144°48.4° 18 8] 000 2.33 25.13
003 1.13 26,36

006 0.23 28.09

009 -0.37 30.32

012 -1.24, 31.63

015 -1.33 31.82
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Table 1. (continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) (N) (W) (m) (m) (oktas) (m) (°C) S
27 08 Sep 70°17.8" 146°30.8°' 8 22 v B 00C -1.01 26,08
003 -0.97 27.40

006 -0.92 28.93

009 -1.12 30.03

012 -1.27 30.39

015 -1.38 31.28

018 -1.40 31.32

28 09 Sep 70°28.0"' 147°25.7! 8 24 2 000 —0.24* 15.93
003 ~0.77 25.60

006 -1.01 28.30

009 -1.06, 29.44

012 ~0.74 29.84

015 -0.65 30.37

018 -1.16 30.82

021 -1.09 30.85

29 09 Sep 71°01! 147°56.5"7 10 53 2-3 000 -0.05 24 .40
005 0.21 27.28

010 4,88 29.16

015 4,86 29.80

020 4.22 30.19

025 4.48 30.58

030 2.63 30.83

045 0.42 31.54

0l
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Table 1. (continued)
Date Secchi Sonic Ice Sample
(1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT} (N) (W) (m) (m) {oktas) (m) (°C) $°/ 0o
30 10 Sep 70°44 .9 148°34" 25 2-3 000 0.12 10.35
003 -0.89 25.92

006 -0.98 28.33

009 -1.17, 29.65

012 -0.91, 29,93

015 1.89, 31.16

018 1.28, 31.39

021 1.11 31.39

31 11 Sep 70°3s 5! 148°00.0° 10 22 3-4 000 -0.49, 16,94
003 -0.68 27.98

006 0.02 30.35

009 0.07 30.58

012 -0.41, 31.20

015 -0.27 31.42

018 ~0.84 31.49

32 12 Sep 70°46.6° 149°30.4" 5 22 6-7 000 -0.55 10.48
003 -0.82 28.54

006 -0.82 29.61

009 -0.56 30.31

012 0.457 31.00

015 0.26 31.10

018 0.79" 31.10

1T
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Table 1. {continued)
Date Secchi Sonic Ice Sample
{1978) Latitude Longitude Depth Depth Cover Depth Temp

Sta (GMT) (X) (W) {m) (m) {oktas) {m) (°C) 5%/ 6o
33 13 Sep 71°12.6" 149°38.4" 7 67 0-1 0G0 1.44, 27.26
005 1.43 27.26

010 1.54 27.35

015 1.72, 27.50

020 2.59, 30.48

030 1.68, 31.61

045 1.27, 31.47

060 1.08 31.64

34 13 Sep 70°52! 150°16" 8 27 <1 000 -0.63 25,66
003 ~0.59 26,17

006 -0.17 28.58

008§ ().ller 29,60

012 2.29, 30.51

017 1.66 30.53

022 1.66 30.53

35 14 Sep 71°01’ 150°25" 7 22 1-2 c00 -0.98, 26.57
003 -0.92, 27.35

006 -0.95 27.39

009 ~-0.53 28,11

012 2.37, 29,98

015 3.62 30.17

018 3.59, 30.18

021 3,58 30.17

(AN
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1IV. Results

Table 1 lists results from temperature and salinity samples.
No other samples have been analyzed yet

V. Preliminary Ilnterpretation of Results

1t is too early for any interpretation of results.

V1. Auxiliary Materials - Literature Cited

U.S. Naval Oceanographic Office. 1968. Instruction Manual for
Obtaining Oceanographic Data. Publ. 607, Third ed. U.5. Government Printing
Office, Washington, D.C.

Vii. Problems

Few problems were encountered during the cruise and they were
easily solved by scientists or ship's persomnel. The major problem was that
the cruise was cut short due to ship scheduling and the breakdown of a ship's
service generator. The later, along with relatively heavy ice concentrations
in the lease area, prevented our doing the bird transects and sampling that
were originally scheduled,

VIII. Estimate of Funds Expended

It is estimated that 100% of the funds have been expended.

IX. Correction

The English umbrella net used during the 1977 cruise has been
erroneously reported to have a mesh size of 216 um. The actual mesh size of
this net was 571 um.

X. Milestone Chart

The milestone chart is given on page 15,
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I1.

II1.

Highlights of Quarter's Accompliishments

From the first of July through the end of September a field crew was in the
OCSEAP established Cottonwood camp and conducting sampling operations for
nearshore fish. A total of 253 net hauls were completed during the quarter
(through mid-September) for a total of 416 net hauls to date. Food habits
analyses have been conducted during the quarter on fish captured. A total
of 317 fish stomachs were examined this quarter for a total of 733 to date.

The Kamishak Bay area is important to juvenile tanner crab in spring (pro-
bably during autumn and winter also) herring spawning and larval growth dur-
ing summer and juvenile halibut during summer.

Task Objectives

1. Determine the feeding habits of principal 1ife stages of dominant pelag-
ic and demersal fish and provide an initial description of their role in
the food web.

2. Describe the distribution and relative abundance of pelagic and demersal
fish and their seasonal changes.

3. Identify areas of unusual abundance or of apparent importance to fish,
especially commercially important species.

Field Activities

A. Field Schedule

A 17' skiff and a 21' skiff have been used continuously during the quar-
ter. The M/V HUMDINGER has been used as it has been available and as
weather permits. The HUMDINGER is an OCSEAP chartered vessel.

Scientific Party - A1l are Alaska Department of Fish & Game Personnel.
James Blackburn - Principal Investigator

Jay Field - Crew Leader

Robert Sanderlin - crew member/crew chief

Daniel Locke - crew member

Jim Sicina - crew member

Harry Dodge - crew member

Claudia Mauro - crew member

N O s e NN

Karen Anderson - Food habits analysis
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C. Methods
1. Sampling Methods:

a. Beach seine - require skiff.

b. Trammel net - require skiff.

c. Gill net - require skiff.

d. Surface tow net - require chartered vessel & skiff.
e. Try net (20' bottom trawl) - require chartered vessel.

2. Fish Collections:
Fish catches are sorted by species; the number and weight are record-
ed by species and 1ife history stage when possible; length frequen-
cies are taken and virtually all species are being preserved for food
habits analysis. Large catches are subsampled. The stomachs of large
specimens are removed, but small specimens are preserved intact.
Stomachs are not taken from gill net or trammel net catches.

3. Food Habits Analysis
The data sheets and samples are sent to the Kodiak lab where the
catches are tallied by species within each cruise (one half month).
The following priority 1list is used to select fish for analysis until
all the available analysis time for a cruise has been expended
(Table 1).

D. Sample Locations
Figure 1 depicts locations sampled.

E. Data Collected.
Table 2 lists the number of samples collected by gear type and cruise.
Table 3 lists the number of fish stomachs analysed for food content by
species and time period. An additional 100 sandlance and 99 longfin smelt
stomachs have been examined from collection in 1976. Thus, a total of 733

stomachs have been examined to date.

Results

Although data analysis has not yet been conducted, several observations seem
worthy of note.

The summer temperatures were comparatively high in the nearshore zone andeven
for some distance offshore in Kamishak Bay. Temperatures observed at 21 sta-
tions in the first half of August (which is a random sample of about hailf




Table 1. Priority list for selection of specimens for food habits analysis.
PRIORITY
1 Sandlance 25
2 Herring 25
3 Dolly Varden 25
4 Chum Saimon Fry 25
5 Chinook Salmon Fry 15
6 Red Salmon Fry 15
7 Coho Salmon Fry 15
8 Pink Salmon Fry 15
9 Whitespotted Greenling Juvenile 15
10 Whitespotted Greenling Adult 10
11 Masked Greenling Juvenile 15
12 Masked Greenling Adult 10
13 Capelin 20
14 Eulachon 5
15 Longfin Smelt 10
16 Great Sculpin 20
17 Yellow Fin Sole 10
18 Starry Flounder 10
19 Rock Sole 10
20 Staghorn Sculpin 10
21 Pollock 10
22 Pacific Cod 10

those taken during this time period) ranged from 11.4°C to 17.0°C with a mean
of 13.9°C. A profile of temperature by depth was taken at two stations off-
shore on August 15 and the results are presented in Table 4. There is a dis-
tinct stratification, however, it is clear that the relatively warm water ex-
tended for some distance offshore and was several meters thick.

The second observation is that nearshore zone of Kamishak Bay seems to be a
relatively poor area for some species, however, it is used extensively by sev-
eral commercially important species. The kelp bed community usually consisting
of several greenling species is represented in Kamishak by one species,
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Table 2. Number of hauls by gear and date, FY 78, RU 512.

Date Gear Type
Beach Tow Gill Tramme]l Try
Seine Net Net Net Net
April 10-30 10 0 0 0 1
May 1-15 6 0 0 1 0
16-31 32 4 2 7 1
June  1-15 16 17 3 6 5
16-30 32 12 0 3 5
July 1-15% 20 20 3 2 0
16-31 24 13 4 1 4
August 1-15 31 20 1 6 11
16-31 21 20 1 5 9
Sept. 1-15 33 0 2 2 0
(partial)
Total 225 106 16 33 36
1

AT1 April samples were in Kachemak Bay and all since have been in Kamishak Bay.




Table 3. Number of fish stomachs analyzed for food content by species and time period

to date.
NUMBER BY TIME PERIOD

SPECIES April 10-May 15 May 16-31 June 1-15 June 16-31
Sandlance 9 25 25 16
Herring 24 3 25
Dolly 1 24 25 25
Chum 25 25 17 25
Chinook
Red salmon 1 15
Coho 1
Pink 35 3 15
Whitespot Greenling - Juv 4 3 13 11
Whitespot - Adult 2
Masked Greenling - Juv
Masked - Adult
Capelin 10
Eulachon
Longfin smelt 15 10
Great sculpin 13 20 8
Yellowfin sole 9 10
Starry flounder 11
Rock sole 1 9
Staghorn sculpin 3 5
Pollock 10
Pacific cod
Sand sole 1
Surf smelt 1
Bering cisco 1
TOTAL 91 192 117 134
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whitespotted greenling, and occasionally a masked greenling. In addition,
there seem to be relatively few sculpin species present.

Table 4. Temperature profiles for two sample locations on August 15, 1978.

Location
599 33" 15" N 590 32' 15" N
153° 12' 00" W 153° 09' 00" W
Depth, m Temperature C Temperature C
0.5 12.2 13.0
1 11.9 12.9
3 12.0 12.4
5 11.8 12.1
10 11.5 12.0
14 11.5 11.4

The abundance of fish in the rocky /kelpy type of habitat is reflected in the
consistently low catches of the trammel nets in comparision with those in Ko-
diak. The general absence of kelp beds may contribute to this low population
abundance and Tow species richness.

The sandlance, which is quite abundant in many marine areas of Cook Inlet and
Kodiak and an important 1ink in the food web, appears to be in Tow abundance
in the Kamishak Bay area. Results of work in 1976 suggested that sandlance
were in Tow abundance in Kamishak Bay and showed a lower growth rate for them
in Kamishak Bay and the northerly portions of the inlet.

The larvae of herring were captured virtually everywhere in Kamishak Bay. The
Kamishak Bay area is undoubtedly important to the reproduction of local her-
ring stocks. The try net catches consistently yielded fairly good catches of
Juvenile halibut and Kamishak Bay apparently is important to this commercial
species. The abundance of tanner crab during the summer quarter was lower
than earlier as this species resides in deeper water during summers.

V. Preliminary Interpretation of Results.
The Kamishak Bay area is undoubtedly important to several commercial species,
specifically juvenile tanner crab in spring (and probably during autumn and
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winter), herring spawning and larval growth during summer, and juvenile hal-
ibut during summer.

The environmental conditions seem to be severe and may effect the abundance
of the fish fauna and its species richness.

VIT. Estimate of funds expended: $150,262.99
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Richard J. Rosenthal
Box 937
Homey, Alaska 99603

September 29, 1978

U.S. Department of Commerce

NOAA, Environmental Research Laboratories
Gulf of Alaska Project Office

P.0. Box 1808

Juneau, Alaska 998072

Attention: Laurie Jarvela
NEGNA Lease Area Coordinator Progress Report
Shallow Water Fish Communities
in the Northeastern Gulf of Alaska:
Habitat Evaluation, Temporal and
Spatial Distribution, Relative
Abundance and Trophic Interactions

The late summer sampling program under the proposed research project for 1978-79
was initiated on August 26, 1978 and concluded on September 15, 1978. During
this time period a total of 35 dives were made in the subtidal waters of Hinch-
inbrook Entrance and Montague Strait. Equinoctia]-storms which were accompaniad
by gale force winds and heavy seas prevented any further field activities on the
outer coast. However, prior to our departure from the NEGODA region we were able
to accumulate some pertinent information on the ecology of the fishes of the
Gulf of Alaska. Significant highlights and observations obtained during the

summer field activities are described below.

A) Emplacement of Fixed Transects

Fixed transects were established at four different locations in the NEGOA region:
1) Constantine ﬂarbor, 2) Schooner Rock, 3) Zaikof Point and 4) Danger Island.
Fourteen transects comorised of sectioned lines and galvanized stakes were placed
in the shallow water adjacent to the shoreline. In all, the fixed lines totaled
470 meters in length, and were usually placed in comparable depths and micro-

habitats.
12




B) Estimates of Fish Density and Vertical Nistribution

To date, 2,790 sauare meters of sea Tloor have been examined for fish density
and vertical distribution along 39 randomly nlaced transects. Another 2,310
square meters of underwater terrain was examined within the fixed transect
bands. This sampling array enables us to compare the fixed transects with
randomly placed ones to determine if the data is comparable or should be
treated separately. Most of the counts were replicated with the passage of
time to account for differences in tidal height and direction, time of day
and activity patterns of the fish. Underwater visibility was generally qood,
greater than 10.0 m during late summer, making the counts of the censused
fish more accurate than those obtained when visibilitv is restricted due to

planktonic blooms and, or low light penetration.

C) Habitat Utilization

Patterns of habitat utilization in the shallow water fish communities of the
Gulf of Alaska are being studied in relation to a ?ew key parameters which
seemingly effect spatial distributions and contribute to resource partitioning
in the nearshore zone. In situ observations sugqgest that these distributions
are effected by (1) the position or depth of the water column, (2) type of
bottom topography, (3) vegetation structure or zone and (4) deqres of exposure
in relation to ocean swell and net water flow. Corresponding shifts in the
useage of these nearshore habitats are expected with seasonal changes in fish

density and distribution.

The water column has been arbitrarily divided into three different strata or
Tevels: 1) 0 m or the bottom, 2) 0.5 m t0 2.0 m and 3) that portion of the

water column above 2.0 m.

Bottom topography or the type of inorganic substratum present in these
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locations seems to be another contributory factor. Major categories include
silty clays, sand, gravel, cobbles, boulders and rock pavement. Rock walls,
pinnacles, and outcrops are other important features of the submarine land-

scape. In many cases the underlying bottom is heterogeneous or comprised of

different substrates such as sand and rock.

Five major vegetative zones are recognized as characteristic features of the
biota in these locations. The shallow sublittoral zone was typically domi-
nated by benthic marine nlants. The vegetative band was multi-layered or
composed of a number of separate canovies. Major zones include the alqal
turf, low statured reds, understory or Taminarian kelps, sea grass meadows

and floating beds of bull kelo.

The activity of the fish at the time of encounter or observation was also
recorded by the underwater observer. Some of the major activity patterns

included feeding, swimming, chasing, nest guarding, hiding and resting.

D) Foraaging Habits and Size Composition

Samples of fish popu]ationé inhabiting the nearshore zone have been taken for
trophic analysis and size composition. Specimens have been cantured by hand
net, spear, hook and line and variable mesh gillnets. To date, a total of

245 fishes, comprised of 24 species, have been collected for size distribution
and dietary information. A1l specimens are measured, weiahed, sexed, and the
stomach contents examined for possible food items. The diets of some fishas
such as the kelp greenling, china rockfish and alaskan ronquil are beginnina
to follow definable pathways and routes in the food chain. However, with a
number of other species many more samples are needed to accurrately describe

their food habits.
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E) Species Composition/Range Extensions

The shallow water fish communities of the NEGQRA region are represented by

at least 50 species which are typical of these four locations. Other soecies
are no doubt present, however the inventory does not include those species
that are difficult to identify or collect underwater because of their small
size or cryptic nature. More species will undoubtedly be added to the 1ist
as each of the study sites comes under closer scrutiny with the passage of

time,

It is worth noting that 8/50, or 16 percent of the fishes identified to date
were previously unreported in these waters, and as such represent northern
range extensions in the Gulf of Alaska. For example, the longfin sculpin

Jordania zonope was only reported to range as far north as Barkley Sound on

the west coast of Vancouver Island. Jordania not only occurs in the MEANA
region, but is one of the more commonly encountered species in the boulder
field habitat below about 18.0 m off the southeast end of Danger Island.
This seems to be the case with most of the range extensions - as most are
not casual or infrequent visitors to these waters, but are conspicuous
members of the shallow water ichthyofauna of the northeastern Gulf of

Alaska.
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PI QUARTERLY PROGRESS REPORT RU 551A
Reporting Period: July 1-September 30, 1978

Project Title: Seasonal composition and food web relationships of marine
organisms in the nearshore zone--Element I (RU-551).

I. Highlights of Quarter's Accomplishments

Third quarterly cruise (4MF78) conducted in waters contiguous to Kodiak Tsland
from June 19 to July 9, 1978. A total of 113 biological stations was
occupied, including 88 grid stations, 2 diel stations, and one supplementary
station. A total of 505 plankton samples was collected. CTD measurements
totaled 106 and 800 sea-bed drifters were released.

Ichthyo- and zooplankton samples from the second cruise, conducted in
spring 1978 (4DI78) were received from the sorting contractor. Identification
of ichthyoplankton from this cruise is nearing completion.

IT. Objectives

To determine the seasonal composition, distribution, and apparent abundance
of marine organisms in waters contiguous to Kodiak Island with emphasis omn
ichthyoplankton, meroplankton, and holoplankton. '

III. Field or Laboratory Activities

A. TField Activities
1. 5hip schedules:

June 19-July 9, 1978, cruise 4MF78 aboard FRS Miller Freeman.

2. Field party:

Name Affiliation Role

Kenneth Waldron NWAFC Chief Scientist
Langdon Quetin NWAFC Biologist

Kevin Bailey NWAFC Biologist

Kristin Stahl NWAFC Biologist

Lynn Gmeiner NWAFC Biological Technician
Jay Clark Univ. Wash. Biological Technician

3. Methods

At each grid station a CTD probe was made to near bottom or, in
deep water, to 1500 m. A neuston tow was made for 10 minutes to
sample ichthyoneuston, followed by a double-oblique Bongo tow from
near bottom to the surface. At selected stations a Tucker Trawl
was used to sample to discrete strata and, at other stations,
micronekton was sampled using a 6-foot Isaacs-Kidd midwater trawl.
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Two stations were sampled over a 24 hour period using a neuston
net and a Tucker Trawl to assess diel variation in catches.
Sea-bed drifters were released at 16 locations.
Sample collection localities:
The station plan is illustrated in Figure 1.
Data collected and analyzed:
(a) Number of samples collected
111 neuston samples
178 Bongo samples (89 each 0.505 and 0.333 mm mesh)
176 Tucker Trawl samples

40 Isaacs-Kidd Midwater Trawl samples

A total of 106 CTD measurements was taken and 800 sea-bed drifters
were released.

(b) Number and types of analyses
Ichthyoplankton from this cruise have been received from the

sorting contractor. Zooplankton samples are due in Seattle
onn October 9.

B. Laboratory Activities

1.

Seientific group:

Name Affiliation Role
Jean Dunn NWAFC Co-principal Investigator (half-time)
Dr. Arthur W, Kendall NWAFC Fishery Research Biologist (half-time)
Kevin Bailey NWAFC Fishery Biologist (half-time)
Beverly Vinter NWAFC Ichthyoplankton specialist
Donald Fisk NWAFC Physical Science Technician
Langdon Quetin NWAFC Biologist (half-time)
Methods:

Fish eggs and larvae were identified by microscopic examination
using standard procedures of larval fish taxonomy. Fish eggs and
larvae were measured by means of a calibrated ocular micrometer.

Aliquots of zooplankton from the 0.333 mm mesh Bongo net were
identified by the sorting contractor to phylum, class, or order as
appropriate except for euphausiids which were identified to species.
Euphausiids from the Tucker Trawl and IKMT were also identified by
the sorting contractor. Copepods are being identified by Dr. Bruce
Wing, Auke Bay Fisheries Laboratory, NMFS, for this RU. Crab and
shrimp larvae are being identified by John Bowerman, Kodiak
Laboratory, NMFS, under RU-551,
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3. Sample collection localities:

Samples presently being analyzed were collected during the spring
1978 cruise (4DI78). The cruise track is shown in Figure 2.

4. Data analyzed:
a. Number of samples examined:

To date, fish eggs and larvae from cruise 4DI78 have been identified
from the following samples:

Type of sample No. Identified No. Collected

Neuston 99 112

Bongo (0.505 mm mesh) 85 85

Tucker Trawl 139 139

IKMT 0 56
Total 323 392

Zooplankton have been sorted from aliquots from 85 Bongo (0.333 mm
mesh) samples, aliquots of euphausiids and crab and shrimp from
139 Tucker Trawl samples, and aliquots of euphausiids from 56

IKMT samples.

IV. Results

A major emphasis in the laboratory this quarter was directed toward getting

our data in machine readable form for inhouse analysis and submission to

OCSEAP in the proper NODC format, To this end the field and laboratory data

from the fall cruise of last year have been entered and corrected, and programs
are being written to convert them to NODC format. Routines have been established
so that data from subsequent cruises should flow smoothly from collection

through processing and reporting.

The composition of the ichthyoplankton from the fall 1977 cruise was reported
in the June 1978 quarterly report. Here we briefly summarize the zooplankton
composition for that cruise.

Cruise 4MF77 yielded some interesting zooplankton patterns. As expected, the
abundance of copepods was an order of magnitude greater than any other zooplankton
group, averaging 7x10* animals/1000 m”. Amphipods, euphausiid larvae and
juveniles, larvaceans, chaetognaths, gastropods, and cnidarians occurred at

all but 2 or 3 stations. Groups absent from more than 50% of the stations

(number of positive stations indicated in parentheses) were mysids (4),
cladocerans (20), isopods (17), shrimp (3), cumaceans (6), cirripedia

nauplii (20), pteropods (0), ctenophores (13), and echinoderm larvae (8).
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Echinoderm larvae were not very abundant and occurred at only seven

stations. Crab larvae were found in low abundance and only at two stations,
Euphausiid larvae and juveniles were very abundant (relative to other groups
except copepods) and occurred at all stations. Thysancessa inermis was
numerically the most abundant euphausiid. Other species of less importance
were Thysanoessa longipes, Thysanoessa raschii, and Tessarabrachion oculatus.

V. Preliminary Interpretation of Results

None

VI. Auxiliary Material

None

VII. Problems Encountered and Recommended Changes

None

VIIT. Estimate of Funds Expended

Approximately $35 0K was expended this quarter, not including sorting
costs,
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Contract No. : R7120825
Research Unit : 551B
Reporting Period: July 1-Sep 30,1978

QUARTERLY PROGRESS REPORT Number of pages: 3

June 15 to August 15, 1978

I Abstract

During the reported quarter, all remaining nearshore plankton sampling
was completed. Over 500 samples were collected and shipped to a contracted
sorting center for partial sorting into major taxa such as: Euphausiids,
Chaetognaths, Copepods, decapod shrimp and crab, and fish eggs and larvae.
The decapod crustacea portion of these subsamples have started to arrive at
the Kodiak Facility and are being further sorted and analyzed for species
composition and life stage development.

IT  Objectives

The objectives of R.U. 551B are to determine the seasonal composition,
distribution, relative abundance and life stage development of commercially
and ecologically important species of larval crabs and shrimps in four bay
systems on the eastern coast of Kodiak Island.

IIT Field or Laboratory Activities

A.  Ship or field trip schedule
Field operations were performed in conjunction with R.U. 553
aboard the chartered University of Washington R/V COMMANDO.
Specific cruise dates were as follows:

Cruise Date

VI 6/13 - 6/27
VII 6/28 - 7/20
VIII 7/21 - 7/31
IX 8/1 - 8/14

X 8/15 - 8/21

B. Scientific Party

Field operations were handled jointly by personnel from R.U. 553




party
and 551B. The scientific/for both R.U.'s includes:

Mr. D. Rabin, FRI, Biologist

Mr. K. Semmens, FRI, Technician
Mr. B. Birmingham, FRI, Biologist
Mr. J. Bowerman, NMFS, Biologist
Methods

Zooplankton was sampled bi-weekly at stations located in the central
and outer areas of Izhut, Kalsin, Kiliuda and Kaiugnak Bays (Fig. 1).
Stations were sampled once every two weeks with a surface neuston
sampler, bongo arrayed plankton nets, opening-closing Tucker trawl and
an epibenthic plankton sled. Diel sampling was conducted at one
location each in Izhut and Kiliuda Bays. Samples were preserved in
buffered formalin solution and stored until shipment to the contracted
sorting center. Following sorting of a 500 organisms aliquot into
major taxa at the sorting center, the unsorted portion of each sample
and decapod crustacea portion from the aliquot were to be shipped to the
Kodiak Facility for more detailed sorts and analyses.

Sample Collection Localities

Samples were obtained from five stations each in the Izhut-Marmot,
Kalsin-Chiniak, Kiliuda and Kiaugnak Bay systems. (See Table).

Data Collected and/or Analyzed

1. During this quarter 541 plankton samples were collected and
shipped to the sorting center. Numbers of samples by gear
type are:

140 surface neuston

130 bongo arrayed plankton net
120 open-closing Tucker trawl
21 epibenthic plankton sled

In addition to the plankton samples, environmental data was also
collected at each station. These data consisted of water temperaturc
and salinity profiles and identifying weather conditions.

2. The decapod crustacea portion of 47 sample aliquots have been
received from the contractor. Additionally, 56 bulk samples
(i.e., that portion of the original sample remaining after re-
moval of the 500 organism aliquot) have also been returned to the
project investigators. The decapod shrimp and crab larvae aliquot
subsamples have been further sorted to the lowest taxanomic
classification possible and these data arc being prepared for
computer analysis.

The decapod crustacea portion of 95 presorted bongo and Tucker
trawl samples have been received from R.U. 551A, the offshore
plankton survey, but only preliminary examinations of these
samples have been completed.
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lResults

All aliquot subsamples received from the nearshore plankton survey have
becn sorted and several species of Pandalid shrimps, and Brachyuran and
Lithodid crabs have been identified and counted. Detailed analysis awaits
the arrival of all remaining aliquot subsamples and their sorting.

Initlal examination of surface neuston samples, prior to their shipment to
the contractor, has indicated the presence of large numbers of Tanner

crab megalops in the surface layers of the water at several sampling
stations. Additionally, sorts of the aliquot subsamples have located
several sidestripe shrimp (Pandalopsis dispar) in the Stage II of
development which are substantially larger than that size reported in the
literature.

Preliminary Interpretation of Results
Nothing to report at this time.
Problems Encountered and Recommended Changes

Very low numbers of important Pandalid and Lithodid larval forms have
been found in those aliquot subsamples examined to date. Pink shrimp
(Pandalus borealis) larvae have occasionally been found in relatively
large numbers (up to 41 individuals) but only one or two organisms of
several other important Pandalid species were present.

Our contract for the presort into major taxanomic categories required
examination of a 500 organisms aliquot regardless of plankton density
in the sample. Unfortunately, in many instances, other forms such as
barnacle larvae or copepods occur in extremely high amounts in the
water column and conscquently in the plankton samples. When this
situation occurs, these abundant forms represent nearly all individuals
in the aliquot, thereby masking detailed species composition and
abundance information for our species of interest.

Greater amounts of decapod larvae need to be examined to achieve the
objectives of our project (See Section II). This will be accomplished
by splitting each bulk sample until our subsample contains approxi-
mately 500 Pandalid shrimp. A split containing such an amount of
Pandalids will assure sufficient numbers of other decapods of interest.
The resulting subsample will then be sorted, decapod larvae identified
to the lowest taxonomic classification and enumcrated.

Delay in the analysis of the samples has resulted from an extended
time lag for the following: 1) getting the samples to Seattle for
shipment to the contracted sorter; 2) receipt of the shrimp/crab
portions of the aliquot following its shipment from Texas to Seattle.
Samples expected to be received in May were not received until late
July. All aliquot subsamples from the nearshore survey received to
date, have been examined and we are awaiting further shipments. Bulk
samples are currently being sorted into larval crab and shrimp forms.
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I. Abstract of Quarter's Accomplishments

The activities of R.U. 552 during the July - September 1978 quarter consist of
conducting the Kodiak nearshore fish survey. This survey effort in FY 78 con-
sisted of five successive monthly assessments of nearshore fish stocks in four
bay systems which collectively represent the east side of Kodiak Island. Ap-
proximately one week per month was spent in each bay system. Surveys were con-
ducted from a large (60 ft.) chartered fishing vessel and utilized a wide vari-
ety of fishing gear types to insure fishing effort in all habitat types. Sur-
veys were organized and conducted by R.U. 552 which had primary responsibility
for obtaining information on the spatial and temporal distribution of fish. Ac-
tivities of R.U. 552 were closely integrated with those of R.U. 553 which had
the primary responsibility of obtaining data on feeding habits of nearshore fish
species. Also integrated into this fish assessment study are field activities
of R.U. 5 (IMS) and 332 (NMFS).

Survey effort was initiated on April 1 and has continued uninterrupted through
August 31, 1978. Sampling has been conducted according to schedule throughout
this reporting period. A total of 880 units of effort have been expended.

An observer was placed aboard the R/V MILLER FREEMAN during June 18 thru July 7,
1978 and 16 otter trawl hauls were completed on the Kodiak shelf.

II. Task Objectives

Objectives of this study are to develop an understanding of the seasonal changes
in species composition, distribution and abundance of selected marine fish oc-
curring in nearshore waters of the Kodiak area.

ITI. Field or Laboratory Activities

A. Ship or Field trip schedule. -Tables 1 and 2.

The ship schedules are contained in Tables 1 and 2. The M/V YANKEE CLIP-
PER was a chartered vessel used for the continuous sampling indicated in
Table 1. No aircraft were utilized. The R/V COMMANDO was a chartered
vessel and a cruise was made aboard the R/V MILLER FREEMAN, a NOAA vessel
during 18 June through 7 July, 1978.

B. Scientific Party.

Peter B. Jackson, Principal Investigator. A.D.F.& G,

James E. Blackburn, Principal Investigator. A.D.F.& G.

Mark Buckley, Fishery Biologist. A.D.F.& G.

Leslie J. Watson, Fishery Biologist. A.D.F.& G.

Toni Harsh, Fish & Game Technician. A.D.F.& G.

Steven Quinnell, Fishery Biologist. Fishery Research Institute
Michael Gross, Fishery Biologist. Fishery Research Institute
Max Hoberg, Fishery Biologist. Institute of Marine Science
John Rose, Fishery Biologist. Institute of Marine Science
Bi11 Gronlin, Fish Pathologist. N.M.F.S.

Jolly Hibbitts, Fish Pathologist. N.M.F.S.
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C.

Methods.

1.

Data were obtained during 5 - one month surveys (April-August) con-
ducted from the chartered research vessel YANKEE CLIPPER.

Four study areas were surveyed monthly as follows:
a. Izhut Bay - inside of a Tline between Pillar Cape and Peril Cape.

b. Kalsin Bay - inside of a line between Broad Point and Isthmus
Point.

c. Kiliuda Bay - inside of a line between Pivot Point and Shear-
water Point.

d. Kaiugnak Bay - inside of a line between Cape Kiavak and Cape
Kasiak.

Surveys utilized the charter vessel for primary logistical support
as well as for certain fishing operations (i.e. try net and tow net
operations).

Nearshore fishing operations required the full time use of one 14-16
foot Tight skiff equipped with a 25 h.p. outboard engine. Tow net
operations required use of a 17-20 foot skiff equipped with a 70 h.p.
engine.

Each study area was separated into regions which were sampled as
systematically as possible. The following suite of gear types, se-
lected on the basis of their combined ability to catch fish species
throughout the nearshore zone, were used:

a. Beach seine: 155' - tapered from wings to 12' at center, %"
mesh throughout.

Variable mesh gill nets: %" - 2%" mesh - floating and sinking.
Trammel net: 150' x 6' (3 panel).

Tow net: 10' x 20" x 43'.

20' Standard try net with 15" x 30 " trawl doors.

Midwater trawl - utilize 10' x 20' tow net as described above.

g. Standard 400 mesh Eastern Otter Trawl (fished from M/V COMMANDO).

Studies were conducted by four scientific personnel (two from FRI
and two from ADF&G) in addition to a two person vessel crew. Per-
sonnel from R.U. 5 and 332 were periodically on the vessel and ob-
tained their samples incidentally to primary fishing operations.

The only exception to this is that one try net tow per day is madein
deep (50-70 fathoms) water specifically for IMS personnel to insure
they obtain an adequate sample of king crab.

-Hh O O O O

The four person scientific crew were divided into 2 two person crews;
one handled beach seines, trammel nets, gill nets and tow nets from
the open skiff and the other remained on board the seine vessel to
handle the tow net, try net and mid-water trawl. In most cases these
tow crews were able to operate simultaneously.
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8. Catch processing (i.e. species identification, enumeration, subsamp-
1ing, measuring, weighing, foregut removal) was done immediately fol-
lowing fishing operations.

9. Sampling was accomplished aboard the M/V COMMANDO in both Izhut and
Kiliuda Bay study areas during one day each month in each area from
April through August 1978.

10. Al1 trawling is done at depths from 30 to 50 fathoms. A total of
three hauls were completed each month. Exact trawl locations were
identified during the April 1978 survey and remained consistant.

11. The cooperative survey biologist completed one cruise on board the
NOAA vessel MILLER FREEMAN during June 13 through July 7, 1978. A
total of sixteen hauls were completed. :

D. Sample locations/ship or aircraft tracklines (Figures 1 and 2). Figure 1
depicts the four bays sampled. Figure 2 depicts the station locations
sampled by the cooperative survey.

E. Data collected. (Table 1).

A total of 880 hauls of all gear types were completed by the nearshore
fish survey during the entire summer (Table 1).

A total of 16 hauls were completed by the cooperative survey.

IV. Results:

Data collections have been completed and coded data has been nearly all
proofed for keypunching.

V. Estimate of funds expended: $159,847.35
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Table 1 . Number of hauls by gear, area and cruise. Also inclusive dates of
each survey cruise, FY 78, RU 552.
Gear Type
Bay Date Beach Tramme] Gil1l Try Tow Midwater Otter
Seine Net Net Net Net Traw]l Trawl

Kalsin April 1-8 10 3 0 11 0 0 -
May 1-7 12 5 5 9 11 0 -
June  2-6 12 4 4 7 3 4 -
July  1-7 9 4 5 7 5 -
Aug. 1-7 13 4 4 7 4 -

Izhut April 9-15 18 5 0 13 0 3l
May  10-15 16 6 7 15 4 3
June  8-15 17 5 5 15 10 2 4
July  8-15 19 7 5 14 13 2 3
Aug. 8-15 21 7 6 14 16 4 3

Kiliuda  April 17-22 24 4 7 5 12 4 42
May 17-22 21 7 8 6 7 4 3
June 17-22 24 6 7 6 2 4 3
July 17-22 22 6 8 6 17 4 3
Aug. 17-27? 22 6 9 6 16 4 3

Kaiugnak April 23-30 4 2 1 2 0 2 -
May  23-31 12 4 5 2 0 0 -
June 23-30 11 4 5 2 0 2 -
July 23-31 12 4 5 2 8 2 -
Aug. 23-30 11 4 5 2 8 2 -

1Date was March 31.

2Date was April 5-15.




Table 2. Dates of otter trawling aboard R/V COMMANDO, FY 78, RU 552.

Cruise Date Izhut Bay Kiliuda Bay
April : March 31 April 15
May May 11 May 24
June June 12, 13 June 22
July July 12 July 19
August August 10 August 22
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II.

III.

ABSTRACT

Spring and summer collections of zooplankton have been completed.

All samples have been sent to a sorting center, of which approximately

657 have been processed. Fish larvae have been identified in samples

collected from March through June.

TASK OBJECTIVES

1.

Determine spring and summer compositiom, inter-bay distribution,

and relative abundance of planktonic stages of fishes, shrimp,

and crab.

Determine seasonal development and succession of selected commercially
and ecologically important fish and invertebrate species.

Determine general relationships between seasonal changes in oceanographic
conditions and the timing of occurrence and distribution of selected

species or species assemblages.

FIELD OR LABORATORY ACTIVITIES

A.

Ten two-week cruises were conducted aboard the R/V Commando from
March 27 to August 25,1978, Members of the scientific crew included
Biff Birmingham, Warner Lew, Kenneth Semmens, Doug Rabin, and Kathryn
Garrison.

During each cruise, five stations were sampled per bay area with
both the neuston and bongo nets. Bottom substrates permitted epi-
benthic sled tows at two stations per bay area (Table 1, Figs. 1A and
1B).

Our diel (day-night) sampling was conducted once at mid-day and
once at night. Five-minute horizontal tows were made at discrete
depths—~specifically, -10, -30, 50, -70, and -90 meters. In addition

240




Table 1. Station locations for Kodiak Island nearshore zooplankton
research, 1978,
Bay Station Latitude Longitude Gear used*
Izhut zZ1 58 13 152 17 N,B
Z2 (diel) 58 10 152 14 N,B,T,S
Z3 58 06 152 10 N,B.5
Z4 58 08 152 03 N,3
Z5 58 05 152 18 N,B
267%* 58 15 152 16 N,B
Z7*x* 58 13 152 18 N,B
Z8%% 38 11 152 20 N,B
Kalsin-Chiniak Cl 57 37 152 25 N,B
c2 57 41 152 19 N,B,8
C3 57 44 152 14 N,3,S
C4 57 42 152 04 N,D
C5 57 38 151 55 N,B
Kiliuda L1 57 19 153 02 N,B
1.2 (diel) 57 16 152 55 N,B,T,S
' L3 57 12 152 45 N,B,S
L4 57 16 152 37 N,B
L5 57 36 152 54 N,B
Le#* 57 20 153 09 N,B
L7%% 57 18 153 06 N,B
Lg#* 57 20 152 55 N,B
Kaiugnak Gl 57 G4 153 36 N,B
G2 57 01 153 29 N,B,S
G3 56 56 153 27 N,B,S
G4 56 58 153 14 N,B
_G5 56 52 153 35 N,B

*N = neuston, B = bongo, T = Tucker, S =

**Stations added 5/78.

sled.
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IV.

to these samples, double oblique Tucker trawls were taken to
-90 m with 505¢ and 3 mm mesh nets. Concurrent surface tows
with the neuston sampler were also made.

Beginning May 12 sampling sites were added to the nearshore
stations in Izhut and Kiliuda bays where surface and/or bottom
trawl samples were taken by ADF&G. The additional sampling
included three stations per bay, and at each station neuston and
double oblique bongo samples were taken.

Samples from cruises I-X have been sent to a commercial
sorting center for zooplankton separation.

B. TFish eggs and larvae collected during cruises I-VI were returned
from the sorting center and are currently being identified, counted,
and stored in a buffered formalin solution for future reference.
Some species could not be identified and were therefore given a

generic name, i.e., Hemilepidotus sp. When larvae could not be

positively identified at the generic level they were typed, i.e.,
Artedius type, or given a family name, i.e., Bathymasteridae.
Data from the earlier cruises are currently being prepared for

keypunching.
RESULTS

A total of 1067 plankton samples was taken between March and August
1978 (Table 2). Fish larvae and eggs from the first six cruises have been
sorted, enumerated, and returned to FRI (Table 2)2

Fish larvae from cruises I-V have been identified or typed. These
larvae represent 15 families and 30 genera (Table 3).

Laboratory findings indicate that the following:

1) Larval stages of pricklebacks (Stichaeidae) and sand lance (Ammodytidae)
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Table 2. Cruilse dates, number of samples collected, and total number of fish eggs and larvae sorted,

by gear type, from March through September, 1978, from Kodiak Island nearshore zooplankton research

Total Number of Samples

Number of Fish Larvae

Number of Eggs

Crulse Date N B (333) B (505) T (505) T (3 mm) Sled N B (505) T (505)T (3 mm) S N B (505) T (505) T (3 mm) S
1 3/27-4/9 21 20 20 12 2 3 863 861 782 2 1 805 194 228 0 0
2 4/10-4/20 22 20 20 24 [ 8 478 912 1585 4 10 843 364 434 0 16
3 4f21-5/2 22 20 20 24 [ 8 835 1517 3714 727 363 677 150 0 164
4 S/3-5/30 28 26 26 24 4 "8 497% 821+* 2673 26 43 1065*%  £73* 1184 0 237
5 5/31-6/13 28 26 26 24 4 8 271% 866% 2217 21 20 375%  B94x 1486 0 53
6 6/14-6/27 28 26 26 24 4 5 197* 2268% 9927 77 153 1N,992% 2495% 1644 0 19
7 6/28-7/20 28 26 26 24 4 [

8 7/21-7/31 28 26 26 24 4 [

g 8/1-8/14 78 26 26 24 4 4 Samples to be sorted
10 8/15-8/25 28 26 26 24 4 4
I 261 242 242 228 38 56

* excludes larvae from 6 unsorted samples

Gear code:

w2
]

neuston
bongo
Tucker trawl
Epibenthic sled




Table 3. TFish larvae identified in the Kodiak Nearshore Zooplankton Survey
in samples taken from March through June, 1978.

Agonidae Ptilichthyidae

4 types Ptilichthys goodei

Ammodytidae Salmonidae

Ammodytes hexapterus Oncorhynchus gorbuscha (juveniles)

Bathymasteridae (4 possible species) Stichaeidae

Cottidae Anoplarchus sp.
Chirolophus sp.

Lumpenus sagitta
Lumpenus/Lumpenella type

Artedius type
Blepsias sp.
Dasycottus setiger
Gymnocanthus sp.
Hemilepidotus sp.
Icelinus sp. Lycodes brevipes
Myoxocephalus sp.

Nautichthys sp.

Psychrolutes type

Radulinus asprellus

Rhamphocottus richardsoni

Triglops so.

Cottid tvpe B (Mvoxocephalus sp.?)

Cottid tvpe I (Icelus sp?)

Zoarcidae

Crvptoacanthodidae

Lyconectes sp.

Cyclopteridae
4 types

Gadidae

Gadus macrocephalus
Microgadus proximus
Theragra chalcogramma

Hexagrammidae

Hexagrammos stelleri

Osmeridae

Mallotus villosus
Pholidae (3 possible species)

Pleuronectidae

Hippoglossoides elassodon
Hippoglossus stenolepis
Lepidopsetta bilineata
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remained relatively abundant from March through June.
2) Although many adult and juvenile flatfish species were caught in the
Kodiak survey area (RU # 486) we have found larvae of only three

species Lepidopsetta bilineata, Hippoglossus stenolepis, and Hippoglossoides

elassodon. Only larvae of Lepidopsetta bilineata, the rock sole, have been

found in relative abundance.
3) Similarly, several species of adult greenlings occur in Kodiak waters,

but we have found only white spotted greenling, Hexagrammos stelleri,

larvae. The majority of these were caught in neuston samples.
V. PRELIMINARY INTERPRETATION OF RESULTS: None at this time

VI. PROBLEMS ENCOUNTERED AND RECOMMENDED CHANGES

None to report at this time.
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[. Task Objectives

A. To characterize marine microhiological comaunities in
sufficient detail to establish a baseline description
of microbiological community characteristics on a seasonal
basis.,

B, To determine the rcle of microorganisms in the biodegrada-

tion of petroleum hydrocarbons,

II. Field and Laboratery Activities

A, Field Activities
1. Cook Inlet. No sampies were collectea during this
neriod.

¢. Beaufort sea, Samples were recovered frum the Plexi-
glas trays containing oil-sediment. Recovered samples
had been ircubatingfor 4 and 8 months,

Samples were colltected during a cruise of the
icebreaker Northwind between August 25 and Septem-
ber 25. A total of 30 surface water and 29 surface
sediment sampies were coliected. Most samples were
collected within the 10 fathom curve. Sampies were
processed ahoard ship for divect counts, total viable
counts, most probable numbers of hydrocarbon utiiizers,
hydrocarbon biodearadetion potentials and denitrifi-

cation potentials. Analyses of tnhese samples have

not yeb been accompiiched.




Laboratory Activities

Look Iniet. Computer cluster and feature

frecuency anaiyses were perforned for numerical

taxonomy on 869 isglates from samples collected
in Cook Inlet during hovember 1977. The analyses
were run in 3 groups:

Group 1@ isotates from marine dagar (heterctruphs)
and marine 0171 agar (ofi tolerant
heterotrophs) .

Group 2@ isolates from oil agar (presumed oil
utitizers) and Dushneli-Haas agar
(presured Tow nutrient bacteria).

Groud 3: 1s0tates from marine agar,

Laboratory tests were compieted on 579 isolates
frem sampies coliected in Cook Inlet during April-

May 1978. The Taboratory test procedures have been

previcusly reported. The data is presently being

runched on computer cards and will be transmitted

ta NIH shortly,

Enumeration of microorganisms, hydrocarbon bio-
degradation potentials and denitrification potentials
on sampies collected duving April-May 1978 have bGeen
compteted and the data has been sent to NIH.

Beaufort Sea. Guos ligquid chromatographic analyses were

compieted on approximately 450 solvent extracts from the

oil in sediment - Plexiglas tray experiment.
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Resuits
Cook Iniet

The cluster analyses showed that heterotrophic bacterial
populations in Conk Inlet are very diverse and are generally
characteristized by a large number of small clusters (Table 1).
Some water samples had fewer and larger clusters indicating
Tower bacterial diversities. The addition of Cook Inlet crude
01l did not appear to be a great stress to the heterotrophic
bacterial popuiation. Similar numbers and sizes of clusters
were found on media with and without o0il added (Table 2), in-
dicating that the presence of 011 had not greatly reduced
vacterial diversity. The abilities to grow at low nutrient
concentrations and on hydrocarbons as sole source o7 carboh
were restricted in the bacterial popuiations examined. One
ciuster represented 44% of the strains isolated from low
nutrient agar or oil acar (Table 3).
Beaufort Sca

The gas liquid chromatographic analyses showed changes
in the composition of the solvent recovered material from the
ciled sediment exposed in Elson Lagoon. The oil-sediment was
sequentially extracted with diethyl ether, benzene {more polar
to recover aromatics) and methylene chloride (to recover poly-
Auclear aromatics and more polar compounds). Some characteris-
tics of the sclvent recovered material are shown in Tables 4 and
5. The data presented for each exposure time represents the

mean of analyses of up to 20 replicate samples. Compounds
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IV,

found in 1 sample and no others were considered to be part

of background noise and were not included in these tables.

There was a clear decrease in the relative proportion of
compounds reccvered in the polar methylene chloride fraction
during 28 days of exposure. There was also a clear change

in the proportion of compounds extracted in the ether and

benzene fractions after 7 days exposure. The large increase

in the number of compounds detected in the ether fraction at

14 and 21 days couid be due to the accumulation of 0il degrada-
tion products. The decrease in the proportion of benzene
extractable material could be due to the accumulation of such
degradation products in the ather fraction and/or to the loss

of awcmaﬁic compounds from the sediment. Changes in the relative
proportions of compounds recovered in each of the fractions could
aleo be due to changes ir the binding of compounds to sediment.
The uristane/heptadecane ratios{Table €) did not indicate bhio-
degradative changes in the recovered oil. [t is possible in
these sediments that heptadecane is not preferentially degraded
over pristane in which case this ratio wouid not change even with

asxtensive biodegradation. .

Interprotation of Resuits

See Section [11.

Problems Encountered

The Hewlett Packard 5992 G0-M5 unit has not functioned pro-

perly since its installation in January. Some analyses were accom-
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VI,

plished with the unit bul sensitivity was several orders of
regni tude below specifications,  The unit was also subject tu
a number of malfunctions and was constantly being serviced by
a HF field engineer. The unit has been returned to the factory
as its performance was unsatisfactory for this work, and we are
awaiting 11s replacement, This instrument failure has dalayed
anilysas of the solvent recovered material from the Slson
Lagoon oil-sedinent experiment. Until such analyses can be
accomplished we can not identify possibie degradation products
nor ayvdrocarbons in the oil.

Recent changes n the objectives of wurk to be performed
in FY 79 have coused a deluy in obtaining a contract by Gotober

i foroa continuation of work. An interim agreement has allowed

Wore tootemporariiy continge.

tstirate of Funds

A7
ER |

Porunds alioceted for work duving VY 78 have been used.
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TABLE 2 Cluster analyses for bacterial
populations which were initially
isolated on marine agar (MA), and marine
agar supplemented with Cook Inlet crude
01l (MO) nlates.

# of Strains From:

Cluster # # of Strains Sediment  Water MA M0
] 2 2 - - 2
2 2 Z - - c
3 2 2 ~ 2
4 2 2 - -

5 2 z - 2 ~
6 2 Z - 2 -
7 2 Z - - 2
8 2 2 - 2 -
9 2 2 - - 2
10 6 6 - - 6
1 6 & - 6 -
12 4 4 - - 4
13 2 2 - - 2
14 2 2 - 2 -
15 g 8 - 7 1
16 2 2 - - 2
17 8 - 8 8 -
18 3 3 3 -
19 Z 2 Vi -
20 13 - 13 / b
21 2 fa - 1 |
22 a - 2 1 !
23 3 ] 2 2 1
24 10 1 9 8 2
25 12 il 1 3 9
26 2 1 1 1 |
27 2 - 2 2 -
28 21 1 20 14 7
29 Z - z 2 -
30 16 / 13 3 13
31 9 - 9 9 -
32 Z - a 2 -
33 2 2 - - 2
34 4 - 4 - 4
35 21 - 21 21 -
3 b - 5 - 9
37 2 - 2 - 2
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TABLE 3 Cluster analyses for bacterial populations
which were initially isolated cn Bushneli-
Haas agar (BA), and Bushnell-Haas agar
supplemented with Cook Inlet crude oil (OA)

plates.
# of Strains From:

Cluster # # of Strains Sediment  Hater BA 0A
1 118 45 73 43 75
2 13 4 9 3 5
3 4 ] 3 - 4
4 4 ] 3 1 3
5 2 1 1 2 -
b 6 3 3 - 6
7 4 - 4 4 -
8 5 - 5 - 5
9 2 - 2 - 2
10 3 /4 1 - 3
1 3 - 3 -
12 2 2 - 2
13 4 - 4 - 4
14 4 4 - - 4
15 3 iy ] 3 -
16 /4 2 ~ 2 -
17 13 2 11 12 1
18 8 8 5 3
19 4 2 4 - 4
20 2 ¢ - 2
21 46 20 26 21 25
22 3 2 1 2 ]
23 N - 11 11 -
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TABLE 4

Exposure
Time

_(Days)

2
7
14
21
28

Proportions of solvent recovered naterial
from oil-sediment experiment.

Fraction
Ether Benzene Methylene
‘ (%) (%) __ _Chloride {7)
41.2 36.8 22.0
42.6 44.9 12.5
81.8 7.5 10.7
31.2 12.8 6.0
77.3 21.8 0.9
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TABLE b Number of peaks det=cted in each solvent
fraction.

Exposure Fraction
Time Methyiene
{Days) tther . Benzene  Chioriue
i 44 32 22
? 30 25 4

10¢
8 45




TARLE 6 Pristane /Heptadecane ratios in 0il recovered
from oil-sediment experiment.

Fxposure Time

(Days ) Pristane/Cyy
2 0.68
7 0.79

14 0.75

21 0.74

28 6.75
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Task Objectives
A, Cook Inlet

1. To continue studies of relative microbial activity and respiration
(mineralization) ratios of natural microbial populations found in
water and sediment samples. The samples will be taken in such a
way as to characterize these measurements both geographically and
temporally. These studies will fill some of the data gaps which
still exist from past studies in this region. Areas which are
shown to have particularly high activity should be those in which
crude o0il will be degraded at higher rates. These areas probably
support the highest overall biological activity and as such may be
the areas which will be most affected by the presence of crude oil.
These data may also be used in the future to estimate the degree of
perturbation caused by chronic crude oil input.

Characterization of water masses using microbial measurements
might also be useful in following movement of water masses within
the Inlet.

2. To evaluate the extent of nitrogen fixation in the sediments

and gut contents of animals found in this region and to determine

what, if any, effect crude o0il might have on this process., Significant
impact on function of any process in the nitrogen cycle could have

a profound effect on all trophic levels in the Cook Inlet,

3. To provide nutrient data on all water and sediment samples
taken by both microbiological groups. These data are important in
evaluating other data collected by us, especially data on Ny
fixation and denitrificiation.

B. Beaufort Sea

1. To obtain information concerning the effects of added crude

0il on the natural microflora of the sediments. These studies will
include crude o0il effects on microbial function as measured by

uptake and respiration characteristics using several labeled compounds.
They will also include the study of nitrogen fixation and the

effects of crude oil on this process,

2. To continue collecting data on relative microbial activity and
respiration percentages in this region during the August-September,
1978 North Wind cruise in this region. Nitrogen fixation rates
will also be estimated on sediment samples collected at the same
time.

3. To provide nutrient data on all water and sediment samples
collected by bhoth Dr. Atlas and ourselves.

4, To estimate the effects of crude o0il on natural microbial
populations which undergo osmotic stress during freezing and thawing.

263




C. General

1. To coordinate our sampling efforts and experimentation with
that of Dr. Atlas and his associates at the University of Louisville.
This will minimize duplication of effort and maximize the usefulness
of the resulting data.

2, To continue our laboratory studies at Oregon State Unversity
on the effects of crude oil on nitrogen fixation and microbial
activity in marine sediments.

II. Field and Laboratory Activities
A. Field trip schedule

In August, Mr. McNamara and Ms. Steven conducted a series of
experiments on the sediment trays removed from Elson Lagoon, Barrow,
AK. We also participated in the Beaufort Sea cruise aboard the
Coast Guard icebreaker North Wind from 25 August to 15 September,
1978.

B. Scientific party

A1l of the personnel involved in this project are in the Department
of Microbiology, Oregon State University.

C. Personnel

Dr. Robert Griffiths, Co-Principal Investigator

Dr. Richard Y. Morita, Co-Principal Investigator

Mr. Thomas McNamara, Technicial (Research Assistant, Unclassified)
Ms. Sue Steven " " " "

D. Methods

The methods used in our field work are essentially the same as
those reported in our last quarterly and annual reports.

III. Results

The nutrient analyses have been completed on a large number of
samples. These results include the TOC (total organic carbon) and TON
(total organic nitrogen) values observed in sediment samples collected
in Barrow, AK during the January, 1978 field trip (Table 1). Complete
analyses have also been completed on the sediment samples collected
during the October, 1976 and November, 1977 Lower Cook Inlet cruises
(Tables 2 and 3). TOC and TON measurements were also made on sediment
samples collected during the April, 1977 Lower Cook Inlet cruise (Table
4). 1In addition, inorganic nutrient measurements were made on all water
and sediment samples collected during the April, 1978 Lower Cook Inlet
cruise (Table 5).




During this reporting period, we have continued our assessment of
the best procedures for quantitatively extracting the adenylate pools
from marine sediments. Analysis has continued on the crude oil degradation
samples using gas chromatography. Pilot studies have also been initiated
on the growth of marine protozoa under laboratory conditions. We are
also evaluating the potential usefulness of measuring dehydrogenase
activity in marine sediments as a means of better characterizing microbial
populations.

Data have been submitted to NIH in the proper format to be included
in that data base. The 1977 Beaufort Sea summer cruise data were placed
into file number, 100307. The April, 1977 Lower Cook Inlet cruise data
were placed into file number 100254; the November, 1977 and April, 1978
cruise data were placed into file numbers 100259 and 100307 respectively.

VI, Preliminary interpretation of results
None at this time.
v. Problems encountered

In April, 1978, we submitted a supplemental fund request to purchase
equipment that we would need to conduct studies on the detrital food web
in the sediments of Cook Inlet. This request was made at that time to
insure that we would have this equipment in our hands in sufficient time
to work out the techniques required to conduct these studies. If this
request was granted within a matter of a few weeks, we would have received
the equipment sometime in July, 1978. We finally received these funds
on 9/12/78 which means that we will not have the equipment in our hands
until sometime in November, 1978. The delay in granting these funds has
set back our preparation a minimum of three months.




Table 1. The total organic nitrogen (TON) and total organic carbon
(TOC) in sediment samples collected during the January field study
period in Barrow, AK. The units used are mg/g. dry weight.

Sample # TOC TON
BB402 17.7 1.9
BB403 38.8 2.2
BB404 26.5 2.1
BB405 32.9 1.8
BB406 29.0 1.6
BB407 25.7 2.0
BB408 25.7 1.9
BB409 28.4 1.9
BB410 29.6 2.0
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Table 2. Inorganic nutrient and TOC and TON concentrations in sediment
samples colelcted during the October, 1976 Lower Cook Inlet cruise. The
inorganic nutrient concentrations are reported in pM and the TOC and TON
values are reported in units of mg/g. dry weight sediment. The inorganic
nutrient data was measured on interstitial water only.

Sample # NH3 NO2 NO3 TAN PO4 TOC TON
GB301 371 474 b.oh 0.5
GB304 245 24.7 4.4 2060 85 4oh 0.4
GB308 18 3.0 32.7 45 4.1 0.4
GB311 245 58.3 9.7 619 56 9.1 0.6
GB312 3 0.8 6.7 2087 0.9 0.2
GB313 121 3.9 14.3 540 14 10.2 1.0
GB318 295 27.2 29.2 606 117 10.7 1.3
GB319 105 760 13 2.0 0.4
GB320 249 17.5 44,7 566 41 7.6 0.5

Table 3. Measurements made on sediment samples collected during the November 1977
Lower Cook Inlet cruise. The same units as those given in Table 2 were used.

Sample # NH3 NO3 NO3 TAN PO4 TOC TON
GB501 124 12.9 17.8 533 95 5.9 1.0
GB502 63 624 51 11.3 1.5
GB506 119 1.7 15,4 521 18 27.8 2.3
GB507 73 455 8 6.8 0.6
GB308 1450 8.0 0.8
GB509 71 1.1 16.0 345 19 11.4 1.2
GB510 34 13.9 15.8 235 33 10.9 0.9
GB511 52 1.1 16.0 250 20 15.2 1.9
GB512 289 16.3 10.0 127 6 10.4 1.2
GB513 56 259 19 11.1 1.0
GB514 79 8.9 20.8 290 31 10.3 2.0
GB515 130 2.4 22.0 220 48 12.0 1.3
GB516 213 17.0 low 108 13

GB518 102 588 54 6.5 0.7
GB519 92 434 24 4,2 0.4
GB520 78 2.8 14.3 411 39 8.1 0.9
GB523 122 9.3 low 483 23 5.5 0.8
GB524 206 22.6 6.7 484 85 8.7 1.5
GB525 93 1.2 19.4 520 23 6.1 0.6
GB526 62 2.4 32.7 370 46

GB527 103 5.7 0.9 186 12 9.8 1.3
GB528 6.8 0.9
GB529 13.3 12.6 123

GB532 275 337 25 6.9 1.0
GB538 124 5.0 5.0 789 32 13.4 1.5
GB549 87 2.4 3.0 251 14 6.1 0.8
GB554 79 1.2 19.3 451 31 5.0 0.4
GB557 54 3.6 16.9 301 30 3.2 1.1
GB558 114 3.9 4.4 215 31 13.8 1.3




Table 4. Concentrations of TOC and TON in sediment samples taken during
the April, 1977 Lower Cook Inlet cruise, All values are reported as
mg/g dry weight of sediment.

Sample # TOC TON
GB401 1.9 0.3
GB410 5.6 0.5
GB420 12,2 0.8
GB421 16.8 1.2
GB425 12.6 1.2
GB430 6.6 0.5
GB431 12.8 1.1
GB432 4.7 0.4
GBA434 3.7 0.4
GB437 12,9 0.8
GB440 6.6 0.7
GB442 12.3 0.6
GB444 8.5 0.9
GB445S 5.1 0.7




Table 5. Inorganic nutrient data observed in samples taken in the Cook
Inlet during the April, 1978 cruise. All concentrations in uM.

A. Water samples

Sample # NH3 NoO, NO3 PO4

GW601 2.58 0.23 5.4 1.00
GW602 1.66 0.71 17.1 1.83
GWe03 0.78 0.39 5.9 1,02
GW604 2,38 0.26 12.8 1.48
GW605 2,13 0.64 14.9 1.60
GW606 1.36 0.36 13,5 1.50
GW607 1.22 0.46 12.0 1.34
GW608 1.13 0.26 1.7 0.70
GW609 2.38 0.24 15.0 1.49
GW610 1.38 0.49 15.7 1.54
GW611 1.23 0.42 15.6 1.67
GW612 0.98 0.27 9.3 1.24
GW613 1.30 0.26 14,7 1.60
GW6 14 1.95 0.20 15.4 1.62
GW615 1.27 0.19 15.3 1.57
GW616 1.43 0.16 3.1 0.78
GW617 1.25 0.13 9.4 1.28
GW618 1.50 0.17 6.3 1.09
GWe19 1.37 0.25 14.8 1.29
GW620 1.59 0.34 12,8 1.52
GW621 1.19 0.34 15.6 1.48
GW623 1.45 0.29 11.9 1.41
GW624 1.17 0.20 15.1 1.54
GW625 2.19 0.32 16.3 1.59
GW626 1.60 0.38 15.1 1.54
GW627 1.66 0.26 14.3 1.45
GW629 1.70 0.22 15.6 1.61
GW630 1.42 0.17 15,2 1.59
GW631 2,52 0.42 16.2 1.76
GW632 1.66 0.42 16.0 1.65
GW633 0.99 0.28 14.0 0.86
GW6 35 1.42 0.40 15.8 1.70
GW637 1.28 0.19 15.4 1.59
GW638 2.51 0.41 15.4 1.62
GW639 1.60 0.50 15.9 1.70
GW640 1.73 0.29 16.4 1.75
GW641 1.52 0.22 14.8 1.66
GW642 2.13 0.21 13.7 1.61
GW643 1.97 0.48 14,2 1.62
GW645 1.68 0.23 11.4 1.40
GW646 1.70 0.33 0.2 1.65
GW647 2.01 0.31 12,3 1,48
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Table 5 (cont'd)

Z
o

Sample # NH NO PO

3 2 3 4
GW650 1.92 0.29 9.5 0.57
GW652 1.63 0.19 12,3 0.32
GW655 2.74 0.76 14.3 1.73
GW656 2.35 0.60 13.4 1.49
GW657 2.52 0.47 13.5 1.48
GW658 1.83 0.53 11.6 1.43
GW659 1.46 0.06 0.9 0.89
GW6 60 2.13 0.50 3.8 0.91
GW661 1.44 0.34 4.0 0.35
GW662 1.88 0.17 9.5 1.20
GW663 1.49 0.14 3.5 0.85
GW664 1.27 0.24 0.6 0.87
GW665 0.61 0.47 4.0 0.80
GW666 1.08 0.11 0.9 0.56
GW667 2.31 0.36 b.bh 0.91
GW668 1.86 0.17 3. 0.50
GW669 1,70 0.10 0.3 0.56
GW670 1.08 0.14 15.2 1.42
GW671 0.80 0.17 16.2 1.45
GW672 0.78 0.22 15.4 1.50
GW673 1.22 3.39 15.0 1.42
GW674 1.36 0.20 15.3 1.43
GW675 1.13 0.19 13.6 1.39
GW676 1.17 0.14 13.9 1.42
GW677 1.32 0.16 13.6 1.43
GW6738 1.20 0.16° 14.0 1.42
GW679 2,43 0.23 13.6 1.34
GW6 80 0.95 0.18 13.6 1.39
GW681 1.02 0.17 12.3 1.39
GW682 0.85 0.23 14.1 1,42
GW683 1.03 0.24 12.6 1.40
B. Sediment samples (interstial water) TAN
GB601 171 13.0 7.1 38.6 190
GB602 141 2,3 2.0 13.0 94
GB603 47 1.4 1.3 9.6 66
GB604 56 1.1 2.3 5.2 109
GB605 115 1.4 2.6 9.1 130
GB606 139 0.9 15.4 133
GB607 111 1.1 2.1 8.7 93
GB608 186 5.7 25.9 170
GB609 100 10.0 5.4 9.5 89
GB610 80 2.8 13.8 6.1 85
GB611 101 0.8 3.0 9.5 124
GB612 53 1.1 2.3 13.8 48
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Table 5 (cont'd)

Sample # NH, No, NO3 PO4 TAN
GB613 113 1.1 2.9 9.4 139
GR614 184 0.2 2.0 44,7 77
GB616 109 3.0 2.1 9.1 66
GB625 120 0.6 9.8 7.9 142
GB627 78 1.2 42.6 8.7 43
GB628 117 1.2 34.4 6.8 109
GB629 125 2,1 40,3 13.0 169
GB630 106 1.4 2.9 0.0 99
GB631 246 7.6 15.5 29.6 137
GB632 85 0.9 23.9 5.5 141
GB633 111 1.3 16.7 7.5 173
GB636 57 2.3 12.4 85
GB649 227 1.0 1.7 17.5

GB650 265 1.7 1.9 9.0 241
GB652 273 16.1 62.4 61
GB654 93 5.3 4.7 8.0 81
GB660 136 18.7 25.3 17.4 196
GB669 628 1.4 1.1

GB677 37 0.3 72,7 6.7 130




The following page was inadvertently omitted from
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two Elson Lagoon oiled sediment studies suggest that the exposure of
sediments to crude oil may not act to decrease the effect of crude
0il when the sediments are exposed to fresh crude oil during a short
term substrate uptake study.

D. Nitrogen fixation

1. Rates of nitrogen fixation were once again measured in sediment

samples collected in Elson Lagoon and in the Cook Inlet during April,

1978 (Table 10). The rates observed in the Elson Lagoon sediment samples
were higher than those observed in the Cook Inlet area (mean values of 1.3
and 0.4 ng nitrogen/g dry wt/h respectively). The mean value observed

in the Elson Lagoon samples was also higher than that observed in the
Beaufort Sea sediment samples collected during the summer, 1977 Glacier
cruise (the mean value was 0.06 ng/g/h). Unfortunately these two studies
are not directly comparable for two reasons: (1) the samples were collected
in different geographical areas (one set taken from one site in Elson

Lagoon and the other set was taken from offshore locations, (2) the nitrogen
fixation assay was performed on location in the Elson Lagoon study but

the other set was analyzed at our OSU laboratory after a minimum of 4

weeks sample storage time.

2. The pattern of nitrogen fixation in the sediments of Cook Inlet

and the Shelikof Strait as observed during the April cruise (Fig. 7)

were similar to those observed during the April and November, 1977 cruises
in the same area (also see Tables 18, 19, and 20 of the annual report).
The highest values observed were again in the Kachemak Bay area and in

the Shelikof Strait.

3. In both the Elson Lagoon and the Cook Inlet studies, we also measured
the effects of crude oil on nitrogen fixation rates (Table 10). As

we have observed in the past, there was no significant difference between
the rates observed in the oiled and non-oiled sediments. Thie was also
the case in sediment samples that were treated with sucrose. We have
made these comparisons in a number of field studies to date using both
samples returned to our laboratory at OSU for analysis and studies in
which these analyses have been conducted in the field. In none of these
studies have we observed a consistant negative effect of crude oil on
nitrogen fixation rates. Knowles and Eishart (1977, Environ. Pollut.

13: 133-149) reported that they were unable to see any effects of Normal
Wells crude oil on nitrogen fixation rates in sediment samples taken from
the Beaufort Sea and Eskimo Lakes, Northwest Territories, Canada. Taken
as a whole, these data suggest that there is probably no short term effect
of crude oil on nitrogen fixation rates in Arctic and Subarctic marine
sediments. Tt will not be known what the longer term effects might be
until total nitrogen budget information becomes available from oiled
sediment experiments.

E. Laboratory studies

We are currently analyzing some of the data that we have
been accumulating on rates of crude oil biodegradatiom. One such
study involved measuring the effects of incubation temperature
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ABSTRACT

Personnel of RU 332 participated in field activities in the Kodiak
Island near-shore studies, in cooperation with the Alaska Department of Fish
and Game (ADFG) (RU 552). Either a fish pathologist or an invertebrate
pathologist from RU 332 were on the RV YANKEE CLIPPER and the RV COMMANDO
from May 31 to June 15, and August 1 to 30, 1978. Pathological conditions
detected in fish from Kalsin, Izhut and Kayugnak Bays, included skin tumors
(epidermal papillomas) of rock sole (Lepidopsetta bilineata) and skin tumors
of flathead sole (Hippoglossoides elassodon). Too few flatfish were captured
in Kailiuda Bay to make determinations of disease frequency. Invertebrates
from Kalsin and Izhut Bays were found to have fungal infections as well as
several types of parasitic infections.

~ OBJECTIVES
Determine the frequency, geographical distribution, and pathological
characteristics of diseases of marine fish and macroinvertebrates in the
Bering and Beaufort Seas, and the Gulf of Alaska.
FIELD OR LABORATORY ACTIVITIES

SHIP OR FIELD TRIP SCHEDULE

Dates: August 1 to 30, 1978
Vessel: RV YANKEE CLIPPER
(Chartered by ADFG, RU 552, with OCSEAP support)

Dates: August 10 and 22, 1978
Vessel: RV COMMANDO
(Chartered by ADFG with OCSEAP support)

SCIENTIFIC PARTY

Name Role

Bruce B, McCain, PhD P.I., Coordinates and participates in field and
laboratory activities;histopathological and
microbiological analyses.

Harold 0. Hodgins, PhD P.I., supervises NMFS investigations.

Albert K. Sparks, PhD P.I., supervises the collection and histopatho-
logical analyses of invertebrates

William D. Gronlund, MS P.I., participates in field activities, data
processing, and analyses of biological data

Jolly Hibbits, MS Invertebrate pathologis; assistant to Dr. Sparks.
Mark S. Myers Performs histopathological analyses of tissue

specimens and participates in field activities
and data processing
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Warren E. Ames Fishery biologist, participates in field
activities

METHODS

Fish and invertebrates were sorted according to species, and the total
sample or subsamples were examined for externally visible pathological con-
ditions and, when feasible, for readily recognizable internal disorders. The
following information was recorded for each haul in the Species Catch Record:
haul number, date, number of animals examined by species, sex, type of patho-
logical condition observed, and number of animals with each type of condition
for each species and each sex. Animals with abnormal conditions were pro-
cessed immediately. Each abnormal animal was assigned a specimen number and
the following information was recorded on the Individual Data Sheet: species,
sex, size, method of age determination (fish only), condition, and body
location and size of the condition(s). Photographs were taken of representa-
tive and unusual conditions. Tissue samples were preserved in appropriate
fixatives.

In addition to observations on invertebrates for gross evidence of
disease, a number of animals were necropsied and representative tissues fixed
for subsequent sectioning, staining, and microscopic observation. Routinely,
portions of the following organs were fixed: epidermis, gill, heart, esopha-
gus, cardiac and pyloric stomach, midgut, hepatopancreas, anterior and
posterior caecum, testis and vas deferences or ovary, heart, hemopoetic
tissue, bladder, antennal gland, mandibular organ, brain, thoracic ganglion,
and eyestalk.

SAMPLE COLLECTION LOCALITIES

Four bays near Kodiak Island were sampled: Kalsin, Izhut, Kayugnak, and
Kailiuda Bays. Invertebrate samples were not collected in Kayugnak and
Kailiuda Bays.

DATA COLLECTED AND/OR ANALYZED

(1) Number and types of samples: Approximately 10,000 fish and 2,860
invertebrates representing over 40 species of fish and 50 species of inverte-
brates were examined; 147 fish and 175 invertebrates had pathological condi-
tions.

(2) Number and type of analyses: Approximately 120 and 1,300 tissue
specimens from fish and invertebrates, respectively, were collected and
preserved from 36 fish and 67 invertebrates for light microscopy. The
tissues from 36 fish and 20 invertebrates have so far been examined micro-
scopically.

RESULTS

Compilation of the data presently available shows that the frequencies
of rock sole with skin tumors found in Kalsin and Izhut Bays, 13.8 (27/195)
and 5.8 (84/1457)%, respectively, in August 1978, were very similar to those
detected in these bays in May 1978, 11.5 (22/192) and 4.9 (28/574)%. The
frequencies of skin-tumor-bearing flathead sole were somewhat different in
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Kalsin and Izhut Bays sampled in May [9.7 (2/22) and 1.1 (1/93)%] and August
[5.4 (13/243) and 12.5 (7/56)%].

Invertebrates with major pathological conditions found in Kalsin and
Izhut Bays, respectively, during August and their frequencies of occurrence
were as follows: "black mat" syndrome, a fungal infection, of snow crabs
(Chionoecetes bairdi), 3.0 (1/33) and 8.7 (39/401)%; rhizocephalans infec-
tions of hermit crabs (Pagurus alaskensis), 5.5 (6/109) and 5.2 (7/135)%; and
infections of the eggs of the rock shrimp (Crangon dalli) by fungi of the
Langenidium spp., 13.1 (112/858) and 6.3 (7/i1i§%.

Kayugnak and Kailiuda Bays were also sampled in May and August, 1978.
Only 1 tumor-bearing flatfish (a rock sole) was observed in Kailiuda Bay
during both months; but, since only 44 rock sole and no flathead sole were
captured, a frequency determination is probably not meaningful. In Kayugnak
Bay, the frequencies of skin tumors in rock sole and flathead sole were 4.3
(7/163) and 3.0 (8/263)%, respectively, in August and 9.6 (28/292) and 0
(0/16)% in May.

Histopathological examination of tissue specimens from flatfish has
demonstrated the most early form of the skin tumors of rock sole and flathead
appears before or during the first year of life. Epidermal cysts of rock
sole, which were found in Kalsin, Izhut, and Kayagnak Bays in May, were found
to be subcutaneous, intramuscular metacercaria of digenetic trematodes bor-
dered by a capsule of fibrotic host response tissue. The "black mat" syn-
drome, which has been previously assumed to be confined to the carapace of
snow crabs and, therefore, harmless, was found to involve penetration of the
carapace by fungal hyphae and invasion of the underlying epithelium, internal
organs, and the eyestalk.

PRELIMINARY INTERPRETATION OF RESULTS

Minimal geographical variation of the frequencies of tumor-bearing rock
sole and flathead sole, of "black mat" syndrome of snow crab, and of Lagen-
dium spp.-caused diseases of rock shrimp were observed between areas where
sufficient numbers of individuals were examined. Also, with regard to fish
diseases, very little seasonal variation was observed between May and August.

The earliest form of skin tumors found on pleuronectids in the north-
eastern Pacific Ocean are known as angeoepithelial nodules (AEN). Along the
West Coast of the U.S., these tumors are first observed on flatfish during
their first year (Wellings et al. 1976). The histopathological and age data
reported here confirms that rock sole in Alaskan waters develop AENs at
around 1 yr and that the pathogenesis of this condition in Alaskan flatfish
is probably similar to that observed elsewhere.

Although previous reports of "black mat" syndrome of snow crab have
tentatively identified the etiological agent as a fungus, they have not con-
sidered this condition to adversely affect the host (Van Hyning and
Scarborough 1973 and Hodgins et al. 1977). Our microscopic examination of
infected tanner crab has demonstrated that the fungal hyphae are not confined
to the exoskeleton, but can invade other areas of the crab critical for
survival, such as the eyestalk and esophagus. Thus, "black mat" syndrome may
be indicative of a systemic disease, and the pathogenic fungus, or fungi,
causing this syndrome may prove to have an important effect on snow crab
populations.
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I, TASK OBJECTIVES

To study the dynamics of the phytoplankton and zooplankton populations
at the edge of the retreating ice pack in the Bering Sea in order to assess
the significance of the ice-related production to the Bering S5ea ecosystem,
to estimate its importance in comparison with summer production on the shelf,
to clarify the mode of transfer of organic matter between phytoplankton and
zooplankton and to evaluate the sensitivity of the system to perturbation

due to resource development activities.

I1. FIELD ACTIVITIES

None

Laboratory Activities

None

Major Activities during the Past Quarter

Phytoplankten ....

The principal activity during the past quarter has involved continuing
work on the analysis of the phytoplankton data from all the cruises during
the three years study, using cluster analysis techniques. Some additional
identification work is still in progress, but the basic counts are all com-
pleted, and the 1975 and 1977 cluster analysis is almost completed. In
addition, with the assistance of Dr., Joe Niebauer, we are looking in detail
at the time sequence of ice edge bloom distribution and activity in relation
to physical oceanographic regimes, both on a macro and local scale. This work

is also involving considerable computer plotting. Dr. Charles Geist has




taken all the material on the phytoplankton model prepared by Dr. Katherine

Green and has been evaluating the potential for continued work on this.

Zooplankton and Micronekton

Sample analysis was completed on material collected in Norton Sound and
the southern Chukchi Sea, June and July of 1977. Standing stock as dry weight/
m2 and species abundance for 1-m net tows and 2-m NIO samples are available
for synthesis and inclusion in the final report of the project.

Dr. Charles Geist developed an R-mode cluster analysis for samples of net
plankton collected over the southern shelf and open ocean of the southeastern
Bering Sea. Seven groups were discerned of which two were related very closely
to water mass characteristics in the region. The cold shelf region shallower
than 100 m was consistantly dominated by two small copepods of the genus Pseu-
docalanus and Acartca, while the more oceanic water mass intruding the outer
shelf, supported the typical North Pacific grazing community dominated by
Metridia, Calanus, and Eucalanus. While the results in themselves are not
particularly noteworthy, when viewed in relation to organic matter transfer
processes as investigated this past spring by PROBES (NSF; Polar Programs),
difference in the constituency of the shelf and ocean zooplankton communities
are probably very important in regard to the coupling of organic matter to a
pelagic food web. 1In this respect the shelf waters anpear '"leaky'", while

grazing is tightly coupled in the oceanic environment.
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I. Abstract:
During these final two quarters of the active contract period data

reduction and analysis formed the bulk of the activity. Additionally, the
outline for the final report (due 12/31/78) was developed.

IT. Task Objectives:

1. Determine seasonal distribution and abundance of principal cet-
acean species utilizing Prince William Sound and adjacent areas in the
Northern Gulf of Alaska.

2. Determine major foraging areas and critical habitats for principal
species.

III. Field Activities;

A. Field Schedule
1. Data reduction and analysis throughout the period. No actual
field work performed per instructions from OCSEAP Juneau.

B. Scientific Party
Data Analysis: John D. Hall

IV. Results:

A Numonics Graphics Computer and NOAA charts were utilized to determine
the habitat of Dall porpoise, Phocoenoides dalli, in the study area. An
ERTS MSS Band 5 satellite image of Prince William Sound was utilized along
with the Graphics Computer to determine harbor porpoise habitat in the
study area. Sightings of this small porpoise have been limited to the
turbid water area near Hinchenbrook Entrance, and the ERTS image of this
area clearly delimits the turbid outflow of the Copper River.

A refined analysis of Dall and harbor porpoise aerial survey data has
begun, but valid results are not expected before 12/78.

The PI, at Fish and Wildlife Service expense, attended ( in Logan, Utah
5/78) a symposium dealing with the development of models for estimating
the population dynamics of large mammals.

A 10/11 telephone call from the Fish and Wildlife Service office in
Anchorage indicated the possibility of missing equipment purchased for
this project and stored in the FWS, Anchorage warehouse from 10/77 until
the present. Additional details of the equipment problem will be trans-
mitted to the Juneau OCSEAP office as they become available.

The PI was notified in September 1978 by the Juneau project office that
RU-481 final data submission to EDS, Washington, D.C. was complete and
accepted by EDS for entry into their storage bank.
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I. TASK OBJECTIVES

The overall objectives of this research unit are to investigate the
trophic system dynamics of the primary producers in the nearshore waters
of the Beaufort Sea and to relate the observed nutrient regimes with the
in situ primary production and secondary production arising from the
input of terrestrially derived carbon, nitrogen and phosphorus. Specific
objectives addressed during the past quarter have been directed toward
surveying nutrient concentrations in the Simpson Lagoon area, and
measuring uptake and regeneration rates of nitrogen and phosphorus in
the water column. The individual tasks undertaken can be summarized as
follows:

(1) Water samples were collected from the water column at several
stations in Simpson Lagoon and immediately seaward by helicopter (while
ice-covered), and by small boat during open water.

(2) Samples of peat materials were collected from eroding shore-
Tine bluffs for carbon, nitrogen, and phosphorus analysis. These
samples will be used for (a) C-14 dating and 12C/13C isotope ratio
determinations, _

(3) N-15 ammonia and N-15 nitrate were used for uptake and re-
generation experiments with water samples taken from Simpson Lagoon.

(4) P-32 phosphate was utilized to determine turnover time of
inorganic phosphate and the partitioning of phosphorus in the various
biological and abiotic pools in sediments and the water column.

(5) Specimens of marine fauna from Simpson Lagoon were collected
for 12C/MC and 12C/13C isotopic analyses. These data will be utilized
in determining the pathways of carbon movement in the nearshore trophic
system,

(6) Primary production measurements were made on water column
samples from Simpson Lagoon to obtain additional data on phytoplankton
productivity during the ice-free period.

II. FIELD ACTIVITIES ,

Water sampling for spatial and temporal distribution of salinity
and nutrient concentrations has been conducted throughout the summer
season and is continuing. Samples were collected during June by heli-

copter and with the appearance of open water, by small boat.




During the period 7-12 August, an intensive experimental program
was undertaken at the Milne Point field station on water column samples
from Simpson Lagoon. Isotopic tracer studies were performed and samples
of peat coliected from along the shorelines, and from the lagoon bottom.
Weather conditions were marginal for small boat operation. The Tagoon
water column appeared well mixed with a large suspended sediment Toad.

ITI. LABORATORY ACTIVITIES

A1l acquired samples have been returned to the Institute of Water
Resources where they have either been processed appropriately or are
awaiting analysis. A status description for each sample set follows:

(1) C-14 dating and 12C/BC isotopic abundance samples: Have been
fully processed and sent out for analysis. Data turnaround is estimated
at 6 to 9 weeks.

(2) 3% ang 14

counted by liquid scintillation techniques and the data is being processed.

C isotope tracer samples: A1l samples have been

(3) 15\ _ammonia and nitrate uptake and regeneration experiments:
Awaiting mass spectrometric analysis.

(4) Nutrient chemistry: Samples are frozen and will be analyzed
in the near future.

(5) Salinity determinations: A1l samples have been run and their
data processed. ‘

(6) Chlorophyll samples: Frozen, awaiting purchase of analytical
equipment.

IV. PROBLEMS ENCOUNTERED

No serious problems obstructed data collection except that ice
conditions somewhat limited the spatial coverage of water sampling
during the breakup period. This was anticipated, however, and sampling
dates were chosen to allow the maximum possible flexibility in station
selection.
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LL.

Highlights of the July-September Quarter 1978.

During this Quarter we carried out a preliminary expedition to
Prince William Sound, Alaska. The primary goals of this trip were to:
locate a suitable study area; test our capture equipment; capture
several sea otters, restrain them and attach self-releasing floating
collars with mock depth-recorder and radio-transmitters. In addition
to meeting the above goals, we carried out a partial census of the
sea otter population in Prince William Sound, Alaska.

At Scripps work has continued on the development of the depth
of dive recorders. In addition, a second system has been designed
which will record 4,000 dives by logging each dive to one of eight
depth categories (essentially a histogram plot). The sea otter
pup born oﬁ June 1 died from lack of proper grooming by the mother.
During September we conducted our last oiling experiment on Shannon
and made arrangements to transfer the animals to Sea World upon
completion of the project.

Task Objectives:

1. Energy requirements of normal sea otters at various water temperatures.
2. FEnergy requirements of sea otters after oiling.

3. Appropriate procedures for rehabilitating oiled sea otters.

4, At sea behavior and energetics of sea otters.

These objectives will provide a data base from which the assessment

of any kind of oil contamination, or other activity which may alter

the nature of the otter's food sources can be derived. In addition,
relative to oil contamination the difficulties and costs of rehabilitating

the oiled otters can be estimated.
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ITI.

Laboratory Activities:

A.

Scientific Party

1. Dr. Gerald Kooyman-Principal Investigator

2. Daniel Costa-Associate Tnvestigator

3. Randall Davis-Assist. in data analysis and experimental runs

4. Michael Bergey has left the Project

5. Rick Price 50% time-Animal Carecvaker

6. Jim Herpolsheimer-Animal Caretaker

/. Debbie Zmarsly-Research Assistant assists in data analysis

8. John Gregory-NOAA-NMFS paid helper-assists in metabolic runs
and data analysis

9. Michael Delarm—-NOAA-NMFS paid helper—-assists in metabolic runs
and data analysis.

Methods:

The sampling procedures will be the same as those recently used

for fur seals and used previously in metabolic rates in penguins

(Kooyman, G. L., R. L. Gentry, W. P. Bergman and H. T. Hammel,

1976, Comp. Biochem. Physiol. 54A: 75-80).

The thermal neutral zone will be determined in four sea otters

conditioned to "rest" in the metabolic test chamber. The principle

variable measured in these tests is oxygen consumed, and body and

skin temperature. The control thermal neutral zone will be

compared to otters after oiling and after cleaning. Furthermore,

the continuous sampling ability of our method will permit us to

determine the average whole body heat conductance for a 5 to 6

hr. run. This will include the important activity (mainly grooming)

periods. The changes in whole body conductance during exposure
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Iv.

to various water temperatures before and after oiling will indicate
the metabolic costs of oil on the fur. These same sampling
proceudres will be repeated after the oiled animals have been
anesthetized and cleaned.
Results:
Additional metabolic runs have been made on the three remaining
sea otters. We have measured the increased energy produced from the
catabolism of food and (specific dynamic action) have found it to
raise the basal metabolic approximately 20%. During September we
conducted our final oiling on Shannon and obtained the following

results. (Table 1)

Table 1
Percent
Condition ml 0,/kg-min Above Control

Control 9.0  ——=—
Initial oiling 25.6 35.0%
1 day
post—oiling 31.0 63.47%
6 day
post-oiling 37.6 98.2%
Washed
8 days post-oil 35.4 86.67%
3 days
post—-wash 33.1 74.5%
8 days
post-wash 33.2 74.5%
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During the field expedition we captured four sea otters and attached
radio-collars to two of them. We fouud an excellent study area at
the West end of Hinchinbrook Island and sea otters, were easily captured.
The radio collared sea otters were followed until the corrasable link
allowed the collar to fall off. The radio-collars were recovered three
and four days after deployment. The population survey results can be

found in a previously submitted report.
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1
TASK OBJECTIVES AND PROGRESS*!

A. Toxic components and synergism of toxic components: These

studies have examined the contribution of individual toxic com-
ponents of petroleum hydrocarbons to determine which compounds
are primarily responsible for most of the observed toxicity.

1. Compare the toxicity of water-soluble fractions (WSF's)

of crude oil with synthetically produced WSF's. Exposures are

flow-through, analyses by GC, and test animals are pink salmon
fry and shrimp (Eualus).

Progress: Two bioassays with pink salmon were completed. Fish
were exposed to Cook Inlet WSF and a synthetic solution containing

benzene, toluene, ortho- and para-xylene, naphthalene, methyl

naphthalene and dimethyl naphthalene in the same proportions as

they appear in the WSF. The detailed GC analyses of the WSF's have
not been completed, but it appears that the toxicity of the synthetic
solution was slightly less than the WSF indicating that these com-
pounds make up the most of the observed toxicity, but there are
additional components that contribute to acute oil toxicity. The
results with fish need further GC analyses and statistical analyses.
This study will be repeated with Eualus this fall.

2. Synergistic effects of toluene and naphthalene: Several

studies with fish and shrimp larvae strongly suggest that toluene
and naphthalene have different mechanisms of toxicity, indicating

that the toxicants probably have synergistic effects. If the
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toxicities are synergistic, this would help explain why simplistic
experiments with single compouﬁds have under-estimated the toxici-
ties of WSF's.

Secondary Objectives:

a. Determine if toluene and naphthalene have synergis-

tic toxicities to pink salmon fry and Eualus shrimp under flow-

through conditions.

Progress: Tests were completed last quarter. Statistical
analyses and manuscript preparation is in progress. Synergistic
toxicity was indicated.

b, Determine if toluene and naphthalene have synergis-

tic effects on uptake and/or depuration in pink salmon fry and

Eualus shrimp;

Progress: This study requires constant and stable dosing.
R&D for flow-through isotope exposures took longer than expected.
Experiments have been rescheduled for the fall.

B. Larval Studies

1. Determine the sensitivity of eggs and larvae from several

noncommercial species: barnacles, mussels, snails, starfish, and

sea urchins . Static exposures will be used and will include

tests with WSF's, toluene, and naphthalene.

naphthalene.
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Progress: Eggs‘and veligers from 3 speries (2 nudibranchs,
and 1 snail) were tested with toluene, naphthalene, and Cook Inlet
WSF. The eggs were quite resistant, while veligers were more
sensitive to the toxicants. Results after 90 minutes were similar
to 24 h exposures, indicating that larvae take up toxicans quickly
and are readily affected, even by brief exposures. The veligers
from both species were more sensitive than the bipinnaria larval
stage of starfish tested last quarter. Additional tests with mussel
and barnacie larvae will be done in fall 1979, provided spawning
can be induced in the laboratory, or wild spawners can be obtained.

2.  Determine the uptake and retention of hydrocarbons into

new and old eggs carried by Eualus shrimp. Exposures will be WSF's

and isotopes, and analyses by GC and liquid scintillation.

Progress: Exposures and GC analyses have been completed,
Uptake in the eggs was slow, and retention was lengthy. The data
have not yet been analyzed.

C. Sensitivity increase of salmonid smolts in sea water.

Through bioassays, we have found that the sensitivity of sea water-
adapted pink and sockeye salmon, and Dolly Varden, is greater

than sensitivity in fresh water in exposures to WSF's, toluene,

and naphthalene. First attempts at explaining this phenomenbn

through uptake and excretion experiments did not completely

answer the question.




1. Determine the uptake of jsotopes into tissues of fresh

water- and sea water-adapted salmonid smolts Although whole body

uptake was essentially the same, the uptake into different tissues
may be different.

Progress: Uptake between freshwater and sea water smolts was
tested in two ways: via water and via oral administration of known
quantities. No difference in uptake was found in liver and brains
of smolts exposed in fresh- or sea-water. Oral uptake did show
some differences. More isotope and more percent metabolites was
found in the brain and muscle of sea water-adapted animals.

2. Determine the osmotic and ignic composition of blood in

fresh water and sea water-adapted smolts exposed to toluene and

naphthalene. Dr. W. Stickle, Louisiana State University, is co-
investigator for this experiment, which should give data relevant
to osmotic and fonic regulating interferece by the toxicants.

Progress: Biocassays of smolts were conducted in 0, 10, 20,
and 30 °/oo salinity water with both toluene and naphalene.
Sensitivity increased with salinity and remained at the greater
level of sensitivity for over 42 days (smolts were fed and grew
in sea water, but maintained a relatively high level of sen-
sitivity). Little change was noted in blood ion concentrations
at sublethal exposures. Only at the higher concentrations were
changes measured.

Several invertebrate species were acclimated to salinities lower

than 30 °/oo. Sensitivity to toluene and naphthalene did not change

298




at the different salinities. Blood ion changed between salinities,
since invertebrates are not regulators, but exposure to lethal con-
centrations did not affect the blood ion concentrations significantly.

D. Long-term exposures: Long-term exposures have recently been

possible because of improvements in flow-through exposure techniques.
Most previous flow-through tests have been crude attempts, without
verification of stable concentrations during exposure. Ve will
conduct long-term exposures and compare the result with species

we have previously tested in short-term exposures.

1. Determine the effects of flow-through toluene and naph-

thalene exposures on growth and survival of pink salmon fry exposed

at different temperatures. Tests will be 40 days long, with samples

of fish taken at 1-day intervals to measure effects on growth. Tests
will be replicated at three temperatures to determine the influence
of temperature on toxicity in long-term exposures.

Progress: This study was cancelled after two attempts. The
first attempt was terminated after 6 days when the main sea water
pump to the lab failed and our sea water low-water alarm also failed,
causing a massive fish kill, including about 1/3 of the stock of
experimental fish. The second attempt was terminated after 8 days
when a power outage combined with a failure of our emergency generator
caused fish mortalities in the experiment and most of the remaining

stock of pink salmon. We then had to cancel the study due to lack

of fish.




7

2. Determine the survival of two tolerant and two sensitive

species to flow-through exposures of toluene and naphthalene.

Progress: Study was completed last quarter with six species.
There are toxicity differences between static and flow-through tests,
especially with the tolerant species. Manuscript preparation is in
progress.

E. Test the effect of intermittent air exposures on the sensitivity

of intertidal species to toluene, naphthalene, and WSF. Exposure to

air during and after exposure to toxicants may cause an additional
stress on intertidal animals and result in decreased survival.

1.  Determine the sensitivity and uptake-depuration by the

intertidal shore crab Hemigrapsus nudis to toluene and naphthalene

exposures, with and without intermittent exposure to air.

Progress: Bioassays with shore crab to toluene and naph-
thalene are scheduled for fall 1978. Preliminary bioassays and
uptake without air exposures have been completed.

F. Dispersant testing: Literature review and R&D on methods of

analysis and exposure will be probed to prepare for expanded test-
ing in FY 79. Emphasis on this project was reduced considerably
from original plans, when OCSEAP decided part way through the
contract year not to fund dispersant studies in FY 78.

Progress: Literature review has been completed. Stocks of
several dispersants havé been obtained and preliminary tests with

fish and shrimp are scheduled for fall 1978.
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G. Manuscripts: Progress: Manuscripts describing FY 1977
research projects will be completed. The manuscript "Sensitivity
- of Alaskan Marine Organisms to Cook Inlet 0il and No. 2 Fuel 0il"
has been accepted for presentation and publication at the spring
1979 011 Spill Conference, Los Angeles, California.

H. Additional Projects

1. Effects of temperature on toxicity and uptake-depuration

of aromatic hydrocarbons to animals with varying potential to

metabolize aromatic hydrocarbons. Continuous-flow biocassays and

uptake studies will be run at two temperatures on animals with
differing abilities to metabolize aromatic components. Pink salmon
eggs, snails, shirmp, and pink salmon juvenile will be tested with
toluene and naphthalene.

Progress: Pink salmon and shrimp bioassays were completed last

spring. The additional sensitivity tests and uptake tests are

Togical needed extensions of previous experiments. Pink salmon
Juveniles and snail temperature uptake studies have been completed.
The shrimp uptake tests and snail bioassays are scheduled for

fall 1978.

Thus far, pink salmon are more sensitive to low temperatures
and shrimp.are more sensitive at higher temperatures. Uptake-
depuration by fish was not significantly affected by exposure at
different temperatures. In contrast, snails accumulate and
depurate aromatics faster at higher temperatures. Shrimp tests

are in progress.

301




9

2. Effects of sublethal exposures to oil components on the

tolerance of pink salmon and shrimp. Pink salmon and shrimp will

be exposed to varying sublethal concentrations and lengths of
exposure to toluene, naphthalene, and crude oil WSF. After exposure
to sublethal concentrations, standard continuous-flow bioassays will
be used to determine changes in tolerance levels between controls and
exposed animals. We expect animals with a high metabolizing potential
to adapt to the toxicants as they mobilize metabolic pathways to
detoxify oil components.

Progress: Tests with pink salmon juveniles were completed
this quarter. Data analyses is in progress, but preliminary
results with pink salmon show increased tolerance after pre-
exposure to toluene, naphthalene, and WSF. Shrimp will be tested
in fall 1978.

INTERPRETATION OF RESULTS
Interpretation of results will occur in reviewed manuscripts.
PROBLEMS ENCOUNTERED

Unforeseen failures in sea water pumps, generators, alarms etc.
caused cancellation of one major study when most of the pink salmon
to be used in the tests, died.

Manuscript preparation is behind schedule due to the demands
of running laboratory experiments during the spring and .summer,

Emphasis in fall 1979 will be on manuscript preparation.
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ABSTRACT

The responses of marine organisms to environmental contaminants are
reflected in numerous changes that are detectable at population and organ-
ismic levels, as well as at cellular and molecular levels. The general scope
of this study is to evaluate effects caused by behavioral, physiological,
pathological, morphological, and chemical changes in subarctic and arctic
marine animals exposed to petroleum hydrocarbons and trace metals.

Behavior

Juvenile English sole (Parophrys vetulus) were released on uncontami-
nated sediment in a double chambered "choice" apparatus. In eight avoidance
tests the number of fish on uncontaminated and Prudhoe Bay crude oil (PBCO)~
contaminated sediment (8,000 ppm) after 22 hr was not significantly different
from controls. In addition, fish on oil-contaminated sediment exhibited
burying activity and feeding responses identical to fish on uncontaminated
sediment,

Pathology

Pathological Changes in Flatfish from
Exposure to Oil-contaminated Sediment

Starry flounder (Platichthys stellatus) have been exposed to sediment
contaminated with 0.5% (v/v) PBCO for over two months. During this period,
32% (16/50) of the oil-exposed and 30% (15/50) of the control fish died. The
cause(s) of death has not been established. Both groups fed actively and by
two months had increased in average weight by 35%. Reversible hematological
differences between the two groups were observed. Another major difference
between the two groups has been the development of hemorrhagic lesions on the
Tower jaw of 26% of the control group and 5% of the oil-exposed group.

Effect of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

Adult starry flounder exposed for 2 and 6 weeks to sediment containing
1,800 ppm PBCO showed no demonstrable alteration to infection with pathogenic
bacteria.

Morphology

In addition to involvement in several other OCSEAP-related projects,
efforts this quarter were directed toward preparation of manuscripts on two
major areas of research conducted in the past year: (1) eye changes related
to petroleum exposure, and (2) the morphology of eggs from both pelagic and
demersal marine fish. The egg studies were also presented at an AAAS sympo-
sium in Fairbanks, Alaska.

In addition, we have completed a manuscript in collaboration with Dr. M.
Mix, Oregon State University, and Dr. A. Sparks, NWAFC, on a putative neo-
plastic disorder of Mytilus edulis from a high benz(a)pyrene area of Yaquina
Bay, Oregon.
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Chemistry

Metabolism of Hydrocarbons in Demersal Fish

1,2-Dihydro-1,2~dihydroxynaphthalene constituted one-third of the total
extracted metabolites in liver of naphthalene-exposed starry flounder and
rock sole (Lepidopsetta bilineata) at 24 hr. Biliary metabolites were pri-
marily (>90%) conjugates. From 24 to 168 hr, a significant (P<0.05) decrease
in the proportion of the dihydrodiol derivative and a concomitant increase in
the proportion of conjugates--specifically, sulfate/glucoside fraction--were
observed with 1iver. No significant change occurred in the spectrum of
biliary metabolites with time. The composition of metabolites in skin of
both species was qualitatively similar to that in liver; however, the pPro-
portion of the dihydrodiol was greater in skin than in liver at 24 hr.

Biotransformation of Petroleum Hydrocarbons

Work was continued on the food-chain transfer of 2,6-dimethylnaphthalene
(2,6-DMN) from seawater to the seaweed Fucus distichus, and then to the sea
urchin, Strongylcentrotus droebachiensis, feeding on these treated plants.

In this phase of the work, data were collected on the levels of accumulated
2,6-DMN and its total metabolites in tissues of urchins.

OBJECTIVES
This multidisciplinary study has a series of objectives designed to
evaluate the effects of petroleum on marine organisms. The specific objec-
tives of work performed during the current quarterly period of July 1, 1978
to September 30, 1978, are as follows:

Behavior

To determine if flatfish avoid Prudhoe Bay crude oil-contaminated sedi-
ment.

Pathology

Pathological Changes in Flatfish from
Exposure to OiT-contaminated Sediment

To define the uptake and disposition of petroleum hydrocarbons by flat-
fish exposed to crude-oil-contaminated sediments and to characterize possible
pathological effects resulting from long-term exposure.

Effect of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

To determine if exposure to oil-contaminated sediment alters disease
resistance in selected species of flatfish.

Morphology

To prepare manuscripts for publication on lens and larval fish studies.
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Chemistry

Metabolism of Hydrocarbons in Demersal Fish

To define the metabolism and disposition of dietary naphthalene in
starry flounder and rock sole.

Biotransformation of Petroleum Hydrocarbons

(1) To determine levels of accumulation of 2,6-DMN and its total meta-
bolites in the digestive tract and gonads of urchins feeding on treated
Fucus, and (2) to follow the Tosses in accumulated levels when urchins were
removed from the source of 2,6-DMN. ’

FIELD OR LABORATORY ACTIVITIES

SHIP OR FIELD TRIP SCHEDULE - N/A
SCIENTIFIC PARTY |

The following persons affiliated with the Environmental Conservation
Division of the Northwest and Alaska Fisheries Center participated in the
planning, development, and performance of experiments presented in this
report,

Name : Role

D. Malins, PhD, DSc  Principal investigator; hydrocarbon metabolism

E. Gruger, Jr., PhD  Principal investigator; coordinator of chemical
analyses and reports to OCSEAP

H. Hodgins, PhD ﬁrincipa1 investigator; physiological and pathological
studies

N. Karrick Principal investigator; chemical investigations

D. Weber Principal investigator; behavioral studies

W. Roubal, PhD Research chemist; hydrocarbon metabolism

D. Federighi Chemist; assistant to Dr, Roubal

U. Varanasi, PhD Research chemist; metal/hydrocarbon studies

D, Gmur Chemist; assistant to Dr. Varanasi

W. Reichert, PhD Research chemist; metal/hydrocarbon studies

F. Johnson Fishery biologist; part-time behavioral studies

J.

Parker NOAA Corps Officer; assistant in pathology studies
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T. Scherman Physical science technician; part-time assistant in
pathology and behavioral studies

B. McCain, PhD Microbiologist; effects of petroleum in sediments on
flatfish, coinvestigator with Dr. Hodgins
W. Gronlund Fishery research biologist; assistant in pathology
and behavior studies
K. Pierce Fishery biologist; part-time assistant to Dr. McCain
L. Rhodes Biological aide; part-time assistant to Dr. McCain
M. Schiewe Fishery research biologist; disease resistance studies
P. Scordelis Fishery biologist; part-time assistant to Mr. Schiewe
J. Hawkes, PhD Fishery research biologist; electron microscopy
C. Stehr Technician; assistant to Dr. Hawkes
METHODS
Behavior

Groups of 20 English sole (0-1 age class, 45 to 120 mm Tength) were
introduced on the uncontaminated side of a choice test apparatus, and the
number on both the uncontaminated and oil-contaminated sides determined 22 hr
later. The test apparatus consisted of a 55 cm by 150 c¢m box with 20 cm
standpipes at each end. In the box were two identical 3400 cm? trays each
filled with 15 1 of sediment to a depth of 3.5 cm. The sediment in one tray
was mixed with PBCO to give 2.5% (v/v) and allowed to rinse for 22 hr before
initiating the test. Control tests were run with uncontaminated sediments on
both sides. A diffusion pipe running the width of the box, and located
between trays, provided seawater at 12 1/min. Dye studies and hydrocarbon
analysis of water samples above the sediment indicate negligible mixing of
water columns between sides of the test apparatus.

Pathology

Pathological Changes in Flatfish from
Exposure to OiT-contaminated Sediment

Starry flounder are being exposed to oil-contaminated sediments in flow-
through seawater aquaria containing a 5 cm layer of sediment alone or sedi-
ment containing 0.5% PBCO. Each aquarium contains 50 fish, 25 marked with
cold branding and 25 unmarked. Sediment, above-sediment water, and intersti-
tial water were collected at the time fish were placed on the sediment (0-
time), at 2 weeks, and at 1 and 2 months. These samples were analyzed for
total extractable petroleum hydrocarbons (TEPH) and in some cases for aromatic
hydrocarbons by gas chromatography (GC). At the same intervals, four un-
branded control and four unbranded oil-exposed fish were sacrificed and
tissue samples were taken and subjected to histology, hematology, electron
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microscopy and analyses for aromatic hydrocarbons by GC; in addition, all
fish were weighed and measured for length. The fish with cold branded
markings were used to monitor length/weight changes in individuals.

Effect of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

Disease resistance of adult starry flounder maintained on sediment
initially containing 1,800 ppm PBCO or control sediment was compared after
exposure of 2 and 6 weeks. Test and control fish were chalienged with vary-
ing concentrations of the marine fish pathogen, Vibrio anguillarum, and LDgg
values were determined.

Chemistry

Metabolism of Hydrocarbons in Demersal Fish

Starry flounder and rock sole were force-fed 56 uCi of 3H-naphtha]ene as
described in previous quarterly report (OCSEAP March-June 1978).

The metabolites were isolated from liver, skin, and bile of the exposed
fish as follows: The samples (=200 mg each) were homogenized in 3 ml of
methanol. The homogenate was filtered and the filtrate was collected in a
flask kept in ice. The residue was extracted twice with 8 ml aliquots of a
mixture of boiling methylene chloride:2-propanol:water (75:25:2, v:v:v) and
twice with 8 ml of boiling ethanol:diethyl ether (50:50, v:v). The combined
extracts were concentrated at 4°C, under a stream of nitrogen, to minimize
any loss of volatile components. Individual classes of metabolites were
separated by thin-layer chromatography (Varanasi et al. 1978).

Biotransformation of Petroleum Hydrocarbons

Analyses for 2,6-DMN and its metabolites in urchins were performed using
radiochemical tracer techniques and tissue extracts and digests prepared from
tissues, as reported earlier for fish tissue (Roubal et al. 1977).

SAMPLE COLLECTION LOCALITIES

Behavior
Juvenile English sole were collected in Puget Sound on the west side of
Whidby Island with a 10 m beach seine. Sediments were from a beach near
Sequim, Washington, known to have low levels of hydrocarbon contamination.
Pathology

Starry flounder were collected from the mouth of the Columbia River, and
sediment from the same site as described in the Behavior section.

Chemietry

Metabolism of Hydrocarbons in Demersal Fish

Sexually immature starry flounder and rock sole (82 + 30 g) were cap-
tured by trawling or beach seining from the mouth of the Columbia River and
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Point Pully, Washington, respectively. The fish were acclimated to experi-
mental temperature (12° + 1°C) in flowing seawater (28 °/o0c) for a period of
two weeks prior to treatment.

Biotransformation of Petroleum Hydrocarbons

The sea urchins used in this portion of the study were collected from
Puget Sound.

DATA_COLLECTED AND/OR ANALYZED

Behavior

Sediment, interstitial water, and above-sediment water were taken
before each of the eight avoidance tests and are being analyzed for total
extractable petroleum hydrocarbons (TEPH) and for aromatic hydrocarbons by
gas chromatcgraphy (GC). In addition, four control tests were conducted.

Fathology

Pathological Changes in Flatfish from
Exposure to Oil-contaminated Sediment

(1) Number and types of samples: Tissue samples for histology (260);
blood for hematology (29); sediment for hydrocarbon analyses (10); inter-
stitial water samples for hydrocarbon analyses (10); tissues for hydrocarbon
analyses (28).

(2) Number and type of analyses: Microscopic examination of histologi-
cal specimens (202); hematology (hematocrit, hemoglobin, total blood cell
count, differential white cell count) (206); sediment and water samples for
TEPH analyses (6); tissues for hydrocarbon analyses (0).

Effects of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

(1) Number and types of samples: Starry flounder for disease resistance
tests (120); sediment samples for hydrocarbon analyses (6); tissue samples
for hydrocarbon analyses (12).

(2) Number and type of analyses: Hydrocarbon analyses of sediment (4);
LD5y determinations (4)--five fish per group and four groups per determination

Chemistry

Biotransformation of Petroleum Hydrocarbons

(1) Number and types of samples: Samples of 2,6-DMN-exposed sea urchin
digestive tracts and gonads, in separate tests, were analyzed for 2,6-DMN and
its total metabolites (expressed as naphthol).

(2) Number and types of analyses: The digestive tracts and gonads
(three urchins per data point) were analyzed for 2,6-DMN and its total meta-
bolites at 5, 24, 48, 72, and 96 hr from the onset of feeding on treated
Fucus, which had been exposed to 2,6-DMN for 96 hr, for a total of 30 analy-
ses (See previous report for exposure details). In addition, digestive
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tracts and gonads (three urchins per data point) were assayed at 10, 24, 48,
74, and 100 hr after treated urchins had been transferred to Fucus-free clean
seawater, for a total of 30 analyses.

RESULTS
Behavior

No significant differences (P=0.05) were observed between counts of
juvenile English sole on oil-contaminated sediment after 22 hr, and counts of
fish on uncontaminated sediment. In two separate series of tests performed
sequentially at 24 hr intervals using the same oiled-sediment mixture (TEPH
remained constant at 8,000 ng/g) for 3 days, an initial slightly higher
number of fish in the control side was followed by equal distributions in
both chambers at 2 and 3 days.

Feeding response was used as a measure of performance of the fish after
22 hr in the test apparatus. Fish on either the uncontaminated or oil-con-
taminated side responded to food equally well, both in ability to locate the
food source, and in food consumption. Also, no length-related differences in
the behavior of test or control fish were observed.

Pathology

Pathological Changes in Flatfish from
Exposure to Oil-contaminated Sediment

After 2 mo exposure to oil-contaminated sediment (containing initial
levels of TEPH of approximately 2,000 ug/g), the main differences between the
control and oil-exposed starry flounder, were a higher frequency of skin
lesions on the lower jaw of control fish, and hematological changes. Hemor-
rhagic lesions were first observed on the lower jaws of 26% of the controls
and 5% of the test fish at 2 mo. The cause of these lesions is not known,
although abrasion from the sides of the aquaria are suspected. One hemato-
logical change consisted of an increase in hematocrit from an initial (0-
time) average of 19.7% to 29.3 and 22.4% at 2 weeks for the controls and 0il-
exposed, respectively, with the values being significantly higher (P<0.02)
in the controls. At 1 and 2 mo, the hematocrits in both groups had returned
to approximately the initial values. The second hematological change involved
an increase in the number of ghite blood cel]s in both groups from an initial
average of 9.4 x 104 cells/mm3 to 19.2 x 104 cells/mm3 for the controls and
13.4 x 104 ceHs/mm3 for the test fish at 1 mo; again, the average value for
the controls was significantly higher (P<0.05).

The other parameters for which the control and oil-exposed fish were
tested and found not to differ significantly were the following: (1) although
the controls had lost 2% and the test fish lost 5% of their average body
weight at 2 weeks, by 2 mo both groups had increased their average weight by
35%; (2) 32 and 30% of the test and control fish, respectively, died of
unknown causes by 2 months; and (3) the Tivers in both groups when examined
histologically changed from normal at 2 weeks to abnormal by 1 mo. These
changes consisted primarily of extensive hepatocellular glycogen accumulation.
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Effect of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

Tests in which starry flounder were exposed for 2 and 6 weeks to sedi-
ment containing 1,800 ppm PBCO showed that essentially no alteration occurred
in disease resistance. LDgn values computed from mortality data following
the 2-week 0il1 exposure fo??owed by challenge with Vibrio anguillarum were
1.1 x 107 and 5.6 x 107 organisms for oil-exposed and control fish, respec-
tively. After the 6 week exposure, LDgg values were 1.2 x 107 and 6.0 x 107
organisms for these same respective groups.

Morphology

Experimental data were obtained during this and previous quarters con-
cerning petroleum-induced eye changes in trout and the structure of eggs from
marine fish. Impairment of vision as a result of cataract formation occurred
in Taboratory experiments with trout exposed to high levels of petroleum
(1 g/kg) in their diet. The progression of changes in the lens, which lead
to opacity, parallel cataract formation in trout exposed to thioacetamide
(Sallmann 1966) and in numerous species of mammals exposed to a wide range of
toxic assaults (Kinoshita 1974). The initial effect, common to each case,
incTuding the fish studied in our laboratory, is osmotic swelling of the lens
fiber cells. Eventually, the membranes of the fiber cells are damaged and
major changes in the morphology of the internal regions of these cells are
apparent. Lenticular opacity occurs at some point during degradation of the
lens proteins when the degree of alteration in normal a- and R-crystallin has
altered the refractive index of the lens.

Major differences in the structure of salmonid and flatfish eggs were
demonstrated, which may be important in their ability to survive petroleum
exposure. The flatfish chorion has a simple internal pore as well as lamellar
structure, whereas the salmon egg has a thick multilamellar membrane with a
highly complex pore structure. In salmon the ratio of chorion thickness to
eqgg diameter is 8%, compared to 2% in the flounder. Damage to the egg surface
or transport of toxic material through the chorion to the developing embryo
are important considerations in evaluating the effects of petroleum on embryo-
genesis of teleosts. These data were the subject of manuscripts being pre-
pared for journal publication.

Chemistry

Metabolism of Hydrocarbons in Demersal Fish

The bile from both rock sole and starry flounder contained primarily
glucuronic acid derivatives at 24 and 168 hr after feeding of naphthalene.
Small amounts of the mercapturic acid derivatives were also detected. No
statistically significant changes were observed in the spectrum of biliary
metabolites with time. '

In Tivers of both rock sole and starry flounder, 1,2-dihydro-1,2-di-
hydroxynaphthalene was the major metabolite (38.7 and 39.5%, respectively)
at 24 hr after feeding of the naphthalene. Considerable proportions of con-
jugates (e.g., naphthyl glucuronic acid, naphthyl mercapturic acid, and
naphthyl sulfate/glucoside) were also present in the livers. Although pro-
files of metabolites in liver and skin were qualitatively similar, 1,2-
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dihydro-1,2-dihydroxynaphthalene was present in larger proportions in skin
than in liver of rock sole; skin of starry flounder contained 44.7% of total
metabolites as the diol. From 24 to 168 hr after naphthalene feeding, the
proportion of the dihydrodiol derivative decreased and that of the conjugates
increased in the livers of both starry flounder and rock sole.

Biotransformation of Petroleum Hydrocarbons

Concentrations of radioactively-labeled 2,6-DMN in urchins feeding on
treated Fucus rose abruptly from a zero level, at the onset of feeding, to
1.2 + 0.76 and 0.26 + 0.02 ng/g in the digestive tract and gonads, respec-
tively, in 24 hr. Concentrations of total metabolites (expressed as naphthol)
of 2,6-DMN were 0.41 + 0.01 and 0.12 + 0.02 ng/g in the digestive tract and
gonads, respectively. A1l concentrations are based on dry weight.

After 96 hr of feeding on treated Fucus, the concentrations of 2,6-DMN
in the digestive tract were 1.44 + 0.05 and 0.77 * 0.05 ng/g in the gonads.
At the same time, total metabolites were 1.35 + 0.21 and 0.18 + 0.04 ng/g in
the digestive tract and gonads, respectively.

Urchins, which were transferred to Fucus-free clean seawater, had
tissue levels for 2,6-DMN in digestive tract and gonads of 0.09 + 0.02 and
0.21 + 0.04 ng/g, respectively, after 100 hr, while at the same time total
metabolites were 0.80 + 0.1 and 0.09 + 0.02 ng/g in the digestive tract and
gonads, respectively.

During the latter stages of feeding (45-96 hr), when the concentrations
of 2,6-DMN and its metabolites appeared to approach a 1imit in the urchins,
the radioactivity associated with the total of 2,6-DMN and its metabolites
(ng/g dry weight tissue) was approximately 2/3 of that associated with 2,6-
DMN in Fucus. In addition, the proportions of 2,6-DMN to its metabolites in
the urchins was approximately 2.6:1.0 (wt/wt).

PRELIMINARY INTERPRETATION OF RESULTS
Behavior

Observations on flatfish activity in the choice apparatus, both under
control and test conditions, indicated that juvenile English sole remain
buried in the sediment 60 to 85% of the time. Prolonged contact with hydro-
carbons in the sediment at concentrations of 700 to 400 ppm has been observed
to cause both physiological and pathological abnormalities in English sole
(McCain et al. 1978). In the behavioral tests reported here, though the TEPH
in the sediments are over one magnitude greater than that shown to have
adverse effects, the fish did not avoid oil-contaminated sediment. Also, the
fish buried and fed readily in the presence of oil. These results suggest
that in future experiments concerning chronic exposure of flatfish to oil-
contaminated sediment, higher concentrations of 0il in the sediment should be
tested to determine if physiological and pathological consequences can be
more severe than previously reported.




Pathology

Pathological Changes in Flatfish from
Exposure to Oil-contaminated Sediment

During 2 months exposure to sediments containing over 2,000 ug/q TEPH,
the test starry flounder responded in much the same way as did controls. The
principal adverse effects, including mortalities and skin lesions, observed
so far may have been caused by the experimental conditions.

Effect of Petroleum Hydrocarbons on Host
Defense Mechanisms and Disease Resistance

Tests completed to date provide no evidence that exposure to PBCO for
durations up to 6 weeks alter bacterial disease resistance in adult flatfish.
Future efforts will be directed toward assessing disease resistance in juve-
nile life stages of selected flatfish species.

Morphology

We conclude that, although the relationship of petroleum to cataracto-
genesis in trout is evident under restricted conditions, definition of the
process in terms of the biochemical mechanisms are not yet known, other than
that a petroleum-related compound, naphthalene, or its metabolites do accumu-
late in lens tissue. The physiological-morphological changes in lenses from
petroleum-exposed fish begin with hydration and distortion and proceed to
protein coaqulation, loss of fiber cell integrity and opacity. The ability
of visually impaired fish to survive normal environmental stresses is a topic
of speculation.

Chemistry

Metabolism of Hydrocarbons in Demersal Fish

Our results show that the pattern of metabolites accumulated in skin
were qualitatively similar to that in the liver of the same fish. However,
in both species of flatfish studied, the proportion of non-conjugates,
specifically 1,2-dihydro-1,2-dihydroxynaphthalene, was higher in the skin
compared to that in the liver. If the presence of metabolic products in skin
was primarily due to the transport of these compounds from the liver, then
certain selection seems to take place in the types of metabolites that are
deposited in skin. Whether other tissues especially those for human consump-
tion (e.g., muscle), also preferentially accumulated non-conjugates (e.g.,
the dihydrodiol derivative) was not ascertained in these studies and remains
an important question to be answered, especially in the case of known car-
cinogenic hydrocarbons.

Moreover, our findings show that the types of metabolites accumulated in
the Tiver were dependent on the time elapsed after the administration of
naphthalene. With time, there was an increase in the proportion of conju-
gates--specifically sulfate/glucoside fraction--and a decrease in the pro-
portion of 1,2-dihydro-1,2-dihydroxynaphthalene. Burke et al. (1977) reported
that the pattern of metabolites changed from a higher proportion of organic-
soluble metabolites to a higher proportion of aqueous-soluble metabolites
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from 10 to 30 min after the addition of benzo(a)pyrene in rat hepatocytes.
Because certain dihydrodiols of PAH are precursors of diol epoxides, which
are implicated in covalent binding with cellular DNA (Levin et al. 1976),
decreased proportion of the diol may imply increased detoxification of the
hydrocarbon.

Biotransformation of Petroleum Hydrocarbons

It was established that a dialkylated naphthalene is efficiently trans-
ferred to sea urchins from water via a marine plant. Moreover, once exposure
to 2,6-DMN was curtailed, accumulations of 2,6-DMN and its metabolites
persisted for 100 hr. Thus, the potential exists whereby metabolites and
their short-lived precursors (which arise in urchins as a consequence of
their incorporating 2,6-DMN, but whose nature has yet to be established) may
interact with tissue sites in urchins. Whether or not such interactions are
deleterious or not has yet to be established. In mammalian systems, certain
metabolites of a variety of polynuclear hydrocarbons are able to induce
cancer and other abnormalities (Arcos and Argus 1974).
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IT.
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IV.

VI.
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QUARTERLY PROGRESS REPORT
Reporting Period: July l-September 30, 19/8

Highlights of Quarter's Accomplishments

The Program Documentation of the extended model (DYNUMES III) is completed
and attached. We have had no response from OCSEAP offices to our previous
requests (see quarterly reports submitted in December, March, and June)
for biological data for the Bering Sea, obtained by other OCSEAP projects,
nor estimates of the nature, magnitude, and effects on individual
organisms of possible oil exploration/exploitation leaks, spills, or
disasters. If this®contract is renewed, we are prepared to simulate
ecosystem responses.

Task Objectives

(same as in previous quarterly report)

Field and Laboratory Activities

(same as in previous quarterly report)
Results
(see 1 above) !

Preliminary Interpretation of Results

(see I above)

Auxiliary Material

N.A.

Problems Encountered/Recommended Changes

Access to data.

Estimate of Funds Expended

$50K
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1. ORGANIZATION OF THE PROGRAM

The objectives, principles, and basic formulas of DYNUMES III are
described by Laevastu and Favorite 1978. This report describes the
computer code of the model.

A diagnostic (analytical) phase is a necessary first step in the
setup and initiation of an ecosystem model program for any region.
Therefore, 1t was considered desirable to present a program documentation
which includes the diagnostic stage (i.e. tuning of inputs). 1In the
prognostic phase the tuning parts of the program are bypassed.

The program uses an equal-area grid with subregions (Figure 1). All
species/ecological groups and auxiliary data, such as sea~land-subregion
tables and depths, are digitized in this grid.

The main (or control) program handles the inputs and timekeeping and
calls other computational subroutines. Various time-step end (month-end)
bookkeeping, such as writing on discs and outputs, are also done in the
main program. The preparations for computations of fish species/ecological
group biomasses are done in five subroutines, arranged by ecological
groupings (pelagic, demersal, etc.). These subroutines call other

computational subroutines (migration, growth, feeding, etc.).

2. DESCRIPTION OF THE SUBROUTINES

2,1 Main program (AKODIA).

The lists of disc storage locations of various fields are given as

comments at the beginning of the program. The random access discs are

opened and zeroed and various inputs are read from the cards, The




quantitative distribution of marine mammals and birds is created in the
program utilizing specified subregions. The input and tuning of the
fish species/ecological groups biomasses are done by subregions as well
as by direct reading from cards for some species. The space and time
variable fishing intensity coefficlents for some species are created by
statistical subareas (Figure 2),.

The computation subroutines are called once a month. At the end of
each month the actual month consumptions are transferred to the disc
locations for previous month consumption, and fractions of biomasses

consumed are computed and printed out.

2,2 Marine mammals and birds subroutine (BIRMAM).

The consumption of various species/ecological groups by marine ﬁammals
and birds are computed in this subroutine. The subroutine arranges also
output of this consumption. The food composition of the individual species
is constant in space and time but can be changed directly within the code,

if so desired.

2.3 Fish and crustacean subroutines (DEMFIS, SEMDEM, ROCKFI, PELFIS

and CRUSTA).
The species/ecological groups are divided between five subroutines
using ecological regimes as criteria for division. Each subroutine contains

the computations of several species. The manipulation of each species

is similar with respect to the order of computational subroutines called.




After reading the previous month biomass from the disc, the migration
timing is tested and migration speed creation subroutines (e.g. PLASRA)
are called, The migrating fraction of the biomass is separated in
subroutine RANPOR and the main migration computation subroutine RANNAK
is called. The resulting effects of migrations are printed (optional).

Before calling the subroutine for migrations caused by temperatures
outside the optimum range or food abundance being low (subroutine CYLTOT),
a subroutine for interpolation of food composition tables must be called
(subroutine TOJAGS). A smoothing (diffusion) subroutine SILITA is applied
after the migration subroutine.

Various growth, mortality, and food coefficients are introduced before
calling the growth computation subroutine ASVNTS. For the computation
of food-availability dependent grazing, a relatively large number of
fields (arrays) must be read into the core from the discs., These
reading-writing arrangements for feeding computations are done within
the subroutine PORTQOS, where the actual feeding subroutine TOIFQO is
also called.

Corrections to growth due to starvation effects are computed in
subroutine CROCOR, which computes also a slight spawning mortality in
the months of peak spawning. Finally, the fishery is computed using
one of the fishery subroutines (PUGIMO or CASTAT) and the resulting

monthly distribution of the species is printed.
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2.4 Benthos subroutine (BENTOS).

Subroutine BENTOS computes the growth, consumption, and feeding of
predatory benthos, infauna, and epifauna. No seasonal migrations are
computed for these benthos components. The same growth and feeding
subroutines are called as in the fish subroutines, except the coefficients
used in these subroutines are different, corresponding to the biological

behavior of benthos.

2.5 Plankton subroutine (PLANKT).

Subroutine PLANKT simulates the standing stocks of phyto- and zooplankton,
based on subregional coefficients which are derived from empirical obser-
vations. Furthermore, the percentage of zooplankton consumption is
computed in this subroutine. The simulated zooplankton standing stock
and its fractional consumption are the only outputs from this subroutine

which are used further in the program (in food consumption subroutine).

2.6 Growth subroutine (ASVNTS).

The biomass balance (growth, consumption, mortalities) is computed
in this subroutine. The growth coefficient is a harmonic function of
time. Furthermore, the growth coefficient is made also a function of

temperature.

2.7 Feeding subroutines (TOJAGS, PORTOS, TOIFQO) .

Subroutine TOJAGS extracts the food composition of the given species
from the food composition table and interpolates between seasonal tables,
if necessary:' The food items are also arranged into decreasing order of

importance for the given species.
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Subroutine PORTOS reads from discs the arrays necessary for feeding
computations, calls the feeding subroutine TOIFOO and writes the resultant
arrays on the discs.

The feeding, food substitution, and starvation are computed in subroutine
TOIFOO. Subroutine TOIFQ00O treats five food items in one call; thus, it
must be called several times, depending on the number of food items

specified for the individual species.

2.8 Migration subroutines (PALSRA, CRUSRA, PIRPAN, RANNAK AND RANPOR) .

Migration speed, direction and timing varies from species to species
and from region to region. Therefore, only a few examples of the migration
speed simulation are given in the appended program (6).

Migration speed components (u and v) for flatfish are created in
subroutine PALSRA as function of month and depth. The speed components
for migrations of crustaceans are created in subroutine CRUSRA, considering
the nature (e.g. depth) of different subregions. Some migrations speeds
are created directly in species subroutines.

Subroutine PIRPAN adjusts migration speeds near the coast (setting of
coastal boundary conditions). The migrating fraction of the stock is
separated in subroutine RANPOR, using a prescribed migrating fraction and
depth as criteria.

The migrations proper are computed in subroutine RANNAK. This subroutine
requires a specific stability criterion and consequently uses a smaller

time step than one month. Subroutine SILITA (smoothing, diffusion

subroutine) is called several times in subroutine RANNAK.




2.9 Migrations caused by environmental anomalies and shortage of

food subroutine (CYLTOT).

Subroutine CYLTOT computes the partial migrations of the species in
areas where the temperature i1s below and/or above the specified optimum
temperature limits, or where the availability of the three most important
food items for the species is too low. The temperature and food availability
conditions and gradients at the surrounding grid points are checked and
a specified part of the biomass is moved in the direction of more favorable
enviromnmental and feeding conditions. Two passes are usually made through

the field (array) for each item checked at each time step.

2.10 Subroutine for growth correction due to starvation and for

spawning mortality computation (GROCOR).

The biomass growth is changed in this subroutine at those grid points
where partial starvation occurs. The lowering of the growth is proportional
to the degree of food shortage. A small spawning mortality is also computed

in this subroutine in the months of peak spawning.

2.11 Fishery subroutines (PUGIMO and CASTAT).

Two different subroutines are available for the computation of the
fishery. If a general fishing mortality coefficient is specified, subroutine
PUGIMO is used. If the space and time variable fishing coefficient is
used, subroutine CASTAT is called. Both subroutines compute also the

total catch per month.




2,12 Smoothing, diffusion and boundary subroutines (SILITA and

BOUSET) .
Subroutine SILITA is a smoothing subroutine which simulates diffusion.
The degree of smoothing is specified with a variable smoothing coefficient.
Subroutine BOUSET set boundaries ("in-out flat gradient boundaries") and
is called either in or after those subroutines where boundary values
cannot be computed due to neighboring-grid considerations (i.e. the use

of n*l and m*1 gridpoints).

2.13 Output subroutine (PRIAFP)

The program contains one printing subroutine PRIAFP which prints the
fields (arrays) so that these can be examined in two space dimensions
with a geographic overlay. All plotting subroutines are external to

the program (see forthcoming program documentation for GRIDS).

3. REFERENCES
Laevastu, T. and F. Favorite.
1978. Numerical evaluation of marine ecosystems. Part 2. Dynamical
Numerical Marine Ecosystem Model (DYNUMES III) for evaluation of

fishery resources. NWAFC Proc. Rpt.
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Figure 1.--Computational grid with subregions for Kodiak area.
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Figure 2,--Statistical subareas for Kediak area.
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4, PROGRAM INPUTS

4.1. Principal input arrays

The principal input arrays are read and/or created in the main program.
Most of these arrays are stored on discs and the storage locations are
shown on the storage table in the beginning of the main program. (AW)

signifies the use of any operational array for the input below:

ISL 1) Sea-land table and subregion table.
2) Catch statistics areas.

SD

Depth.

Bl (B2) - Food composition tables (annual or seasonal).

(AW) Surface and bottom temperature (monthly).

(AW) Distribution of marine mammals and marine birds (by single
species or groups of species) (monthly). This input can be
created (programmed) in the main program, whereby use is
made of subregions (statements 180 to 520), or the
distributions are digitized and read from cards.

(AW) - Distribution of fish, crustaceans, and benthos (by species
and/or ecological groups). Initial (preferably January)
distribution 1s required. These distributions are created
in the main program, utilizing subregions (statements_SBO
to 800) or digitized and read from cards (e.g. Pacific
ocean perch, statement 816).

(AW) - Fishing intensity (effort) coefficients, digitized from charts
or created in main program (e.g. statements 819 to 886).
(for species where the fishing effort coefficient is not
given by area distribution, a fishing mortality coefficient

330

is used).




~11-

4.2. Input factors and coefficients

These factors and coefficients are input in different subroutines,
where examples of plausible values are given in enclosed program. Most of

the factors and coefficients are different for different species/ecological

groups.

ALP - 1) Phase speed of main harmonic component (30 deg./month).
2) Smooth factor (in SILITA)

ALPP - Phase speed of second harmonic component (usually 60 deg./month).

AUS - Austausch (diffusion) coefficient.

Al to A5 - Criterion for food take from given food item, based on
consumption of this food item in previous month (different
for different ecological groups).

Bl to BS - Fraction of food requirement for given food item which will
be taken from the biomass of this item (based on criterion
in Al to A5).

Cl to C5 - Fraction of food requirement which could not be satisfied
and is added into "starvation bin" (array). Cl to C5 are
complimentary fractions to Bl to B5.

D1 to D5 - Criterion for 'starvation bin" fraction to be satisfied from
food item under consideration.

DD — Deepest depth of migration.

DL - Grid size,

FIM - Fishing mortality coefficient,

ME - Array size (in rows).

NE - Array size (in columns).

PKAP - Phase lag of primary phytoplankton maximum (degrees)

(Introduced with data statement for each subregion).




PYZM

PYZMM

PYZO

SL (SV)

$S

TA (TOA)

TJ (TOJ)

TS (TKA, TBS)
TK (PL, TUK)
TY (AA, TBY)
D

TSL (TSSL)
TMAX (TMX)
TMIN (TMI)
UR (UP)

VR (VP)

WBB TO WIW

ZKAP

1

f
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Approximately the annual range of primary phytoplankton maximum
(first harmonic constant). (Introduced with data statement
for each subregion.)

Approximately the annual range of secondary phytoplankton
maximum (second harmonic constant) (in data statement).
Annual mean phytoplankton standing crop (in data statement).
Fraction of the population migrating in different depth
zones.

Conversion factor, from degrees to radians.

Mortality coefficient (from old age and diseases).
Shallowest depth of migration (to or from).

Food coefficient for growth (ratio-growth/food).

Food coefficent for maintenance (percent body weight daily).
Monthly growth coefficient (annual mean) .

Phase lag of maximum growth (degrees).

Annual range of growth coefficient change

Time step (in RANNAK).

Spawning mortality coefficient.

Upper limit for optimum temperature range.

Lower limit for optimum temperature range.

U component of migration speed.

V component of migration speed

Mean weights of marine birds and mammals (see list of
symbols and abbreviations).

Phase lag of primary zooplankton maximum (degrees) (in data

statement, by subregions).
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ZKAS

Z0M

ZOMS

Z00
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Phase lag of secondary plankton maximum (degrees) (in data
statement by subregions).

Range of zooplankton primary change (first harmonic constant)
(in data statement).

Range of zooplankton secondary change (second harmonic
constant (in data statement).

Annual mean zooplankton standing stock (in data statement).
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5. SYMBOLS AND ABBREVIATIONS

AA - Range of annual change of growth coefficient.
AAl (N,M) - Operational array (species).
AAZ (N,M) ~ Food requirement (kg/kmz).
AB ~ Area
AG ~ Coefficient.
ALP - Phase speed (main component); also smoothing factor (a).
ALPP -~ Phase speed, secondary component.
AMA
AQR - Area in 1000 kmz.
ARR
AR - Area in 1000 kmz.
AS - Area, coefficient.
AST - Intermediate.
AUS - Austausch coefficient.
Al
A2
A3 - Coefficients (defined in program).
A4
AS
BAB (N,M)

— Operational arrays.
BB2 (N,M) }
BET (1-a)/4 - Smoothing coefficient.
Bl (N,M) -

— Food composition table.
B2 (N,M) ;}
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Bl -\
B2
B3 >— Coefficients (defined in program).
B4
bs y
co - Intermediate.
COVR - Lack of food (storage, carry-over).
Cc1
C2
C3 - Coefficients (defined in program) (also intermediate arrays).
Cé4
Cc5
Cé6 to C25 -~ Intermediates (arrays).
DD - Deepest depth of migration.
DL - Grid size.
DLJ - Index.
bl to D5 - Coefficients (defined in program) (D1 (N,M) also operational
array.
EAT
:} - Intermediates (in food consumption computation).
EATS
E1 (N,M) - Temperature.
E2 (N,M) - Consumption (previous month).
E3 (N,M) - Food requirements (kg/kmz).
E4 (N,M) - Growth (kg/kn®).
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FC 1 ~

FC 2

FC 3 > - Percentage of food item in diet (from food composition
FC 4 table).

FC 5 J

FIM -~ Fishing mortality coefficient.

FIMC (N,M) - Fishing intensity (effort) coefficient.
FLD (N,M) - Operational array (species).

FK
_FK1

FK2

FK3 - Percentage of given food item in diet.
FK4

FK5

FOT (1) ~ Percentage of food item in diet.

FOl

FO2

- Food consumed per month (mammals).

FO3

FO4 J

GKAP - Phase lag of maximum growth.

GROS - Corrected growth coefficient,

H1 (N,M) -~ Operational array.

H2 (N,M) - Starvation array.

H3 (N,M) - Food consumption (requirement) array.
H4 (N,M) - Operational array
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I - Index.
II - Counter, index.
INT - Index.
INL (1)
- Arrays for random access mass storage.
IN2Z (D)
ISL (N,M) - Sea-land and subregion table.
IZP ~
IZ1
172
J - Indices.
JF
JJ

JSF

- Month.

KAK
KBK ~ Indices, counters.

KCK

KFB

KFK, KNK -~ Number of food items.

KOB ~
\

KIK

KM » = Indices.

KRCK

- 337
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KTK W
KUK
KWI $
- Indices.
LA
LL
M
M .)
ME
- Indices, size of array.
MEH
MM - Index.
MS (I) - Array (unused).
MUM
-~ Indices.
M1l to M9
N
- Indices.
NAM
NE
- Indices, array size.
NEH
NF
- Tndices.
NFM
NS (I) - Array (unused).
NSM
- Indices.
NU
NUK (1) - Identifier (food item number).
PL - Phase lag of maximum growth.
PKAP (I) - Phase lag of phytoplankton maximum (deg.).
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PKP — Intermediate.
PYZM (1) ~ Range of main phytoplankton maximum change.
PYZMM (I) - Range of secondary phytoplankton maximum change.
PYZO (I) ~ Annual mean phytoplankton standing crop.
PL (N,M) |

to - Operational arrays.
P6 (N,M)
RP - Migrating fraction.
RAD - Conversion factor (from deg. to rad.).
R1 (N,M)

to - Food item consumption arrays.
R5(N,M) }
SD (N,M) -~ Depth.
ST (N,M) - Operational array.
sSL - Mortality coefficient.
SOCY (N,M) - Operational array.

S0SY (N,M) - Operational array (species).

SS - Shallowest depth of migration.
su
SUT
~ Summation
SUM
SUl
Sus - Adjusted mortality coefficient.
sv - Mortality coefficient; also intermediate (advection rate in
V direction).
SUTAB - Biomass sum.
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s1 (N,M)
to - Operational arrays
S6 (N,M)
S8 (N,M)
TA - Food coefficient for growth (ratio-growth/food).
TBS - Growth coefficient, annual mean.
TBY - Annual range of growth coefficient change.
TD - Time step.
TJ - Food coefficient for maintenance (percent body weight daily).
TK - Phase lag for maximum growth.
TKA - Annual mean growth coefficient,
TKG ~ Harmonically adjusted growth coefficient.
TKP ~ Adjusted growth coefficient.
- )
- Maximum temperature for given species.
TMX
TMIN
- Minimum temperature for given species.
TMI
TOA ~ Food coefficient for growth.
TOB - Adjusted food coefficient for growth.
TOJ - Food coefficient for maintenance
TOS - Adjusted food coefficient for maintenance.
TS - Annual mean growth coefficient.
TSL
- Spawning mortality coefficient.
TSSL
TUK - Phase lag for maximum growth
TV (N,M) - ~ Temperature,
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TY - Range of annual growth change.
T1 (N,M)

to - Operational arrays.
T6 (N,M)

UP (N,M)
-~ Migration speed, U component.

UR (N,M)
Us - Summation.
Ul - Intermediate.

VP (N,M)
- Migration speed, V component.
VR (N,M)

?
L

VALO
¢ -~ Intermediates,
VARI 1
VAUP J
VALIP (N,M) - QOperational array.
VAP - Index
VMAK - Temperature (max.,min.) (also food abundance index).
vl (N,M)

V2 (N,M) jﬂ - Operational arrays.

V3 (N,M)

WBB — Fish eating birds, weight.
WBO - Other marine birds, weight.
WBW - Baleen whales, weight.

WFS - Fur seals, weight.

WOP - Other pinnipeds, weight.
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WSL

WSW

X2 (N,M)
to

X6 (N,M)

ZKAP (I)

ZKP

ZKAS (I)

ZKPP

ZoM (I)

ZOMS (1)

Z0o (I)

Z1 (N,M)

=29

Porpoises/dolphins, weight.
Sea lions, weight.
Sperm whales, weight.

Toothed whales, weight.

Fraction of food items consumed in previous month.

Phase lag of zooplankton maximum (deg.).

Phase lag of zooplankton maximum (rad.).

Phase lag of secondary plankton maximum (deg.).
Phase lag of secondary plankton maximum (rad.).
Range of zooplankton main annual change.

Range of zooplankton secondary annual change
Annual mean zooplankton standing stock.

Operational array (species).
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6. THE PROGRAM IN FORTRAN

_ LPROGRAM _AXKQOIA . _73/23__0PIx] SEIN Albe46eQ L -07713)

1 PIOGIAM AMCDIA (TAPEL,TAPZ2,INPUT,QUTPUT, PUNCH)
—_— ——-DIMENTIAN 1%L(265301,5D0(2%59301,UP(26,27),VR(24,30),SUTAR(30,12).» _002:
131(30+30) 82030530 FOT(30)NUK(ID),NS(50),
_2MSU50),51(26,3C05520265300553026930),54026530)05°5(2653C)556(253,30)__

5 3,P10264,30) P20 265301 ,P3(25+430),P4026,30)4P5026,30),P6(2Lr30)
GrTLU25953205T202653012T3(25,300010(26530),T5(263300pT6(2F22CL .
. COMMON ISL,SDsURWVR, SLTAS, 002:
e LR S B2, FOT A NUKS NS S MS e
25152353556, 50563P 1P 2,P3,P4,05,P6, T ,T2sTX,T4:,75,Tb,
.0 e e 3G LU TZP T2, 1225 NESMESNU I e e
Sy IN1(2CL),IN2(201} . coo;
e L LSRR LA R R LA AR A e AR AL R AL E L LD Y I T R R RPNy )
¢ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOVY DFC
o~ i _C_._ FuR_SEAL_ 1 .2 .3 _&_ & __ . 6__71 & 9 1 11 12 . _
15 [o SEA LIgM 13 14 15 16 17 1# 19 20 21 22 23 24
. L 3ALEEN WHALES.._ 25 26 _27 2929 _30___31 32 32 34 .35 _3& __ _._
C TANTHED WHALES 37 38 39 40 41l 42 42 44 45 48 &7 4@
e R BLROS,EISH EAT.. __49_ 50._51. S2 .53...54 . 55_.5b_ .57_ S&__S9 __eD __ _.
[« 3IRCS,OTHERS 61 62 63 B5 BS 46 €T &3 &9 70 T1 72
20 ... L. . C. . SURFACE TEMP._._ . 73..74. 75 74  77__7£. 79 80 Rl B2 83 B& . __
C 20TTOM TEMP, A% B6 87 558 39 0 G1 Q2 93 94 95 Q&
e oo G CURRENTS_ . 370 98. %9 100 10! 102 .103 104 .10% 106 107 108  __
C FoooD come, 109 110 111 112
e e e © . _OTHE®_PINNEPEDS 113 114 115 114 117 118 .119 120 121 122 123 124 _ _ _
25 C SPEIM WHALES 125 126 127 128 129 130 131 132 133 134 135 136
I .t _. P02e0ISE,D0UPHINCLIIT. 139 139 160 141,142 143 144 145 146 147 148 .-
t CATCH STAT, AREA 149 : ony
e e S SEA-LANG_TABLE _ 150 . e i . B0
[« POP CATCH COEFF, 151 152 15?2 154 155 156 157 152 159 160 1€1 162 901.
_10_"__"____Cut{ttjgog}{ygtgpot-tt{t-tttt;ttttoanﬁ‘DXSC_Z‘ttti#g*ottonott)t#oi#)#itt_ .
. C * SACCIES *FOND** ATCMASS  #% COCNSUMPTIONS #8TAD /% FCONS#D00
. e O 0R L L EOANKERINOUTRCOFP e, PREVHACTUAL®GROWTH. *ATION® PREV.*30D
¢ $SDECIES GROUP® NR *4 . FRMONTHAMON THE * * MCNTH*00D.
. e A AR A R A R N Ly A I Y YT R Y Y T Y L A
35 £ SPeCIES GR 1 1 1 2 3 4 S 6 . 7
o . C_UNDE® G 2 2 e X0 212 N3 A&
£ SecrtaL GR 3 3 15 16 17 12 19 22 21
——ee e CSTUOY. __ _GR.A 6 _ .22 . 23 @625 26 . 27._..2% .
C TURAOT,HALIJZUT 5 29 30 31 3z 33 14 s
4G . _____C FLATHEAD SDLE .____ & __ 36 __.37 . 38_ ..39 ___ 40_ .___. 41 __ .«2 Storage
C YNCK+YELLAWFIN SOLF 7 43 44 45 4t 47 49 49 Jlocations
e C_DOVERSPEX_SOLE . R ____5Q__ _5%1 __ .52 __ .53 ___ _5&4__ __ _55___5¢& 41
C PAZ. GCEAN PERCH 9 57 g 56 60 61 82 43 OM discs
e e € ST3ASTOLOAUS. . 10._. .64, _ &S _ Bb.._._ 67— _63 . 69 . .70 -
“5 : C Z0OT{iCSy OTHERE 11 71 72 73 14 79 76 17
R ___ _C ootLOCK.. . 12 T8__.19..__BO___BY..__ 82 __ e3 . %4
€ ceco 13 as P& 37 ag ng 20 91 )
..... peeeeme 2 HEROING . )& 92 _ 93 9% ___95___ _9&___ _97 _ . 96.__ __ .
C SMELTS. DOTHERS 15 99 100 101 102 103 104 10%
50 C_ATSA MACKEREL . ___ 1&__ _ 104 _ 107 . 105 _ 1C9 . ._ 110 __ 111 . 1112 _
C SALMNN . 17 113 114 115 114 117 11e 119
e SQUEDS 18120 )21 22 ..123_ lze 125 _ _126_ . ..
L OKING CRAD 19 127 128 129 13c¢ 131 132 133 -
e L TANNER_CRAS 20 134 135 134 __ 137 130 \39__ 140_ _ ____
-3 C PrNDALLD SHRIAP 21 151 1472 142 LYY 145 144 147
pmmmimeee—— e COPREQ, SENTHOS_ 22 144 __ 149 . 150 151 __ 152 _ _ _ 1€3._ 1%& __  _
€ INFAUNA 23 193 156 157 153, 159 160 161

———— T e e m Mo e mL . & el S L RN T hemmE e m oo m e e —— — s — o
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o DROGRAM_AKDDIA _ ... 73/123. o] - & T PP e ETN 44644860 L0713
c r:F’IFI&L'NA 26 162 163 Xélc 1’::5 166 167 168
—— - __ C_COPEPODS ... .__..25. ..16% . 170. 171 172 )73 174 0 17 L
0 ¢ EUPHAUSIDS 2h 176 177 178 179 180 191 182
L C.OHYTDCOLANKTAN_ _ 27 ... 18_3__._._19__‘L,.._‘1&5_.__..15_6___._13_1_”__.lBB_.,._l_ﬂQ.’____.__
C TCHTHYPLANKTON 28 130 191 192 193 194 19¢ 196
e G UF YR = MIGKATINTN _SPEED COMP,, KM/DAY. o e e i
c SO - DEPTH, MFTERS
W oL ¥50 .- CODED. SERIMENT _TYPE. . .
00 9 N=1,76
e On 9 M=1,30 .
Tl{MsM)=0O,
L9 CONTINVE
'0 DC 230 N=1,30
DO 23C M= 1,30 _ B
RL{NsM}=0.
_ 229 CNONTINUF __ T
CALL QPENMS (lsIN1,201,0)
L T DN 109 M=15108 L o e
CALL MRITMS (1,T1,770,4+0)
- 10 CONTINUE DY IS e e e
N o1l M= 100a112
- R _ . CALL MRITMS_ (19R1,900,M,0) _. N [ O . -
‘0 11 CUNTINUE
— DO 12 M=113,200 . N [T _— - . —
CALL WRITHS (1)T11780)~)0)
.. 12 CONTINUE e - S e -
rALL NPENMS (2,IN2,201,0)
] . o0 13 M=1,200 e e e - -
CaLL WRIT“\S (2,T1,730.N,0) )
R e 13 COMTINUE o s wen o e e e e e e e e e
14 FORMAT{2413)
- 15 €OPMAT (1215) e e o L e e e
10 14 FORMAT(12F6.0)
G . SET_PRINTIENG TINDYCRS. e e e N
I71=1
e e 122=1 _______ .. e e e . P
C READING GENE RAL INDUTS
19 _ READ LGeNFeMELZNU o e I
PRINT 17,MF,™ME,NI
17 FNARMAT(TX,121R) ) R - .
READ 151((131.(?\:“,0” 1930)QN 1)26)
e IFR{I71)20,20, 180 _ ___ . ___. e nn 201
)0 18 PRINT 189 Tnput and printing of sea-land and
B ) G 23 HN=le2b6 _subregions _table and_other catch ... ..
0C 33 M=1,30 statistics areas table.
R oaMANeM)ETISLONGM) e e e
CALL PRIAEP (T1,1)
15 } 19 ENRMAT (Sx,1l4HSEa-LAND TARLEZ/) e
170 CALL WRITHS (1,I8L+7805,150,1) nel
o . ke 15 LOTSL AN, ™) pM=120) =1 26) 0 . e . 201
1F(TZ1)155,1%9,181 ony
L 121 PRINT 102 L I __bav
L0 122 f«’PVlr(“)\nZl”C;‘T(‘H "":TA.'I':'TIC AR(—A‘QI/) hot.
[ * LA T A L NE o [ U L ko
DT 173 N-_lpMF Gaot:
I 8 - TT(Ns™M)=TSLIMNsMY _ e e _. o
CaLL PRIAFP(TILs0C) o0l
S _ e _ : 344 - e o e -




25

PROGRAM AXOOTIA. . _. 73773 0°PT=Y ... .. . _ . ... 07/
L5 195 CALL WRITMS (1,TSL,790,140,1) 00
.. CALL READMS (1,1SLs7%0,150) 00
20 READ 160 ((SDINsMYsM=1,301,N=1,26)
DD 21 N=Ys26 R L
50 21 Mz21,130 Input of depths
0 e SDANG M) 2D AN MY AL GE288
21 CONTINUE
e 2L . TSD = TYPE.OF ROTTOM WILL BE OTGITIZED LATER.. . o
c FOOU COMPCSITION TARLES
N LY T T
25 ¢ NCOTWO NUMBERS ON ONE LINF CAN 2F
U o OF SAME MAGNITUDED | ®ANK THEM 1 E.G. 10.C2._ .
Chrhhdtddhs
o MUM=10Q . _ _ N e
22 SELD 234 ((21(NeM)»™=1430),N=1,30) Input of food
30 S 23 FOPMAT (18F5,2) composition table
CalLL WRITMS (1,81,900sMUMs1) (
— . C “UEednNEl o e U
1F(1Z1)23,25,228
228 BRINT 24, (NyN=1,15) . S
35 26 FORMAT (SX,16HFCAD CAMPOSITICON//7Y.1517)
PRINT 29, (Vs (B1{Ns™M),Mela15),N21,30) o
25 FCOAMAT(//15,15F7,2)
. a1 (12,11)1=5,0¢6 b 21(13,13)=9,21 ¢ R1{11,20)s10.0l . no
B1(11922)=16,00 ¢ 81(11,24)219,00 € R1(12921)=5,05 9o
40 R1(12,26)=30,00 3 21(12,12)=5,0% ¢ R1(12,20}=10.00 o)
81(12,26)=12.02 % 21{12,26)=4,03 ¢ R1{(22,21})=1.00 a0
_ Bl122,24)325,00 ¢ R1(22527)=46,00 _ e 20
BOINT 26, (NsN=16,20)
_____ . 26 FORFMAT (7Y,1517) _ A, el
145 PRINT 29 (Ms (31 (MyM)eM=16430)sN=1,20)
2RINT 229 o o . .
229 FORMAT(EX,18HNFRTH TN METERS)
CALL PRTIAFP(SD,1)
C 2T IFIMIM=1121722,22,22
150 _.C INTTIALLY SFC TEMO=)0Q DEG ¢ AND B0TTAM TEMP24,5 DEC C
r JAN, FERR, Miw, SFC TEMP SAME AS 2GTTOM
7 Mo
--- 78 82 §§ S;%::E“ Input of surface #nd bBottom
R ) _ 15 (ISLINSM))30,30,20  __ temperatures (preliminary)
155 29 T1(NsM1=10C. ,
e T2ANS M) =905 _ ol b
19 CONTINUE ; _
DN 31 Mz76,84 ‘ L e . .
CLLL WRITMS (LsT1,7%0sMs1)
160 . 31 CONTINUE . . . ol
nroa v=71,7% :
— CALL wWRITMS (1,T72,720,My1) e e e e e
A rONTINUE
o 2N 32 ¥=cc,9h , o
165 Call WRITYS {(14T2473CeM,1) -
. L 32 CONTINUE _ o e
y INTTTAL INEUT OF BTNNIPEDS, WHALES AND 319DS
_ € DIVISINY WITH AR GIVES KG/SOKM _ _ 20¢
170 Z;;i;;j:l:’s Weight and area factors for ?ﬁ;

WSI =250, 7 AR v birds and manmals. =~ = - B A
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175 .

PROGRAM _AKODIA ...

26

R e L. ST

73773 __0PT=1 L

e EIN_G.HB%460 .07/

‘00

05

-
.26
23

40

T T 4
_ 45
4k

- “7

43

L WEeR=0,3%/AR

CPLUNS MY =A0. 755 % WPD

TG0 T 6l

S2(N,M)=1300./26 0 ASL

CS4{NaMY=C

WOP =65,/ AR
WAWEAN000. /AR

0o
.00

WTW=10N20./AR
WSW=3G00C /AR . - -

00
.00

WPD=100,/AR

ce
0o

WPC=0.65/AR
KAak=1 R

00

[FIKAK=3)3%5+35,36
TFIKAK=5)3T7937,39__
1FIKAK=8)35,13,40
TE(KAK=10)37,37,35_ S
S1-FUR SEAL $2~ SEA LION
S54=-PALESN WHALFS

T $3-0THER PINNLIPEDS
C5-TONTHEN WHALES _

Sh- SPERM WHALES _ .

P1-PARPNISESs DOLPHINS P2-FISH EATING 3IRDS P2-0THER 2IRDS

DO 41 N=1,NE
NN 41 M=1,NME
TF(ISLUIN, M) aLsbdrb . ...
TALISLINSM)=2Y45y 06,47
SI{N,M)=240000./52¥WFS _ |
S2INyMY=2200.7/52 %451
S3{N«M)=30004/52.%W0P _ _ .
S4{NsMY=T,
SHE(NsM)=226, /52 ¥ WTW
SHEIMyMY=0,
P1(Ns¥}1=230,/52,%WPD _ _
°°(\J.M)=b.*A2*WQR
PI(NyM)zh, $ARFWEN

Gn T3 41
S1(MeM)=33000, /55, %WFS
S2(NsM)=2800.755.FUWSL
S3I(NsM)=350C,/55.¥WOP
S4(NeM)=0,
SS(NsM)=21,/755  %WTW
S&(Ns»M)=z0,

PI(N,¥)= b ¥ARIWRS
PI(MyM) =25, ¢ARKKAN

IF(ISL(NYMI-4)4E, 40,50
ST(NeM)1=12000/3A,%WFS
CA(N,M1=2000,/364KDP T
S&(MpMY=0,
SLiNeMY=9, /36, kW TY
SE(N,¥) =0, o
PT(N,M)=3E /26, %00
D2 (Ny“)a5, 4235k AR
DA(NS M) =3, LRFLAN

50 TN 43 L
S1{NeM}=10000, /56 4WFS
S2UINPMY=YELD /D ¥ WSL
SN, M)=P00,/56kW0P

SUNIM)=60. /756 FWTHW
SE{NyM)1z0,
PLINIM)240,/50 447D

Creation of birds and
. mammals biomass — e - -
distributions




...... PROGRAM.AKQDIA . .. 23/773 ..0PT=s1 __ o FIN. G AH460 . 0711

P2ZINsM)=T7 kAR WAR
30 s PUNGMIS SO RARRWBY
¢D T3 41
e U ED TR LISLANGMY-6YE 052,53 e
51 S1UMe¥)=2250C0,/65.%WFS
- " : L S2UINGM)=30C0./45 VWS .
35 SAINGMY=1900,/45,%W0P .
e e SEUNMY =0 —— ————
SEANIMY=R0,765.,%WTY
e Cmem e SA(Ns™)=0. _ _ e e e e e e+ e L
PIINy ™M) =40 ,/45.%4PD .
40 .. . ... P N M) = AR WA e
PA{NsM)=R ,*¥AR+ BN
. 680 TD 41 ——
52 SLINs™M)=100100,/27 ,%4FS
. . . S2ANeM)=2200./29 % WSL .. I, . e O,
45 SAIMM,MY=20CC./29,+UNP
S4(Ny™)=0, e e e e i e —————— e e e
JSUNAM)250,/27 %W TW
- Sh(Ny )20, e e e e e e
PIIN, M) =20,/28,%WPD
50. . ) P2(NeM) =8, %02%43”
Pa(NyM)25,%AR®KAN
G T Al L L e mmmet .
53 TELISLUNSN)=B)54s55,56
: 94 ST(NWMM)=10C00./741.%YFS . - e C e e —
55 S2(NsMIZ22004/61 4 %WSL
S3IINsMY=400,741 %402 L e e
SL{NMsM)=0,
SEANsMY=245 /741 o *WTH ___
SE(NsMY=0,
60 oo PI{NYMY=20,/61 ,%WPD_
PP(NsM)=7,4AR* AR
P3(NyM)=64 %R0 ¥WRN
GO 10 41
e SUANGMY =000 /00 ®WRS L e e
65 SPANGM)I=10C0, /A 2 NSL
S3(MyMY3200.0/660%WQP. . e . . S, el

L%,
L% ]

S4i{NsMY=0,
- SEANIMI=R /66, %WTY —— e - - S
SE(Ny¥)20.
70 0 - PI(M)MY =S, /66 *WPN__ L — e R

P2INeM) =2, #AR4 AR

DMy M) =3, HARKYRD e e

GO T 41
e 55 CTFRCISLUINGMI=L0)S79 5,6
75 57 STUNGM)=300,/43, #WFS
S2{Ns M) =100, /4208WSL . . . e
SA(NIM)=700,/63,%40P
SGUNsMY=0Y
SN MY=R, 763, #WTY
280 SGANS™Y=Go e
P1(NsM)=5,/46%,#4PD
PR{NIMY =G, SARKWBR
PIINIM) =5, +ARSKTN
S GO TN 41 e e
285 SR ST(NGM)=500, /155, %W

"
vy

e e ecme e e 3a7 - e




2.8

.“___mfRﬂGRAMrAKCDIAmﬂw“m73/13mf_CPI=l_ﬂmp._“J"__r_,__ﬂvﬂw_&____“wﬁlﬂ_h.biAéO__“___mF07[

CP2(NyM)=200,/158.*WSL
CSI(NSM)I=LCOL/LEBLRWOP L . - e e
S4{(NsM)=0,
.  SE(NyM)I=13, /)58 WM [
90 SF(NyM)=0, .
CPIIN,MYel5, /198 RWPD L _——
P2{NsM)=? ¥AREKWAR
P3N MI=LlLRARRWBO
41 CONTINUE
B < L AT £ & T T P I
37 DO 42 N=1»ME
D0 62 MzlpME e e e —
TFCTSLINIMY)IE296295
o 59 TE{ISL{N,M)=2)F0,61,062_ ... . .. . e e e -
300 AQ T1IN M)=25000./52*WFS
SPINs}Ye2000,/52.%¥WSL o e . U
SA(NyM)=20GC,/E7 HUBYW
SI(N,™)1=2000,/52 e *W0P .
SG{NyM)=0,2/52.%WBY
SEAN,MI=25,/52.%WTW. __ . _ _.. g e
Se(HaMYan, 1/52 ,%WSW
PIANIM)=30,/52 #WPD

P2(N,M)=12,%AR%YRA
o L PBINGMYElE RAREWSO0_ L el - e e e s s
3110 G1 T 42
e Bl SUINsMY=20000./05,.%WFS__ . __ e S R
SP2IN,¥)=2600./55.*%¥WSL
_ SA(NWM)=2800,/55,%¥W0P _ e i e
S4{Np¥)=C 7/ 55 FWBM
Y15 L SEUN M ELE 5T M MTH e s e e
SE(N,M)=0.2/55%WSH
_ _ P1{NsM)=40,/55FdPD | e e e e e e
02 (N»M)=10.%AR*WAA
_ . PI{N»M)=1E,¥A0%YAD e __ e =
320 Gu TQ 42
82 TCCTSLUNSMI=6)63966965 | i i e - e e
£3 ST(N,#)=a00N, /26 ¥WES
S2{NyM)I=1200./36%WSL O
S3(N,™)=2000,/36.%w0°P
32% . SeUNyM)zCUY/3R,PWENW R

SE(NsMY=T7./738,FWTUW
SE(NsMITO L/ 3A W WSW_ e e
PI(NsM)=35./736.%WPD

) I DE(NOKM‘3170*:';?*'\‘-'85___"___
330 DI(N,My=10.%AR*W30

GO TN 42

64 S1(N,M)=11000./564*WFS
S S2UNG MY =L R0 /B ¥ WSh i i e e e e = e
SIANSMI=AN0. /56, HUOP
335 . SA4(NeMY=ba/5ENTWRW - . R
SSINyM)=0b, /Fh, #WTY
L SENsMI=2./56RWSM e e e
PLIANsMI=60, /56,%4PD '
_ e POUNG M) e PARRWER e —_ —_
360 PA(N, M) zpk, #AR VXD
N - . Gu T3 42 _ e e e e
£5 IF(TSLIM,M)I~E) 65,6768
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PROGRAM_AKDODIA . ..

29

73773 _0PYT=1 .. _

45

—— LS8N M) =S S EWBY L

e SHNP MY A 65 R S

50___

SR R - S A 2 B S

60

8Q. .

TE6 SLNYM)=22000.765 #WES

e S2ANM)=3600, /45, 4WSL,
S3IN,M)1=1G00.7/45.4Y0P

1in
Lu e

SE{NneM) = JAS JEWTW
P1INM)=460,745.39WPD
P2INsM)=11,%29%yBH _
PAIIN, MY=15.¥AR*WRO

£7 S1(N»¥)=14000./29 *WFS
L S2UNSF1=2300.7294%WSL . __
SI(Ns¥)=2000,/20,%4np

Sa(ReMY=6,9/294*¥WBW . .

SHINsMYs50,/29,.%WTW
SHEINsM)=3,/29.*¥WSW. . |
PIINs™)=20,/29,.%W00D
P2 (NsM)=13,%¥ARKKWAG |
PI(NsM)=1T,%A0%48N
G0 T a2 .
ER IF(ISLINSM)=8)F0, 70,71
£9 S1{NsMIalaC00,./4) J%WFS |
SZINsM)=28C00./461.%WSL
S3(N, ™) =420, /40 %W0P
S4(NeM)=5,/741.%48Y
SOUNSMY=T0./78 % uTY | -
SEINIM)=5,/41.%WS W
P1(N,M)=20./414%UWPD S
PZ(NsM1=% ,¥AR2W3A :
PI(N»FY=1O ¥ AR*WBO . ...
60 T 42 '

70 S1(Ns™M)=1000C, /a6 o¥dFS . __ .

SP(NyMY=22C0, /46, %WSL
S3(NsM)=2004/706.%WRP .
SG(NsMY=z2,5746.44RBY
SOUNsMY=b, f0A AT . .
SELNaMYaE /68 ,%WSW
PLINs")1=9./46%WPD__ _ __ _
PP{NsM)=4,*ARXYWRB

P3N MY =6 RARRWED .
GO TO 42

TLOLFCISL(NGMI-1C)T725730 82 . ..

72 SLINYM)=3C0./7430FWFS
S2(NeM)=20C./43,.%WSL
SN, MY=22C, /53 ,%U0>
SH(N)M)=huo5/63 ok WBW.. . .- . .
SCUINPME=9./863, %1 TW
SAHEINsMY=2, /43, % WSW_ . . _.
PLIN»M)=5,/43,%W0D

PRUONy MY=G o ¥AR®WSB . ..

PIINeMI=4,*ARFWEN

GO TO 42 e
73 SIINsMI=900,/153,%WES
S2{NsM}=200,/158 . *¥WSL
S53INsMY=1CG,/155,%y0P
S4{NsM)=7,/128.%WRY
SH(MIM)I=15,/1C84%WTH

LETN 4.8

+4 60

Q1r:




— . _PROGRAM_AXODIA . 73773 Q0PT=l. —n — _ _EIN G E+4860.. . .. 0T/

' 00 SE{N,M)Y=30,/158,%USW
CPT(NeM)=15,/1589,%¥4PD
P2(NyM)=3,%ARXKBA -
. P2(NyM)Yz3.%ARRYSD - R ¢ 10 §
47 CONTINUE
05 B T B e —————— e Do
30 DO 43 N=1,NE
DN _63_M=s1lyME_

T TECTSUIN, M) 143543074 T T
e 76 TEQISLANIMI=2) T80 0600 e e

10 75 SLUNsM)34C00,/52*WFS
S2(NyM)=EC0, /52 FWSL

SI(NyM)Y=3000.,/752,%W0P
. SH(NsMY=1 /528 %WRW e el e —
SE(NI¥)=40, /52 ¥ WTHW
15 e SEA(NSM)=0,1/7520%WSW . N e e s
Dl(N.‘ﬁ)='%O./52.*‘dPD
- L m(NeMITLALLERREWRR e e e .
PI(NyM)=11.%AF*WAD
. G0 T 43 i e IR
20 76 S1{N+™)24000./55.2WFS
- o COSZUNIMY=EON L /S5S RWSL e e e
S3I(NsM)=35C0./55,%40P
e SU Ny MY =l w B W BN el e e o mmn s e i
SE(NeM) 221,755, %WTW
29 . S (N MY R PO BN S W o e e e e e e e
P1INsM)a40,/55.¥WPD
_ o PR(N,M) 2 1 RARRWAR e e s i e e e =
PA(N,“)1=10,*%AR¥WR]
e T A e o e R e i S i s
30 77 TE(ISLAM»M)I=6)T72,79+90
o 77 SU{NsM)=2000./36*WFS L oS
S2{NsM)=250U, /736, *WSL '
- . SA(NSM)a 2000 /3K X WP e ms e
SG{Ne¥)=N,5/3h % WBYW
35 o ETEINGM)I=O /3 NI _ —— —— e
SE(NIM)=0,1/36.%WSV '
_ o PN MI=AE LI BALGRUPD L e e e i
D2 (NyM)=10,*AQK AR
L COPA(NsMY=12.%AR* ST e - i
vO GO TN 43
79 SY(NeMz2000./56.XWES . — e

SO (NeM}=300,/56.,%WSL
CSAUNGMIZE00L/SFLRYIP ) . ) . T
SLIN,M)=3.5/56,+WBY
5. N L SE(NM) =170 /56 HATY

SE(MyM)I=6 4 /55 ¥ WSY
- D LU MY 24 C o SR D) e+ e o e e
Po{NyM)=d,*AREWAR
L. PN MI=ELEAREWID — OV —
0 GO TM 43
- e B0 TELISLINGMI-H)E1, 82,03 i e e
£l STAN,M)=20C0,/t5,%WFS
L tANGMIEEOCL SN ERYSL e e ——

SA(NSMI=1GCO L /4R, #WD0
SN M) R A5 VNS
SS(NeM)=150./45.¥UTY

s et YY)




———————e B2

_ a3
P4
a5
56

- &7
- £3

43

PROGRAM AKODTA .
L PYINGM)= 40,765 %400

CSTUINGM)=4000./279, ¥WES__

SHANGM)=T4O0 /29 % YWTW .

CPL(NSMY=26 729 % WP

CSEUINSMY= 1B, 66 &y SY

SLING MY =200 /43 HWES

PN M)=5,/43,44PD

SSL NS M) =200, /152 RYFS

22733 .0PTEl L

ETN 4.E+460

SEINIMI=1L,/45 kWS

PZUNs M)z 20, XA* AR
P3I(NsM)=]10,%4R%Wa0__
6C T3 &3

S2(MyM™)y=50C,/72G.2WSL
ST(MpM)=20C0,/2G,%W0
SG{MyM)=2,/29.%WBY

SE(NsMY=12,/70,%WSW
P2INSM)=17 kAR #}0R
PRINs»M)=12,.%AQ%W3D

GO TH &3
[E(TSLIN,¥)~5)84,8E8,R6 _
STIN,M)22500,/61,%VFS
S2IMyM)=500,/4) ,%4SL
SIUNOM)2400,/61,.%W0P
Sa{Ma™)=1.761 0 %uRy
SOUNs¥)=125, /41 4#WTH
SE(NSMY=13,/41 J*YSW
PIIN«M)=20G, /4% (#4PD
P2IN,¥)=10.,44R4%)38
PRA(N,M)=10,%4R%WAD
G2 11 43 o - e
SIUINsMI=20D, /46, %WFS
S2(MpM)=1004/66,FWSL .
SA2INs M) =20C, /LA, x40P
SAINsM)=2, 768000y
SSINyMY=12,/46.%WTY

PLINs M) =5,/46.%WPD
P2(N-M)=3,#r04%yag
FA3INeM)=3,YAR*WHO

G0 T3 47 . . L
LFCISLINGM)=10)87422,43

S2UNeY) =100, /63, %WSL
P3NP M)=2C00,/62,.5%07 e

b = p

S (NeM)=3,/63 %0y
SEUNSM)=LE /A3 W T
COINIMY=1E 703, %YSY

POUNs R =h, 482403
PI(NaV)eh,9a04,30
AT 43

S2UNs ™) =280, /158 %W
S2(NyvY=s100. /152, 40D
SN, M) =0 L1054 kW RY
SEMMNeM) =25, /7158 ,%4TY
SEANI MY =30, /158 %WSYW
PL{NeM)=21"./153 20
F2INSM)=2, ¢AR8 487
PRI{M, M) s oA AREWSD
CaMNTIHYFE

351




32

__PRUGRAM AKODIA ____72/73 _ .CPT=] - FIN 4.6#%460 __ .. 07/%
5 MT1=0+4KAK % ¥2=12+KAK ¢ M2=112 +KAK 000
B MAE24+KAK B ME=36+4XAK % ME=l24+KAK -
M7=1364+KEK § MA=4B+KAK T MO=z60+KAK
e GALL WRITMS (1515 730.ML10 - —
CALL WRITMS (1,352+73C»M2s1)
AL WRTITMS (1535780 M 3 ) e e
0 CALL WRITMS (1,54,790,%4,1)
e e e CALL WRTTIMS (1,59, 7R0,M5,1) _ . . .. e e
CALL WRTTM¥S (1eS63780sME51)
S CALL WRITHS (1sP1,7R0.M7,1). . _ e e
CALL WRITMS (1sP2,7R0,M8,1)
5. - - CALL WRITMS (1:sP3,780,M9,1) . _ e e e e e e s on
KAKzKAK+]
_____ TE(KAK=17)24,24,89 _ _ _ o _ _ .
n? CONTINUE
B ARCYZ MAMMALS HAVE_BCEN SIMULATED IN 3 SE&SONS . ..
0 MENTHS 142,311,517 — WINTER

9

[= s

0

MONTAS 45 5550]
MONTHS 6,755 —
ajc¥AsSES

THE

CFOLLOWING

nNo a0 M=z 1ls“E

TOELTSLINSMYYA0,

IECTSLIN,MY=2)
SL{INeM)=E4C0,
S2{NM)=TT700,
SAUN,M)=200,
SH(N»M)=1000,
S5 (Ns™)=600.,
SE(N,M)=4300.
PLINS ™) 22000,
DeINsMY=3200,
32 T2.90

0_=. 82RING
SUMvER

SECTIO

20,91 .
G2,92,94

AND _AUTUMN

ARE CCNVERTED. TD KG/K42 _
#*#+*¢+*t¢¢:tAa#tttttt*#t*&#*t¢*#*¢¢atv444*#***:tt*t*t*#**tﬁ*#**tt$*t#t

) INPUTS PREZLIMIMARY
ATMMASSFS PRY SU““EQI”HS KGIKP?

NC Q0 N=1sNE

- Credtion of fish speci{es and
_ecological groups initial
distributions (the arrays

.. corresponding to different._ . .

species/ecological groups

- canbe recogmtzed from - T

disc location indicators,

QI(\yH)‘5°CO.
S24N,M) =R3(0,
S3{r,M)=80C.
S4(NsM)=1200,
SLANeMY=A00.
SE(NIY) =6300.,

pa{4sM)=1200,
T2 30
TEOTSLIN, P —4)
SN, M)="5C0,
SN, MYy2a500,
SAU(NGMY-1200,
Sa{dM,M)y=1800,
TE Ny 00,
THAON,
PIINL MYz ENO,
PaM.M)=2200,
GO-T) 90
SLiNe™)« 3100,

e

\‘A(l'v‘

(N, M) 212000,

“Tstatements 650 and ff and
. disc lacation.tahle) _ _

9929597

S DY {n,M)=2000, -

00",




75

G8
en ..

£5

[afe]

9cC

05.

100
N A oS |

105
o 102
110 e
219
173
104
220
25
_ _ T N

97,

SI(N,¥)=1500,

SA(N,»)=220C,_

SE5(MNeM)=500,

SE(NsM)=56CC, .

P1{Ns™M}=20GC0,
P4(NsM)=22900,

33

OPNGRAM AKODEA . _._. 73/73._.0pY=l . . . ... ._

60 10 90

JRLISLINGM)=-6)9

ST(N,™}=2R00.

82995100

S2(NeMy=11000, e

SZINsM)=1500,

S4(Ns M) =28GC, .

SE(NI,MY=7C0,

SA(N,%)=5200,

PY(N,¥)=13500,
PA(NsM)=z2200,
GC TC 60
STIN,™"Y=23C0,. .
SZ2INsMY=1G000,
SI{NsMY)=1C00,
S4(NeM)zze00,
SE(MyM)=70C,
SCIN»¥)=5500,
Pl(MyMY=7500,
DLINIM)=2¢00,
6o 90
I2{I3L(NyM)=RY 1
S1{LyM)=20C0. .
SN MI=O500,
STNyMY¥=1400.
SA(NWM)=2300,

SE(NsMY=AC0,

SE(MNyM)=H000,

PL{Ns™)=3500,

Pe(hy™)Y=26C0,
G0 T2 9C
S1(NsM)=1200,
S2IN
S3(NMN,MY=12C0,
SG(NsMY=3LCC,_
SE(NyM)=800,

SE(NeM)Y=27000. ..

P1LIN»M)Y=2000,
Pa(MNyM)=20C0, .
GL T2 S0
TELISLINGY)=-10)
ST{NyMY=15C0,
SP(MeMYy=2¢eC0,
SAT{MyM) =120,
S4(NeM)=2500,
SE(Ny M) =00,
SA(N,M) =700,
PL(NYM)Y22000,
Pal{N,¥)=2000.
50T 3¢

?’(Nlu)=?rCc
S2AN«M}=4000,

MP=2700.. . ___

01,102+103

1042105,90 __

e LFTIN 4.64060 . __07/7




3%

. . PROGRAM AKODIA. 73773

ppT=1.. e BTN a0 L)1

L Sa(N,MY22500,

56 (NeMY22000. -

92
35 .

3 U
50 o
167
1CA
55

110
o1t

;80
R B

_Cx**_ TUNING CF INPUTS/

S3(Ny™)=1C00.

SE(NyM)=CO0,

PlIN,M)=1500C,
BN MY =80

CONTINUE

DO 336 MANE 3 D03%6 ML HE
SI(NIM)=2S3 (N, M)%2,45
Sa(NyM)=3a(R,ym)*1,65 _ _ Tuning of _hiomasses . __ .

no¢

P4 (NsM)=PG(NsM)*4,5 before writing on

S2AN MY 3SR INIMIR2,2 o dige - e e e e e ot o e e
Bl1(N,M)=PL{Ny¥)*],¢

cONTINGE _ e o i} _ 02
CLLL WPLTMS (24519720097, 1)

CALL WRITMS (25525730,%9,1) __ . — _ e e
CALL WSTTYE (2,52,7304104A.1)

CCALL WRITMS (2,949,730, 02061) . e e e e e e
ColL A2TTYS (2559,7209112,1)

CALL WRITMS (2456, 74Q097Fy1) ..

CALL MRTTNMS (2,P1,7R0»RE5,1) ’

CALL wRITMS (2:P4+7R0471,51) - . _ B}

DT 136 N=leNE

DC 136 M=1eME . . e _ .
TF(ISLIN™)ILO0F, 106,107

IFCTSL(N»™)=2)1NnE4109,110 e _ F— [
ST{NsMY=1200,

C2(N»s™”)21GC00. _ N N o o
S3UNyM) 21400,

S N M) 2 2000 e e et e e e e e n s ot e m s et
SS(MNs*Y=30000,

CSH{NeM)210000. _ i .
PIIN,M)Y=200C0,

P2ANsM) =600, . _ L I, — _

Gr T2 1Cé

S1(MNsM)Y=12C0. e e e e e e e i
SZIN,y¥)=1000.

S3(NeMY 21400, . e

Sa(NeM)=?2C00,

Sa{Ny™)=300C0, " ~ e o . _
Sel{Ns™)=100C0.

PN ™) =200 e e
32 (NeM)=£00.,

ERAT 0 D N L ol i e
[ELTSLLY,¥)=6)1111,212,113

CitNe®)=12C0, L . . e _ . e
S?2(Ns*)Y=10C0,

SAIANeMYS L1600, il e e

SH{NaM)=2000,

SE{N.¥)2230CC0, ~ o e e
SE(NWMY=ID00D,

DL, M)Y=20000, _ . _ e
D2INYM)=£00,

T 0 o e e e e e e e e e e e 5.
SI{NeM)=1EQD,

2Ny )= 1000, s e o _
S3IN,M)=220C0,




me - -PROGRAM AKCOIA— . 73/73....0PTsl ..

35

) SGINIM)=1600,
——e v SEANeMI=LSCO0, . — e ——
S()(N'M)=9000l
e e RIS MY 2258000 _
P2{Ne¥)=21200,
P MR ¢ 15 0 60 D B¢ XS v B RV
113 IFCISLINGO™MI=R)1144115,116
e e 2118 STANYMYSYEOO e e el e —
S2(N»v)=21000,
R _ o S3I(NyMy=20Q0e L S . _ .
35 S4(N,M)=1400,
- SHEMLMI=LE00C . L - — . —— e .el
S6ELiNeM)=3000,
I Pl{Ns™)=25000, . L - e
S2{N»M)=1500.
ca . S50 T2 106 o _ - - _ e e e e _
115 S1(N,+¥)=1R00,
. R S2ANyMY=uOCW . e e e —
SI(NyMY=22000,
SalbheM)=160C. .. _ . R - _
Cco SH{MNIM)I=15000,
_ SE(N,"Y=35000, e - N - _ e
#IUNSM) 227000,
- LZAINSMY=24C0, L - e e —
5C T2 1nek
10 112 IC(ISL(N,M)-4)117,11%,119 -
117 SI{Ns")=210CC,
- S2ZINsy M) =230C, L . e o
SI{(NsY=2000,
. e SAANSMY=16000. o0 Cei el . e —
1% SHIN»MI=15000.
SE{NSMY=2000, . _ . e _
PIINIM)=25000,
- — _ P2ANsMY=120Qu ... L. - v i e o - -

GO T 106

'20 J S1INsM)=1D07 ...

S2UN, M) 2500, )
o SIINY%Y2d00, o
S"(N)M)=QOO|
_ e S5(NsM)zrpDE,
125 SE(N»M}=4000, _
e e PLANO M) 210000 e
PZIN,¥1=10C0,
. a0 10 106 A . . - _ .
19 TECTSLUN, M)=17)120,121.105
730 . L __ 129 SU(N,™)=1CGC0.. . . . . _ ;
S2UN, 1) =500,
CI(NyMY2EOQ, e e R
S4(NyMy=200,
. _ So(RpM)23900, .
735 LN MI=4000,
e PLINSM)=10000.. . . . __. e e B
22NV M) =160,
s e GROTNN06 e e e e
121 S1eM."y=20C,
a0 S2ANeMY220GCe. N e i
S3I(Ns¥)=200,




36

e PROGRAM AKOQIA __  73473_.._0PT=)l - EIN 4.6+4460. - .. _._0723)

S4(NyM)Y=200,
BN MY 23000 e o e e e
SE(NyM)=1000, .
LPLUNS MY 2 2000 e e e,
P2{My¥)=6400, )
e M0 CONTIINVE R ) e
Crkkrtnhsn 009"
e G U TUNING JC INPUTS il i e e, ... 000,
50 C HALIPUT S1, TANNER PRAR P4, SHRIMP 02 000
e DD 33 Nz LNE A POB M HE e 000
?1‘N|W)=<1(NUV)*OQQ
LP2ZANGMY =R 2UINGMIRYDLMD e I e e mm
S2AN™M)=S2(NyM) %Y, 67 Tuning of biomasses
35 e SEAINYM) =35 {NpM)*0.63 . . _ before w_r.j:.t_ing__ on-discs - - een o—— i
SE{NpM)=Sh(HNsMYI®3 R
SA{Me¥)y=S2(NyM)*1,35
D1 (N MY=PI(NyM)%1,4
. LSRN =S AN L WIS S [ I
59 331 CUMNTINUE ooc
Call dRTTMS (25157702295 1) . e

O]

CALL WRITME (2+52,73C»3651)
_ — SALL WRITMT (2,57,730s43,1) — e
CALL WeTT™S (2,%64,720,50,1)
53 L e a0 CALL WRITIS {25 R0 TR0, 14010 e e e e e )
CALL ARTT¥S (2+56,780,155,1)
o CALL ARTITMS (2,0147°0416291) e

CALL wRITHE (29P2977C:141»1)
C O PRESET ASTUAL MONTH COMSUMDTIONSSTARVATINN, FRACTIOH.

70 ¢ CONSUMED TO ZERMD T
e DD 3L N= L aNE e _ . e
OC 231 M=1,M¢
R SV AN S MY 2 0 a e e

S?2INs™)=0,10 0ce
75 B 231 CANTINUE '
N3 232 M=1,27
NAM=NET -3
NEM=NkT =]
o NEV=RT
£0 CALL WRITHS (24515720, NAMY 1)
LLALL ARTTME (2510 NSM L) e

TALL WRITMS (2,570, 720,NF¥0 1)

222 CUNTINUE _ e
¢ PACTIEIT DCFAN FERCH INPUT nnl
an . . CoE0 17A ((P2(Ny¥)pM=1,3C)eN=1y26) . [P .. . co1
r TANNZR 00 TMOUT Input of Pacific non
i FeAD lF‘w((P3(No“):"‘=ln30);r1=1:26’___ocﬁan_p_e;;gb_ﬂith_______,____ AL e
o KING CRASE INPUT - digitized data 206

PEAD 1360 ((PalNe™)sM®=1030)aN=1s2h) U URERAL P R4

eQ C SIALITLTOUS AND SASLIEISH IMOUT on- cards n07
RELD 1969 (25 (Mpd) M2, 20 sN21928) . _ I 1ol

194 CORMAT(1&805,0) 201

LR=13,5%15,5 _ o o o an]
D5 147 N=1yNT 001
A R R N ) e A2
TS{IS0L{NI¥))I1RR 1 HE,4]3G Gl
183 PI{pNeMI=zA, o _ ) 237

BN MYz 0, §  PAINIMISCG. 3 PE(N.M)=0, Ane

356




e PROAGRAM_AXKGOT

37

00 ... - 159
150
e 2191

0
3272
333
. 334
19 235
__ 187
20 .
.- <
¢
25
102
- 3c3
130 204
» 305
304
138 T 307
. 300
3¢
310
Y
111
_ 312
e .o 3.3
145 316
B “31)
o 314
350 . 317
318
T T T A
L L. 320
355

A .. 73773 ._QPTsY1 . . .. _ . FIN b.64460. . 0773
66 T 197 0N 1
[E(P2(Ns¥))1190510C,191. . T 1,8
PPN, M) =3, 001
P2 (N, M = (P2 Ny M) /AR #2000, . oo g0l
PRANGMYa(PIINGMYZARYIYIOOC . nae
D (N MY s LR IN M) AR Y ¥ Y OO0 o o o e e e e e o i 00T
PoANeMY=(PE{N,M)Y/AC)*1000C, noc
P2UNS M) =P 2UNS MY ¥ 1 a08 o

PA(N, M) =P (N K745

Po(Ny V1204 (Ny¥) 83,9 __ s
BE NG M) 2EE (N ) 3,3

IFUSO(Ny ¥ 1-300,)332332,334 . e o0t
15 (P2("s¥)=1%0.)323,333,187 00"
02 (No#)=D2 (Ny¥) 4165, _ L 0nr
GLoT™ 1387 noe
17(02(N,¥)1~25,0335,1F7,1E7_ e ) 00-
P2 (NyM)z2E, 30"
CONTINUE, S oo
STATEMCNT 152 IN OC LOFP IS FCE Gi0Y&SS TUNING n.
CALL WRTTMS (2,P2,780+1234,41) I - e 201
CALL wnRITHNS (24P4 770401275 1) [aXe
CALL WRITME (2205973035641 e e e e e _ QGe
CELL WRITHS (2,825750,87,1) nor
CREATION OF FISHING C8FCRT COEEFIRIENT. =1.. _ ¢
FOR 3ACLIFIC OCEAN FEonH IN JUNE I 09"
CALL READ™S (1,150, 770,149) A o1
D0 337 Nzl,NE 5 3F 217 wval,ME ; 00"
ITFLTSL(NSMY)AT23C2s 307 E . - - VEAR
P2(HeM)Yz0, [
60 T3 201 o oo o ] 06"
TE(ISL(N,»)~21202,2374,30% NS
D2 (N, M) =0 CC5 L e %
ceoTI 301 oG
IF(ISL(NsM)1~101301,306,207 . __ e 00
P2 (N, M)=20.0010 w0
IR CUEY'S S L D ) 0o
TE(ISL(Ns¥)~17) 102,305,200 30"
P2{Ns")20,L115 ) ) . . 20°
6C 10 301 e
TFCISLIN, ™) =156)301,1310.311 L 50
P2 (NeM)=C,CN2S 0o
GI T 30N o oo 00

LEIISLINS ) =22)302,712,213 ne
52 (N,%)=0,0055. - o B 0

£noTn 301 0N
TFCISL(NsMI=26)3015 2145215 e 00
B2(NsM)=5.0010 nec

61 T2 2190 _ ) _ e
TECESLIN,®)=31)302,3156+317 00
Fo(tigM)er 140 o,
6r 1o 316 ac,
LFCISL(NSM)I=3213015218,310  __ - o 00;
E2(NeM)=0.,007% DG,
¢h Ty 2] o ) _ ot
IF(ISL(My»)-17)201,350,221 00

P2(N,M)20.0005  __ ) L ~ oy
S0 TO 201 nn,

357




_ BRNGRAM.AKODIA . .__ 7?3/7z_._0PT=}.__ . .

70

5

10

95,

_FIN.L,64+460 ... ._

321

L

3z2.

R

124

375

D0 173 N=1,NE L

123

oo ——e

- e
05 . ._ —
10

TF(ISLINI¥1=62)302,322+323
P(NY¥) 20,0020

70 T3 301

TREISLENSPY=42)3009325,325_ s

P2INsM)I=0,C025

GO T 301, L ... - o et
TF(ISL(N’V)‘54)302)32003?7

P2 (MeM)=0.C005
GU TY 301
[FCISLUINGYY=-62)302,325,329 .

D2{NyM)}=0.0026

50 TO 201 e e e e e
 LF(ISL(MsM}=53)201,130,302

P2(N,™)=0.000% _ i i} .
Do(NyM) =2 (N, ¥)%2,0

CONMTINUEG, . e - e _
STATEMENT 301 IS F(CR TUNING

CALL WRITES (1,P2,7205156,51) e

CALL READMS {1,1SL.7€0,150)
perccT PRTVIDUS MOMTH COMSUMPTINN 10 10°0CT

» DF STAND.

. CRUSTA
"ALL BENTAOS . e
SUMMARY LjF fJ!‘.THLY LC‘QUVDTIC"I AND O TRANSEC
OC 123 M=l.MF
PI({Ne™M)=D,
COMTINUE
_Sum=0,
VQK-L )
CALL REZATMS (7,\1,7 037

TCALL REATMS (2,972,720,30)

358

RTC eREVID

STECK.

KiFi=1
CALL RFADVYS {2+55¢7380,KPI1) o e . e
pr 1 N=1»ME
DN 1 M=laVE e =
SEANy M) SE (N, M) %0, 10
CONTINDE _ e R e _
KWl=<21+2

CL‘LL WETTMS (2,545, 730.K0T,1) o e o
U ]=KRI+7
TFLIR2A=DRTY2,2,72 I e e
SET YEA? FCUNT AND ©RTNT QUT INOEX
U--1 Y oK=1_ e .4—.:)__ S S
17p=1
TERD SHWMMATION =3 o d e — e _
DC 252 N=1,30 3
DO 252 M le L2 i am e e o ar 4 e i e
SUTAR({MNyM)=0.
CONTINUF _ o _
CALL COMPUTATICN SUIPOUTINE
AASIC TIME STEFR L _MONTH o e+ — e s
CALL Btowem

RNCKF1

prpEIs

)5 MOMTH

ars3:

T T Tano

e N .~ 002
co2

N ) 002

ov2
nG2
002
no-
002
002
aop”
002
on>

002

0onon
RIALY}
089
noz
NG62
Pl
0D
n00
100

Caen

ned
nno
noa
nor
Geo
no"

neGe

ou?
ae?
no:z
07
007




GO T3 180
)24 CALL WRTITMS (255157906931s)). .
] CALL WRIT™S (?2,01,73C+32+1)
s CALL WRTTINME ({255,705 355)) .
CALL RFASMS (2,S197°C»39)
S e DAL PEADMS (2 S22 23037
Siv=D,
20 . e KAK =LRK+] . R
GO T9 1scC
125 CALL WRITMS (P,S81,730,38,1) 0 . ...
CALL Wk TTMS (24.P1»770+3%e1) -
. CALL WRITME (2953, 7°0s42s)) . ..
2h CALL README (?,51,730+46)
CALL RZADMS (24579730444 _
SuM=0,
KIK=KPR+1 . -
6™ 7)) 150
0 . o 126 CALL WRITHS (2535197709465 ,1) .
LU w20 TES (2421077 00b4F 1)
o . CALL ARITMS (29539750 54G9,1)
CALL READYS ([24531,73C,52)
: . CeLL READMY (7,82,740,5%1)
39 SiMed,
nEIK=LICHY L -
GOTO 196
127 CALL WRITVMS (2,701,730, 5251)
SALL WRITYT {2,71.770e53,1)
57 Crit W2ITMY (22539 7°005691) _
CTHLL KFADMS (2,515750,60)
. CALL READMS (2532973095 45) . . __ _ _
SUM=D. :
KRK =¢ 9K +1 .
145 Gmr 7Y 150
L23 CALL WRITHYS (2551790, 5951) . __ .
TALL WRTTMS (2521977046051
_____ CUALL wRTITMS (2,52, 7%5096390) .
TALL READMS (25514770 A7)
L0 CalL RFEADME (2452,750,65). S
Siiven,
KO =KOK+]
0 T2 10
. e o YR CELL WMOITML_ (2582 TuCebEs L) L
155 CALL WRITHME (2,01,7°0,6751)
S . CALL WRITYE (2,53,73Ce7Cs 1)
CRLL FERDME (2)01,73Cs74)
_ _ CrLbl REALUL (25572407500 72) . . o
SUM=0,
60 - KE & =K FK +1
O T2 1F0
120 CALL welT™e (2,81,7%Cs73,51)
CHLL WRTTNME (29019720, 76, 1)
I CALL wRITMS {2582,770,7751)
965 CALL REALNME (251,783 04581)
e CALL PEADMES (2,57,7790,79)
Suv=n,
I KEmR=AR+ 1 . . . . R
GO T3 150

CPROGRAM.AXKDDIA . 73/13

opT=1..

359 o

—FTN. 4.0+8£0. 0773




. PPOGRAM AKDCDIA Y =W A = R v L3 1.5 VN e e EIN 4.6+460_ . . _..__Q7/3
o 121 CALL WRITMS (2,51,790,80,1) '
. o _CARLL WRITPS (7,°147290,81,1) __ _ . e e
CALL WRITHMS (?,53,73C,R4,1)
o __C_f-LL_P.‘..:AD""S (29508 7A0ORY e e T
FALL READNMS (21522780 PRE)
A S SHMe0 . e I e et e s
KQK:(QK+1
e GP T Y50 L e e e e — .
132 TeLL welTMs (29S10790,8721)
o CALL WOTT™E (25°1s73C»28%,1) . . I, e
i0 CALL WRITHS {(2453,736,911) .
L CrLL_PFan™s (2,51,720,95) . e e .
CAHLL READNMS [2552+s7904+93)
SUM=D . o - R
KoK =KRK+1
15 o 50 TH 170 L . . [
133 SALL WRTTME (?+51,730+94, 1)
. I caLl wevTeS (2,P1,740:65, 1) o . e —— -
CALL wRTTIS (253,790,981}
. caLlL FFADOMS (2,5)1,730,102° _ _
10 CeLt 2FALMS (2,52,730,100)
?'x.uvg'\)!
KPK=KICH]
S 50 TD 15¢C . . e v e
V24 CALL WRTTMS (7551¢73C»101¢1)
15 ALl wPITME (2507973001 0241) _ __
CALL wRJTTYE (22544 7703105%91)
CALL READSS (25172307 09) R R - o —— -
rapy REACYKS (2,%2,73C,1C7)
c‘l“M:O.
30 KRk =KRK+]
o A0 TO 150 e . T 3
129 CALL WRITUS (P2510 770, 10E 1)
______ IALL wOTTME (2719770109, _ i e o
CALL wRITME (2,524780,12251)
h . CaLL &ranrs (?_g_q.1)7n(}-116._)_____ . . . I
CALL PLanMs (7,52,7305110)
siiveG,
KoK s KRR+
B o AT 150 L . I e e
N 135 CALL WRITFMS (7451,750211551)
_ [ “eLL ARITMS (‘21'311__730'11F‘_0 1) U R
CALL w2lITms (2+,53,730,119, 1)
_ FALL READNS (2,S1s7°Ce122Y _ e o . -
FRLL PFRADNMY (2,52,720+121)
15 §riM=n, o . ~ o _ R o
KER={RK+]
57 70 182 ) B i i e
127 (AL WRITMS (2531273091722, 1)
. B ALl weITve (2,21,730,122,1) o o _ o
' CALL ARKITMS (2,53.730412&5 1)
FELp O READMS {77170, 120) _ o
CALY REALDNMS (2,452,790, 128)
et s e CSUMED e e - et e
K2 KPR A3
5 cnoT2 1re e
1722 ML NPTTRS {2,816 770, 1291 )

40

360




- BROGRAM_AXQDIA

7/

73473 . 0PYaY ..

e TN 4 64460 .Q772

CAtLL WRITMS (2,01,790,130,1)
e CALL WRITMS (2572573041331 . e _ S
CALL READNES (?4814790,137)
30 . LCALL READOMS (2:5Z27809139)0 . . e e,
gU""=Ol
- RO KER Y L _— e —_
oG TA 150
i 2139 CALL WRLITHME (2251973051265 1) — e
35 CALL WOITHMS (2,°1,7505137,1)
i CALL wRITMS (2553,790,160,1). e L I S
TELL READMS (255107304 104)
- CHLL RFRADMS (2,2,77Cr142) . P
Sti¥=0,
40 _ KRK=KRK+1 e _ _
crorg o1sn
o 140 C2LL WRITMS (7,51,72Nn,143,1) i} e
CALL WRTITHS (2,01,72304144,1)
e i e CALL ARITME (2,83,750,5147,1) e
45 CALL REBDMS (2,51,730,1%1)
- SALL READNMT (2952,7R09149) _
SUv=0,.
KRK=KRK+ ] o _ ~ o _
Gm T2 1fc
30 . 121 CALL NOITME (2,81,720415Cy1) . _ -
CALL WRITHS (2,21,78057151,1)
CAall WRITHFS (2,52,790,154,51) - _
CALL RIADMS (23512 770,158)
o DCALL TRADMS (205227304156) L el e
25 Stiv=0,
. DU o MRWsKEKEY . . — _— .
G0 T2 15¢C .
.. 142 CALL WRITMS (2551473C,15751). _ . } _
CALL WRTITME (2.F1,79(,158,1)
=0 CRLL WRTTNME (2,583:780,161,1) L _ _
Call &FADNMT (?7,81,790.165)
e - CALL READNMS (2,%25,72051¢3) . . .- -
SymM=9.,
. KU=<RAS] - .- _ _ -
i GC T 150 :
143 CALL wRITMS (29314770, 16451) . e e e e
CALL wPITMS (2401.730,1€5%,1)
i e G ALL WRTTMS (252,790, 6801 - e e e -
CALL READRBS (751 pT75(a172)
7y CALLU REANDMS (2582, 730,170) _
ShiM=0y,
KIK=2K+1 ~ _ N _ _
rOT0 180
_ Leg CALL JRTTFS (255107720, 17191) e o — _
5 CALL WRITMS (24P1,7805172+1)
) _ CALL WRITMS {2,53:730,175,1) _ e o -
CHLL RPCADMS (7,51,7804179)
S CALL REANNMS (2,52,790,177) i i o
SU[V:’)Q
el L MRMEARKAY N N e e - -
502 T 190
1645 CALL WRITMT (2,814 77°0.17E8,1) _ _ . _
CALL WRITNMS (29F1»7RCs17941)




__PRNGRAM _A¥ODIA __.

_CaLL ecaApMs

73713 _QORL=1 — BTN 4.6%460 . 0T7/3]

CALL WRITMS (2153v7°0 132-1)
(2,S1,730,18%)
(?+52,7°0,184)

Catl QFADMS
SUM=0,

KeKsKRK+1

BN 0 N 0 SR

—. 265

208 FNIMATL///5X,19HINVED

CALL WRITMS (?» °1;76001P
CALL WRITMS (2,°1,7F0s1F
CALL WRPITMS
Cr I0_ 167 __ _ .
LE=18.5%16.5
CAQR=AR/1000,
NQ 151 M=1l,NE
00 151 M=1,ME B
SUV=JUV+§1(N1“)*AﬂQ
IF(S2(NsM)=0.N1V6eE T _
SI(NsM)Y=0,
Sa(NyM)=Q.
GN TN 19
SA(MyM)=ST (M ™)/ (NsM)
S (N,M)=S2(MyMY1210C.,
CONTINUE

166

GC 110 (15?:15?,114.155.1 5y 157, 159 1‘9,160:16111
11F551475, 168,159,170, 17151725173,174)s%R_

PRINT 201 sk, SUM
FORMATI(///5X,19HTURACT,
TFIIZ912046,204,202
IF(K=")204L,54,20C4

CeLL PRTAFD (S1,0)
POINT 203,K

152
')C‘!'
2058
2c2

4

203
_CALL 2RIAFP(S4.1}
206 G0 TO (1245125.,1260
153 PR2INT 2C5,¥,S5U¥
FORMAT(//7/25Y, 10K LATHEAD,
G T 206

154 PFINT 207,K,S5UM

2C7 FORMAT(//75%,1G6HRACCK
¢o TC 206
5 PRINT

208 K, SUM

1€ T

GO TJ 206

154 eOIMT 209,K,SU¥

6N TI7 206
159 PRINT 212,%.SUK

501)
Er1)

(2,53,730,189+ 1)

HaLIRrUT

SaLF_

PEPCH

_ 212 FORMATLL//EX,1OMPOLLOCK

60 T3 206
160 PRINT 213,%,51M
2113 EARMAT(/ /775X, 10HC0D

1

. YELLCWFeSaM=,173,

T M=, 13, 1THCONSUMPTT AN,

M=z, 13, 2 7HCONS UM TLON,

ECRMAT(///5%; 36HBEOCENT OF STANDING STORK CONSUMED, M=,137)

M=, 13, 17HCONSUMOTION,.

17PFFNSUFCTYUN.

ReX SOLE,M=, 13, L7HCONEMEOTIONY

Mz T3 17HCONSUMRTIAN,

209 EORMAT(/Z//5X,1QKPAC, OC,
gn 1y 2ce L
LE7 F2IMT 210y kySUM
(210 FROMAT(///SKy)lGHSERASTCLONUS SR, M=y T3, 17HCONSUMPTIAY,
cU 10 206
18 PRTMT 211,K, SUN o
311 CCEMAT(///5%,1OH OTTIOS, OTHERS Mz, [3,L7HCONSUMOTIOM,

M=y L3 1 THCONSUNP TRy

52, 1h3s 164+ 155,

002¢
002t
0u2¢

302¢
nonr’
n00
.00
noo’
noaG
0o

TONS»F2.0/)

~00n
nece

. poc

12771 28,129,130,131,132+13391365175,134,137,
1127,130,160,161, 162,143,144, 745,146) s KRK _

_TONS»FR.O/L

TONS» €2 .G/

JONS»FELD/)_

TONC.FR.C7)

_TONS,FB8.07)

Y0NS, FR.N /)

JONS,FE.0/)_ .

THNSsER.O/)



43-

P2AGRAM _AKCQTA 23473 rpTs) e EIN 4 ,A4440 . _ 0173
a0 T0 206
181 PEINT_214sKpSUIM_ e R S
214 ENOMAT(///5¥,19HHEDR [N F=.'1o17HC”“°““°T’ﬂ\; TOMUS»FR,07)
—_——— T 206 _ ' .
162 221nT 215,Kk,SUr
—— 215 FCRMAT(//L5%) 1OHSHMEL TS, OTHERS D2 I3y LTHCQANSUMPTION. TONSSEP . 0/)
€ T2 206
_______ o _1E3 POINT 21€sKpSI'™ . e U
216 FIPMAT(///75%, 1 GHATKA MACKEREL -.13 17HCUNSUMPTION, TOWS,Fﬂ.O/)
e e
Yhg BRINT 2179KsSUM .
AU 217,FJ°Y\TLII!EYJLPHSAL12N_.__”M“ﬂ,_mra:IJJLYHCDUEUAELICN;_towlee.OLL_,m
G0 TD 206
LES PR INT 218 ,K,SU» . o I
213 FOIMAY(/ /75, 1QHEQUITDS M=, 13 .17hco\<~~or10u, “TONS,FR N/}
e oG T 296 el el Ll -
164 FOINT 21Q,Kk,SUM
I 213 FCRYAT(///SX,1GRXING CRAS co L M= L3L 1 TECONSUMPTION, TONS,F8.07)
G T2 206 - :
167 POTINT 220,K,S500r Sl . U . L.
220 FUPMAT(///SY, SHTANNFR CPAQ Maoe T3, 1 7HCONSUMPTION, TONSHFELO/)
_ . U T3 20¢& . [ e e el L.
143 92INT 2271 ,k,5UH
.l 22 FRMAT(///54s LAHSHO M e M=y I3, 1T HCAN T IMP T ION, TOMSWFa, 0/)
AT 206
LE3 PRLINT 2272,k,5U» B _ e o . o
222 FIIMAT(///5%y 1CHPRZNAT, B8ENTRAS Mz o T30 17HCONLUXPTIONS TONS,FE.02)
o M I T - e
172 D“Iwr 2235k, 50M
e 22 FORMAT(LL75Y L9HINE1UWA_ _________ Lo M=y T3, ITHCONSUMOTIGN,y _TONS,FR.O/)
GC T3 206
B L70 PRINT 224,%X.5U% e R . o
2264 FORAMAT(///EX,1OUEPTEAUNS M=.I‘i.17r‘f")4§UM°TY’1‘~J, T'WS fﬁ’ O/)
ol e GQOTY 206 L e
1 SRINT 225,¢,SUM
_ 225 FOPMATI(L/LCX»1CHCROEPODS e M ES IS LTHCONSUMPTION, TONS,F8.0/) .
30 19 206
_ 173 PRINT 226,k,80% . L L . e
226 FrOR¥AT(//7% X:lQHF:UPHAUSIDS . =-r3917HCDN<U"°TTDN- T"NS.FP.OI)
— GC TS 206 _ L e el
174 PRINT 227.,x.8Uu¥
e 227 FORMAT (/245X , 1SHOHY T OPL ANKTON_ M=, 13, 17HCONSUMRTION, TNNS,FR,G/) —
r“r] T"J ‘!ﬂf)
ooLae? K=xs+l et
C IF(K—I?)I?? 122 173 100
_ - le(x-51122,122,177 _ ___Augmentation of month and o
175 [L=LL+1 yvear count and return to
. "__!F(LL#&lL?t;l?E:L?J"_,__camputatlnn____._*__"___.h.__ﬁ____ﬂh_____mﬁ__ﬁﬁ-m_
L76 K=1
e . .G T 251 o S N s T+ VX
177 PCINT 283.(\. M=1.1?) 002
e 203 ETRMATASX p ICHMOHTHLY., STANDING STACKS . 1000 _TANS//9Y,121R) 002t
PRUINT 254, (Me (SUTAR(MeM) ,4=21,12),Nx1,730} 0G2!
8RR FTAMAT(LAI L2880 e O02e
STOP nn2¢
ENO e el e e




i

UTINE_BLRMAM . 737731 .. CPT=l — LFIN b4.b+4E0 a7s1l

SURRTUTINF PTIRNMAM
.. DIFENSTON 1SL(26530),S0(26,3C),UR(26530),VR(2603G),S50TABI30,1L2) s o0cz2?
121(30,301,02(20,20),FNT{30),NUX(30),N5(50), '
_Zv“n"f(50);51(Z(:;'!O)pSZ(26,30):53(26-30)vS.‘z(.Z&:.B’)):S5(2.£u.30).:S.t._(?é;lO),___

3c91(26,30),°2(2ﬁ-30l-°3(2‘3'3C)o°’v(?6-30)-PS(Z(-.”));PF‘(ZE):BC)

G, TL026,20), 721269351, 720265,30),T74(26230 1. (26,3010 TEL26,3Q) . _ .
COMMIN TSL»SO MR, VRWSHTAR, ge2:
D191,82, 50T NUKS NS e NSy 0

T T T T i1 050610 54085, 56 PLeP2s P, PUI RS PE, TLaT2, TR0 T4 TS, T,
L ______3K'LLATZ_"-I:"’IZE_’!NE_)”EJVU_______ L . R L
5,181(201), 112 (2C1) 000z

e C’J“v“’]?l_l?/__cl(l)y’.'i(ﬂvC3(3)vC"(3)yC5(3)_~Cb(3);C_7(3):CE'_(E),C’H,’):_____.__ -
1»’710(3),CH.(3).(‘12(3);'213(3):C1&(3)nCl‘J(])-Cl‘:(B)yCl?('&):CIP(B)n
_2"19(3).C20(3)»C21(3)nC?2(3)pC23(3)-C’.’0(3)p525(3_)_ e e e e e

r PINMIPEDS
¢ . __ FCON CONSUMPTINM 6T 84 DALILY __... S PO U
AR=13,5+12.% 002
AMB=AR /OO0 e m e — —— - N Se2t

KFY =X

o KL al24% o L
KP&=112+¥
CALL REATMS (1,P1, 780, KFK) i
FALL 7SAJYS (LsP2,72Cs¥SK)
N CZALL REAIYE (1a%3,TI00RPRIL L . L e e e e
FALL PCADMS(2,S14730,35)
L CCALL REANMS (2,5247305102) L e e
CALL RZANMS (2,93,77C+100)
. CaLL REAN¥S (7s54.770,122) _  Consumption arrays ..
CALL READMS (2,55,7°0,116)
L CALL READMS (2.S6.780,A51) o e
AALL PFAIMS (2,T1,7905130)
 CALL PSEOMS (2,T2.7300037) ' R
CALL READMS (Z»T3,75C,21)
- Y- 0 S £ 3 U . U S . I
F10T1)=02(11=r3(T)=C6(I1=C5(T)=0.
. Co{T1=Crl1=CAlT)=C0(1)=C10(1])=0, . —
CLT(T e~ 12(T)=CL2 (1) =014(1)=C15([)=0,
 OIA(DECIT(IIACACI)=C1O ) =C20( 10,
f21(1)=022011s02201)=024(1)=C25(1)=0,
1 CONTINUE_ _ o .
DO 5 N=lsME Food consumption by
 po.s Mstamf . pinnipeds - e
FAT=P1(N, %) ¥1.8
] FD2<P2(N, M) ¥V 0 1“ i
FQa<a3(N,M)s1,2
L CG=0.178S010,C34F02#Q.05%F03 L _ .
SLINsM)=SI(H. ) +CN %
o CA(1)=03(1)+CO*AMA N
FN=0,03470140,05¢F0240.10%503
L SaMaMyES2CNMIACO e e
Caf1)=6l1) +CONAMA
e _ CJ=Q0.03*FN1+0.15&F3240,02¢£03 e
SAIN,MI=S2 (M, M) +CO :
o CS(1)arS{1)eCORAMA ~ _ i
C0=0.10%FC1+0.05%F32+0,05%F03
SaUN MY ESANG RO
CT(1)=C7(1)+CN¥AMA
. e s BBl e




45
.SUB&CUIlNE"BIRﬁAN_m__.73113"__DET=1____ﬂh“________mm___w___“"“ETN"4;ﬁ+450__“W....07/3
CO0=0,015%F01+N,02*%FN2+40,02%503
i SN M S (N 0 e
) Co(l)=Crll)+CO*AMA
e e 0220, 174 EG3 e . - N
S‘)(N)‘M)=Sé(Nl’_‘)+CD
cm e e DGAN 2O FCORANN e s .. e
£030.02%FC3
D TLUNM)=TI(N, M O B i
fl201)=2012(1)+C0%AMA
et e, M =0,022E03 B
T2 Ny )= T2 (N, M) +CO
e, TL3CLYSC L3 (L) HCORAMA ¢ e o et e et
0 F0=0,32*%F0140,40%00240,20%F03
TH(My ™) =T3(NpM ). e e
C15(1)s015(1)+0OvAMA
_ 3 TNTINUFE ) o o e _
_ CALL WRITMS (2,51475%0,7541)
i5 e AL WRTTMT (2,5257%0,10251) e e
CALL WRITMS (2452,790,109,1)
CALL WRIT™S (2,94,730,123,1) e . L
CALL wRITVS (2,85,700,116.1)
) . < CALL ARTTNS (2,564790015150) o
an CALL W2TTMS [2,T14790,1230,1
LCRLL WIS {?eT2,77041327,1) ] R e e L,
CALL WRTT™S (2,72,73Cs8141)
CALL EADRS (2,31, 760,8€) e _ e -
CALL READYY (2,32,790,60)
ag e CLALL SEATNE (2,%1,720,67) e e
CALL SCADMS (25%4,79G,74)
crmmem e CELL READMS (2455,750G,32) e e e e e
TALL REEDIM, (2436,730,139)
e CALL REBDMS (2,T1.7%Cs46) . . e
G0 CALL READMS (°4T2,72Cs53)
D0 B N=l,NE _ . . e B
DA A M=1,ME
FaL=PY UM, My*Y 2 - e e e -
SN2=p2(NyMyEL, P
cs Fr3=a3(y,v)sl, s
COz0.T0RFNTI4D,10HENP+0,05%00]
e STUNG MY =S (N M) R0 e
ClE(Ll)=C1h(lIeCnNmama
o . CO=0 L0*FLT Q. 08*EN2+0,06%E02 e e
00 C2INGM ) =S2 (N, M) eC0
. FITLLY=C1 701 ) +COHAMA _ . . e o
I3=0,03500140,02%FN240,02%FQ3
SN FI=S3 (N M) 4D - _
TLEQL)=CLE(LYI+C0EAM
ns e CT=CoD254¢FC1 40, 024FN240,15%FN] - I _—
SH Ny M) T LN, My 00
Cla{1)=r19{1)+Cn*aMa . o .
Cl=C0D5+F01+0.CO%*EN2+0,03%F N3
. _ SEUM MRS SN M) 0N _ . .
10 CP230LY=C2N(1)+CO%AMA
e Cr=N, N0 «60140, 725501 3 o e
SE(N YR SAIN Y+
— NPT 02N (L) RGN ~
IN0LN0EAENL40,C2%F0A
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SURACUTINE BIRMAM

73473 . QpT=)

.07

P

a3

ract

0.

27 (1)=C22(1)4rn¥BMA_

CCONTINYE

bl

MNv =136 4K

Tt

”PD-n.ult "1+0.

=0, 06%F240,C2RFN3+0,06%F04

TICNs M) =TI (N, %) 470

CN=0,00%*%FCL+0,03*Q3
C22(1)=n223(1)+CO*AMA___ . - -

TZINsMY=T2(N,M)+CO

(2:51’7 0 ﬂ? 1)
(2,852,720060C»1)

CALL WRITNS

CalL

d2ITNS.
ARIT¥S
ARTTYS
WRITYS
WARITS

catt
CatL .
crtt
Crli.

(2953,7%0467,1}
(2254,7°0,74511). .
(2,5F,720,32»1)
(79S56e7305309,1) . .

WOTTHS
WRI TS

(73T1yp730eb6s1)
(2»7T2,7904¢5341) .
WHALTS, DOLPHIMS, AND PORPQISES
CLMSUMPTTION 57 8%W DATLY. _

KiK=2 64K
WTK =31h/4+H
KSK=120+K

cell

(1,01,73C,KRKY)
(14P2» 730, KTK) _
{15P2,78N,KSK)
{1+P64s720+sKDK)
(2,51s730,172)
(2,529273C»17)
(25,53,730,295)
(254972 (0,102)
(2+55,790,108)
RTAQME (256,730,116
REANNMS (2,T1,790,123)
RUAPNE(D, T2, 7E0»AL)

Call README
pDophve
RgAGKE
W ALMS
PEADNS

CeLL
el
CALL
creL
CAaLL
THalL
CeLt
CaLt
ThaLL

RCLoMS
RIpAMS
REATMS
READMS

00 11 N=l,,NT™
N1l %=leME
=3 (KA1 LS
ELPER2 N MR LE

S3ER3INIMIRLLS
ErGER4 (NP ELLE
0, 73#701

Ch=

31 M) =S1ityM)rn
Cl(?)*Cl(z)+C"/lOOO
£N=0.75%F01
37(h9q1=\?(N,M)+Cn
C2(2)=C2(2)+(0%AMY )
ni= 0 N2x1+0, OT*FU?+O 03*¢”3+0 l’*FDk
R’(\, BEREEL T E AN
CA(2)=23021+4CT0%aMA
=L 2+82N0740,12%¢02530, 05*FP3*0 18#F04

SL4{NsMY=3a (NyMY+CD
4(9)-fL(L)+Fﬂ#AMA
OAtrP?+O Olﬁc
SE(NsM)=55(HyY)+CN
Co(2)=Co{2)+CO*xAMA

B.05¢F 04

unn

c“(\nq)'qﬂ(\lm)*rq
CE{2)="A(2)+CN¥AMA o
CO=0.07 F0L+2,05%F02+40,73*F03+4C, 20%F 06




SUBRMNUTINE . RIRMAM .. _ 73773 CPY=) . e eee .FTIN 4.6 +4E0. £7/
TL(NsMY=TY(NsMY+CN '
i CT(2)=77(2)+CN*AMy . e e e e -0
CC20,02%F01+0,22*F0240.)0*FO2+0,20%F 0%
T3 o o T2(N, ™y =12y Y2 [ e I
C19(2)=r15(2)+CNR2MA 0e
L L XL CRNTINGE e e e e e e e
CALL WwRTTMS (24381, 730,172»1)
e CCALL W{RTTMS (24525 790,179,Y) . e
R0 CALL WARTTHMS (25834730.95,1)
. D CALL ARITMS (2,54,7704+102,1) .. S
CALL WRITMS (2555272051049, 1),
5 ~ CCALL WRLITMT (2565 7%Cs116s1). e et e = e - _
CALL WRITHMYS (2,T197%0e1231)
P5 _ CALL WRITME (2,T2,70,91,1)
CALL READMD (24,851,770 ,8R8)
CALL READMS (?,S23730560) S —
CALL PIADMY (2,%3,7%CvAT)
e - CCBLL FEAONT (7,540730574) ) __ I .
.99 CALL REANMS (249555, 770032)
_ CALL READMS (72,548,720, 35) Ll e
CALL SCASMS (2,T1.7%90446)
SAEL O RIANMS (20T24730,5%) ) - . . -
AP 17 M=) aAE
LGS _ 2T 02 M=LlaME L . s e - e
Fl=PlINGMYRY B
Frp=2218,")48], ¢ -
EM3=22({M,M)%],5
_ FTL=RA (N M)*T, S .. T e
200 CI=0.,0L*FP1+0, 09471240, 024F03+0.10*FN4
STUNe”Y=S1(N,™Y+(N e e .
CLE{2Y =2 1A (2V4LO%ANA . 0
B CO=0 0 * 0140, N8FF U 2+D,02«R024+0, 10%F0G e .-
SPUNY MY =T 2 (N MY e
7049 CLT2Y=007(2+00%aAMy A L Ccc
Cl=0,01%6N1 0,06 F02+0,01%F02+0,01%F N4
N SANe M) =T (N MYy e e e e e e
FI3{2)=013{2V+C0O%aMy na
Cl=C,02=f0Z2+0,01*F03 —
210 54N M) =SalNeMY+0N
CYI(2)zr10(2)+(N*AMA B - ne
CH=N,nuazn2
. SELNMeMY =T Ny M) 40D _ e o .
£20(2320E0(2)+CO¥ANY G
215 _ C0=0.00%FC2 . . . . . el . . -
SEINIM) =34 (N, ¥)+2]
PR R RN IR Rt SR _ oC
CN=0,0%%rN02
_ TL{MeM)=2Tl(Ny™¥)aCn e _
220 CP2(2)=02202Y+CD%aMy N
T2=0.03rFD2
T2AN M) =T2(NsMY4CU
3 C23(2)1=7 7324008 AV e . . ac
12 FONTINGE
225 SR o ¥ U S R I S I B A A N
CALL WRITHE (7352474006001
. SALL WRPITYY LT S3,750:6751) I _ _

TALL WRTTHS ({2,54,7°0,7451)

367
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_SUBPAUTINE BIRMAM . ..73/72 _ueX=1. ______ ..

30

35

£5

£0

65

70

a0

C_ ... .

R L3 5N

a5

CALL WRLTMS (7,654.790032,51)
_CALL WRITMS (2,%657°053951)
CALL WRITMS (2, T157%0s46,1)

o CALL . WRITHS_(2,T2,750,5%2210 ...

Mar NS BIRDS
CCUNSUMPTYON 187 8W DATLY ...
KFR=63+K
KOR=60K . . —
CALL RFADMS (1,P1s7°0sKFB)
LEALL README
CaLl R=pDMS

gcanNe

(2,5127704172)
(2)_“?}7“‘.(‘!179), ..
(25535770+95)
(2+447504102)
(2555,790,1509)
oADMY (255AsTI0e116)
CALL REANMS (25 T1,7%0s123)
CALL PEADYS (2572,73C,1510)
03O 14 Nz1,NE

07 14 M=l.ME —
EOl=3L(Na¥)%5,6
Fr2=02(NyMI*5 4
C=0.03¥F02
1My M) =S1(NaMY4CO
F1(3)2C1(2)+CN#AMA

C 2D, 0SHFNL+0,67%F02
ST (NI M)=S2(N»M)+CO
203120203400 %AMA
02U, 1BFENL40,06%FN2
SR (NpM)=S3 (M, M0
L2} =0303)+C0EAMA
€020, 20%F01+0,03%F02
SH(NsMY=Sa NN ) +0O
FA3)=2"6(3)+CO¥AMA
f20,07+CEM1+N,024FN?
SE(Ny%)2SEIN, M) 400
FE(3IVEC5(3)4CTRAMA
Cre=nN,N100n140,7734C527
SEINGM)=TA (N, M) 0N o
CACAY=MAR)COFAMY
£3=0.10¥E71+0.,034%E02
Tith, M) =TL{NsM}+CO
C703)=C7(3)Y+CN*AMA
€20, 058871 +0,10%F02
T2 (N 2T2(Ny¥)4rD
FGEAYET (AT RAMA
conTInUE
"‘Al_‘ '\"“]T‘J(‘
oaLl
caLt
L

PEADME
README
ReADMS

cact
~ALL
AL
cati

14
(_7_'(“1'7'.707172'1)
(2557273741791
(2,574 730:9%91)

(2486579021021
(P77, 7704109, 1)
(2,%F,750s11hy1)
L79T1572021235 1),
(25717790 ,15910 1)
(291,730 1%8)

(2952,730,1865)

P O
LT TV
FERTRS
Jaty Ty
CALL wOTT™S
SALL WFETMD
OALL WITTVE
CALL ~Zanvs
CALL SEADYS

(1sP2+700,%02) _

e EIN & 0646
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—SUBRJUTLINE RIRMAM

23072001 =) e ETN 4,64460 . 07131

10

¢

JEVVE A - N S

CALL QEADMS (2,5%»790+144)
e CALL SFEADMT (2556,79Qs°)) —m
CALL READMS (2,T71,7350.28)
SCALL READES (20 T2 TR00 80 L e e

(2,53,730,120) T
(25540 72Q 137 .

CALL RSaDMS
CALL. 2EADMS

DO 15 N=z1,\F
07 15 Ma]l,Mr
E71=221(N,M)*5,4

_FC2=02(Ns™MY¥5,6_ .
CN=0,31%F1+0,03%E02 .

CSTANeMY=S (MM 00
ClLO(3)Y="10(3)+0CkAMY
CE=0.Oﬁ*“‘.)l*’O.CQ*F"Z.._.__
S2ANSMY=37 (N, 4N
Cli(23y=012(3)+C0%aMy
CN=0,01#%2101
S2(Ns M)y =53{Y, My +20
L1203y =012 (Y +CO*AMA
T=0,01*=C1 )
SH{NsMy=Sa(NgM)+2N
CTY3(3)=C13(3)+CO%AMA. .
CC=CW032F31+0,034FN02
TNy M= SE(N,M)HCO.
Cl1603)=714(3)+CM%AMA
IMeM %00+ G, N2 REN2
SAUNSM)= e (N 40N
TIDOA)Y RIS+ EAMN
"R=0.,03%C0 140 ,015%FN2
TLONWY)=TL(nsMY+CO
SYA(3)Y =2 1R (3)+CNEAMA
CN=N0D2xFC1+0,005%F02
F2(N,M)=T2(NyM)4CN
CL7(3)=C17(2ye20kAMy
TONTTINYE

CTALL NRITMS (2,51,7305159,1)
CALL HRITMS (2,5,52:790,165,1)
CLLL AxT7T¥S (2,53.7%C»130,1)
CHMLL WRITMS (2,54,7720512751)
CALL WRTTMS (2,85,780,144,1)
CHLL WRITME (245457705211

ARTTIMS (25 T1,7790,288,1) . __

WPTTME (2472,730+60,51)

FZADML {2,515 720,67)

REATME (2,524,750, 748)

RTAOME (7552977042 2)

READMS 124844750 39)

REACME (2, 55,7-~0,46)

FEADNS (29560 720553)

33 15 NM=sl,nc _
DM 1A M=1,ME
FLlETTINGMYAS 4
EM22n2(1,%) 25,4

L CU=ENe01Eef 014N, COS*EN2
S M) =31 (RyMyeCn

L) =013 4 LNs AT, e emem e . B S
CO=0.4052¢0014C,002%FN2

Tnol
ant.

ool

Call
caLL
ragt
TELL
Catp
ALt
TAlLL




_SUBIQUTINE. BIRMAM

15

£0

10

175

JR0

38y

399

395

R S RV S

L1943y =C19(3)+C0%AMY
C33UNSM)=S3 (N MO
LCO=C.01#F0Y .

LC2103)=C2 3+ CO*ANA __ |

CEERVAT(/BX s RHTITITAUNR 20X, FR 2, TY ) FEL2, Ths F2u207)

..23222 CPTa}

S2(N, M) =S2(NyM)+CD

CreC.014F01

CZ20(2)1=020(3)+COkAMA

TH(Np¥)=S4{NsM)I+CD

Co=0,01%%01
SE(NyMY=3S5(NyM)+C0_ .
C2241)=C22(3)+CO*AMA
CN=0.QL*FQY o
SALNI M) =S6(NsMY+CD
C?23(3)=C23(3)«CO%AMY
N TINUD
fALL WITTMS
SALL WRITME
CALL _ WRITHMS
CALL WwRYITNMS
TALL wWRITMS
CALL WRITMS
SRUNT 20, ... A L oL
CAOVAT(/ 7/ TEHCONSUMPTION BY MAMMALS AND 3I30%,
THIN TINS/I/IY, .
PRINT 2?21
ErGvAT (/59X ,72HCONSUMED SPECTES
PETNT 22

FURvAT( /733X, SHOTNNTEADS )Y, 6HAHALESy10Y,5HRTEDE
DR INT 23,CL(1)sC1{2YsC1LD)

FOOMAT(/ A, SHCOPECONS 20 XT3 ,25 T Xy FR.29TXsFBa2//)_ . __
P2INT 26,0201 02(2),72(3)

ENTMAT (/B 10REDHAUSIDS , 1o XpFP 2, TX»FR .23 TYWFE 27 7Y
PRINT 29,C7(1),03(2)14731(3)

FORMAT( /ey 7HH=2IRTNN 21X s Fa 207 X9 FB 297Xy FR2/0) . ..
FRINT 265041} 0{2),,04(2)
CRAMATU /46X, 1AHENILT™ A, CTHERS,12Y,F0,2,7Y,F3,
ARINT 27y0R(1YVC5 (2L ()

SOIMAT (/oY 1IHLTLA HANKFEREL )15 4 FR. 207X F8, 2,
DRINT 2rsCA{T1)05(20 40 6(3)

CREMAT(/6Y, EHSALMNN, 29V, FQ 2 TXaF3 2o Ty ERW2/ /)
D2INT 27,071 1)a"7(2)4%7(2)

ENRIMATI/EX«SHSNMITD 23X, FE 23 7XeCR 2y ThSF,2/7) _
S92 INT 30,008 (1)YyC35(2)»039(3) 07i
EPOMAT(/AXs 1 7THPIEDATORY BENTHOS, L1Y,F3,2, TXsFR,2,7YsFR2/7) . ..
OOTNT 31,C1C(Y1.CI1CH{2)»C10D(3)

FOQRATU/ZAY, PHINCAUNA 2L X FR,2,07XyFE 2274 yFR,2/1) .
PRINT 22.C11(1)»011(2),C11(3)

(7515730675 1)
(24529 7°0, 74, 1)
{25539 7R003251). .
(2+3497°%0,39,1)
(?745597309461)
(2545730552, 1)

ey I3,6X,

-]

v 10¥, GHCONSUYERS, /)

s L

?,’ TX» Cg. 2/ / Yo

TY,E3,2¢/)

ORAIMNT 33,012(11e70202)aC12(3)

FORVAT(/EY,OHINT CRAR1INLER ,2,7TX, 83,27 s72,211)
CATNT 34,013 (L3 C123072),C1303)

TevaAT (/e TIHTANNED CORR,JT7Y,FR,2,7X 3 FR 2, TX,FP2/7)
PiiMT 28,7160, 001002),0161013)

FUAMAT (JEA, A LR M, 220, F3, 2, 7Y P 0 YRR L211)
O?I\T 3A2CLS ML) 215(2),C1513)

FCOMAT [ JA X THOM L N a 2 Y 38R 2y TS F2, 2y TXFBL2/T)
PRINT 27,C15(1)»Cl5(2)5C1E(3)

370




Y

—CUARNUTING BIRMAM .. 73/72. _  QpT=1_. . ___._.. . o FETN.4.64460. ..__ .. 07/
00 37 FRRMATU/EN, 3400, 25X, PRz X FR 2y s ER 2 Ty T S

LOPRINT 30,017(L),C0702),C17(3) o
33 ENEMAT( /AN 13HOAATFTC ACEAN PEPCH, X, FR,2,7XsF 5,207 Xy FO o2/ /)
P2INT 19,C12(1),r12(2).C12(3) . o

33 FURMATL/ 6N LU TRATTOLGBUS ) 16X, ER 2, 7X,F3 42, 7¢,FR,27/)

5. . PAINT 40.t19(1),C13(2).C1%(3) | L

60 FORMATL/6X, 175C7TTINS 8, OTREPS, 11X, 63,2, 7X0FR, 24 TXeF8,2//)

e PRTINT 414720(1)»C2012)+C20(3) _— .

tL PR MAT L e, [ SHTU230T, Ap(TRUTW 13X, FR,2,7Y3F3,2,7XsF2,2//)

i . ] . PRINT 42, 021010 221102),021(3), .

10 47 CUR¥AT(/ RN, 13HFLATUTAD SOLE, 15X, C8,2, 7K, C8,2,74,69,2//)

: PRINT 43, 722(1)5%27(2)+022(2) e . - , -

43 SQOVATI/LY,22HROCC Ay YELLOWFIN SOLE, &%, 50,2,7X,F8,2,7Y,F3,2//)
PRINT 4L ,C223(1)e223(2),n22(3) o

L4 FREVAT(/LY,LTHOGVER Ay PFY SPLEL 1N, FRa2, 7K, F2,2,7Xs 65,2717 )

LS RTTueN

END
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— SUARQULINE LEME]S 73473 . 0O°T=1 FIN 4.459460 = ©071:

1 SURRQYTIve preurls '

CITHENSIOM_ISL 24, 10)'5"(?5)30))“’(ZCI]O)JVR(1CJ3OIJJUTAB(3OIIZ)J ..092

1‘1(’3 JOVSB2(0 300w FOTLINYANU¥ (AC) ,NS(50),

AMELLILe S (265301532025, 30)5523(26,520)584(26,32)255(26530)056025,30) -

5 AeP1L206030) 5 P2({2A 201003 (256,2C ) P4L(250301425026430)1,P612643C)

AeT1(26+30),T2025530),T3(26,530)5 1602653002 151026,520)5 (20230)

CCMMIN [SLeSD2UR, VR SUTAS, 00:Z

= 198Y,32,FAT,MUKSNS» M Se

251252951556, 55535hP1,P2,P3.P4,P5, P‘\.le T2sT3sT4sT5,Th,

WL T22, TL1 21770 NESMEZNU —

SeIMI{201),IN2(201) . Q0¢

e e INTEGER DLYL .

¢ THIS SUAIGUTINFG £MA42YTES THO3)T- HALTGU' S 'L\THFAD SALE=5K,
e ome e £ ROCK_AND YELLOWETIN_5NLE-7, DNVER AND REY _SOLE-S. _ ___
C MIG2aTTIONS

L S SqfrlFS_ﬁLGiA[ESwDNLY,!”hWAYTJUNE_Ll“IQ_SHALLCWER_MATﬁil_ANQ________.

c ACT. MOV, (INTO DEFPE? WATER)

c _IFE NFATHL20 NP Y TRAATIONG

C

.

407 € 3TOMASSS MIGRATES RETWEEM DEOTHS OF 20 10 200M DESTH
157 07 B1O0#ASSS YIGAATES AETWEEN_ 200-400H : -
C IF DE’TH’QOOV - NP “IGQATXON

e G N DIRECTION DY

C TWEAR COAST LAND (SHAILO. WATER) MTGRATIAN IS PARALLEL TQ fCAST

R o 4. 3 5L S —_— —..poe

25 ¢ TyRBgT-9aL13UT cot

I LN R S RS B U - S
L TF(X-112.2,12

e e 2 CALL READNS (2,51,7%0.29) i — _

R G50 T 4
T30 L 3 rAaLL RFagMS_ (2,51,780,30) i —_

¢ TESTING ©0° MOKTH —— for migration computation

I S LI & DTS TR R ¥

3 UELa- )14, R, 112

S - T .0 B O B R S R0 0 4

35 7 IFL11-¥)112.3,112

3 KEx) 00¢

$Sx=59, % DOs5CO, . an:

_CALL 2LaSRe_(ISL,UR,VR,50.55:nD-NELME,xE) _ Calling of 00¢

60 Ta 12 _ migration speed ooc

TS558, % GN=6C0. credtion sub= — Dot

CALL_PLASR: ([SL.URvVQ.SD-SBLQQ-QE:“chE) routines _.oot
1?2 @p=0,30
$8250, _T_CIo=5n0,. Portioning of

migrating population

85 CatL °AN°0° (ISL-ﬁDn‘lnSZ;SZ:R°.S<pDD Nc.FE)
11 CONTINUE

3 CALL “IG2ATTON SURRIUTINE ) —0
FALL_ RANNAK [S2¢PLoISLsURIYRINE,ME)

C §3 - SOEFLES (PARTIAN WHICH MIGRATED)
50 c °]_- SPICIFS UYON EYIT

T ""‘***_"_E""_YSfiiéaéLAdo'riéLé_"i" i
Co_._.U3,¥3 - 1 AND Y SBEENS_OF FIGRATLON, KM/DAY
o

LEX ) O‘ttttitiittittli‘lt

< ADNTNG NANM'SRATING PORTINAN -
55 NCHaNE-1 § MEYa4vE~] 4_) 005
00 114 _N32,NEH _

00 114 ™32,MEH ‘ . 00¢
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— SUBANUTINE DEMEXS. . . 73/73  _noTel EIN_4.56+4560 0723,

BNy MI2PLIN, M) ¢S N, M)
114 CONTINUE _ ..

60 C SETTING OF “OL‘NDA‘?IFS
CALL_SQUSET (21sNEsME
C CHTPOT OF THE “IGRAT!'_'JN RESULTS

DO 10X N=l,NE
CO 101 #xl,™¢
A U SUINAM)=PIUN, ) =S (N M)
101 CONMTLINUE
- PPINT 104K
102 FORVAT(SXs25HYTIGH . "F HALTQUT-TURBOT M=, 13/7/)

e e TALL PRIAFP (5111 . a
70 &n Ta 11l , .
e e m e 11200 1T1N=1mm Transfer of biomass if

DO 113 "=1,ME no migration is computed
AR PRIEI LTS .
113 SONTINUE

15 CHraas kAt KRR AL R bk En kIR RRY
c MIARATIONS CAUSED 3Y FONQ SCABCTTY 4ND 3Y ENVIRINMENT —_
e emvrrmea € READING MONTHLY_SEC_DR_30TTQ™ TEY2, : e e e
111 ¥™=72+4x : :
e e CMLL_READMS _{1sT15T00sMMY L
£9 ¢ Mit DISC LJCATICY JF TEMPERATURE FTELD
e ] i eADING_A_MAJIP_E000 [TE™ 9SREENTAGE CANSUMPTION INTD.T2 I3 T& .
o [f THEIR USNEI CHANRES SEASONALLY CALL INTEROQOL 5UPR, — ;
e e B i e e e —— i
¥5z]1 ¢t (CX=Q . i
W8S e CALL_TOJAGS t81,22,F0TSNUKs L KsKSaKER) _
NE=NUK (1127 !
- CALL_READMS (2,72, 7305 NF) l
NERNIK(2)#7 : -
e s e e — e . CALL READHMS {2, T35 730,NF) . : -
90 - NE=NU¥ (21%7 :
. CCALL READYMS (2,14:780sNE). . . ___ -
o NE — FIoLD LD7eTINN ON DISC NF FPAIN FIOPN ITEM ’
- < MAXy TMIN = TCMO, “aX AMD AIN_(IOLERANCES) ;
THAX#10, § T¥IN=2, ' o000
e 9 EMLLLEYLINT(PL T2, 135 T4 IR TN ININE S MEL IS -
C SMOGTHING (DIFFUSTIONY

1

. . M P=O,R2 [ e e = .
CatL STLITA (22,1ISL. ‘lr--‘!";i"’) -
—— C CALL GR0wlc ANR _MORTALITY 5J3PCULLNE
109 . [« Pl- 5PFCIFS, Tl= TZMP,, T2- (CNS. PREVIODUS ™OKTH
— e T ELOD CUNSUMPTION XG/AN2Z

c Thm GT4THy KG /K42
. _t LTA=LFOIULCCEIEE TS TENT FOR 2R0WTH IN FO2™ 2F _2AT10 e
¢ TJ- 237D CQECCICTENT FR MATNTENANCT,PSRCENT NF 83DY WETGUT DATLY -
123 C - TS= GRIUTH CUZFICLINT _LANNULL MERN) _ ‘ ——
C TY- YALF MAGHITUDT OF ANNUAL CHANGE NF TS
- —C Tz, PHAS e LAG 2F MAX. GRDWTH, GEG. ___ _ —
¢ SL- NATUAL CRTALITY COEFFICYENT Setting of parameters
- =4 -S=_uINIH_ ——————for—growth—subroutines--
110 JE=(J¥T1-4 h

- i CELL _REAONMS (241227308 0F ) o
Tx31.25 % TJ=7.00° & T€20.073 % TY=0.9092

T2 25, % _5L=0,0025 . o .o -
CALL ASVNTS (P1,T1eT2sTarThrTheTde Ty TY-T*-SL; K»NE»¥E) Growth
- e -- -——subroutine -

R Tt mn meR e e e e e e e = s ST e e At e R o T £+ ——

373
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o _SUBROUTINE_DEMFIS 73123 09Ts) EIN 4.53460. a7y
115 c WRITE T4 LGPNWTH) TNTO.& DISE LOCATIAN TO RE USED IN ¥AIN
c POQGAAUME FOR SOURLCE = SINK COMPUTATICN_fGROUMTIH = CUNSUMPTION)
DLI=J*T=2
e EALL_NRITHS (2,T4,720500L050).
‘cotttttoto-t-tittvot‘#tototv#ittttt
_.120 £ CALL_FIT™ SUBRNUTIKRE.
C Bla SPECTESs Ti~ STASVATION
—— € T3~ _EQAD COANSUMPTIONM _(ERA® APEVINUS_SUBR.)
c INT— I4JEX NUMPSR NE ITEMS SPEGCIFIED
———— G __CCye= CA®PY CVEZ~LACK_OF FOOD FROM PREVICUS_TIOIEDD CALL
125 o THERIE MUST OF 5 FO2D TTEM3 TN EVERIY CALL
e e IN3 =LY CCVRE0L . - - ——
¢ T2 1€ 2:RIVEY TN TRLEAN
@ COTAIN THE ORDER AND PERCENTAGE JF FOMD. ITEMS FROM IDJAGS_SURR._
¢ S1 T $5 F0OD LTF* CONSUYOTINN FIELOS
130 G .. P2 T3 _P5 RERCOCNT DF_£00D. C"“iSU““D eaz J{OUS CATIMIH [
110 JJ=1 % InI=1 & CnyR=n, ng Subtoutine
AL PD%JQ:1JJ,lNI»cay3,<£3,LL_Jualls_TnTvnn 200
GROWTY CPRRECTION SUAROUTINE (OUE TN STAIVATION)
e G AN SPA4NING MOETALITY SUARDNUTINE ____ _
135 ¢ KEK = A9JTH MF SBAYNING ( SPECIEY )
— v el = SCAXNING MORTALITY (SPECIEY).
KoKl wom—— Month of spawning 00
U 4 6, 61 Sl 0 L1 00 Lo 3-2 e L —
104 TSL=0,
140 0 A0 _TO 106 . o R
108 TSL=9,003 -+——— Spawning mortality 000
e 1D& CALL GROCCE(PLyT2rT3, TS e TY M TSLoKyNESNED)
c Pl= SPECIESs T2- STAIVATION
. e s G COFPUTE FISHERY
145 FlM=0,003 =& _—"" Tishing mortality o
e CALL PUBIML (P1sS1sSUSSUMIEIM,NELNE) coefficient
Call ARTT™S (75P1,730,3C»1)
. e _€.._. DurBUTS . . : -
ERINT ]?1,K."IJ;SUH . : :
_150__ 121, FqVFAT(ll/‘luIQHTUPbDT:_h}LJ“ulJ Ma,[3s10H _ EISHERY,2FP,0x10H TONS
1TOTAL»F2.0pL0H 1000 TANS/Z)
o Teatl eeisee e1,00_ _____ Output of monthly distribution
SUTAR(5,K)eSUM 002
[ C#tttt#ﬁ‘*‘
155 € FLATHEAD <OLE
B [d SAME PIrPATION SPEED FNP ALL_FLATFISHES .
150 TF(LL=11151»151,353
- 151 JFIK=11152,157,153
LE2 CALL 2EADYS (2,51,790,36) Reading initial or previous
160 . ._.GD TN Y54 o month biomass
1537 CALL wEANYE (2,515790,37)
o 154 1F(5-¥)115551595170 Testing for month of
158 1F(6-)15Es)58,170 _ "
Lie 1F(1oK) 17 24150,170_ onshore-offshore migration
165 167 TFI11-K}17CeY59,170
e 18R wEY L _— .- _..0090
SSx57. 3 CO=A00, 00¢
CLLL PLASRA (]SLeWP,¥R,SDVSS,DN,NESMESKE) aor
60 T2 161 Calling migration oot
17¢ _1:9 KEg=2 . N _...onc¢
$5=50. § 0D0=600. speed creation 00¢

subroutines

374
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——SUSRCUTINE DEMELS 23723 00Tsl EIN. 4.6+460 07/3
CALL PIASZA (TCL,UR+VR,5DsS5S,DDsNEsMESKE) .
— _1A) RP:=0,.2 -
§$=50. % DD=6kON,
TS CALLRAN20R_LISL,SD5 152, 53,RP» 58,09, N5, BEL__Suhroy Jf:l_n.%.
1€2 CONTINUE eparatlon ] gratlng portion
CeLL_ RANMNAK (S2,B1,TSLsUS,VBNE,MEY _Migration subroutine
DO 163 N=1,NE
0 1eamillSe Adding of nonmig_ratlng portion to mlgratlng
180 Pl(N,M)=C1(N,M)+SI(N,M) POTLION
153 CONTINUE
CALL 3CUSFT (P 1,NE,ME) Setting of boundaries
— e _ G . CUTPJT. OE RMIGRATION RESULTS _ ____ .
D 16% N=1,NE
AR5 .00 154 *=z1,ME : o
SLIN,™)=DL(MN,M)=S1(N, M}
e e 1&%  CUMTINUE _ .
o2 INT 165,K Output of migration results
e LES ENSMATUL LK G4 RINCO A= NECP. AF. FLATHEAD, SOLE_PUE_TO MIGRsM2p 13720} __
190 CALL P2TAFP (S1,1) .
e e . 8D TO 367
170 00 166 M=1,NE ITranstér 6T biomass into proper array if
e e DC 166 .M=1,86. . no migration occcurred. _—
PLIN.M)aS1I(Ns M)
AGS. C1E6_CONTINYUE —_ — -
e TEMD [€ STILL IN T1
. R 1% AN B S - S
KS=1 § KFK=z0
e _GALL JOJAGS_ (1. “Z;CUT:J\‘UK;J;K:K‘:KE‘(L._-_..
200 NE=NUK(L)*7 Sorting and readlng of
e e CBLL README_(2,T2,70sNE) Fored compT o £ "
NE=MUK{2)*7 : ’
e CALL.READFS (2,T3,180,NFL food_table .
NEENUM(3) 2T
2C5. . __ . __CALL READMS (2,T4s7EO0NEL___ M -
TYAX=7. 3 TMIN=2, i 5low food ature—
e _CALL fYLTOL LH.M,TZ,U,H,Tux,'Mm»NE,bﬁ,Hu -
ALP=0,82
e .. CALL SILITS, _(n1,r.suns,ne.ALP)_,__S_m_ggthing__(diffusj_on)_“____u_ﬂ-_
219 JEz (174
e i _CALL . READMS (2sT2,7805JF) . __ _° __
Ta=1.25 ¢ r)=n,008 ¢ Ts=o0.cep LNPUL parameters for
e JY=0.913__4Ix=175._ ¢ _%§L=0,003 __ growth subroutine .
CALL ASVNTS (P1,TLsT2,T2,Ta,Ta,TIeTS5,TY,TKeSLsKksNE,ME)  Growth-
215 . DLJ=ieT-2_ . . e : subrontine .
PALL WIITMS (25 T4,780,NL 41}
e e _JJSl % IMI=Vv_t COVR=0. ___ . _
reLt Poum (35 INTCOVF s KFK, 3 Feeding subroutine an1
€ ¥SK_ S _MONTH OGP SOAWNING, —_—— —_.
220 K&K =1 Month of spawning noY
e IF(KSKR=-K)AT1,L1TZ207 —_ R
170 TSL=0.
RSP Lo £2 DO U A e
172 TSL=0.CNG Spawning mortality coefficient 001
L2285 173 CALL GROCOP_ (21,12 T3, TS, TY, TR, TSLaK, NE2E)__ Growth coprrection
¢ CALL FISHING “I(‘RTAL[TY COv> SUBROUTINE subroutine
fi#=0,0015_ . _Fishing mortality coefficient -~ ____ . __  q01

- © CALL PUSTMP (°1,51,SUsSUMFIMINE,NE) Fishing subroutine

375
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JARCUTINE OEEELS — . 73473._ _0PYsl ETN 4.64460 0743

CILL W2ITMS (2,P1,780,3751)

———— _CUTPUTS L e
PRINT 1742KsS5UsSUM
r___u_"__hwlli_cﬁF”A[(LILEX:I"F:LATH‘AD_SOLEL_ntxIBLLQH__ELQ"_R!r 258, 0,121 IONS,.
LTINTAL,E8.2,104 1000 TONS//) Output of monthly biomass
CALL P2LAZE (21,0) distribution
SUTAB (6K ) =3UM 002
- L, . . A TV & SN ).
¢ ROCK AND YELL”HFIN soLe Note: all species/ecological groups
o zFO IFILL-1)251,251,2%3 __ follow-abeve—eor
21 tF(K-l)?‘Z;ESZ.aSB o
. 252 CALL FEADES_(7,515730C243) few exceptions (e.g. Pacific ocean
Gn Ta 254 perch in ROCKFT)
783 CALL RFATMS (25178006680 Lo —
c L4 ME "XGDLTLUN TIM& £ND SPCED FOR ALL FLATFISH TN INITLAL PROGPAM
L 2%4 IF(F-x1295,25%,270 _ .
755 1F (L~ ﬁ)’)ﬁn?53:270
_'________2‘_5’\__V*{l')_-!()_257_-__?‘_‘9’7._7_0_ - i N
257 IFE11-X)270,259,270 .
253 “Cawi __ U S I _oo1
S: 20, € DD=K0O0. 001
L cALL BiA3%A_{ISLsNR.N2,50,55,00. NE,ME,KE) _ool1
Gn T 261 001
L .. 2%7 Ke=2 . .. o01
§5=53. 8§ pO=A00, . on1
o CALL oL ASAe (TSR IVL S0, SSsD0NE W MFLXED e __._0O1
2e1 ©P=0.30 001
. _...8%=5D.__%f 0D=ACO. : ; ] T 60
CALL RANPGRITSL +SNsS1sS52s53,RP,SS,00,NE,ME) 001
267 CONTINUE_ e o 201
CaLlL QA‘{\AK (Q’ B1laTSLs 1, YD NE, ME) .
_ . L 253 N=].NE
f)f) 261 Ma] £
o PLUMyMIzOLUN,A)ESIINGM) e
263 CUONTINUE
 CALL RCJSET (O1,NE.¥E)
T T pUTeuT OF MTGRETINN RESLLTS
DT 2A& NRYLNF e
DD 256 MzluME .
e ST{NsM)=OL(NyMI-STIN,M) . _
264 CONTINUE .
o _ ®RINT 265K _ .. . _
265 TPOMAT (/754,461 TNro ~DEC®, OF R3CK AND YELLOWEIN DUE TO MICRusMssl
137y
CALL 8RT:EP (ST, 1)
e 53 10 267 _ X — _—
7270 D0 25k W=laNF
O 28 MlaME _ : —
YR FEA L AL
el RQNTINUS =
¢ Tee < IN Tls LF NOT RFAN
267 J=7 e s e .

KS=1 % KFK-O
CHLL TNJAGS (21,72,F0T.NUK, K (P KSeKFK) e

NEENJKT L) 07
CALL eeaADME {2+T2:,730sNF) . _ o

NF=NIKL2) 7
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—— SUARNUTINE DIMEIS 73423 [PTx} ETN 4. 644660 02/3

CALL PCADMS (2,T3,770sNF)

- MESNMUKL3)*T _
CALL FANMS (2,T4s7R0,NF)
_ JUAX 210, ¢ TMIN2, — 001
290 CALL CYLTCT (Pl TLsT2s T3, T4 THAX,TMTIY )NESSMELISL)
AlLP=0.82
CALL SILITA (PYeTSL,MESMESALP)
L s NE={J%T) -0 i } 001
CHLL 2FADMS (?,72,7905JF) * 001
._258% Tasl,3__ % TJ=C,20¢% 00
. Sz0,08% % TY=20.015% .
e e IR TR, Y SL=0,00082 — : a0l
CALL ASUNTS (O], T)»T2rT3sTbTA»T TS TY»TH,SL,KsNESNE)
R ¥ § N L & S e e : —_
100 CALL WRITH¥S (7, T64«7F0,DLI» 1)
U 2 5 SN S 3 W S A RV Y o BN N —
CHlL PORTES (UJeINT,ONVEKFK,J) 001
i Q¥ SYSAQMTH OF M AIN_SPANMING
KEK=¢ .
305 o IT(KSK=K1271,27:s271_ —_ —— ___
2TL TS =0,
- . _ e BT _273 —— I
277 TSL=0,9C5 :
et e et e e 23 DAL 5A0I0R (P1sT2 T3 T8 TYS> TR TSL K NES¥EY
310 s FISHING MORTALITY
R e EIM=0,0MN085_ _ . e - e~ ---Q01
CRLL DUGRTYD (PLlaSleSUsSUMPFIMINE™E) .
. CALL _ARTTIRS {E2sP1278Csebsl). . i .
C aquTRUuUTS )

L35 RRAINT 27454, %U,5UM ——
P74 FPORMAT(///5Y022H20CK AND YELLCWEINs sy 13,10H FISHEIYs»F3.006H T

. S 1ONS, FE,0, 104 1CCO TANS /LD . - -
CALL PCPTAF® {(©°1,0)
o _SUTAA(T,X)=SUN : : _ 00z
3720 C % ¥4 ¥ & ‘ -
— e L DTVERY BAND _REX SCLE S
C SAME “IGRETINN S2EC) FOP ALL FLATFISYHES
e 350 IR (LL-1) 250, 2505353 U
381 IF(X~-1)392,3525353
325 ... 332 CALL REAPMS (2,.15790,50) ——
GO T2 354
23T CALL_RZADMS {2,51,780Q.51). - -
2L TE(F-K) 355,154,170
e m e e 355 T {E-K1355,353,372
330 304 ICL10-X1307+350,1370
el 357 _1T(11=K)3705359,370 - _ R
333 Kie) 00)
SE=r0.._ $.0D=€00, 00l *
CHLL PLASRA (TSLsURIVI,S5D,SSNDa NS, SO, KE) oc)
S35 60.T0.351.. . — e ] _.ou?
3159 E=? 001
. . SS=40, 3 MDE600._ . _ S - 00]
CALL PLASQY (TSLUPsVR.SDsSS, DNy NEpMESKE} 001
e 3£1.9P20,AC 00}
340 S5=50. t DD=600, . 00
e _CALL RANTDP (ASLeSO»S1aS2sT3, PP, 55,00, NESME) Q0:

362 CONTINUE 00!
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——_SUSROUTINE DEVELIS  T3/73 . 0OPTsl

EIN. &.64460

Q7/s31

CALL PAMNAK (S2sP1sISLsUR,VE,NESYE)
QQ-B’; 3 ,Nil }L!‘E_

DC 263 Ma],MF
e BLAN M =PI ING P22 (My )

363 CONTINUE
rALL LUSET _(P1aNEL¥E)

¢ QUTEUT CF MIGRATION RESULTS
DO_264 N=1aNE

DO 364 M=1,ME

SRR Lo SLtNe M= (N Y)=5](N, M) —

364 CONTINUE
e PRINT 202, K

105 FORMAT(// Y 4GPINCO.—OECR, OF DNVER AND REY DUF
CCALL POIAEP_(S1p1)

TO MTAF sadss1377)

GD T 367
379 DN 2ok N=2gNE

rO 26e M=lgME
_PYANEMI=S) (N M)

TTT3€6 CONTINUE
€. _TEMP IS_STILL_IN T

167 =0
KS=} 1 «rfrkz0

CALLU TCIRGS (B1,82,F0TaNUK,dsKeXSeKFK)
NFENUK(1) ¥ _

CALL READMS (2sT2+730sNF)
NF2NUK (2187

CALL READMS (7,T3)7“0vNF)
_ NF=NUK(3) &7

T CALL REAINS (2,T4s 730, NF)
THAY=10, ¢ IPTN:=3,

0911

caLL cyLrnT (P1s71,72:T3,T4s TMAX;TVXN)NE YHESISL)
ALP=0.82

CAaLL 5TLITa (PlylSluNC;HE-ALD)

JE=t %7V L _
CALL REAMMS (25725780 JdF)
TA=1,7 % _T3=0,n07 & T%=n,078

.00t
anil
nQll

Ty=0.0nl2 % TK=175 t SL=0.0022

DLI=J*7+2
_ CALL_WRPTTHS (25 Tae?70.0L451).

0011

CALL FSVNTE_L?lﬁleL?LI3AJﬁLJf!IiLJS!IXlIfLSLLﬁLﬂE!fF)_ﬂ_w_“___u,_____

dd=1 & Ini=1 * (NVvazd.
CALL PCITNS (MJaINT.COVR.KFK,J)

2012

[« KSK = MOWMTH NE SPayNING
KSK=1 .

__Nole

TF{KSK-K1371,372,371
_ 37y _TEL=0.

¢r TR A7
372 751200035

¢ caLL F:suxuf ﬁCPl}LI]Y_QfﬂﬁmFUﬂngILNE

T T TEIMed, 00045
CoLL PUCTYA 11281, 50U SUMMEI¥,NESSE)Y |

CALL WRITHMS (7471,73051s1)
< QUIOUTS

BRINT 374,Ks3Us5UM

_ A7 FORPAT(///5X, LTHDAVER AND _REX,, M, 13210H  FISHFRY,F9,0,12H TONS

1TOTAL,FY,0,104% 1000 TANS//)

376
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—-FIN 4.6+460._..____ 0743

S0 TCRLU PR ARR (P1,0)
SSUTAB(B.K)=SUM - ———— e 2002
PRETURN :

RN e

- 379




TINFE _SEMDEM _.73a/13. . 0PT=1 - EIN 4,A6+44580__ _ _  Q7/31,

SURRJUTITINE cFt"l"‘:‘"

e OTMEHSIONG I"L(Zt;30):39(26-10):U°(26.30);VRL26:30)nSUIA“(}O 12),...0023!
1'31("),3))oE”(BC,30)-5"T(301-I\UK(30)1‘~IS(50)o
EMSLEN S (2602C) 1 52(256920)253(2693C)954(26530)255(24, 3");56(26:30_)____.

A,P1 0260307207030 )1923(2653C)»P4{26530)+P5(26,30),26(26530)
e TL(7h30) s T2(263300T3124930)2T4(26530)2T5(2A,30) 9 T5(26,3C) .
COMPFIAN [SL,SD LR VR, S5UTAR, Qo2
13RI FOT UK NS Sy L . .
251952593, 540359565P 1 °?)°3OPQ’P5|96)T1 T2sT3,T74,T5,T6,
e - IS LT 2Py T2 s TI2WNEWME,NU_ e e
SyINL(2CLY)»IN20201) 00L2

o UINTEGER DL e e i = I

o POLLICK
} c... _ ¢an — L e L —— e
C N3] P’"QATIC\ T INTTIalL PROUGPAMYE
G MIGRATION BYPASS D L o e e e e f i e
C &% &« e ke kX
I O
‘0 IE(LL-I)‘lv"'uc]_
] 51 IE(K-1152+52+53 B} e e R
F2 CALL READMS (2:51;7“0 79)
G T0_70_ e e L L0035
513 CALL R"\D S {(2+51,730,79) ’

e L ST UTY 70 e e e e e —————— e i e
Carrks 1C13
¢ OMIGCATTIIN TIMIMG, S2EFD, AND_OIQECTION o . . ..0G172
o CRcsTICN T2 BE ADO:D HePRE QG113

R S S C ol N _ P 1 B W

CALL FANNAK (52 °1n’<L)L'Q VD NE;"\C) '
S Y = S N P
0N A3 M=1,MF

o PLAMyM)=PLUANSMYIES3IANY e

€3 CNNTINUE
R CALL 3VUSET (PL,NESYMEY il e
o OQUTFANT CF MIGIATION RESULTS :
0064 NE1NE e - e ———_

LY ""-lpf"E
T B N T R T O O B I A O T U .
64 CONTINYE

CPRINT E5.% : e i

65 ENOMAT(//5Xs49HINCR,-DECR. OF POLLQCK DUE TO MTGR.s¥zol

N VA B - . i

CALL PRIAFP (S1s1)
CALIE B B
70 DO &k N=1.NF .
DN AN NIl ME
BLONG ¥ =STIN, M)
JE6 CONTINUVE L _ - e -

o TEMP 1S IN TLsIF NOTSREAD
Mv=TIK o o o o

CALL READMS (1+T1,790,MM) nol
€7 J=12

K=} € KfFK= O
L CALL TOJAGS (R1,R2,FOT N, Js X K3pKEK]
NE=NTIK(L)*7
e CALL REAOMS (2 T2,780,NF Y

ME=NUK(2)*7

———— - ~ 380
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_SU3IDUTINE SEMODEN .

73473 . QOnT=)

—EIN_ 4.64460 0713

CALL READMS (2sT3,7R0sNF)
e NN A R T e e
0 CALL READMS (2974+¢7304NF)
e AMA KR 8 TMIN=2. e s e v SR 10 B §
CALL CYLTRT (P1yTl,T2,T3,Tas TMAXY,TMINGNE,ME, IS )
e AR B —— e -
TALL SILITA (P1,T1SLsNEWME,ALD)
5 . 3R=(y*T)o4 U SN UPTPR ¢ 10 3 §

CALL REWNNS (25 TZp RNy JF)
o TA=)1.25 __ % _TJ=0.009. %_ TS=0.095.
TY=n,0: T€=17%, $ <1=0.0028

e CALL ASWYN

¢
TC

(21 TLla T2 T2, Tas Tl T aTSaTYsTR2SLAYINESYE)

9
001
001

0 DL)=S=7-7
CALL WRLITHS (2, T4,720,00Ld91) _ . __. e e _
Jr=1 T oInt=] ¢ CNvVe=0,
e AL BRI U INT s COVR K F R J ) ocl
z TOIFYD ZALLED 1IN PQATQS aon
e L CRSKm MONTH 2F MALN SPAWNING o e e N,
KSK=z3 anl
TSRS )YT71»727) ___ .. . - S -
7 Tr\‘!—=,-)l
e __. G211y 713 [ e i s e B,
0 72 TSL=2.0013 00l
. 43 CALL CROCCF (Pl T2eT 3T S TY s TRy TSLa Ko NESMEY o o _-
c FISHING MOETALITY
Fl¥=9,0%485 _ . o . R e - . 0M
CALL MGINME (2151, SUSUMFIF,NE,ME)
= . CALL WRITKI (240 1,738C057051) e e e _..tol
C MWTeYTS
e e PRINT Taak,y S, SUM OV
L FORMAT( /77542 2H200LNACK » M=sT13,100 FISHERPY;»F3,0s6H T
I 1ANS,C9,2,1C0F11000 TAONS/LY . L. — - o e
i0 CALL PRIAFP (P1,s0)
_ . CSUTAM (12K )=SUM I e . 002
C %% &% %% %%k *¥
s 5 O S U
C MIGRATINN BYOASSED co3
i5 e L0 Ir(LL-1)151,15Ys15%3_ . _ e _— _ -
191 T9(K-111525152,153
LE2 TALL READMS ([2,51,730555) L. e e e -
G3 TO 170 0073
i YA CALL READHMS (25157005860 . B e et e
10 £CT0 170 i
. . CAaxsks e ) [, e any
C MIGQATIAON TIWMING, $9FZ7, AND DIKECTICM 021
_ . < CREMTIQN TO PE ADLED MERE . e e e e o
Ceenatk oo
25 . CHLL RAMNAK (SZ2aPLlsISLyUR)VRyNEPME)Y ___ . - -
7163 NelyNE
DN 143 Mzl,ME L o _ e — - .
P‘V(Nn")fp1(’\‘c“)+'\3l\!nM)
o e3  CUNTINUE e e e o e
10 TALL BOUSET (P1,NEpvE)
s G U TR CF MIGRAT N RESULT S o o o o o
DL 184 N=1yNE
S R 10 T N <X B B O i . . .
STUNSMI=PYL(MyM)=CL{N»M)
-

331
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SEMDEM. . 73/73___Q0PT=1

EIN &.64460 .. _ 07/3

_SUR2OUTINE.

9 164 COMTINUF
PRINT_1AY94FK

165 cnIvAT( /7% ,1 "QHY‘JCQ "DECQ U‘: 0D DUE TGO MIGR.pM=y1
13//4) L i}
CalLL Palarep (5191)
0 GO T YT e e S
170 NN 166 N=1,MNE
L b 1k6 M= ME - - i
D](“yf“‘)‘SI(N,“)
. o _lEA_CONTINUE e — _ e
25 C TrMe 1S I'\ Tlp I N1T, READ
[ % - T ANt A - SO e e e e - -
KS=1 Tt KFK=0 ’
- L CatL TnJAGS _(:51’3"_;_CPT0_NU_KgJck'pKS,KF‘(__)_____ . e
NFEzNUK(L1)*T
33 o CCALL READMS (20 T2 720 NE D e e
NEzNJK(2) %7
o o CALL READMS (29T, 7FQsNFY__ .
NFzNUK({3)*7
- CCALL RIADMS (Z'T"’-"QO'NF)" el s R SR
25 T¥AX=10, 4 TMIN= orl
o LaLp cyLIng (plle'T_?__I3’T‘”T”x pTMIN,NE,ME,TSL) e _.
ML P=Q.F2
AL STLITA (03, ISLeNELMEsALPY - R
JF={3%7) =4 001
40 o CALL READM (2:722780,54F) . } e e nel
Ta=1,75 ¥ TJ=2,009 g T<=0,095 0¢
L TY=0.02 ¢ TK=zl7% ¢ S1=0,0035 o 00
catt ASVNTQ(DI)TlvT21T3iT‘nTA:TJ TS.TY;TKnCL)K,I\E,“C)
—— _ . b= J*7 -2 I e o i
45 CALL QLTNS T2y TL720s0LIN1)
o _ BORERS t INI=1 ¢ CNVR=0. ... e e
CALL 202T0S (JI+INTHCOVESKFEK, ) (o] el
o G L KSK=MANTH QF MaTN SOAWMING R P
KSKe2 no
50 . ___#_‘___‘___________I"(Kc)‘ K)l?lylLl_ﬂ__l_?_l o __ o e
171 TSL=0.
63 T° 173 e N
172 TSL=2. L0N%
) o 173 CALL GROCCR (Pl TZ2»T3 T‘T;TY;T‘(DTQL»K NE»MT) e e
55 G FISHING MORTALITY
N o FlM=p.0008% e e : — _.nc
('H.L PUGIMO (P1sST1+SUsSUMIETMeNE, ME)
_ e O CALL WRTTME (25075730 e L) s e e
I FOTSUTS
LEO PRINT 174 koS SUM i e o
1764 P”V"'AT(///‘i‘(s??H('OP , "=,T3o10H FI"H‘:‘?Ye,FP OobH T
_ B 1aNg,ER LD » 104 1000 TONSILY ) .
) o B pall 907AF (P17
L oosumar(l3,x=SUM e 20
165 RETURN
o CEMD o e e e

362




—-SUBROUTINE RACKEI . . 73773 QPI=1 - - — e EIN Gobrab0_ .. Q11

1 SURRJQUTINE RDCKFI
- e _DAIMENSIOM ISL(Z&;BO)nSD(anBO);'J?(26:30):\42(26;.30):SUTAE(BOyIZ_),_ GO:
IRI(BO:BO):B?(BO.XO),CDT(BO)p”UKtBD)pNS(FO);

?MS!E'))J_Sl(Zb;_BO),52(25.30)383(26.30):54(26;30)_._55(26:301156(26;’01_._
5 3:0‘(?6130)197(26;30)p°3(26930)-DG(?b;BO)nPS(?bp30):P6(?6;30)
AT i(25530) 12026301, T3026530),T4126, 301, T5L26220) s TE(26230) . .
COYMAN TSLASD1R,VR,SUTAR, 00:
— 1B P2, FOT NUKy NS»MSe e
?S";SZ:S’J5~'HS5OS€H°109?’°3p-"’1)f’5-96971cT’aT'ﬂvT‘nT'B’Tﬁr
i K LU T2 P21 72 NES MELNY. e
59IR10201)IN2(201) 20¢(
INTEGER ULy
PACTIRTC DCFAN PFRCH
CSEBAZTALNBUS.
CRTTINS AND NTHFRS
CALLUINPUTS ARE PRELIMIMARY ESTIMATES.

10

i

VYOO Y oy

SAME UNTUNED MYGRATINN SPZED USED

T - S
PACTRIC NCeAN FERCH

20 .o LE(LL=L)1e3e3. ..

1 IFIK=1)2,7,3
R .2 CHLL 9EADMI (2,5).720,57) _ _ __Creation of migration
6 T 4 speeds

CMLL READNMS (2, 51,720,58)
IFE(5=K)Z38470
TROT=X0VEE 08 o . —.
IFL10-4)3,5,70 v
. LAUDDLD N=l,NE L

S0 197 M=1,ME
30 JECESL(Ns M) =200 1512

11 UPINWMY=0,45
NR(N,M)=D,15

VR, - L ey [ e —

M mim e b s e is e ar me e s e

EE IS AN S o M|

6" T 10
e e 12TFLTSLANG M) =610 03000 o
a5 13 URIN,4}Y=(C,3
_ e S R e, -
oroTY 10
. T4 IFCISLGNHI=AI1S, E017 e
15 UR(N,MY=0,5
0 - CNRINGMY=0, e, e L .
60 TO 10
16 UR (M M) 30,65 - e e e
. Vo LNeM)Y=0,65
" UV <1 D EA NS 0] } o e e ) i}
45 17 YRLISLANG™Y~R)1A4%9,20
A3 US{NGY)=0,45 e e
VPN, ¥)=z0.1&
e N A v K N o - B -
19 UR(My™)=0,65
£Q e . R A B Y . e e
N7 10
e e 2 20 LECISLAN, M D00 2002200 i
21 UR(Ns4)=0,5
T — L T I e m e e o
55 6T 10
— e R2URANG MY 20032 e
VRN M) =0,
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SUBOJUTINE R

NCXFL 724122 prI=1 EIN_4.64460. ...

e QT L3

10 CONTINDE

e GC_TD 62 -
9 B0 ?3 N=1sNF

DO.23 F=],ME —

- S

5.

)O“

£

W

@)

116

IFLISLINGM)I-2)23+26,25
256 UR({NyM)==0,40

P
LA T3 23 o

75 TE(IQL(NDM)-’V)?’)ZbD?"
6 URINIM)=-0,3
V2(NyM) =0,
6T Py
?7 TE(ISLINIM)=5)273429,30
29 NR{MeM)==0,5 .

VR(NsM)Y=20,
LENLT Y
UQ(A,M):—O £5
Ve oM b

50 72 23

) IF(ISLN,M)=R)31p32:33

31 1R (NsF)2=04L5

VRINy¥)==Cal8

ZhT 23

HR My M) =m0 b5

Vi{NyMyz=0,65

7T 23

33 TL(TQL(“""’)"lO)B‘H.’.';923

o IR My u)_'-’u'_
VNE(MeM)=0.
GeooTn 23

35 UO (N, M)==0432
V_K_(HI'M)"O_J_

27 CONTINLE

2 Cell PIRPAN
RL=C. 39

73

32

T 'Setting of migration speed

(TSL NRVVOWNEIME) bounda:y.yaégeg?_t ______ F -
paration o

o migrating portion

DYy NESME)  of population
. Migration subroutine

2 bD=200.
RANDPGR (TSL 55D,
AN "LV (_3_70
20 63 Nzl,NE
"Poe3 Ma]aME

1My

clo‘?y‘\Jr:’Fvc"
PleTfLetiOsVENE,ME)

Mot (YR (G Sefting of boundaries

/‘_“VT[)‘.J!'C

Cal ANUSET (P 1yNEs¥E)

TTanT o rn NIGRATION RESULTS

o la NE
{7 a4 ¥sl,Mr
SL(N *)=P LYy

b4 CANTINGT

TUBIaIAT s,

ERevAT (/X490 INEPR, -

/-
Uil R

b
5.
12//)
Celt nwiate
CGr T b
DT _E0. N7

£ {_PER, CUE TR
(S21,1)

'
’

MIFR M=y

Mo

Transfer ol blomass if no migration

]
0T fA 1
s occurred _

PN, VY)Y =
Fh CONTINGE

K
Ve
(M ™) B

384




— SU3CUTINE ROCKET 23473 DpTa} ETN ¢, 64660 — . 07/3
15 ¢ TEVP 1S Th Tls I1F NOT READ
L7 “M=224K
FALL 2EADMS (1sT1y7R0sMM)
KEsl I KEK=O Extraction and sorting
20 CALL TOJAGS (31,R2,FOT UKy JyKa XSy XFK) onf fond composirion
NE=NUK({1)#*7 .
L CALL REAQMS (2,T257%0sNF)
NE=NJK{2) 47
, LCALL _READMS (2,T3,790,NF)
25 NFEeNUK(3) 7
e LALL_READMS (25T 7E0NE)_ L ; ~
TMAY=7, t  T¥IN=Z, Migrations due Eo
s e e CALL SYLIOT (P15, 1072, T3, Te, THAY, TFIN,NES HE1SL) temperature & food
8L Px0,82 ) .. .abyndance
30 CAMLL SILITA (P1,\SLsNE,ME,ALPY o‘nSi_"__
- JFc(U47) -4
CALL_BEADMS (25125790, F) -
Texl,2 ¢ TJ=0,000 ¢ TS20,0R setling growth and food
e JY=0.015_% _TKk=175,_3%__5L=0.0023__requirement parameters .
35 COLL ASVNTS (P 1,11, 72,73, T4eTA,T s T s TYy THsSL K, NE, ME ] Growth sub-
e e DL . routine .
CALL WPITHS (?3T4,720.D1LJs1)
e e ddE1 S NIl & _COVRED,
CALE °QeTlt (Jy.TrTuCOve,kFks )  Feeding subroutine
W0 Cen D L MSK=MINTIH DE MATN SRAANTNG o _— ——
KEK xS Month of spawning
e IRAKSX=%)T71.77,71 .
71 TSL=9,
e GO TN T3 : -
5 72 TEL20,0035 . Spawning mortality
.73 CALL GRUCOR (RL,TZ T30S, TYsTHs TSL,K,NE,ME) _ Growth correction
¢ FISUING MOETALITY . )
- SR z
T T e, éiéflgé}— £12974236 - Frshing subroutine (with
MU CASTAT (PSS SUM ik N E,xek) fishing intensity)
OFINT Po0, K
e 28 EQEMATA// 0 Xy 330PAC, OC. PFRCHIFLSHARY KG/KM2y_ M= 1344y
CALL PPIAFF(S1,0) Output of fishery
e . _._. "0 YD 295 _ . N R - - e _.
i5 25¢ T1¥=0,0105

—————— e CALL SUSIIC (RLsS1eSUaSUMsEI¥yNEse)  Fishing subroutine

IF(K=1)29¢&,298,310

e el .. 310 CALL_RCADMS (2,£2,7°0,5E) : ; _—
DO 290 N=1,NE ‘ Compitation of Source=sitk YY)
O e DD 23C ¥y of biomass o el 0N
P3N MI=P2IN, M) aPI(NyM) o603
e 2E0CORTINGE e — - 03
TRINT 2B1,K  00%¥
Ceer e e ZRLFCEMATL/ /X0 IIHPAC, OC. PERCH, SAURCE-SINKy M=,T37/7) . gA?
5 CALL PRIAFN(D3,0) 093
28R CALL WRYITET (25F 1 7R00Ps 1) —_ Gan
¢ LUTPUTS

RFRINKT _TapkaSUspSUM_ . . o
74 FAIYFATU/I/5Ys 22RPAC. NAEAN BERCH . M=p[3{10H FISHERY, ,Ff58.0,6H T
) TONT 2 FF 00 10[_1C50_TONSL/). Monthly biomass output

CALL PEIAYP (P1,D)




SUBKIUTIME RACKEL . 23/72 LeI=1 - ETM. 464460 . .. .. _Q713)

CHPAQ(O,K)=S™ ’ 0037
C %% _*4% %k wd k¥
¢ SEEASYCLORE'S ANT SARLEFISH
5 IF(LL=1)1015102,103 .
101 TF(K=-1)Y102,1n7,103
e 102 AL README (2,S1s730s68) .
60 T3 104 .
— 103 CALL READNS (2251,770265) . - . .
0 GQ TN 170 001¢
T o 2.5 . S R 0Nl
C MiGRATION 8YLASSED -~ NEW MIGRATICN SPEER 2FQUIFED - _ onye
o S U VU 201¢
104 1F(5=-X)105,108,170
5 N CINS LR 7= Y08, 108,100 e e
106 JE(10-%)1C9,109.170
108 N0 110 NeloRE o o o e
PO 116 “Y=1,MF
. e TRLISLANY )20 000 A Y2 — e et
2 L1l LR(N,¥) =0, 45
_VPUINS MY =0 1E

¢N 10 11cC
112 TECISUA M MI=A L0 W3 Y4l — _
113 12 (NeM)=0,3
] VR ANy My e Oy e e e — . e e e e+ o
50 T2 119
Coolie IFCTSLAN M=) 50 e 1T e e _ — —
115 UG (Ny¥)=0,5
. N RN M m O e e e L e e et e e = e s o
*0 GOT) 11
L1 URMeM)s0 L85 e e B

VRN ¥)=04E5
: GNTY LVO e
L17 TE(TSL(NSM)=P)113,1104120
A5 e o M1B URAM M= 0045

VR({Ny¥)=0.1R
SN CL AN S8 5§ ¢ e -
119 UR(NyM)=0,6F
: e VRN M 0L EE e e e e e
10 ¢ 17 11
J1PO O YTECTSLING ) =10)121,722,110 e e e e e
121 LN, M)=C.5
— YRINs )20
60 TN 110
15 e 127 RN ¥)=0,32 S e ———

vR(hvMye0,
_L10 coriliNure

T £n TN A2
109 DY 123 M=laNE L i
20 P 123 H=lsMF
IR IS NG =23 P 1285125 e -
1264 UR(Ny¥)z=0,65
e NRANMM==0LYR e e e - e
aroTY 123
29 L25 TFOLISL (N M) =-6)123,1260127 — . R
126 UIN,M)=2=0,3
e NPINMY=0. _ e e e
60 T 123

386




67

SULSRNUTINE ROCKFE]I 23733 fieT 5] ETIN 4, 4+6460 Q7123

127 TE(ISLUIN,™)=6)128,125,130
L 12E UR(NsM)x-Q,5
VR(NsM)=0,
.10 121
129 UR(MyM)x=0,b65
YOIN M) =2~0,65
5 GG T 123
120 TE4I5LIN,X0=80131,122,133
131 HR{Me¥)a=(,45
VR (hpX)=—-Cal8
~Q T3 173
e X2 VAN M) xef (A5
YI(Ke M)z -0.65
_fn 11123
123 TROISL(NMyP)=10)134,135,123
_.___________1._2.5 Ui (b Fle-C,Z
5 VA (Mev)C,
GLLIn 22
125 UR(M,¥Vs-C,32
VU L T3 B TR : B
123 COMTINLE ' .
O e Le 2 CALL_PIPRAN (L1SLsURHIVRINESMEY . 001
€00, 70 201
SEsl0C. % _PD=2000. releh |
CALL FAMPOR (IZL»SODS1,»S2,%2,PP,SS»DDNESME) 001
e e CALL B ANNAK _(S2yPLa 1Sl UR, VP, NE) ME) .. —
€ 9" 163 N=1,NE : :
_90_143 _Mz1l,¥F —_
PLINeM)I=2T(NeM)+SI(NIM) v
- 143 CCNTINUE )
CELL PDUSET (Pl.NE,ME)
O . o € meTeuT OF FIGRAJICON RESULTS
PO Ll44 M=1,NE
e m v e DO 164 _MalsME
SLINGMY=PLIN,“)=ST{Ny™4)
e - 164 CONTINVE
- BAINT Y&5,K
165 FCRMAT(//5¥,4SHINCRL-DECR, "F SEBASTOLLAND SASLE DUE.JTC MIGR.sMasl
12/
CALL POIAFP (S1,1) - _
C0 TN 167
6. 170 G0 166 _N=IaNE
Nr 166 MalpMF

e e imm L PL{M M)z S1 (N M) —— - - -
1¢45 COMTINUE

v e TEMP_LS_IN_T1:IF NJQT, READ —_—

75 1£7 4=10

e WSzl € KFXzO_ _—
caLt TDJA\)S (31,22 POT}NUI\JJDK KS)KFK) .
NEENUK(LY*T —— -

CALL QEA0MS (24T2.780sNF)

g9 NE=hUK(2)xT

: Call PTADYS (2,T1,730sNF)
NFaNUK{3)*7
CELL READMS (2574 4790,NF)
Tvaxz9, ¢ THIN=3, 001
£5 CALL CYLTOT (P1,T1, TZ.TB»T&-THAX;THIN:NE PE:ISL’




68

_SueRQUTINE RACKET 73172 neYsl

FIN & . &4460 07 /2

ALP=0, 82
CALL SILITA (Pl ISUsMarMELALP)

JFs(JeT)=0
CALL_RTBADOMS (25 T2,79C,JdF)

001
np

TAxl,25% §8 TJ=0,0095 & TS=0,085
TY=0.015_ % TX=176. %  .SL=n.0025

Gf
001

CALL ASYNTS (P1eT1sT2sT3y Ty TA»TIsTSeTY»TK)SLoKyNENE)
Dliz)*?=2

CLLL WRITKS (25T4,730s0Ld,1)
dd=1__ . IMIzl_ _ % CGYF=0._..

C FTSHING MOPTALITY

CrLl PORTOS (JUrIFTVCAVRsKEKS )

oM

KEK= MONTH GF _MATN SPAWNING
KEK=?
TFIRSA~K)I17V 172071

001

1L TeLed.
_G0 10173

172 TSL=9.004

201

173 CoLl_GNOLCR (P, T2, T3 TSsTY»TKs TS o Ko NESXE)

_ElM20,0026_ .

00}

CALL PUSIMC (P1s5%,5Up UNaFT ™y KE,ME)
o CALL WSITIMS (2,71 ,720,68,51)

¢ cuTPyTS
W PRINT AT4sK,SUaSUM o

174 ERRMAT (/4755 22 FANST BND SABLEF,» MayT2.16H FISHERY, 05340, 6H

o ADNSRFE LN, I0R Y OnN TJaNSLLY
CALL PRIAEP (P].0)
L SUTAR(10.K)=5UR

_00%

C #% #% 4% #3%3
¢ __ _COTTICS aMD_OTREDY

IF{LL=~1)7C1s2N1,203
201 TF(Kk=1)202,202,203 _

TToc2 CALL RESCMS (2481,73C,71)

. 6012 270

s11}]

20% CALL FEADMT (255147505720
Ce¥MICOLTINN_RYPLSSED

270 DT 268 M=l Nt
DD 26 _Mal,ME

DI{RsM)zST(Ns™})
266 _COMTINUE

c TEFP IS IN T15IF NOT, READ
267 J=31

e DALL_TCUACE (21,22, F0Y, RUNS s K KSR KEK)

KSal % KEKeO,.

NFEMUK (V) &7
__CALL REACHS (2,T2,73QsMF)

NCeNYK(2)%7
CAtL_FADME _(2,T2.730,NM7)

NE=NUK(3)¥7 o
CALL_REACMS (2514700, NF)

T¥Lx=12, $ TMIN=Z,

ALP=0,A2
CALL SILITA (PYlrT<LelNEstESALR)

CCALL CTLTIOT (P, T1,T2, T3, T4, THAX, THINSNE, Fy L) e e

JR=(J27) =4
CALL_PEADRS 2,727,730+ JF)

001
]

Tax1,2%5 t T4=0.,01

388




69

SUARCUTINE . ROLKE] 73/73 OPTxl FIN 4. L4+4ED 07411

TSe0,04859 t TY=0,01%
S ETE——— T A T A L T Tk e e
CALL ASYNTS (P 1T Ly T 2eT 2, T4, TAS T, T s TY s TKsSLrnsNESME)
e DL =T =2

aw

SRLL WRITME (2,74.73m,01 3,1y 7 T
o JJEl_ € INIE) % COVREGa . —_

CALL PEET ™ [1JyINTvrTVKaKFL, ) 001
) oL KK MONTE r M ATN _TPAWMING
LSKeS
I o TF(RSK=¢ 11192728270 __ — . ————
271 TfL=n,
. GO T BV — e
272 Ts51=0.00% .
273 CALL 590CCR (P1,TasTa, TS, YT T L KaNESMEY. . . .
C FISHING YRRTALITY
FI¥=0.00Y. . . . . ____ . e e
CAll PLGIMT (PLsS1ySUSUMIFTIMINENME) ) )
. CALL a®IT"S (20F10 700072000 . Ll o o
C DUTFYTS .
. BRAINY 274,¥,SUSUM . .. . L e e e e e R —— e
274 EORMAT(///5Xe274CCTTIOS AND OTHEOS, Me, 13,104 CISHERY, FS,0,6H T
i - - 2ONEsZ5.05204 1000 TONS/LY. . L. .. __ e
fALL PRTAFD (01,0}

- e e SUTAL M 0K A SUM ——— 003
RETUAN ’
o ENC L . —_— e

389




70

~-SUBRCUTINE. PELELS 13433 OPT=] EIN b be660 Q7L

- F

1 TURECUTINE FELFIS
o LIFENAINM. ISLUZ2E530)sD(26520)UR(26,30)VRI26530),SUTR2RE30212),. 0020
181(20920) 002030 3CY s FOT(30) 4 HUK(AD)NS(5C)
S 2MS(E0)eT1(2653C)52(25530) 5531269300, 54(2623G)55(26020)s5€6(26530)_ .
5 A,P1(26320)2P2(26530)5P3(26,30)9P4(26530),F5(25930)4P€(2653C)
4, T1(26220)sT2076930)2T3(26520)9T4{26530),1E(26530)5T8(26,30) . .. .
_ COMMON TSLSD, LR, \’QoSUTAB: 002!
L IR1s329FT TP UKINS Y e e e e e e
?Slsb’!"‘oa‘ufﬁy?’r°l;°?;°3:P‘O)P5;°6vT1 TZ.T3)T",T5’T6;
L0 L 3K LU, IZRR YL TZ2aNE W MENNY L e e e e
yINLL261)» IN2(201) ' coo:
IR T T R D o e e o e e e e ot o ort i e et 4 et s
HERRING
SMELT AND BTHERS .. .. e emeeemen . _. [
ATKA MROWDQEYL
Sl MON. SR e it e e e
SCUINS
L MIGRATIOM SIVEN. TD ATKA _MACKEREL. ONLY (PRELIMINARY ). s
* ¥ & & LE L 2 ¥
o BEREING ]
‘O TE(LL- 1)"1;51)43
e W1 TE(%-L)E29R8253 e . e e e
52 CALL READHFS (2!5’)7“0)92)
e B0 TG L e e e e e e e e e = e, 0O
?5 t3 CALL READMS (?;31a7“0 Q’)
R e T T D e e e e e
Cxads 201
C MIGSATICN TIMINGs, SPEEDs AND DTPECTION__ . . e 0oL
¢ TC BE CFRATED N0l
10 SN o, X L. 5 S

OO o

e e e o s e e e e 091

CAMLL RANNAK (525 Pl.!SL.LP.vhNE, MF)
DD B3 N=LSNE e e e e
00 &3 Mal,Pf ' '
e e PLING VY ERLONGMIASIUNGMY e — R
15 53 CONTTINUE
el GALL S0QUSET {2),MEsME).. e et e e e+ e e
c FUTPYT GF FIGRATLON RESULTS
OF 64 Nz1pNE ... . ... L
DO &4 N¥=1,FE
3 B CSIANeMIER LN, MY =S N L
64 CONTINUE
- B LPRINT BS K e e _— e e
€5 EFRYAT(//5%,4GHINC?,=DECR, [F HERRING DUE T2 IGR.,Fe,1
. 0 172 2 TG OO PU R
65 CALL OCIAFF (S1,1) '
BT T : S
70 DC 65 Na1yNE
L0 kL vel,rE
PLINS M) =C1IN, ™)
€0 e FHCCONTINUGE L Ll
c TEMP IS IK T1, IF NOTy READ
- L - SV S S
CALL READFS (1aT1s76C,MM)

Y < A .3 VU UGV S

£s KS=1 ¢ KFx=0
e CALL TOUAGE (B 122 F [JT: MUKy Jy Ko KSaWEY ) - e i e
NE=NUK{1)#T .

390




(4

LASURRAYTINE PELETS 13422 CPIx] - m FIN 4 .£4460 . .....0713

CALL PEADMS (22,T2,730eNF)
e e o NEENUKRC2YET — _ e e
0 CalL FEAGMS (2+T3,730,NF)
e NFEMOKONrT N -
CALL FEADMS (2,T4,780sNF)
i TRAXE TG S TMINEOLS e Qolf
CALL CYLTET (P1lsT1sT2sT3sTas TMAXTMIMINE, MF,TSL)
- Mlp=0,R2

£ N

CALL STLITA (FlsTSLsNZsMESALP)
AT ) el e et 2001
CALL RELDM™S (2,T2,750,J4F) ocy
. e o YA 3 TORCL,01 e i s e e mn e a R SR /1 4
n TS=0.10C T TY=0.025%
Tx=17%, & SL=C.0025 L A A
CELL ESVRNTS (PL1e T T2s T3, T 1T oTSpTY s ThrSLaKyNE)MF)
L Lbbd=g47-2 | e e . — P
CALL WETTNME (2,T6,7°CsDLYsY)
S oA=L INIED G CTVEe=0, e
CALL PORTES (J2e IMTCOVRIKFEK, J)
..C KEK= FUMTE GF MAIM SPAWNING . | .
KSK=5 .
- . o TRAKSX -k} 7]272,71
9 71 TSL=0.
L VRS
72 T5L=0.,001%2 N0z
) 73 CALL GROCPE (P1sT2, T3, TSy TYsTKsTSLeXaNEsME)
C FISHING MCFTALITY .
5 _ FIM=0,rCOY o UV 1 o
TALL FUCTIC (PIaS1sSUsSUNMSFINMNFyME)
) CCALL WRITME (297175099251 )
C TUTPUTS
. . PRINT 7eakySUsSUNM -
cQ T4 FORMATU///€Yy22HERTING s M=zeT3,10H4 FISHEFY, sF3.0,EH T
IMNS,Ca 2, 10K 100D TOANS/Z/) . |

CALL PRTAFFP (P1yD)
- e S A A K Y = SN 002
C %4 kd k% 4+ 44
=¥ . SYELT AMD NTpERS ]
TE0 IF(LL-Y)1%5%,1%1,153
. Yol TF(K=1)152,152,153 e i . e

158 CALL 2230MS (7581, 780,00)

e e G0 T07G o
co 153 CALL REAODMS (22%1,73C,1CC)
: ¢C TO 17¢ .

Q03

Chks s : : dd]
_ C MIGRATICN TTMING, SeCEn, AND DTIFECTTON o nul

£ TO 8F CRSATED o T T o0t
05 B L . B R ) 001
CALL T5NNAK (S2,91, 180 s UR,VR,NF,4E) o B T o
BD 162 N=l,NE
LD 162 ¥=z1,PE
L PIINGMF=PI(M M) 4SI{N,¥)
10 163 CONTINUE

: CALL BULUSET (PIyNFeMFY . DR

c CUTRUT CF M1GRATIAN RESULTS '
D0 144 N=zl,NE

NG 164 ¥=z=1yMF




72

SUBR AUTINE PELFIS. —..?73/23.__00T=)} . ——- FIN. 4. L+4060 _ . 07231

ST(MNsM)=PIINSsMI=ST{(N,™).
. 3t&a CONTINUE . . . e - — e
PRINT 165K
L 1E5 ENRMAT(//5Xs4SHINCR.-DECR. CF SPELT _AND OTHERS _ DUE_ID MIGRasM=»T ___
13/4)

S CALL PRIMER_ (31411 — —
¢O TO 187

e 170..DD. 1A6_N=1aNE : N e
0 166 Mz1,kE '

L EYNMESIANGMY e ——

p 166 COMTINUE

G TENMP 1S luwrlllr.SEILREAD.“__h__n____w__m"__m#_hwy_““;W__“_”-_mwmw#hﬂ“_
167 t=1% :

B KS=s1l .. % XFK=0Q __ . _ T O U S S
CaLl TCUsES ("'ln“?yrl'_‘T N'”‘h Y;K ‘(‘-’K)
1 . - - NFsRUK(IYFT7o 0 L L — - e m e aee m —
CALL REANDNS (2,T2s78C,NF)
e m—— e NP EMUK(2Y2T . L e e e e e e

CHLL RFADME (2,732 T80NF)
NF=NUK(2)*T R,
CetL READMS (2474720, NF)

T¥Ax=1l2. ¢ T¥IM=Z. . e e e e e e e
Cerl CYLTRT (PlaT1,72, TB;T‘v TP‘AX;T"TN hr,‘C,IQL)
_ALP= 0.:2 - - R A -
CeLL SILITE (“llISL"\‘Eh”F:ALF)

2 o dF=(UFT) -t .. . e . gols
CALL FERCKMS (Z9TLs7FOsJdF) . cois

L TAazl W25 ¢ TJ=C.0Y 0 . .. . VPO . Co20i
T=C.10C g TY=0.025% :
. . e L TE=1T7E. 8 CSL=0,0035 - e .
F catt 5¢V“T< (P11711721T3:T4 Tﬁ TJ-TS’TY TK;QL’K’Y\*, F)
e ... . DbLy=J*T7-2. — e e e
CattL \'l:’TT‘”< (2,1'!”7“0 DLJ:])
R I 1 § ¢ INI=1 ¢ CTOVR=C, . R Y U

SRRUUUTURY ¢ J 1A

CALL BORTES (JJsINTWLOVE,KFKy J) 202¢
0 .. A WOK~ MOMTH CF PALIN SPAWNNING | | e e o e
KEK=5

TE(RSK=¥)1T71,1724171 . ; e
171 T91L=0.
GO T AT 3 e e i s e

5 172 TeL=2.0C5
17% CALL GOCCCR (PLlsTZrT2s TS TYs TKeTEL K NEsME ) e e -
C FTSETNG MCRTALITY

FI»=D,00C0Y . - N L 002
CaL L, PUCTID (21551 9SL, QUM FIMINE,VME) :
0 .. o CALL WPLTFS (7w fls7RCs1CCe1) .. e e
C CUTPUTS
FRTINT 1T76yKySUsSUY L. ——

176 TCOMAT (/¥ /EXs27HEVELT AND QCTHERS » -;I‘rlCF" FISHERY»»F2,0s6H T
- 1ICNSF9,0, 20 10CC TCNSL1) .- e e e
9 CALL PRLAFF (21,0}
- SUTAA (1SR ) =S L o PR ¢ 1 -
C %% * % * % ¥ * ¥
G RTKE MACKEPREL. e e it e mr e e e
? O 1"-'(‘.['1)7‘_1'2:])""“
PO e, 2EL TRUKS- 1)252,%2s2"5 2 L e [, AT,
252 CALL PEFADNS (r951)7’3(‘ l((“)

392




73

—SUBRQUIINE PELRIS 73473 0P YsY o e _ETN. G.E+GEQ__ . . 07413,

Cn TN 254
ce e 283 CELL BEADME (258515 TS0 LCTY L o
¢ POELINTMARY MICEATION .
"R 2B IE (S -KI2500 290 ET0 _ S
£ TFlE=%)256y258,270
_Um_w_ﬁhv___HMZSC.l‘(lO—K)257:259:27Q&~_h___"-nh_Jh__mm“u__““ﬁﬂ_m_w_“_“.m__m_*__ﬁ_____u
eu? TELV11-r}27CeS5s270
e 200 DD 260 N Lo N
10 ©ODr 260 M=1,FE
T 0 L IR T o
UR(MeMY=T,0
e BB CON T IMNUE e - e e e
GC TN 262
5 e o 259D 26Y N=l,ME
NN 241 Mzl,MF
Ve, ")==1,0.
“p("v'|”:)'-'"] DO
- e 2EY COMTYINUE L L L .
0 262 CALL PIPPAN (TSL,UPsVRHNE, ME) 202¢
PO=CL0 . . e . - e no?
ce=r0, I Dh=2000. nQ2:
CALL PANEDR (TS1,y S0, S13825 kP, SSHD0sNESNMEY 032

CALL RANMAK (82407 ISLsURIVFsNESNME)
iE 00 263 N=1,ME e . e el e e e e
D0 263 Mzl,VME
B PLON MY =PI{h,,My+83(Ny™)y —— e _
263 CONTINUF
. CELL PLUSET (FPlyNESMEY o _
.0 C TUTeYT CF MIGRATINN RESULTS
: O 2h4 Nz]l,VE e e e i e et e e e e e e e e
Dr 244 M=1,%E
SI{My MY =P YIN,M)=~CS1(N,¥) . - I
264 CONTINUE
CH . CRIMT 265,K T -

265 FCRVAT(/ /LY, 4GHINCR,=NECR, MF ATKA MACKEDEL
12/7)

CALL PRIAFP (S1,1)
ceoTR 267 B ) i
10 270 D7 2H6 N=1,NE
i DD %6k Mai,ve
i A e .
26K CORTINUE o
c TENT TC TN T1,07 10T, FEED
15 RS S AN S N PR i

visl ¢ pEw=(
CRALL TOXACY (E1s @7 s FOTy NLK s Iy Ky KSyKFK)
NEErUK(1) 7

e L CALL RFADEY (2572750, NF)
o0 NENUK (T YN T

CALL FEADMS (272770 NF)_
ME=NW ()R

CALL PVADMS (2, T4 ,700,NF) L L A ..
TMAY= D, 4§ T¥Ih=t, 002
e CALL CYLTOT (P, T 0 T2 T, Tor THAX  TMINGNE M, TS
ALe=Q.H2

CALL STLITA (P),TSLaNEaMFyALD) o . e . L L.
JF=(J¥7)-¢ 002«

~J
o
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 SUOoQUTINE_PELELS 72473 _LCET=l ... -

20 i A Y Y o N Y |

CALL READIT (2,T2,7°0,0F)
L Td=0n.0) 2

Th=1.,25.. 8

JerCW 10 oo

00;
021!

TY=0.,02 % TX=17L. $ SL=0.007% ne.
- CALL ASUNTS_ (PLlyTlsT2,T2sTasTA2T) TS s TY YK o S o Ko NERMEDY
DLI=J*7=2
_ CALL wWAITMS (22765 120,00dy1)
35 Jdd=1 § TN'el * (AVR=(,
e  CALL PORTLS _ (duwa INIsCOVPsKEKSI) SRR ¢ ¢ ¥
C KSKU—MONTH ME MATN STAWNING
K ER=T — — __.nny
TF(KSK=¥YT714272+271
«C e 27 TSm0 - e e e e e e e
G0 TC 273
212 TELEULOLL e e w em  m mmme- R, 00
273 (ALL GRIOTKR (P1,72sT3, TS, TY, TK,TSLy Ky NESFE)
o G FISKEING MOLPTALITY Lo - e e - S
[ FIM=0.2Ch Nhe
e CALLRUCGIVELL (01 Sl SUs SUM e M s e ME e e s e e
CALL WRLITN¥S (2,01, 780,107,1)
I DUTPUTE e e . e e S
PRINT 274 ,K s St SHM
0. 274 FCPFAT(//7/5¥s22KATRA MACKEREL . . M=,12,10F EISHERYs»E9.0:06H T
IANS  FE L 2y 1CH 1000 TONS/TY)
e m— o CrLL BRIAFO_LFL,CL o _ i e
SLTAB({1E, K )eSIPM ona
C * % L R o _ e . o
L5 C SALMON
- 30 IF(LL=1)3fLs2381.222 . _ B [ . I -
3F] 10(¥-11252,252.7253
_ . 152 CALL_PEADYS (2229 7°%Co LL2) e o e
CooTR 2R
€0 322 CrLL READMS (Z2.70578Cs12¢) . I - _
C VERY DRELTIMIBAEY NN MICFLTICN
34 (0 TR RTO e e e ey R _ I
el G ThRE NtV F
. e LC ZBE_ M= YE L s e _ e e e
& Flgyey™Y=S (M)
L2k LONYINUED Lol - __ . [ — e
" TENE TT I TI,I0 HOT, FOAD
e I=17 R, _ e — I
Kzl % FFR=0
P TALL_TOACL B B2 r QT b UKL Lo Ko b SaKEK] —— e i e
MO=MU YT
- O CPLL REEDMY (ZeTZaT7E0SNF) . e — e R
SEeNUN{2Y T
. L rrp L RCADN Qe TEQeNEY e e e .
Te PEEYUNIAYRT
. SR L LEURDYS WD, Ty TRC NS e e e o = e e e
1*rtrall, g TrTt=2.
. Crik C_‘XLT('T_("-::_1.-7_21T:’-T‘r:'”lk'T’}?)l‘%f:LE}_}"l’ e -
PLP=du 0 ¢
S0 . [ G U A N5 7 (O SN MY O 3 O o X | (38 JIR N 100 M e e
Jf=(JeT)=4 nGat(
U o4 B SR S R (CaTPa 770 dY )Y L o e U 1 Y
TANe1,25 ° Td=L,018
[N FE R 30 6 - TY=CL00% 0 e e e — = 002
¢ Thzl7H. 8 Ll=uw,.067 602"
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SUBROUTLNE PELEIS. 13073 CrI= ——— - —_— EIN &4, 64460 ____ 07737

CHLL ALVNTS (F*y I;TZ:T":T":TI TJ:I TV TkafL, ;hF’”E)
LDl sdx 70 e e e
CAL L HFIT'S (2.‘-"‘:),’0)0!.!)7)
e =L S THIRY % COVR=(G,
0 Cril PLETLS
Avl TL =0, R - e e
373 0t Gf-’_l(,[‘« H"I’]Z;T'%:Tf9TY:TK;T‘7|-K,.NF,P‘F)
L CFTSRING NMOETALITY - .. .
FIr=n,cx ' 00
D is L CALL PLETES (FLsS1y U SUMLETHNES M)
Call WEITHS (2051, 720y114%s 1)
o PETRUTE
PEIMT 274 K, S50, UM
B 304 FURRATLLAGY 200 Ay s M=, Y35 1CH _ FISHERY, »F2,0s6H _ T
0 TOELyER Uy L 100U |”’.)/I)
catt pelpro (ev,0) . R L }
SUTLI( L 75R)=51M no 3
— S . ST 4 A 5. v e e et e
C Seirros
] _ 4E0 JFILL=-1)411+451,45)
L1 [FLK=1316%7,452,457
JGE2 CALL REaDly (2,179 0120) L [ L
GoT 470 : no3
. Lobet3 CaLL PRALDMS (223,220 2%y . - — N — .. .
0 Gr T LY on3
. NOOMIGEATION
LG IT (L=K)1&Ha,457 4,470
4ER 18 (AH-K)LEE,485,6470
Gk TF(1N=r YLt 7,400,470
(5 T A e R T D e —
L83 DY) 460 NalsNE
DO 46D M=iwdl —— ——— -
\‘9(‘10”)'1.0
o URIN,MY=1,0
0 440 CUNTINUE
I O B R Y ;
459 DO Ab1 N=1,NF
OL 461 ¥=1,MF
VE(N,")==1,0
5 e L UR{NyMY==y 0 . e ~ e
¢l CCHTINUE
LAR2 CALL BTRPAN (ISL,UP,VR,NE)MFY . i o e e ... 002
ROz (, 2 002
L ... S8=100, _* nh=20n0, . e _on2
20 CALL RaMpPrR (Ifl»"":?umnf‘;'(*;r«-;bcy. JNF '”7) 002
L CALL RANNEK (SZaT14TSL,U'R,VEk, Kies™ME) s
DY Lp2 N=1 L ME
0 262 M=l MF
T T ety =Rt (e My s,y T T T ST T s e e e
25 e B3 CORIINGE
’ CALL BrUSET {P1,NL,¥E)
¢ . . CUTEUT CF MIGPAIIOM RESLLTS
NO 464 N=1,NE
. LU a64 MzieliF e et e e e
D ‘l(“sM)'DL("uh)—(l( :“H
464 CONMTINUE

FRINT 465,K

(JusiNTSCOVE KTV, ) no-e

(o]

B S —_—— e - 3 9 5 ——— e L - [ —— s




7¢

_SUBROUTINE PELFLS . 737713 nNpTal_. - — S EIN 4.6+460 0713

465 FORMAT(//GY,4GHIMCR,~DECP, NF SQUIDS DUE TN MIGR.sM=,1
. A3 T
5 CALL PRIAFP {S1s1)
(AU ¢1 & N 155 B < A U R
470 D0 466 N=1,NE
O0_&Ab_MzleME -
DY (NeM)=Si(NsM)
O o Wb CONTIPUE
c TEMP IS [N Tls IF NGTs PEAD
467 J=1F J _ > e —
KS=1 % HFK-O .
. Ll TRIAGS_I312B2, LT U da Ky T S O
5 NCENUK (1) 5T .
FALL SELDNS (25T24730,NF)
FESNUKL DY RT .
CALL OCACMS (2T 7R0sMEY_ | . L e e e =
MEZHUK () v 7 ‘
10, e oD S (2T TR0 NEY

Tway=1p, ¢ TMIN=4, 002
CCALL SYLTCT (Pl TlaT2,TasTas TMAY,TMINGNESMEL TS L o0 o .
ALP=NLEL
e CALLSTLITA (2laIStsMEs MEFALPY . it e e e
-9 H=lJ=7)=4 on?
_PALL PEADNS (22T2s7F0sJE0 . . R ¢ ¢ 1
TAas1,1 ¢ Tr=0,0136
IR D T T U B A TA - AU SRR L R SR
Tks175%., * SL=0,. UO‘) 002
Q. i - U CALL ASYMTS (P1,T1sT2,T2sThy TAsTUSTSsTY T SLaMoNEPMEY .
' NLg=4r7-2 '
L CALL_MRLIMS (2574 20 DL s LY ot e e e e e e A e i e s e
Ji=1 ¢ INIsl "t rfAye=n,
. oALL PORTIS (4JsTATsCOIVRNKEK ) e e e e ¢ ———— noz2
7€ c KSk= MANTH NE MAIN SPAUNING .
e . KSK=] o — . - e . Q02
JFIRSL-K)6T1r 472, 671
e . 7)Y T5L =0 o e mmn e m . e e e 4
enoT 473
0 . 472 TSL=0.0C05. ... S 1 -
473 Calt ""-‘\JCI',”? (Dl T? T39TS TY’TK TSL;“,"'" A |
.G TmISHING MORTALITY. . o e e .
FIM=0,0001 n?
e o CALL_PUSINC.(P1aSLeSUsSUMSFIM)NESME) e e e =
25 CALL WRITMS (20197905121 1)
e C oUTOUTS D
ARINT 474,y SU.SUM .
474 FOGMAT(//IEXs220830UIDS L il M=sT2,1n4  FISHERYssE2,0s86H. T_.
1PNS,C3,0,1CH 1000 TONS//)
B0 L URALL PRIAFE (PLa0) L L Ll L e e e s s e e o e
SUTAR( 1R .« )=SUV o0

- e — B E L URN o o o e e eCm emmr e et e e e s
END
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- SU3RAOUTINE_CRUSTA 73773 arI=1 - e EIN_4.btbbQ.. 0773

1

SUBRAUTINFE CRUSTA

____m“_“*_"_w_WDI”ENSID”.I?L(?6v30);53(26:30):U°(2&-3CLLV912&:JQLLSQZKB(30112)L__OOZ

IRLE30,300422(30230)FCTI30),NIK(30),NS(50),
N3 E00) 3 L7265 30) 05202042005 $3026930)55402¢530)1,59026530),540265,30)

s

20

25

39

_h“AyTT(26130};72(?b:BO)1T3(25)30):T4(Zb:30):If(26:30LLI£12&L3C)

2,01(2¢,2 )vrpf76-30))p3(25-30))04(26130)0p5(26030)1p6(26r30)

CopManN 5t ,QU.L‘R-\/Q.SUTAB' NGCes
1‘19!-D?yFOT:”UKAN<1NSs_m___”_“__m__‘____wm__“m_‘__ R
251-52-53)3")551901DIJP2,°3’P"a95195‘:T1'TZ;T“\1T‘01T5)769
3K UL, 720, 173 17 2o NE)MEWNY D
DeTNIL201), IN2UZ0D) 20(¢
JINTEGTR DL

RINC CRAR
CTANNER CRpR

T CoPANQALID SHopwp T o
B ¥ % ¥ E * & e L o L e
. DRSS _— e )
e 29 TELLZY )95 853 e At e et e e e .
1 TF(k=-1)22,52,¢3
_ 22 CATL RTADMS (£451,73Ge127) e e e I S
Cro10 L4
53 CHLL PEADMS (25 S10700,120) . e e
r SAME MICRITION TIME AND SOFED FOR ALL CRARS IN INITIAL PRIGRAM
e T4 TFAS=HNSE.98,7C e e e e = e e
L5 TC(A—-\()’}__‘_\,EQ,‘?C
e SE TFL10-%)57,50470 o L e .
ST I°(11-%)70,56,7n
. S8 K=l e NG
$5=40, 3 A=6CN. . ap
) CALL CPUSRA (TSL,U24VR,S0,SS4DPyNF, ME,kE) ___ Migration speed 44
6N T A1 creation subroutine 99
L L — —_— - 1 ¥
§%=¢n, 1 RN=4CO, a0
. . CALL CRUSFA (ISL,MPAVD, SRS, DL, NE) ME,KE) e e
£1 RP=C,4C a0
T o 1 QANPUQ_(ISL:SDLSLLSErfglRD:SSnDD{Ni;ﬂi}ﬁh"__mﬁ___w_”__"ww 00
€2 CONTINUE 0e
o TALL RANNAK (Q?;°]~I‘!-UF,VQ;Nﬁn”E)__ _ R
20 £33 Nzl,NMF
e DB B MgemE ) e _ -
PLONsMY=PL (M M) +€3 (Ny¥)
e B3 COMTINDE et e e L
CALL BADUSFKT (Pl.NESME)
- __C. CUTEIT OF MIGRATION PESULTS e ) e
DM .64 Nz1,NE
NN g4 ¥al,Nc ~ .
SLUMs M) 2P (NeM)mST(N,™®y ~ 77 7 T T -
e A CONTINGE et e et e e e

T R4 CONTINUOE

P2INT A5,4X
55 FPRPMAT(//TX,49HINGR, -DFCR, OF KING CRAS _ DUF TG MIGR.»M=»1

13771

C3LL °9Tacp (S1,1)

€O TO &7
10 D8 65 N=1,NE N
DT €5 M=1.¥F
R
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_SUNRAUTINE_CRUSTA_ . 73/73..__09T=l _ —— CIN 4 6+4E0 a7/3!

C TEYP IS IN Tl, IF NOT, READ

] BT MM=72eX . S
»0 CALL READMS (1. TL:?BC.HN) _
J=19 . - . - R R, - N
K¥=z1 T WFk=Q

e CALL_TCUACS (R12852450TohUK2ds KaKSs KEK) N

NFE=NIK(T1)*7
9. CALL PEADYS (2,725,730 NE)__ .
KF=NUK(2)*7
e CALLLPEADES (70 T3e780sNE) U —— e - - e

NFSNUK(3)*7 ]
e - o CALL PEADMY (25 T6sT730WNE) L e e e
70 THAeX =R, o TMTIN=T, 201
CCALL CYLTOT. (91,71, T2, T3, T4, TMAXs TMINyNESMEYISL) —
ALFP=0D,.58/
FALL STLITE (PR ISLaMFeMEWALD) e i
JE=(J87)-¢ crl
5. o CALL REARNS (2, T2,72054F ) I . —— e 000
Ta=1.2 % TJ=0,0C"
T$=¢, 070 3 YY=0.0Ll . ... . S U oo
Tw=175, "t SL=1,0013 S
o . CALL _ACUNTS (PLlyTlaT2,T2,Ta, TAsTI, TSy TY, ThSLyXyNESHED | e
] MNJS=)*7-
e CALL ARITMS (2T TR0 DL L) e e e
J=1 T oINTan ¢ TOVR=G.
CALL "Or TS (JJpINTACnVR,KFEXNS ) | L e - _ Lo 207
C VoW MOMTH GF MATR TRAWNING .
2c KEk=4 P, . oo ... 00t

e R L =L 78, e S - -
o 7L T =0. e —_ e et e e e ot st e i i

npoTD 7Y )
72 TS5L=D.U04 . O
1¥) 73 CeLl 3R73CC0° (BLsT2rT20TS»TYsTKs TSLs Ko NEs ME)

0. FETSUING MPRTALITY Lo o L

Fim=n,C09 ool
CeALL PURTME (21eS1aSUSSUMMFINMNEYME) e e

CALL WRITYS (2,P1,7°0,123,1)
SE ) ¢ CUTRITS .

PR TAT 7T4yH, 53U SUM
74 ENEYAT(///TX,22HCING CRAR _ . M=eiZ,l0b. FISHERY,»FR,0e60H T _
1ONT L E3 .G, 10% 1000 TOINS//)
} DAL ERTATD A(PYO)
.00 SUTA3L19,K)=SUM : no:
D T T S N 2 T T L [,
¢ TANNED CRAR
180 TF(_L-111E61,151,161 i
161 IF(£=1711572,152,103
105 itz raLL READNS (2, S1a 700 1BA) e
ar 11 154

L1572 CALL TFEDME (2,1 THC,L1RE) L
C SAvE JICP/TA“\ TTME AND SPEER EOR ALL copa€ TN INTTIAL PROGRAM
. 1A DT =1, 19,170 . e
110 155 17 (6-K)156,153+170
S N £ S LELN B EX 5 Uk 0 4 IR
157 TF(11=X)170,150517¢C
152 Ki=l . ol [N A

$<240, ¢ O0=600,. 00
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SSUBRCUTINE CRUSTA — 23473 . OPYa) . e FTIN 4. h+4AO_ ... . 0713

5 CALL CRUDSERA (LSL P VR, SOsSS»IDINEYyMESKF) not
LG0T 161 .
1%9 kE=? on.
9540, __$ DP=60Q, . . . - B0l
CALL CRUSRA (T¥LoUrsVRsSO» TSP aNE,¥T,KE) an
TQn_M_".m_uﬂ__nlélhﬁP’Qx3ohuh_“n"*m_m__@m_-__h___nm_““m_,___ .. 0l
CALL PANPCR (ISLsSEyS1582553sPFsSS,000NEy MF) nol
e JVE2LCONTINUE ——— . _.__0C1
© CALL RANNAK (S2,01,TSL, UR,VR,NE,ME)
e e JDRUDBR M ,NE . . I
’5 Dro 12 M=z, ME

PSR B 5. S o S SRS B S VLS I e et - — e

163 COKRTIMUF
CSALL ROUSET (9 1)NEyNE)

C CETPUT OF MIGRATION SESULTS
an. - DL oLlea N=l.%g L. U U
S0 184 M= 1,ME
- T B R W o R N B e e et s

a6 ZOMTINUE
o . PEINT 145,¥ S, . . R
25 t1es FRRMAT(//5Y, 43HINCR . =NFCR, CF TANNER fRAD TUE TD MIGER .Mz,
13/77Y. .

CELL PRILFP (S1,1)
- CCLTOYeT - b+ e 2 e e e 4 e s e o
170 D0 156 N=1,NE
L0 - DUUiAG N=laNME ; _ R e

TLOM, M =N, Yy
1eh CONTINUE

-C TeEve IS TN Tl,“ {F ..NQ;, .C_‘{-X[E\' TTTUTmmTm T e e e e -
—— A7 =20 e e s e s e v o s+ et e o

45 : KSzl 1 WPz
CRLY TOJACS (L4020 F0T, NI, a Ky K8, KFK)

NEENUK(1) %7
N PALL READNMS (2 T2a73CeNF)
NE MUK 2) %7
te e CALLOREASNS ARG TN TEOONE) e

NFNUK(2)»7
SAELL CREBINS (24T4,7R0,NE) ) e e
TMAX=d, *  TMIr=-2, no-
S emmme s RALL CXLTOT €01 T IO T3y Ta W TMAXp TMTNGNE,ME LT
.55 LLP=n, 87
SRALL STLINA TR, LELe NI MESRLRY | - T e e e a1
JP=(Jx7Yy -0 NG’
JOALL _REAQPT (25T 2,7R00F)_
W2 % Tlar,o0p

Ty=2.01 ) : ne

- ?_ s ————— T T e Em o cm m e = r s e e e
¢

,_
S~
K

o

' fl=u.0nzs 20
P e Ty T2 T2, Ta e Ta T TSy TY, TV s SIp Ky HE, MF)

n

T 'w Kty I=

ta,

[ s e
-
[T el S
- — ltfl—»Alf)rd

T TNT=l g eryasg,
CALLL PCHTUS (JUsINT,rOVR,KEK,y) _ . R 1

[

C 0 WSWS NEHTE UF MEIN SoagNINC T
T e —— e
IF (RSK=K) 17291720171
v7¢ L 111 TSLeC. e e e e e e

GO 1o 173
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—_SUBRIUTINE CRUSTA_ 73473 02T=1 .. FIN 4.6+460. . ... 07/

e

172 TS5Lsh,00) .
173 CALL GRECUR (P12 T3, 7S, 1Y, TRy TSLaKaNESMEY I
¢ FISHING MORTALITY
75 - CIM=0.0NE e e —_— Q0:
' CALL SUATHO (P1,5Ls S SUM,FIMyNES ME)
CALL J421T™S (2,P)»7R0e1380) ——
c NUTPYTS
L RRINT_ 174,KpSUsSUM ] el .
) 174 FORMAT(/ /75X, 22HTAMNER CFPAB , Mz,13,104 FTISHERY,,F3,0,6H T
IONS,FRL 0 1QH_ 10PN TONSLL)
CALL PRIAEP (P1,0)
o suTAR(PCeKIESWUM. .
* ¥ * ¥ * * * # * &
o PANTALILID SHRIME_ L e
260 [F(LL=-1)201,2%142%3
PE] JFARmL) 28 0 r 02025 e e s
252 CALL READHS (735173 C,161)
. GCLT0 254
.60 : 252 CALL EGADMS (2,57,70,142)
o SpME WIGRATION TIHE AND SPETD FOR ALL CRABS.IN INITIAL_PROCRAM._ .
Chan ke
Craw MIGRATINN_PY2ASTED
an TN 270
G IF(E-K)Z25%925% 0270 e
5 TE(E-K)25¢259,270
B 1C(1A-K)2574229,270
7
2

.00

il
W
(4 I ]

A5

16(11~K)2705,255+770
. 3 KEal o e g e = e o 00
00 S5=40, % DN=EC0, ' ne:’
e CRLL.CTUSRA (ISLaURSVR IRy SS DO NESFEAKE) 00
50 T) 261 ne:
2 KT P e 0e
S<=40, 3 DD=AGCO, ¢
[ o 3 I | C2US0A (ISL,US VR, SDsSS» DD, NESMESKEY . . ...00
261 RP=H, 3D 00
L CALL DANCGF_(ISL,SDsS1eS2,825RPHIS, NI YE) e N
262 CONTIMNUE ne
Lo COCALL RANNSV 1572, 1, TSl NF,VELNE,ME)
119 D0 263 N=1.ME
U+ 1 £ B3 T30 0 i A VR PR R . e
PIIN, Y1 =PI M) +S3(N,M)
263 CONTINUE e -
CaLl BSUSET (PL,MNEs¥E)
%15 G dUTRUl OF MIGRATICNL PESULTS . o e e e
PO 256 N ) eNF
L0 264 M=1.ME oL
SL(NsMIzP I (MpM)=S1 (N, M)
o bl CONT IN S e e+ e o i e e i
20 EPINT "G5
265 FOSNMAT{//¢X,409FINCF,-DECK,_CF PANCALID SHPIMP  _ NUE TO MICR,sb=,T
12/14)
SALL PRTATE (S1,1)
GN TY Fe7? :
295 o 270.0Q.%lbwoNsdaME L e — e - _—
f'\:‘ 26(‘: ?’511ME
PLANyHY=STNSM)
266 CONTINUE

IRV IENRRT TN




~SUBRQUTINE CRUSTA... 73272 CPT=) o

e FIM AWB460 07231

c TEMD IS IN Tls IF 43Ty READ
O 267 9=z) . e e N
$S=]1 ¢ KFK=0 )
e o CALL _TTYAGS (R1I,32,E0TANUC, Jy Ky SykFRY ]
NEENUK(1)%7
B L A T -3 S A L T
5 NE=NUK(2)47
e L LALL PEADMS (2,T2,730,NE) e
MEaNIK{3)+7
e e TRLL PEACMS (2,TL,7R0,NE) e e

39

e0

70

fMay=11, € TrTNa3, o Th01s

e G LT (P L ) L e T2 T3 TA THAR T I NN S, M e TS )

BLP=0,Fz
CAVL STLITA (21, 1S0sNENME, ALRS

o Tr=(¥7) -4 001¢
e CALL REACMS (2,572,720, JF). . S SRR S o B
Ta=1,2 1 TJ=0,C0¢
_ e e S ECWOT e TY=OW0Y e 2 N0
T=17%. 5 SL=0.003 001:
. e CBLL ASNNTE (01T, T2 T3, Tas TAs Ty s TS TYa TR, SL, sNESME)
Clo=Jx7=-?
e JCALL wERITRS (2,T4,750.0L051Y T _ e
JJa=1 T OIMT=] & CAOVR=O0,
e BALL PTETCL (S INTPOVRYKFK,y J) L i _ uol:

KTK= MONTH UF METN SPAWNING
Ekel, e e - I LA 5

TF(rSX=X)zT71,272+271
271 TeL=0, - e .
2T 273
. 272 Tsl=",007 . . I AL * 2
273 TALL CPOCCR (P, T2 T asT s YTV, TSLsKsNESME)
(O FUEHTNG MLETALITY e
FI¥=0,0C 38 . 001
e CHLL PLGIRE (O STy S SUNM TIF,NES MY
CHLL WFTTFT (Z,P)147R0514241)
£
BOINT 27hy%,aSUsSUM
274 ELEFITU// /Y22 PANDALTID SHRTYO Mz, 13.10H. FISHIRY,,F3,0,6H  T_
TONS,re.Gp10F 1000 TONS//)
I _LLnAtr o RRlave ey, 0y 0 o e o
SUTAZ(ZYy¥)2SUM 003
—— me CETLAN e — —_— -
£UD

401




_SU3ROUTINE RENTCS

82

734723 __PPI=] - e BTN G0 48600 07230

SHABAYTINE BENTOS B '

CDTMENSINN ISL(26930)550(256520)0,UR(2€930),)VR(26720)9SUTAR(3G,12)s.. 007!

1R1022+30),B2(30.3C)sFITL20)sNUKII0}sNS(50),

7“)(’0)p51(76 301252(76530)253426,20),54(2€530), 5542623CLs 5610262300 __
pPY (26030 9F2 (265300 9P (26, 20)90%(26s30),P5(26+30)406(7¢,30)

A,TL(?b;ZO);Ta(?‘;“O)-T3(sz30))TQS?£L30L:JAJZO-’QLLIQ(?6'3C)_____*h_M

o

20

25

35

40

_4
2

3

4

EYA
25

36
. A7

_3.'(1 LLeT220 171072 NEpMEeNU

CINTESCSR

O RTADING,

AL

COMMAN ISLSOLURWVRSSUTAR, 007:
1”],92.""31':?\““"‘5’“51_.. : S
»S2 S3.§A,Sb,SbyPI’DZ,D?,PA,PS,P&.T1 TZ'T3’TL)TJQT6’

Sy INTI221),IN2(2CY) .

L7 T U
ORIDATLRY PCNT4”S

TNSAUNA
EPTFALUNA
BATINY TEMPERATURSS INTO T1 |

.
02 - ——

21 -
MA=P 4K T
CALL_REANMS (1, T1»730,MMY
TE(LL=1Y1y141
TF(K=1)2s2s3
CALL RIAQMS
5010 6.
SALL SEANMS 12,01,7:7,143)
CALL GEADMS (2,T2,7204150)
FrAn CANSUYATINN INTD T3
T4=3304TH.
D2ELATORY
J=2? e «$=1 ¢ KFX=0
CALL TOJAGS (31,132,
Tes1,2 % TJ=0,003
TTe=0,12 T TY=0.032
TY=175. 4 SL=2.004 o
AALL ASUNTS (O1+T1pT2sT230T4sTarTdyTSaTYsTK,SLKINEPME)
CTALL ARITME (2,744750415291)
Ja=1 ¢ JAT=1 € rnyR=n,
Jd=l ¢ INT=1 % €OVR=0. ]
CALL PARTUS (JerInlsfnVR,<FRAIY
CALL WRITMS (2,01,7905149,1)
KTKs1

e T3 3
INFAINA
CCALL READMT (2072, 720,157)
!C(LL‘1)14;34’36
TE(&=113%43%34A oL
CaLL PTeanps (2,P1,730,15%)
eI 7 S
CallL QTANMS [2,°1,79Cr15¢F)
J=23 P KS8=1 1 KFK=(Q B
CALL TORJARS (RL1422,F0TWNULpJsKyKS o KFK)
Thzi,2 & Ty=r,nC4
TS=0,10 ¢ TY=0.02
T¥=175. o SL=n,004 ]
catL ASV”*"(DlpTlv L'TB‘TL TL-TJ 7€, TY!TK'SLvaNF ”F)
CMRTTMS (24T4, 780915610
JJ=1 i Ini=1 t CCVi=0,
Jd=1 ¢ INT=1 % CQVk=0,.
catlL

Reading of initial or previous
month biomass. __

(2,°1,720,148)

AENTHES
Sorting & extraction
of food composition

Fr\T;\U‘(;J:K,KS)KF")

_Growth __
subroutine

Ji 'Féaafﬁgﬁgﬁﬁ?ﬁﬁfﬁfﬁfﬁﬂﬁﬁ““"""””_m‘
2y e

T m

o
net

QDxTF‘ (JJleTOPPVP!KCK’J)

402




S SURBROUTING ENTOS_ . 7%27?3...00T21. - .  FIN 4.E+4€60_ . .. Q7173

COLL WRITHS (2+PLs780,15641) 003

TS B OO ¢ ] X
“0 GN TN N nQ2
e ERTENUNA e e . P
33 CALL PEADYS (24T72,730,164), 003
NE————— S N R kN Y e —— e ___ 003
2 TE(K=113%54+39,40 002
£5 e 29 CALL 2FARKS (2,01,790,162) s e . Q02
GD T7 41 _ ' 2013
49 CHLL PcadMS (2,01,790,163) 1032
41 J=24 1 XS=] $ XKFK=0 '
e CALL TOJAGE (B1s32 40 FNTyNUK» s KaKSKEKY
7) Ta=1.3 ¢ TJ=0,006
T<=C.1¢C $ Ty=0,02
TK=175, t SL=2,203
CALL ASUNTS Pl e T T2 T3, Ta s ThyTUy TSy TY ST, SLsX NG ¥EY . Q03
CALL ARITHS (23 T4s73Ce146E41)
75 U Jd=1 € Iul=] v COVR=C. . C e } ..
TALL P00T25 (SJsINTLCUVR,KFEK, J) 201
CALL WRITNMS (2,F1,790,162,1) s e e Ll ... 203
viz} ors
PRINTING, SUvMATION el o
30 31 ful=0, naz
_A:)=la|r7‘la-|5 e e e . e e e e o . e Q02
ARO=1Q/1000, _ 007
- . o070 71 s laNE
M} Z1 Yal,%E
PY el TSN Y200 2,22
£7 SLUNs™)=zP1(NyM)/I00N,
) QU]=S'Jl+Sl(N:”)_"_‘A_QQ__________
21 CONTIANE
B B CETTN (a3, ba, A8 RIK e . ona
D 43 BRINT ?234kKk450 nos
T 23 TORMAT(///EX,30HPREDATORY RFENTHOS, TON/x42, M=,13,114.1002 TONSs __
IF=.0/1)
CaLl 2°1AFPISY, ) e e e
SUTAR(22,%)=SU1 plok}
35 S § A I - I S e e s o 063
44 PRTNT 24 ,u4,51 i 693
e L 2H FDRMAT(S/ /5% 20HINFAUNA, TON/K¥2, M=,13,11Y 1000 _TaNS,Fe,0/¢4) __ . .
CALL »2TAFO(S1,1) 03
e SUTAR(? 3,k )=S0 203

<3

co GooTa 23 N03
© e . A5 DATINT 25,4,5U1 o e 00?2
25 FASMATU///5X02 1HEPTEAIINA, TON/KY2, M24aT2,114 10CO TNNS, F3.077)

e mmemem o CMLL PRTACR(SY,L) R ¢ 10 B
SUTAR (24,2501 no3
RETHAIN .
FMD
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SUBROUTINE PLANKT 73413 DPT=1 FIN 4.64650  _ QB/O

1 SUSROUTINE PLANKT _
DIMENSIONWISL(Z¢J3911SQ(Zb’BQ)lUR(ZbJEQJJVRlﬂbABOJLSUlABIBQ;lZJJ;wﬂDZ
lBl(30;303;82(30;33)’F3T(30)nNUK(30)pNS(‘0)’
ZﬁS(ﬁol.S‘(zto30);52(26:30):53(Zb,301154(151301;55125.30);5bl1b¢201_**
5 3991(26»30),P2(Zb:30)’P3(26:30):P4(26130);°’(?b)30):Pb(26130,
4}TLXE@LQQALliL&QLlQlLl}12&L301413Jﬁ§11ﬂlL1§l2QL}QJLI&JZ&LJQL__A___*__’
CO4MON ISLsSDsUR»VR)SUTAS, 002
181, 824FIT9NUKyNSsMSy
2315525530545 55s569PLsP2sP3sPLsPSsPOITLT29T3,T45TE5TEs
QK’LL)ZZP'IllvIZZAHELHF)NU
5 INL(201),IN2(201) * 060
CUMMDN_JELNKLZEQLIQ)IZﬂﬂ(lﬂ)}ZﬂHSJlQlLlﬁA&LlQlJﬂlln(10)!
1PYZM(L10) s PYZMM(10) s PRKAP(I0Y»2KAS(10)
e DATA.ZDJLQZQ'IiZO-}QZQLL“20;}4200L“ZO-pﬁ?QJJlﬁlefﬁﬂJziﬂﬁJiL
L5 120 {804 ?00190.)80u)300)t00 ’80017'5-'750!70./’
223&3!55-Liiyaiiq’ﬁiqﬁiijéﬁjliﬁoLiipJ95o)jijli
32 APlldo.:1?“.;186.)1"..“.)138n196.:1’”‘.:1’95.:195.:205‘./:
4PYLOLLEQQLLLQiDJJAQ;QJllﬁng}Aﬁngilﬁj)Jllﬁﬁﬁlll7££iJJlQQLLliQQLLL___
EPYZM/500¢2600e26004.5600a2600406004250042700,9700.2¢5047
0 : @EilﬂﬁllQQAAlﬁQJAlﬁoJLAEQJLAEQA’IBQaLléoo!lﬁQ.LIZQLLlooo/:
7PKAP/1804s1E042180e2180,01804s1R0as1R04»135,,18%:45190e/s
&lKAﬁLﬁ?ﬁmlﬂlﬁtLZlilLZli;Lﬁ?§J121§112124J2ﬁ541Zﬁi*x295n/

to

c UNITS IN HG/M3
C_ __REDFA_—= CONVERSION FACTOR FROM DEGRSSS TO PADIANS
’g I oKAP IKAP= PHASE LAGS
¢ 173 204 20MS - 203PLANKTON PARAMETERS
c PYZD PYZM PYZIMM = PHYTGPLANKTON PARMETERS
— C . _ALP_ALPP = PHASE SPEEDS
’ " ZOJPLANKTON CONSISTS OF 65 Pale COPEPODS AND 3% PoCs FUPHAUSIDS
10 C _172P | ~PRINT INDICATOF .
T=X
 RADFA=),0174533
ALP=30,*RADFA
. — AL?P=60 *RADFA
39 PYP=1500,
[zpL=) .
CALL REAIMS(2,S1,780,172) Copepods, consumption
) CALL READMS(2582,7805,179) Euphausids, consumption
CALL READM3(2,53,7€0,18¢) Phytoplankton, consumption
9 DD 10 N=l,NE
DO 10 M=1l,ME :
TFCISL(N»M))10s10p11
11 I=ISLINgM} Sum of copepods and euphausids
L S4(NsMY =S LAN,MIHS2(INs M) (zooplankton)
(3] PKP=PKAP(TJ}?RADFA Setting of phase lag
IKP=ZKAP (T )2RADFA
IxPP=IKAS(L)*RADFA
PLP=PYZO({L)*],.8 Tuning of phytoplankton standing crop
Pl(N:H)-PLP+PYZV(I)*COS(ALP*T-PK°)+PYZ“M(I)*SIN(ALPP*T-ZKDP) 00?
30 55(N9ﬂlflﬁQLllflgﬁ*23§L1)*CQ§l£}9fI:ZK?l:ZTﬂ§11l1§INLALERLI:ZERPI__ﬂ
C¥a® ADD PHYTOPLANKTON CONSUMPTION 3Y ZJQPLANKTIN (10CM DEPTH DISTR.) no2
SA(N,MInSSIN g M)I*L 2550 +53(NsM)
52N, 4)=33(N, M)/ (PL(,4)%60.1%100, Perceint phytoplankton consumed
S4(N M) =Si (N MI+S2(N, ™) Zooplankton congumption 202
35 SEIN,M)IESA(N,MI/(SE(N,M)260.)*100s Percent zooplankton consumed
10 CONTINUE . . -
CALL WRITMS (2553,780s186,1) ' 004

404
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SUBRDUTINE PIANKTY 73773 QPTs] FEIN bbb 0B/04)
DO 31 N=1,NE Q040¢
_ DO 31 _M=1,ME 0040°F
. P3(NsM) =0 ,4%55(NyM) 4100, Separation qf copepods and 0022¢
e P4(NsM)=0.5%S5(NyH)%100. cuphausids _ 0022
P5(N»M)20,62%56(N,M)/7100, Percent copepods & euphausids
—— POLNSA)20430256 (N M0/2100, consumed
SI(N,M)=P1(N,M)*6D, Phytoplankton biomass
b 31 CONTINUE. . 04797
c ONLY 72 PCT. Z0NPL, CONSUMPTION ACCOUNTED Q04 1:
——— CALL_ ARITMS (2sP557E2517541) -
CALL ARITMS (25P6,T7E0,182,1)
CALL WRITMS (2,P42780,170,1) Q41
) CALL ARITMS {25F3,780,177,1)
e LALL ARITMS {25532078Js1E651) 0023

IFLIZPLIL2s12,14
e 16 _PRINT 15,K

15 FIORMAT(///75X»29HIINPLANKTIN BIOMASS, MG/M3 Ma,12//)
A, . CALL _PRIAFP_(S5,0)

PRINT 165K
e 16 EORMAT(// /X 26HPERCENT Z00PLa CONSUMED M2, 137271

CALL PRIAFP (S6,0)
e _PRINT 175K

0 17 FORMAT(///5X,31HPHYTOPLANKTON BIOMASS, MG/M3 Ma,13/7)
CALL_PRIAEP (P1,Q)

PRINT 13,K
1B EDRMAT(///5X2294PERCENT PHYTOPL o .CONSUMED, Ma2,T3//)

CALL PRIAFP (P2,0)
5 . 12 RETURN

END
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_SUBROUTINE ASUNTS 23/73....0°Ts] e EIN_b b 4EEO 0773
1 SUBROUTTNE ASUNTS (DLrE1yF2,F3,Eh, TOAsTOJ, TKALAA,OL, SV K,NEsME)
e DTMENSION D1(26530)0E1(26530)5E2(26930)2F2(26530)9F0(2€6,30)
¢ D1-PLl=SPECTES
o C . E1~T1~TEMPERATURPE. ... e
5 ¢ EP~T2-CANSUMPT TAN,OREVIOUS MONTH
€. __E3-T3-FOCE CPNSUMPTION (REQUTIREMENT),ENQ FOAD SURE, (KG/KM2)__ . _
¢ E4-T4~GROWTH (XG/KM2Y, FOP CN¥P, OF SOURCE~STNW (INCLNAT.MORT,)
¢ TOA-TA=FQCD CAFEFICIENT FOR GRCWTH IN FNRM_QF RATLC. L
¢ TGJ~TJ=FNCD COEFFICIENT FAP MATNTENANCE PERCENT PF 8y DAILY
0 € TKA-TS-0R0WTH COEEFTCTENT (ANNUAL MEANY .
¢ AA=TY-HALF MARNITULF OF AMNUAL CHANGE OF GROWTH
G PL-TX=PHASE LAG OF_MAXIMUM GROWTH oo oo
¢ SV=SL=CDEFEICTIENT NF MCRTALITY FRCM OLD AGE AND DISEASES
. [ EXESELR SRS LELEL S BN B e o L _
5 ¢ IF TAA(TA) IS NOT GIVEN (IN FCRM OF RATIO), COMPUTE WwITH TJ NNLY
__ RAD=0,71745%329 . _ .. __ . _____ . _ _ e el
ALPA=30,%0AD
L GKAPaPL¥RAD . setting of parameters e
TKG=TKA+AA*COS (ALOA%K-GKAO)
'0 _ DOV 6O N=sY,ME L T
00 60 M=1,ME
e TXP=TKG % TOS=TOJ % TOB=TOA 8 _SUS=SV
23 li:glé;"’“;53?;;f:’£?’23 Adjustment of growth parameters,
PP SV - DU =y S pY)E- o TO L e e : e =
'5 24 TF(EL(NIM)=b,) 25,2222 inciuding-temperature-effects
I 25 TKe=TKG=TR R AR S ((FL AN M) =4 o Y/ T ) o i i s
TNReTNY=TNJ4ARS ((EL(NyMY~4,)/B4)
R SUSESVASVHABSU(ELINsM) =4, ) /8,0 _ __ __ I
[FITOAY?22,22»78
10 26 TCR=TOA=TGA*ABS((EL(NsM)=6,)/8,) __ _ » I
¢ STATEMENT 27 CCMPUTES GPOWTH ONLY
22 F4(N,M)=(DL(NsM)#(2.—EXP(=TKP)))*EXP(~SUS)=D1(N,m) Growth comp.
¢ NEXT STATEMENT (JMPUTES BIMMASS (CROWTH-CONS.+NRTGINAL BINMASS)
. e DN MR G (NG MY =R (NG M) LNy MY
IF(TIAY27,27,28 Computation of monthly total
27 F3U(NsM)=01UIN,MI*30,.2T08  _ food requirement .-
6N TN en
» 28 F2(NpM)a0LIN,M)*30.#TASHEG(N, MI#TOR
€0 CONTINUE
40 e 100 RETUIN_ _ e e et .
END

406
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SURBRNUTINE. T2JAGS . .73273 _ _0OPT=1__ . o _EIN_G.64460 .

1 T USUPRAUTLNE TOJACS (R)4P2, FOT,NUK, JaKeK S KFK)
NIMFNSIRN. P1(20,20),R2(30530),50T (300, MUK(3Q). __ ___

407

C FNT= BFRCENTANSF CF €000 ITEM IN DIET
__ L NUY = FOCD _ITEM NUMBeR (1 10 20 oo e e .
5 C J- S§?cC1FS NUvPER
R G B3Ye 32 = SEASDOMAL EPOD TARLES e
r N IS SPrCIES NUMABER , ™ TS FCOC ITEM NUMEBFER
o FIFLD CONTATINS Fnon ¢nueg®ITICN IN PERCENTY
C Cl— JAN(L1Ys C2— AFR{4)Ye C3- JULLT?), C4= NCT{10)
10 €. KF4 =~ NUMPER OF_FOPC TTEMS e e e
C KS = NU'MAapg gF SEASONAL FNNOD JAGLFS
. _ DT AT N=Y,30 e o e poerem < ¢ o . 004
NP (NY =0 nC4
FAT(N) =0, o o nog
15 41 fCNTINUE 004
U IF(K3-1)73,30.21 o e B
20 AL REANME (1,27,.,900,1009)
60 TD 2? e L o
31 G OTTY Ml sl s2ab 058475859, 10,11512),K
20 ) 1 CALL 228D%S (1,21,3790,109) i . o
6N TN 10
_ 2 CALL RFa9%S (1,P1,970,109) _ _ e e e e .
CALL READMS (1,82,300,110)
AL=0.22 - e Interpolation between .. ... - -
s . :‘TLLTTQ']‘EW‘" (1,51+000+109) seasonal food
N =) Sl AR S RO ol 12 PR -
CALL PCAOMS (1,02,9C05110) composition—tables
PG=CLkE e - -
50Ty 172
30 C4 CALL O READMT (1 ,P14000,110) _ L . .
o TR 19 .
5 CHLL ROAOMY (1+P1490Cs110) e o
CALL 2FADNMS (1.P22.500.,111)
AC=0,7273 . _
35 an Ta 11 - o o
R B 3 0 S - S F S O T R AR A T N 4 T
CALL READMST (1.72,C00,111)
AZ=0,06 _ el e —— e e
Y TT 13
40 o 7 CALL REAPMS (1,21,600,111) e N
APOTT 19
e A CALL REANME (1,81,80C,1110) o e e
CALL READMS (1,R2,000,112)
R be=0.73 | S S . e
4y 0 TN 12
TOOLLL RUATHMS (1,140 0,111) —
Crtl 2FACHMS (1.22,990,112)
AG=", 6t . o _ . e L
¢t 172
59 1IN CALL RTATNME (1,R1,330,112) L L o
£o 10 1@
11 CALL REATMS (1.P1.200,112) i o )
CALL SEANMS (1,R24,070,109)
S AL=003 — _— _— - -
55 ce TO 13
_ . 12 CALL REATME {1+421,700e112) ) o o o
B TTCALL EADMT (1,R2,000,109)



88

_SUB2QUTINE _TIJAGS _ 73472 . 0PT=1 — : ETN &.b+460___ 0773

AC=20.66
e 13.00 16 N=1,30 O — —— S
0 nOola M=1,720
. _ BST=R1UNMI=B2 NG e e
TUINGMY =31 (Np M) =AG#AST
e MACONTINUE S ——

34 ANNTINUT
= e e KEX=9 L e e e e e e e e e
19 trM=1 Sorting of food composition in
.20 swT=0, . .__order of percentual amount., NUK = .
nno?25 N=1,30 contains food item number and FOF

2 ST ST (MY PR . e e e
0 TE(SUTY 29,28, 2¢ contains- percentual amourmts

2k .c'-_‘T(__LV”_:"_‘”A\‘l(Dl(_Jvl)lq](J!Z)'vn]—(Jlj’!91(\])‘0)"31(Jc5_)_|F‘I(J’_(“)_l___

POV{Ja 7)ot {JsR)IaRIL)eG) 8L, I0) AL 1)eR100512),831(de13 )y
_ P (S 163221 (I 16,31 ()e16)80{Is 171 R {JelR)4RY(Js1O)»RLLF920C),
AR 2V )Y (ds 22) 10 0»23)587 {00 24),R8)1(ds2%) P10 Je2R)sR101527)
' BRI 2 AT (e 2 RS 300 e e e e e e,
Ny 21 N=1,.30
TELEITILY =31(0aN))21022,21 _ - [, _ -
22 MU {LM) =N
. RN = O e e e
0 71 CONTINYE
—_ e SR SCRN . S N e an . -

cnoTd 27
V2RONURKLMY=A0 e S e :
5N T1 23 . 004
L¥elMe] e e  ———— e = e o =
TE(30-1%)23,20,20
23 RETUIN L
CMI’)

]
.rJ
-

403
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___SUBROUTINE PQRTOS 737413 0PT=1 EIN 4a.E+4b0 pR/c

1 SUBRJQUTINE PORTES (JJrINILCOVRSKFK,J) 002
DIMENSION ITL(26530)550(265,30),UR(26,30)sVR(265,30),SUTAB(30,12), 00;
1810305301582(30,30)sFAT(30),NUK{3D)sNS(50),
— . ZM5(50) 55T (2653015520265 30)553026530)556025,30)555(26430)256(26,20)
5 3rPL(26230)sP2(26230)9P3(26530)sP4(2653N)Y9P5{26,30),P&(26,30)
4 Ti826230)T2(26930)0T3(26230)T4(26230)5T5(26230),T6(26530)
COMMUN ISLsSDsUFsVR,SUTABS 002
aBls B2, FUT s NUKs NSy MS,
ZSl'°’1S3)54155!56:?1:P23P31P41P5)P6’ pT2sT39T4rTHTEy
19 L 3KpLLs 122,121,122, NESMESNU
5»IN1(221),IN2(201) . oo¢C
Jdp INI_ = COUNTERS
C3VR = CARRYQOVER,LACK OF FOUD EROM PREVIAYUS TOIFCC CALL
_KEK = NUMBER OF FOOD ITFMS5, FROM TOJARS
KNC NUMZER OF FOJD ITEMS INTQ TOIFDOD
. KNK=Q "
COVR=0,
KNKN=KEK
9 DO 10 N=1,NE
20 —_.D3 10 M=1,ME
T2(Ns» 1) =0,
_P2INyM)=T3(Np M)
1o CONTINUE
e 40 KB =NUK(JJ)*T
KAK =pBK=3
CCALL RTADMS (2,51 TROSKAK)
CALL READMS (2+T5, 7EQ)KBK)
KN =K NK+1

FCL=FAT(JI) . £ £
313 KX KEK=1 Reading of percent o ood

IF(KFK)IL100,20,11 itemm consumed 1in previouy
CAl KBKaNUK(JJ+1) %7 month and actual month
KA =K3K~=3 consumption for f1ve food
L - CALL READMS_(2952,7P0,KAK) itaems
35 CALL RZADMS (2,76, 7€0,KBK)
KNK sKNK+]
FC2=FaTLJde1)
KFL sKFK=1
IFIKFK)130,20,12
%0 12 KA eNK(JJ+2)*7
KA sK3K=3
CALL READMS (2,53, 72Js,KAK)
CALL RZAUMS (25F4y 780;KBK)
e XNXeKNK#)
5 FCI=FAT(JJ42)
S o KFCAKFKR=]1
TFIKFK)1)0,20,13
13 KA anUK{IJ+3) %7
KAK mK3K=3
0 . CALL RETADMS (2,S4,7(0,KAK)
CALL READMS (2,P5,T7E0,KBK)
KNK ®KNK+]
FC4-FJT(JJ*3)
W Kt&:ﬂFK 1
5 TFIKFK) 100,20y 14
14 KBKsNUR(JJ+4)*T7

KAK =K 3K=3 109

Y Oy
'

1w
(%




ETN 4. 644560 0a/04

_SUBRAUTINE PORTAOS 73713 opIw=l

v

CALL READMS (2555, 780,KAK)
CALL READMS (2sPhy7E0sKBK)

KNK#KNK+]
FCo=FAT(ld44)

KFaKFK=]
20 JJeINI*S=4

Calling of feeding subroutine

42 KNKN=XNK

DrODer‘(Ea§amﬁrex_liqt see TOTFOOQ
subroutine

3Q_£ALL_IDLEDOLglLIlLlZLI&LIﬁLSlLﬁZ}S3!cﬁl‘5]T5lTblP4tP5nPb.INILMEJ_QQQAZ

1MEs FCLsFC2sFC3,FCas FCH5 NUKy COVR S KNK)

JJsINI*5=4%

KAK aNUK({JJ)#7=3
CALL WRITMS (2+519780sKAKs1)

IF(KNKN=L)365 36,32
32_KAXANUK(JJ+1)*T7=3

Writing of actual month

CALL WRITMS (2,5257505KAK,1)
TFCKNKN=2) 360306033

consumption on disc

33 KAKSNUK(Ju+42)%7=3
CALL WRITMS (255327E0pKAK1)

IF(KNKRN=3)36,36,34
34 KAK=NUK(JJ+¢2)*7=1

CALL WRITMS (2»%4,7805,KAKs1)
LIF(KNKN=4)3£235,35

35 KAKX®=NUK(JJ+4)*T7=12
CALL WRITIMS (2+55,7B0sKAKs1)

36 INI=INI+l

35

IF(KEK)3Bs3F 37

37 KNKN=KFK

19 JJaIfI*5=4

63 TO 49
ARITING STARVATION FTELD

38 JSF=(J*T)-1 .
CALL_ARITMS (2sT2,780,J5Fs1)

30

002:
002:

DO 51 H=]l,NE
D0 51 Ma]lsME

Summation of starvation

CNVR=COVR+T2(N,M) /1000,
T3 (HeM)2P2(Ns M)

o
tkh

51 COnTINUE
PRINT 5224 COVR

52 FORMAT(///5Xs20HTOT. STARV.»
100 RETURN

SPECIES»I3,5ATONS »FE.2/77)

END

419
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SUBROUTINE TOIFOO._ 73/73 .. 0PTa=} ETN 4,£4460 . 0R/04/

SUBRJUTINE TOIFCO (TisHIpH2pHI)HG)RT320RIpRE4,RE,X2,X3,X44X5, X6
e  LINIaNCaAE s FKLIsFEK 2 FXKIpFRAS FKE s NUKS CIVER s KNK )
DIMENSINON Zl(20;30):H1(26:30);HZ(26.’“)1H1(76:10)1P4(26p30)'
IR1I(26530)1sR2(026530)10RA(26230)sR4(25,30),R5(26230)4X2126,301),
ER302693D)0X4(26030)9X5(26230)sX6(25030),NUK(30)
C Z1=P1_SPEJIES

S ©

c H1=T1 OPERATIINAL FIGLD (FOR X FIELNS)
e € H2=T2 STARYATIOM (KG/KM2_EO0D SHORTIAGE)

c H3-T3 FO0D CONSUMPTION {REQUIREMENT) FPOM ASVYNTS SURR.
Ha=T4 _OPERATIONAL FIFLD (FOR R FEIFLNS)
c R1-51 /I .
C R2=52..

C R3-53 FOOD ITEM CINSUMPTION FIELOS (ACTUAL MONTH)
e L __RA=S4_._ 1/ - - -
c R5=-55 7/
X2=pP2 %% _— —

X3=-P3 kxx
X4=P& FRACTIION 0F FLO) JTEMS_CONSUMED (PREVINUS MONTH) anoas,

e e FRE=FCO_ LML e =

o

¢

C

9 X5=P5 %%
-G XE=Ph _***

C

c

C

C

INT = THDEX (SEQUENTTIAL NUMBER OF SURRAUTINEG CALL )
FRo=FLL_ /477 e
FK2=FC2 11717
ERI-FCA_PrRCENTAGE (OFf GIVEN_ FOO0 YTEM IN NICET
C FK&=FC& 117/

¢ CAWFR= CARRY JVER = LACK COF FQJ0 FRN™ pa2yIQYS TOIFQD CALL
e O NUK= ITEM ONUMAFR (IDENTIFIER OF_FQIN TTEM )
Ix=1
9 TTaINL*5=5+]K

‘ C Ik~ SPcCIES BEING CONSUMED (5 SPrCIFS IN ORDEP OF PREFERENCE)
e 10 _CONTINUE
3 T3 (8¢)22:23024125)JIK

.21 DA 11 N=1,NEF

DO 11 M=1,ME Setting Iraction of Food item
Hi{Ns ) sX2(Ne1) consumed in previous month and

Ha{NsMIaRI (N, M) food item consumption in actual
—.11 CIONTINUE. meonth into operational arrays
FrR=fFK]
e 30 TQ 2D :
22 DO 12 N=1,NE
D12 M=) aHF

AL(Ny ) 2X3(N,M)
o HA(NsMYI=R2 (N M)
12 COINTINUE
e e _FXaFK2 —
Gd 10 20
23 DO 13 _N=1,NF

'Q

e 13 CONTINUE

5

DI 13 Mal,HNE
e 0 MUIN )Y s X (N M)
Ho{ N, ™) =2R3I(N,M)

FKeFK3
G 10 20
24 DO 14 N=1,NE
DY 14 M=l,ME
HLUNg M) =5 (M) M)

411




gz

_SUBROUTINE TOIFOQ 73/73 0fYs=1

FIN G 64450~ (QB8/04.

Hel{NsM)=R4(Ny M)
14 CONTINUE
0 FRFKG
___6G0.70_20
25 DO 15 N=1,NE
00 13 M=l,ME
H1(Ns M) =X5(hs )

5 Ha(NeM)sRSIN) M)
15 CONTIHUE
i FK=FKS
20 CONTINUE
c FNIN_SPECLES GROUPL _DETERMINATION
) IFCNUKCTIT)=11)50010C,2 . '
2 IF(MUX(I1)=15)50,100,3 Consumption criteria tables
T 3 IE(NUK(ITI=17)1G)550,56 (see in Iist of input
e o TFONUK(ITI=12130,100s7 parameters for explapation)
7 TF{NUKLIT)I=231505,200s4
5 _ 4 IF(NUK(IT)=24)509200,5 |
5 IF(NUK({I1)Y=27)300,300,50 ]
G FI3M GROUP_(GENERAL)
50 Al=0.1 $ A2w0.15% % A3=0,19 3 A4s).22 % A®=0,22
e Blal,d % B2=D,52 4 B33=Q,33 % R4wD,.20 ¢ R5=0,10
30 C120.0 $ C2a0,39 § C3%0.67 $ C4md,P) $ (520,90
e __D1=0.20_ $ N2%0,10 % N3=0,05 ¢ Nt=0,02 $ DEZ=0,0)
G2 TOQ 30
G SMILTS,_ COTTIDS _AND _QTHERS -
100 A1=0.12 $ A2=0,29 % A3wD,24 § A4m0N,28  § A5=0,29
3 . ....Bl=l.3__ 3 PB2a0,.65 % B3m0,.38 % RAH20D,20 § BL=0, 19
C1e0,9 $ C2x0,35 & (30,62 & C4uN,P0 ¢ £5=0,90
D120.25 $ D2=0,12 % D3=0,08 % D4=0,231 & [Fe=0,0?
61 TO 31
_._C  8EidTHIS ]
92 200 Ala0,15 $ A2%0.23 $ A3=0,30 € A4s=0,35 § AFx(0,35
o Blw1.9_ $ B2=0.70 § 33e0,%65 % R4w),29 % BE=0,10
Cl#0.,0 $ C220.,30 § C3%0455 1§ C420475 % (520,90
0120,30 $ D2=0,15 & N3=0,06 % N4=0,06 % D520,02
G0 TO 30
35 . C__ __ _PLANKTON_ _ — _
300 Al=0.20 S A220.30 $ A3=0,40 % A4=0,50 § AEs0,50
Blal,0 $ R2e0,78 § B3=0,.55 % 7%4=0,35 % 8%5=20,20
C1=0.0 $ C280,22 % C3=0,45 % C4=D,65 $ (50,80
. D120,40 $ D2%0420 % D3m0,09 % N&=0,05 % DE*0,03
00 30 DJ 500 Ne=lp,NE $ 00 500 M=1,ME '
_ . IF{HLINGM)~A1)51058])052
5§51 EATS®H3I(NSM)I*0.01*FK
EAT®BL&EATS _
IF(H2(Ns MY =DL1*28T5)53,53554%
125 53 HA(N M) =HA (N M)I+EATH+42 (N, M)
H2(Ny M) mH2 (N, M)+CL*EATS
H3(Hp M) =H3 (hp MI=HZ{Np M)
GO TO 500
. 54 HA(N,MIZHG(N,™)+EAT+DL*EATS
110 H2(Np M) #H2 (ks AV =D14EATS+CL*EATS

H3(Ns M) =H3(Np»M)=D1*EATS
G3 10 500 :
52 TF(HL(Ns,M)-A2)55555556
55 EATS=H3(N,M)*Q.01#%FK

- 412—




SUBRJOUTINE TDIFQN 73473  _0pTs] ETN G ob2460 . 05/06

EAT=R2*EATS
JFEIH2ANS MY =L 2% ATS) 57457258
ST HGUN,M)aHGIN, MI+EAT+H2 (N M)
H2(NsM)osH2 (L, H)4C2%EATS
H3I{NsM)=H3(nyM)=H2 (N, M)
2 6010500
58 HA{NyM)aHG (N, M)+EAT+D2*EATS
HZ{NsM) =H2 (N2 M) -D2*FATS*+C2AFATS

~

H3{Ns™M)=HI(NsM)=D2*EATS Computation of individual
— GD_TN_500_ . food item consumption
5 26 IF{HL(NS)M)=A3)E9,59,480 SUbStitUtiOH, and possible
— e EG EATS=A3{NIM)IAD 01 *EK starvation (criteria see
FAT=B3*ZATS arameters and criteria
_ e _JFUHZ2 Ny M) =D3%xCATS)ELs 8162 les?
A1 HA{N, M) 3HG (N, M)+ AT+HZ (N, M) J
0 LH2UMN2 MY =H2 (Mo M)4CIA*EATS
H3( Ny ) 2H3 (Ap M) =H2 (Ns M) 4
631_TI0 500
62 H4(N M) aHG (N, MI+EATHIIHEATS '
HZ(N;“)'H’(b:d)*D3*CA[§*QB‘EATS
5 H3(N) M) 23 (N M)=DI*EATS
GA.T0_500._

60 TFIHI(M,™)=A4)63,63,064
£3, EATS®HA3(NI)MI*U,CLlrEK
EAT=R4®ZATS
e IF(H2INS M) =L 4*EATS ) 65,865,064 . _
A5 HAIINpA) sHA{M, M)AEAT+Y2 (N, 4) :
e e o H2{NS ) A2 (Np M) 0L 2EATS
H3INs M) =H3 (P s MI=HZ (N M)
. 62 TO_ 500
3 66 HA({Ng 1) 2H4(Ny 4 )+EAT+IG*EATS
— e H2 U NS M) s H2 (N M) DA FEATS 4L A EEATS
H3INs M) mHI(N, M)=DL*EATS
- . G2 TI2..500 _
Oh ZATSaH3I(NsMIFD,01*FK
Q AT =85%2AT5 .
[IFCHZ (NI M) =D5*cATS)ET 267568
67 HA{Ns AL aHG (N ) +EAT442(N2 M)
H2( N2 M) 2aH2(N) M) +CS5*EATS
e L H3UINAMY a3 N MYI=H2 (NI M)
V5 60 TO 500
BE Hef{NsA)eHG{Ns MItEATENSYEATS
. HZ(N;ﬂ)'H’(N’.)-DD‘EATQ+C5*EATS
. . H3I{N»™ )’Hd(h)ﬁl_ﬂﬁ‘EA[S_
500 CONTINUE
WO .60 TT (B01,50255031250%4250%) 01K
£01 DO 511 N=1,N¢
DO 511l M=1sME
X2(Ny M) nHL(Np M) .
RI(NSM)=HG (N M) ) - N

5 511 CONTINUE Return of data from
i G2 T2 320 ———0perational] arrays —
502 DT 512 Nel,NE to storage and transfer
L00.512 d=1sME arrays
XICNsMYBHI(NY M)
o RZ(N2A) =Ha{Ns M)

912 CONTINUE
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_SUYSROUTINE TOIFDQ 73213 opT=1

EIN &, 64460

aR/04

GO TO %20
DD_513 N=1,KE

513

DO 513 Ms=1,ME

L XG(N M) =H]I (N, M)

RI(NsgMYaH4 (N, M)
CONTINUE

/L)

6D TO 520
DO 514 N=]1,NE

10

DO 514 M=1,ME
XS(Ns M) 241N, H)

L]

RG{NsM)sHG (N M)
CONTINUE

505 D00 513 W=1,NE

60 To 520

520

515

DO 515 4=1l,NME

o XBUNyMY=ALINS M)

RS(Ny M) =Ha [Ny M)
LONTINUE

IKs1K+1
KNK 2K NK=1

"IFIKNKI5215521,9

521 RETURN

END

414
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SUZRJUTINE. PLASRA. 73773 . ceT=1._ . .

TELSD(N, MY =S3)12, 12,03

SVRUIN, My=Q,

45

—_—.EIN _4.6+4

SUPRINTINE PLASRA (TSLyUR, V@) SCy Sy NDeNEs FEsRE)

DIMENSLCN ISL(24520),U2 (25530 )5 VR(265300050( 255300 . .

SPRING YIGRATION SPEED GF FLATFI
5SS FHALLOWEST DERTH OF MO MIGRAT
DD 72EEGEST [E2TH CF NO MIGRATINN

DT 19 N=T1,NE

DO 10 MelwME .

1E (T8 (a.,ff))lO,_lO;_l.]..
PN, MYy=0,
IC(SDIN,™M)=DN) 14, 4,12

[F(K==-1)110,1%,17
IFCISULONy")=4)10s1hs16_ __ _

SH
IoN.

LKESEASON INDICATCR, KE=1 - SPRING , KE=2 =~ FALL.

EQ_

‘Seasonal depth migration speed
cmmee o _._ creation for flatfish (called . __ .
fL T 10 in DEMFISH)

e (N.,‘-‘):().f o T T T
VRINsy ™M) =0u6 S
Gn TY 1c¢

LFCISLANS M) =8)10008, 08 ol
UTINy M) =—C .k

VAN MY =2=C0b e
LONTUMUE
LALL PTRRAN (ISLeUR,VRANEYMEY o .
KETUIN '

C7/:

op
00
no
.00
00
0
0o
0G
00
L
00
o
o
0C
cC
e
ne

o1 ¢
e

0¢
Ol
0t
o1
L
bl
0




96

SUBROUTINE. CRUSRA . 727273 0B1=] - . ETN_G.b+460. 077231
1 ‘?UBR']UTINE CRUSOA (ISl UR,VR»SDsSSsDDWNESMESIKE) : 0047
_ .. _ DIMENSICN I‘L(’5:30):[19(26;30)}VR(26)30)}‘D(Zb}.,’o) . 004t

C MIGRATIOM SPEEDS 0OF C?”STACEAN< Qngt

. R # 14 B N4 N=1,NFE . & D00 10 M=l,ME _ . DCat
5 TFLISL(NSM)Y)IT10,10511 N4t
[ & 1_ TE(SD(N,M)-SS)1En L2 13, e . DOG
12 UR(NsM)1=0, ne 4t

e _ _NRANWMY=O0, i e . o _DOYy
60 19 10 neat

0 13 TROSDU(N M) [‘0)1‘411‘“ V2 - [ ¢ | AL
16 IF(KE=1)10,15s22 004!

. LB IFLISLNGMI=2) 0y 16,17 _-,Seasoné!,l-__miﬂration speed S 1.4 L
16 UR{Ns¥)=0.7 § VPINsM)1=0.0 creation subroutine for oQs!

B .. ..Gc TO 10, e BT eans—{ca TR ¢ 1 ¢

5 17 IZCISLINY M)-’*)l";lﬁ:lq g;uz.ii§ Hed—in 0C&!
18 UR(NsM)=0,.,0 _ % RNy MY =0 R 004!

an 7O 10 o4

i 3 TFCISLANIMI=TI20,2Y520 e , I ¢ S

70 UR(NyM)=0,.6¢ t VR{(N»M)=0.5 o0s!

0 o . G0 YD 10l e e e = 004!
21 UR(NpH)=0 7 ¢ VR(N,M)Y=20,0 . nO 4!

e L GD I N0 - . . NC 4!

22 TE(TSL(NgMY=2)1Cs22,24 _ OC &
23 LRI =0T S VRINsMI=0.0. — R VA Y
5 60 70 10 04
e 24 TE(ISLAN,M)-8) 10, 25026 _ — A 1 Y
25 UR(Ny,M)}=0,C % VO (NyMYz=0,8 00 &

e ..GD T2 10 e _ [T ] ¢

26 IF(IQL(N,N)—7)273?5157 004

O 2T URINsMY=-0,6.X LNRAN, M) 2=0,6 . _ R _ . _P0&
60 TO 10 04
23 URMNM) 2=0,7 % VRINsY)20,0 - : I 1 L'}
10 CONTINUE no4
RV O W PIROAN (ISLeURWVRyMNESMEY e e _ D04
5 RETURN 004
e EMD e s e e —_—— —_— A 1
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SUBRCUTINE _PLIRPAN CLTR4T7Y L _CPTel o _.__FTIN 4.B+4EO0. . . ... Q773

SUBRIUTING FIRCAN (ISLy UR» VR NEsME) 004"

e e DIPENSIOMN 15L(2hy3M)sUR(26430)sVR(2E230) . 06
NEH=NE=] ¢ MEH=%E-] nne;
07 20 N=2,NEH. e o N [
N0 20 M=2.¥FH ora
s e, TEOIS LN MY Y 21 0 2 0 22 o e e e e . DD
21 UR(Ny™)=0, nGa:

. VR (Ny™M)=0, .. DT e . . SR ¢ LAY

Gr 12 20 . . ) npg:

22 TR(ISL(N=1,7))22,23,24 _ _ Setting of migration speed 004

23 [FIVRIN,¥))26524425 boundary values for Pacific 004,
C 25 VRUNsM)=0, oo e 0cean perch_(called do_... . . . .. 004
P4 ITLISLINYL, M) )26,526427 ROCKFI) NO4,
D26 IE(VR(NGMI)IR, 27,27 T 004
28 VR (N, M)eG, 004:
27 TF(ISLINSM=1))29,26,30 e 004
29 IC(UR(Ns¥))31,30,30 G4

e e 3L URAINY MY =0 e .00
30 TF(ISLIN,+1))27,32,20 nga:

3 TEUR NS MY Y 20 0 A e e 04

33 UR(NyM}=0, one
20 CONTINUE. o 00k
RETURN 004

e e o BNDO 00y

417
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SUSRQUTINE RANNAK  73/73  0PIs=} ETN 4064460

084044

SUIROUTINE PANNAK(SESFR, ISLaUP,VPyNE,4E)
DIMENSION SE(26s30)sFER(265301UP (265300, YP 126,300,151 124,30)

ISL- SEA-LAND TABLE
S5 .= (SPECLES)

- 3 P
Ss - fﬂi?éﬁﬁ,” ON EXIT . Migration subroutine

VP = {(V~-CUOMP) :
VAP=_IND, FCR SPFED PRINTING

CoppoOoOppon O

1-PRINTs 0=NO
VAP =0,

KK=1
ID=13,

a2 4

NEH=NE=]1
ME4aME=]

AUS 20,5 Setting of parameters
DLw1l8.5

Bl=DL*DL
B2% (2, «TD*AUS) /81

254

B5= {AUS*TD)/B1
SUUSed.

DN 260 N=2,NEH . .
D0 _260_M=2,MEH Testing of direction and

SU=SU+S3{Ns*)/1000, computation of migration
IECISLINSML2600260022] rate

Q004

2

2zl

IF(UP(NaMY)I2255,225,231

225 SH=(SE(NsM)=S8(N,M+1)})/DL

232

GO TO 232

231 5H=(55(NsM)=-33(N,M=-12)/DL

TF(VP(N,M) 233,233,234

233 SYZ(S8ANIMI=S8(N=1a2V)2/0L

235

2(TN*ARS(VP(N,4))%*SY)

G2 TO 235

234 SVYs(SEINsM)=SE(N+1,M) /DI

FBINpM)=2SA(NyM)~{TO*ABS(UP(NsM))*5H)~ Migration

0324
0024

s

USaUS+F3(N,M) /71000,

260 _CONITINUS

UlsSU/uUs
DO_751 N=2,NEH

2024

DO 751 Me?-FEH Conservation of mass and
FAR(hs M) =FR({N)M)XUL 0 land

716

0024

IFCFBINIMI~041)716,7225722
FE(NsM)=Q,

. 251 FBINyM)=0,

722

751

B

7
[

IFLISLINSM) 125102510751

009+

CONTINUE

D0 10 N=1,NE

ufes

IFCTISLINSL1))9,9,8

9 EBINsY1) =D,

6N 10 7 Transfer into computation

FBi{NsL)a{SE(N,1)I+FOUNS2))/2s . _array and setrting.of
IFCISLINIMED )G9k 5 boundaries
Fad(NseME)ED,

2

GO TO 10 .
FOINsMENm(SE(NsME)+FRINSMEH) /2,

10

CONTINUE
DO 11 MalsME

002!
Qp2:

IFCISL(YL,M))a,4,3

418
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_3U3RJUTINE RANNAK 734713 npTe1 ETN 4 .6+460 0840

4 F3ll,M)=0,

_..Go 10 2 __
10 3 FRll,M)=s(SE(1,M)+FB(2,M))/2,
el FRUNE, My = (SPINESM)+EIANEHIMIN/2 —
11 CONTINUE _ 002
ALP=QB6_ poz
' CALL SILITA (F3,ISLsNEsMESALP) wa2
15 DO 12 H=1,NE % D3J 12 M=1,ME : Co2
SA(NyM)IsFA(Ny, M) 002
N _.12 CONTINUE _.p02
KKsKK+1 Testing of completion and
IF(KK=_))254»2564,255 refurn 002
o 255 KK=Q

e __.752 3UsussD,
IF(VAP=1)258+259,258 ,
L 259 PRINT 20L.KK m Optional output
256 FOPMAT(1H1sFXs27HU COMP, OF MIGR, KM/DAY, M=2,J3//)
s . CALL_PRIAFP(UP2)
PRINT 257,KK
257 FORMAT(1H1I S5X%Xp2THY COMP, OF MIGR, KM/DAY, M=,13//)
CALL PRIAFPIVP»2)
_258 RETURN '

XY eND




SUBROUTINE 2ANGOR

100

737372 _0PT=1. e ETN_ &L E+460_ .

SUARIUTINE PANPOR (1SL,SDeS19S2957,80, Sy nsNFalE)
CIMENSION ISL(26,20),SN(26+20),SL(26030)5%70265,30),53(26430)

¢ SECARATIGH M= MIGRATING PORTINN

. R . SY SOFCYES, TOTAL . D R, . I

5 c S2 MIGRATING PART 0= 00PULATION

_____ s € ST _NANMIGRATING PERT QF_PJoUq ATIAN e
¢ RO MIGRATING CRANTIIN
.t .S SHALICWEST DEPTH PE NA MIGRATION

C DD DzcBEST DEBTH OF NN MIGRATION

_O __Cﬁ**#i*###_*_ft**_*#*#_ﬁ_}_*_{tff##_f_f*#_####*#*#f}_?_“ e o

TEOISLINS*)1)10,10s11 Separation of migrating
- Y1 IF(SOUNyM =85S)12.12.03 0 portion .af population . __ .. .. .
t5 12 E2(MaM)=0. from nonmigrating portion
_ CRBINeMY=SYUNGMY e
GO TN 10
_ ——— = T R S LN S D B D IR B R - . o
14 S2(Nsy™M)=S1(NyM)*RpD
0 i SAMR P MI=C LNy M) =S2(Nw™Y e e R
10 CONTINUE
eee ... RETURN . - -

00 10 N=z1,ME
S ND 13 M=), FF

END

e 0773

003

_ 0N

v

oca

on2

npa
002
o3
003
703

]

o203
003
nn3
0C3
003
no?
nos3

003

D03

. N03

0c3

_noG

€03

e e e ——— s ————— .~ e —— ———— e



_.SU3RQUTINE CYLT

V74
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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 and Prince William Sound. Specific 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 algal 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. 10 July--Archimandritof Shoals and Mud Bay--subtidal--via
Dames & Moore skiff

2. 11, 12 July--Seldovia Point--subtidal--via Dames & Moore
skiff

3. 13 July--Barabara Bluffs--subtidal--via Dames & Moore

skiff

18 July--Gull Island--intertidal--via Dames & Moore skiff

19 July--Seldovia Point--intertidal--via Dames & Moore

skiff

6. 20-22 July--Cottonwood area, Kamishak Bay--intertidal--
via chartered float plane

7. 31 July--Bluff Point--subtidal--via NOAA-chartered vessel,
M. V. Humdinger :

8. 1 August--off Troublesome Creek--subtidal--via NOAA-
chartered vessel, M. V. Humdinger and Dames & Moore skiff

9. 2-5 August--Kamishak Bay--subtidal--via chartered float
plane

10. 8 August--Jakolof Bay--subtidal--via Dames & Moore skiff

11.  10-16 August--Prince William Sound--subtidal--via chartered
vessel, M. V. Searcher; travel to by NOAA-chartered float
plane and from by commercial airlines

12. 16 August--Deep Creek--intertidal--via personal car

13. 17 August--Homer Spit--intertidal--via personal car

14. 18-19 August--Cottonwood Bay and Iniskin Beach--
intertidal--via NOAA-chartered float plane--poor weather,
return delayed until 21 August

15. 9 September--Jakolof Bay--subtidal--via Dames & Moore
skiff

16. 15-17 September--Cottonwood area, Kamishak intertidal--
via NOAA-chartered float plane

o

B. Scientific Party

1. Deborah Boettcher, Dames & Moore, Assistant Biologist
2. William Driskell, Dames & Moore, Assistant Biologist
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3. David Erikson, Dames & Moore, Assistant Biologist

4. Dr. Jonathon Houghton, Dames & Moore, Project Marine
Biologist

5. Michael Kyte, Dames & Moore, Assistant Biologist

6 Dennis Lees, Dames & Moore, Principal Investigator,
Project Manager

7. Richard Rosenthal, Alaska Coastal Research, Contract
Labor

8. Thomas Rosenthal, Contract Labor

9. Dr. Ronald Shimek, University of Alaska, Contract Labor

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
three Tevels of the beach below mean sea level.

(4) Samples are individually bagged and Tabelled.

5) When weather permits, 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 percent formaldehyde-seawater solu-
tion,

bh. Rock Substrates

1) A stratified sampling design is being used.

(2) Levels being occupied at Seldovia Point are
about +8 ft, +2 ft, -1 ft, -20 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 m? 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 m?) 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.

433



D.

2.

(8) At Jakolof Bay, indiyidual 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.

Laboratory Procedures

a.

Soft Substrates

(1) In the laboratory, the samples are sorted and
the organisms identified to the lowest practical
taxon and counted.

(2) Aggregate drained wet weights are measured for
each species, where practical, or for major
taxa.

(3) Representative specimens are sent to taxonomic
specialists for identification for verfication.

Rock Substrates

(1) Plant samples from each level are handled and
recorded individually.

(2) Drained wet weight and length are measured for
each laminarian; 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
dissected in order to examine stomach contents
and develop food webs.

Sample Localities

1.

Soft Substrates

a.

Deep Creek--1-1/2 mi. south of beach access at beach
park (Figure 1); transect based on very large triangular
boulder at base of cliff.

Homer Spit--2-1/2 mi. south of Kachemak Drive, off
beach access ramp on west side of spit (Figure 1).
Iniskin Beach--the transect line extends normal to
the shoreline from a boulder outcrop east of a
stream crossing the beach at its center; this is the
first sand beach east of Iniskin Bay (Figure 1),
about 1 mile.

Cottonwood Bay--about 0.6 mile west of the 0CS base
camp (Figure 1); transect based on a large white
rock at base of cliff.

Mud Bay--general locations in the bay east of Homer
Spit, at depths of 20 and 30 feet (Figure 1).
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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; transect based on a very large boulder,
marked by a painted arrow, at the base of the cliff
(Figure 1).

d. Archimandritof Shoals, in Kachemak Bay--southwest of
spit offshore of North Wind Welding building.

e. Barabara Bluffs, in Kachemak Bay--between Seldovia
Point and Barabara Point, toward the outer edge of
kelp.

f. Bluff Point--the north side of Kachemak Bay.

g. Troublesome Creek--the north side of Kachemak Bay,
near Anchor Point.

h. Scott Island, in the entrance to Iniskin Bay--near
the southwest point; transect based on a painted
marker on cliff (Figure 1).

i. Knoll Head Lagoon--east of lagoon between Knoll Head
and White Gull Island; transect based on a painted
marker on cliff (Figure 1).

j. White Gull Island--on east face of the island (Figure 1)
for intertidal and west side for subtidal.

k. 01l Bay--subtidal, in the middle of the bay, on the
north shore of Kamishak Bay.

1. Turtle Reefs--a Targe rock outcrop southeast of
Cottonwood and Iliamna Bay entrance.

m. Observation Point, Danger Island--on the southeast
side of the island, toward its middle.

n. Sea Lion Pinnacles, Danger Island--on the south end
of Danger Island (Figure 2).

0. Latouche Point, Latouche Island--on the southwest
corner of Latouche Island (Figure 2).

P. "The Hook", Latouche Island--east of the southwest
corner of Latouche Island.

q. Zaikof Point, Montague Island--on the south side of
Zaikof Bay, in Hinchinbrook Entrance (Figure 2).

r. NMFS site, Zaikof Bay, Montague Island--the second
point inside Zaikof Bay on the south shore.

E. Data Coilected or Analyzed

1. Soft Substrates
a. Mud Bay Subtidal Survey (10 July 1978)
. (1) Large quadrat for invertebrates and fish
5 x -3
5 x -2

0. 30 m
0. 50 m
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Rock

(2) 1/4 m? square gquadrats for density of a major
invertebrate--11

Deep Creek (16 August 1978)--Thirty core samples
collected-sorted

Homer Spit (17 August 1978)--Thirty core samples
collected-sorted

Iniskin Beach (18 August 1978)--Thirty core samples
collected-sorted

Cottonwood Bay (19 August 1978)

(1) Thirty core samples collected-sorted

(2) 1/16 m2 square quadrats for Mya spp. siphon
counts--109

Substrates

Archimandritof Shoals Subtidal Survey (10 July 1978)

(1) Reconnaissance survey
(2) Large quadrats for fish

1 x25m- 2

|88

(3) 1/4 m? square quadrats for density of major
invertebrates--10

(4) Feeding observations--4

(5) Size distribution for one species

Seldovia Point Subtidal Survey (11, 12 July 1978)
(1) Large quadrats for plants
0.5 x25m-4
(2) Large quadrats for fish
0.5 x30m-2
0.5 x50m-2
(3) 1/4 m? square quadrats for plant cover, density
and biomass--21
(4) 1/4 m2 square quadrats for cover and density of
plants and invertebrates--10
(5) Size distribution for three species

Barabara Bluff Subtidal Survey (13 July 1978)

(1) Reconnaissance survey
(2) Large quadrats for plants
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(3) Large quadrats for plants, fish and large
invertebrates

2 x25m-3

(4) 1/4 x 1/2 m quadrats for plant cover, density,
and biomass and invertebrates--10

5) Feeding observations--1

(6) Size distribution for two species

Gull Island Intertidal Survey (18 July 1978)

(1) 1/4 m? square quadrats for plant cover and
density--3

(2) 1/4 m? square quadrats for cover and density of
plants and animals--32

(3) Size distribution for one species

Seldovia Point Intertidal Survey (19 July 1978)

(1) 1/4 m? square quadrats for plant density and
biomass--1

(2) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--30

(3) Feeding observations--7

(4) Size distribution for three species

Knoll Head Lagoon Intertidal Survey (20 July 1978)

(1) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--18

(2) Size distribution for two species

Scott Island Intertidal Survey (21 July 1978)

(1) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--26

(2) Size distribution for one species

White Gull Island Intertidal (22 July 1978)

(1) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--20

(2) Feeding observations--1]

(3) Size frequency for two species

Bluff Point Subtidal Survey (31 July 1978)

(1) Reconnaissance survey
(2) Large quadrats for major invertebrates

0.5 x25m~ 2

(3) Feeding observations--3
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(4) Size frequencies for one species
Troublesome Creek Subtidal Survey (1 August 1978)

(1) Large quadrats for plants and large invertebrates
0.5 x 25m -2
0.5 x30m-2
(2) 1/4 m? square quadrats for cover and density of
plants and animals--6
(3) 1/4 m? square quadrats for invertebrate cover

and densities--19
(4) Feeding observations-~5

Knoll Head Lagoon Subtidal Survey (2, 5 August 1978)

(1) Reconnaissance survey
(2) Large quadrats for plants and animals

0.5 x 5m -~ 41
(3) Large quadrats for invertebrates
0.5x5m-10
(4) Large quadrats for fish
2 x30m-2
1 x50m-1

5) 1/4 m? square quadrats for plant cover, density
and biomass--20

) 1/4 m? square quadrats for plant and animal
cover and density--4

g Feeding observations--4

)

o

Stomach analyses--5
Size frequencies for three species

— — —

7

8

9

White Gull Island Subtidal Survey (3, 5 August 1978)

(1) Reconnaissance survey

(2) 1/4 m? square quadrats for cover and density of
plants and animals--4

(3) Feeding observations--3

0i1 Bay Subtidal Survey (4 August 1978)

(1) Reconnaissance survey
(2) Large quadrats for large invertebrates and fish

0.5 x30m -2




Scott Island Subtidal Survey (4 August 1978)
(1) Reconnaissance survey
(2) Large quadrats for plants, large invertebrates
and fish

0.5x5m-12
(3) Feeding observations--5
Turtle Reefs Subtidal Survey (5 August 1978)
(1) Reconnaissance survey
Jakolof Bay Subtidal Studies (8 August 1978)
(1) Plants measured and retagged:

Agarum c¢ribrosum--5

Alaria fistulosa--1
Laminaria groenlandica--4

(2) Tagged plants measured:

Agarum cribrosum--13
Alaria fistulosa--10
Laminaria groenlandica--8

Danger Island, Observation Point Subtidal Survey
(11 August 1978)

(1) Large quadrats for Phaeophytes
1 x30m-~1

(2) Large quadrats for fish
1x30m-1

(3) 1/2 x 1/2 m quadrats for plant cover, density
and biomass--3

(4) 1/4 m? square quadrats for plant cover, density
and biomass~-8
(5) Feeding observations--1
(6) Size frequencies for four species
Latouche Point, "The Hook" Subtidal Survey
(11, 12 August 1978)
(1) Large quadrats for Phaeophytes
0.5x5m-3
0.5x10m -1
0.5 x30m -1
1x30m-2
2 x30m -1

441




(2) Large quadrats for macro-invertebrates
0.5 x5m-6

(3) 1/4 m? square quadrats for plant cover, density
and biomass--6 .

(4) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--7

5) Size frequencies for two species

(6) Feeding observations--2

Latouche Island, Latouche Point Intertidal Survey
(13 August 1978)

(1) Algae reconnaissance
(2) 1/4 m2 square quadrats for plant cover and
biomass and invertebrates--3

Danger Island, Sea Lion Pinnacles Subtidal Survey
(14 August 1978)

(1) Large quadrats for Phaeophytes
0.5 x30m -2

(2) Large quadrats for macro-invertebrates and fish
0.5 x50m -2

(3) 1/4 m? square quadrats for plant cover, density
and biomass--5

(4) 1/4 m? square quadrats for plant and animal
cover and density--6

(5) Size frequencies for three species

(6) Feeding observations--3

Montague Island, Zaikof Point Subtidal Survey
(15 August 1978)

(1) Large quadrats for large invertebrates
0.5 x 25 m -1
0.5 x30m -1
(2) 1/4 m? square quadrats for plant cover, density
and biomass--15
(3) 1/4 m? square quadrats for plant and animal
cover and density--11

(4) Size frequencies for two species
5) Feeding observations--6

Montague Island, Zaikof Bay at NMFS Study Site,
Subtidal Survey (16 August 1978)

(1) Reconnaissance Survey
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(2) Large quadrats for macro-invertebrates
0.5 x25m -2

(3) 1/4 m? square quadrats plant cover, density and
biomass--9

(4) 1/4 m? square quadrats for plant and animal
cover and density--8

(5) Size frequencies for three species

(6) Feeding observations--31

w. Jakolof Bay Subtidal Studies (9 September 1978)
(1) Plants tagged:

Alaria fistulosa--5

(2) Plants measured and retagged:

Agarum cribrosum--1
Alaria fistulosa--2
Laminaria groeniandica--5

(3) Tagged plants measured:

Agarum cribrosum--16
Alaria fistulosa--8
Laminaria groenlandica--~17

X.  Knoll Head Lagoon Intertidal Survey
(15 and 17 September 1978)

(1) 1/4 m? square quadrats for plant cover, density
and biomass and invertebrates--2]
(2) Size frequencies for one species

y. Scott Island Intertidal Survey (16 September 1978)

(1) 1/4 m2 square quadrats for plant cover, density
and biomass and invertebrates--20
(2) Size frequencies for one species

z. White Gull Island Intertidal Survey (16 September 1978)

(1) 1/4 m?2 square quadrats for cover and density of
plants and animals--]

(2) 1/4 m* square quadrats for plant cover, density
and biomass and invertebrates--18

(3) Size frequencies for two species

F. Milestone Chart and Data Submission Schedule

Except for one sand beach site and several days of diving, the
field work scheduled for the intertidal and subtidal survey of Lower
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Cook Inlet is completed. Weather permitting, sampling will be completed
by 1 November. Sample processing has been completed up through field
work conducted September, except for measurement of size and wet weight
from the sand and mud habitat samples. The data processing problems
reported last guarter are being rapidly resolved and processing is
expected to resume within the month. The existing milestone chart
(Figure 3) requires no change.

III. Results

The results are presently being compiled and analyzed. A
report on the FY77 data from sand and mud intertidal habitats is about
95 percent complete.

IV. Preliminary Interpretation of Results

None at this time.

V. Problems Encountered

As usual, inclement weather caused delays and precluded the
last (September) subtidal survey in Kamishak Bay; storms made the water
too turbid to permit satisfactory work.

VI. Estimate of Funds Expended

$125,000; the balance will be used for completing the Fall
season field work.
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Regearch Unit # 423

Report Period: July - Sept.

Quarterly Report

INFLUENCE OF PETROLEUM ON EGG FORMATION AND EMBRYONIC
DEVELOPMENT IN SEABIRDS
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University of California
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Progress Report
July-September 1978
Contract No. 03-7-022-35163
"Influence of petroleum on egg formation and embryonic development in seabirds"

During the past quarter, July-September 1978, hatching of Cassin's
Auklet eggs in experimental and control burrows and nest boxes was observed,
and auklet chicks were followed to fledging. In order to read bands and
confirm identities, adult auklets were captured in experimental boxes and
burrows; capture was undertaken at each nest as soon as the chicks were large
enough to survive the disturbance, -

Beginning L2 days after hatching, all experimental boxes and burrows were
checked for hatching, in order to obtain data on hatching success. A sample
of chicks in each experimental group was welghed daily until fledging to
determine fledging weight. All remaining experimental boxes and burrows with
chicks were checked every four days beginning on day 30 (after hatching) in
order to determine fledging success. The last chick in an experimental burrow
fledged on 1 September.

Nighttime checks of experimental burrows and boxes for adult Cassin's Auklets
revealed that 38% of the females were different from those dosed earlier at
the same sites, while 62% were the same. These findings were used to improve
accuracy of data analysis.

The field work in July and August required an average of 35 hours per week
and was performed by Craig Strong, Harriet Huber, and Stephen Morrell of the
Point Reyes Bird Observatory. Data analysis took place in September and
required 150 hours. A first draft of the final report has been completed, and

work on a revised version is in progress.
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I. Task Objectives
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.
IT1. Field Activities
A. Ship Cruises
1. 26 June 1978, Humdinger
2. 28-29 June 1978, Hundinger
3. 5-6 July 1978, Humdinger
4. 11-12 July 1978, Hundinger
5. 15 July 1978, Humdinger
6. 6-7 August 1978, Humdinger
7. 11 August 1978, Kasitsna Whaler
8. 13-14 August 1978, Humdinger
9. 22 August 1978, Kasitsna whaler
10.  24-25 August 1978, Hundinger
11. 28 August 1978, Hundinger
12. 31 August 1978, Kusitsna Whaler
13. 1-2 September 1978, Hwndinger
14. 21 September 1978, Kasitsna Whaler, scheduled
5. 22-23 September 1978, Hwndinger, scheduled
16. 28 september 1978, Humdinger, scheduled
B. Scientific Party

1. Leanne Legacie Stahl, Cruise Leader, University of Washington.
Cruises 1-5, 12-13.

2. David Roetcisoender, Cruise Leader, University of Washington.
Cruises 6-11,




3. Kendra Daly Tennant, Cruise Leader, University of Washington,
Cruises l4d-l6.

4. Marc Weinstein, Oceanographer, University of Washington.
Cruises 12-13.

5. Gordy Vernon, undergraduate, Antioch College, Ohio. Cruises
1-5, 9-11.

6. Paul Morley, undergraduate, University of Washington.
Cruises 4, 6-8.

C. Methods

All stations were located in the Lower Cook Inlet area between
Kachemak and Kamishak Bay (Figs. 1 and 2, Tables 1 and 2), About 30 min
were spent on each station aboard the Hundinger. About 25 min were spent
on each station aboard the Kuasitsna Whaler.

The Hwndinger is a 37-foot troller, chartered by OCSEAP from R. Rosen-
thal at Homer, Alaska, and used at offshore stations. The Kasitsna Whaler
is a 21.5-foot Boston Whaler owned by OCSEAP and kept at the NMFS Kasitsna
Bay Lab, and used for East inshore stations (1-5).

Zooplankton and ichthyoplankton were sampled during cruises on board
the Hwndinger with a bongo net in a double oblique tow. The bongo net
consisted of a double-mouthed frame (each mouth with an inside diameter of
60 cm and a mouth area of 0.2827 m2) made of fiberglass and weighing 95 lbs.
A 50 1b cannonball weight was attached to the bottom of the frame, A 505
pm mesh net with an open area ratio (0OAR) of 8:1 and a 333 um mesh net, 8:1
OAR, were attached to the frame. PVC collecting cups and brass collars
were attached to the cod ends eof each net.

Beginning on 13 August, additional samples were taken at each station
with a neuston net, The neuston net consisted of a stainless steel box
frame with a mouth opening of 50 cm wide by 30 cm (area 0.15 m2) and
weighed 25 lbs, A 505 um mesh net with 8:1 OAR was attached to the frame.

A Hydro-Products winch was used to deploy both nets., The winch did not
have a power-out capability, so the MARMAP-required deployment for bongo
nets of 50 m/min was estimated. There was a 30-second sinking time and a
retrieval rate of approximately 40 m/min, the slowest speed the winch would
operate without stalling. Ship speed was adjusted to keep a 45° wire angle
during sinking and retrieval. Towing speed was approximately 2-3 knots,
Sampling depth was generally within 10 m above the bottom, to the surface.
The fishing depth of the net was determined by the product cf the cosine of
the wire angle at depth and the amcunt of wire out, Volumes of water
filtered are estimated until the 11 August cruise, when one flowmeter was
attached in each mouth opening of the bongo frame.

The neuston net was towed from the port quarter of the Humdinger clear
of the vessels wake at a speed of about 3 knots,

450



300

280 310
.24 19 180
2 150 13e
- 2 N 16 14 »
210 20 176 °
.23
*22
+ + +-
>
422329 é?%:
1 | i
153° 152° 151°

Figure 1. Station locations, Lower Cook Inlet.




+ + + 59°
L ]
LP &
I | |
153° 152° 151°

Figure 2. BLM station locations, Lower Cook Inlet.




A 20 cm (diameter) bongo net (mouth area 0.0314m2) was towed from a
davit mounted on the port side of the Kasttsna Whaler. The net frame
was similar in construction to the 60 cm bongo, but smaller scale and
made of PVC plastic pipe. On cruise 7 only, four inshore stations were
sampled using nets with meshes of 165 pm and 133 um, New nets of the
correct mesh sizes arrived a few days later, were mounted to the frame
and used thereafter,

A small Hydro-Products winch was mounted forward on the whaler, A
10 1b. lead weight was attached to the end of the line below the net.
The drum is free wheeling on the winch so wire was played out at approx-
imately 50 m/min by controlling speed with the hand brake. The net was
towed at the slowest speed the engines on the whaler could be idled,
about 2 knots. Retrieval rate was approximately 30 m/min, the slowest
speed the winch would run. Other procedures were similar to those of
the 60 cm bongo net.

The neuston net was towed from the port quarter of the whaler at the
same speed as towed on board the Humdinger.

Nets were washed down with a hose attached to a low pressure salt
water pump. Samples were preserved on board the vessels with a 4%
sodium borate buffered formalin. Within 24 hours, samples were repre-
served with a fresh solution of 4% formalin, propylene phenoxytol and
propylene glycol.

D. Sample Localities

For sample stations see Figure 1.

E. Data Collected or Analyzed

1. The number and kinds of net hauls are given in Table 3.

2. Samples were sorted at the Kasitsna Lab into rough cate-
gories of fish eggs, fish, crab or shrimp larvae. They were then ident-
ified to the lowest taxonomic category and life history stage at the
University of Washington. In most cases the entire sample was examined;
subsamples were taken when organisms in a group were relatively very
abundant. Subsamples were split with a Folsom splitter. Only samples
tfrom the 505 um mesh nets were and will bc examined.

3. Miles of Trackline

The miles of trackline for the thirteen cruises between
26 June and 2 September 1978 totaled 1362.

Cruise miles Crulse miles
1 124 8 88
2 99 9 60
3 104 10 55
4 153 11 84
5 124 12 60
6 185 13 182




F. Milestone Chart and Data Submission Schedule

The revised wilestone chart is attached,

ITI. Results

Some shrimp and crab larvae and fish eggs and larvae have been
identificd from scattered samples on cruises bhetween 19 May and 1 July
1978 (Tables 4-7). These counts arc preliminary and minor adjustments
may be necessary.
IvV. Preliminary Interpretation of Results

Not enough samples have been analyzed to interpret results at this
time.
V. Problems Encountered

The major problem was bad weather, resulting in some stations not

sampled. There will apparently be a hiatus in funding from 1 October
1978 until some unspecificed date in the future,

VI. Estimate of Funds Expended

We estimate that 100% of the funds will have been expended by
30 September 1978,
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Table 1. Station locations

Depth
Station Latitude (N) Longitude (W) (m) Location

1 59° 44.0' 151° 04.0° 36 Inner Kachemak Bay
2 59° 40.0"' 151° 12.0°" b4 Inner Kachemak Bay
3 59° 36.0' 151° 18.0' 79 Inner Kachemak Bay
4 59° 28.5" 151° 32.0°' 18 Jakalof Bay

5 59° 28.0' 151° 44.5" 18 Seldovia

6 59° 34.0°' 151° 32.5' 75 Outer Kachemak Bay
7 59° 39.0°' 151° 48.0' 31 Outer Kachemak Bay
8 59° 37.0' 151° 52.0' 26 OQuter Kachemak Bay
9 59° 33.0' 151° 55.0' 38 OQuter Kachemak Bay
10 59° 29.0' 151° 51.0°" 62 Outer Kachemak Bay
11 59° 34.0" 151° 44.0°' 73 Outer Kachemak Bay
12 59° 31.0°' 151° 45.0°' 98 Outer Kachemak Bay
13 59° 23.0' 152° 06.0' 53 Lower Cook Inlet
14 59° 20.0' 152° 22.0' 84 Lower Cook Inlet
15 59°¢ 22.5' 152° 40.0' 60 Lower Cook Inlet
16 59° 16.3' 152° 49.5° 91 Lower Cook Inlet
17 59° 15.9' 153° 08.5' 53 Lower Cook Inlet
18 59° 26.0' 153° 14.0' 38 Lower Cook Inlet
19 59° 27.5" 153° 22.0°' 27 Kamishak Bay

20 59° 20.0' 153° 14.0" 48 Kamishak Bay
21 59° 17.0"' 153° 26.0' 26 Kamishak Bay

22 59° 14.0°' 153° 40.0' 30 _ Kamishak Bay
23 59° 15.9' 153° 41.0" 27 " Kamishak Bay
24 59° 27.0" 153° 34.0°' 20 Kamishak Bay
25 59° 38.0°' 153° 35.0' 7 Cottonwood Bay
26 59° 36.0' 153° 29.0° i3 Iliamna Bay

27 59° 39.0" 153° 26.0' 6 Iniskin Bay
28 59° 30.0' 153° 10.0' 35 Lower Cook Inlet
29 59° 32.0' 152° 58.0' 40 Lower Cook Inlet
30 59° 31.0° 152° 36.0" 62 Lower Cook Inlet
31 59° 33.0' 152° 14.0' 48 Lower Cook Inlet
32 59° 28.0' 151° 58.0°" 66 Lower Cook Inlet
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Table 2. BLM station locations

Depth
Station Latitude (N) Longitude (W) (m) Location
BLM-1 59° 42.5" 152° 09.0° 37 Lower Cook Inlet
BLM-2 59° 27.0" 152° 59.0"' 46 Lower Cook Inlet
BLM--3 59° 20.0" 152° 22.0" 84 Lower Cook Inlet

BILM-4 59° 11.0" 152° 39.0° 93 Lower Cook Inlet
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Table 3. Haul summary sheet, 26 June-2 September 1978.
Date B
(1978) Time Sampling
(CMT) (GMT) Station Haul Net Depth (m)
26 JUN 1627 25 1 60 cm bongo 5
1747 26 1 " 11
1723 27 1 " 3
1910 19 1 " 16
2006 24 1 " 18
2153 23 1 " 21
2219 22 1 " 23
2345 21 1 " 20
27 JUN 0055 20 1 60 cm bongo 42
0144 17 1 " 49
0318 16 1 " 85
0433 15 1 " 54
0559 14 1 " 69
0658 13 1 " 50
0910 10 1 " 49
28 JUN 2249 6 1 60 cm bongo 69
29 JUN 0022 11 2 60 cm bongo 69
0128 7 1 " 23
0157 8 1 " 20
0302 9 1 " 35
0406 12 1 " 81
0516 4 1 " 10
1744 2 1 " 44
1853 1 1 " 37
2016 3 1 " 52
2121 6 1 " 87
30 JUN 0922 ) 1 60 cm bongo 85
6 JUL 0140 32 1 60 cm bongo 712
0308 31 1 " 39
0506 30 1 " 51
0721 29 1 " 33
0802 28 1 " 27
0916 19 1 " 21
2140 19 1 " 21
11 JUL 1902 6 1 60 cm bongo 92
1958 11 1 " 71
2105 7 1 " 22
2149 8 1 " 20
2228 9 1 " 28
2325 12 1 " 81
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Table 3. (cont.)
Date -
(1978) Time Sampling
(GMT) (GMT) Station Haul Net Depth (m)
12 JUL 0036 4 1 60 ¢m bongo 10
2341 10 1 " 52
13 JUL 0027 32 1 60 cm bongo 65
0206 31 1 " 37
0353 30 1 " 64
0614 29 1 " 35
0735 28 1 " 30
0824 18 1 " 29
15 JuUL 1837 25 1 60 cm bongo 5
1913 26 1 " 10
2045 19 1 " 21
2148 24 1 " 18
2342 23 1 " 21
16 JUL 0011 22 1 60 cm bongo 24
0124 21 1 " 21
0234 20 1 " 42
0325 17 1 " 51
0458 16 1 " 81
0615 15 1 " 58
0756 14 1 " 75
0922 13 1 " 49
6 AUG 1558 18 1 60 cm bongo 28
1718 17 1 " 55
1854 16 1 " 76
2015 15 1 " 49
2158 14 1 " 74
2321 13 1 " 47
7 AUG 0035 10 1 60 cm bongo 48
0107 12 1 " 88
2037 6 1 " 71
2107 7 1 " 25
2140 8 1 " 20
2230 9 1 " 34
2320 11 1 " 63
8 AUG 0930 6 1 60 cm bongo 71
2134 6 1 " 71
11 AUG 2210 1 1 20 cm bongo 42
2317 2 “ 1 " 50
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Table 3. (cont.)
Date
(1978) Time Sampling
(GMT) (GMT) Station Haul Net Depth (m)
12 AUG 0058 3 1 20 cm bongo 92
0233 4 1 " 10
13 AUG 2335 32 1 60 cm bongo 79
2358 32 2 neuston 0
14 AUG 0125 31 1 60 cm bongo 43
0130 31 2 neuston 0
0310 30 1 60 cm bongo 57
0314 30 2 neuston 0
0455 29 1 60 cm bongo 35
0501 29 2 neuston 0
0603 28 1 60 cm bongo 30
0615 28 2 neuston 0
0852 19 1 60 cm bongo 22
2057 19 2 " 22
22 AUG 1810 3 1 20 cm bongo 714
1828 3 2 neuston 0
1854 2 1 " 0
1908 2 2 20 cm bongo 58
1948 1 1 " 26
2000 1 2 neuston 0
2120 4 1 20 cm bongo 13
2130 4 2 neuston 0
24 AUG 2135 5 1 20 c¢m bongo i1
2147 5 2 neuston 0
25 AUG 0006 6 1 60 cm bongo 96
0015 6 2 neuston 0
0120 11 1 60 cm bongo 70
0126 11 2 neuston 0
0212 8 1 " 0
0221 8 2 60 cm bongo 21
0313 9 1 " 35
0319 9 2 neuston 0
2329 32 1 " 0
2340 32 2 60 cm bongo 79
26 AUG 0058 31 1 60 cm bongo 43
0104 31 2 neuston 0
0230 30 1 " 0
0240 30 2 60 cm bongo 52
0428 29 1 " 35
0431 29 2 neuston 0
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Table 3. (cont.)

Date
(1978) Time Sampling
(GMT) (GMT) Station Haul Net Depth (m)
26 AUG 0528 28 1 neuston 0
0538 28 2 60 cm bongo 30
28 AUG 1717 18 1 60 cm bongo 71
1732 18 2 neuston 0
2016 16 1 60 cm bongo 86
2023 16 2 neuston 0
2135 15 1 " 0
2145 15 2 60 cm bongo 55
2318 14 1 " 76
2325 14 2 neuston 0
29 AUG 0047 13 1 neuston 0
0100 13 2 60 cm bongo 50
0230 10 1 " 55
0235 10 2 neuston 0
31 AUG 1747 3 1 20 cm bongo 70
1800 3 2 neuston 0
1822 2 1 " 0
1833 2 2 20 cm bongo 47
1858 1 1 " 22
1906 1 2 neuston 0
2020 5 1 " 0
2030 5 2 20 cm bongo 13
2054 4 1 " 12
2101 4 2 neuston 0
1 SEP 2002 6 1 60 cm bongo 96
2021 6 2 neuston 0
2107 11 1 " 0
2119 11 2 60 cm bongo 64
2214 7 1 " 30
2230 7 2 neuston 0
2251 8 1 n 0
2309 8 2 60 cm bongo 25
2 SEP 0004 9 1 60 cm bongo 34
0024 9 2 neuston 0
0054 Vi 1 " 0
0107 12 2 60 cm bongo 96
3 SEP 0009 BIM-1 1 60 cm bongo 32
0022 BLM-1 2 neuston 0
0440 BLM-2 1 " 0
0450 BLM-2 2 60 cm bongo 41
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Table 4. Pandalid shrimp collected in the Lower Cook Inlet region, 19
May to 1 July 1978.
Order Decapoda
Suborder Natantia
Section Caridea
Family Pandalidae

Pandalopsis dispar Rathbun side stripe shrimp
(larval stages I-I11)

Pandalue borealis Krdyer mnorthern pink shrimp
(larval stages I-1IV)

Pandalus danae Stimpson dock shrimp
(larval stages II-I1I1)

Pandalus goniurus Stimpson humpy shrimp
(larval stages 1-V)

Pandalus hypsinotus Brandt coon stripe shrimp
(larval stage II)

Pandalus montaguil tridens Rathbun no common name
(larval stages III-IV)

Pandalus stenolepis Rathbun no common name
(larval stage I)
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Table 5. Commercially important species of crab larvae collected in
Lower Cook Inlet region, 19 May to 1 July 1978.

Order Decapoda
Suborder Reptantia
Section Anomura
Family Lithodidae

Paralithodes camtschatica (Tilesius) Alaska king crab
(larval stages II-IV and megalopae)

Section Brachyura
Superfamily Brachyrhyncha
Family Cancridae

Cancer magister Dana Dungeness crab
(larval stages I-II)

Superfamily Oxyrhyncha
Family Majidae
Subfamily Oregoniinae

Chioncecetes bairdi Rathbun tanner crab
(larval stages I-II and megalopae)




16

Table 6. List of possible fish for egg size categories collected in the
Lower Cook Inlet region, 19 May to 26 June 1978,
<1 mm (0.73-0.88 mm)
Limanda aspera (Pallas) yellowfin sole
~]l mm (0,89-1.28 mm)
Isopsetta isolepis (Lockington) butter sole
Parophrys vetulus Girard English sole
Platichthys stellatus (Pallas) starry flounder
Psettichthys melanostictus Girard sand sole
n2 mm (1.30-2.54 mm)
probably Theragra chaleogramma (Pallas) walleye pollock

3 mm (2.56-3.90)

Hippoglossoides elassodon Jordan & Gilbert flathead sole
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Table 7. Fishes collected in the Lower Cook Inlet region 19 May to
26 June 1978,
Family Clupeidae-herrings
Clupea harengus pallasi Valenciennes Pacific herring
Family Osmeridae-smelts
Mallotus villosus (Miiller) capelin
Familly Gadidae-codfishes

Gadus sp. Pacific cod
Theragra chalcogramma (Pallas) walleye pollock

Family Stichaeidae-pricklebacks

Anoplarchus sp. cockscomb
Lumpernus sp. prickleback

Family Pholidae-gunnels
Family Ammodytidae-sand lances

Ammody tes hexaplerus Pallas Pacific sand lance
Family Cottidae-sculpins

"Cottid 4, 5", and "6" from Blackburn (1973) plus one unidentified
species

Family Agonidae-poachers
Two unidentified species
Family Cyclopteridae-lumpfishes and snailfishes
Family Pleuronectidae-right-eyed flounders
Hippoglossoides elassodon Jordan & Gilbert flathead sole

Leptdopsetta bilineata (Ayres) rock sole
Limanda aspera (Pallas) yellowfin sole
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I.  ABSTRACT

Five cruises to lower Cook Inlet were conducted between March and April
1978 for purposes of measuring vertical fluxes and composition of organic
detritus, and primary productivity and related variables. On four of the five
cruises, dual sediment traps of PMEL design were deployed 10 meters off the
bottom at three stations and retrieved after five days. From the samples
obtained, downward daily fluxes of total particulate matter ranged from 2 to
22 g m™2, except for one extreme value of 72 ¢ m~2 in an area and period of
high runoff. By an analysis of chlorophyllous pigments in the water column
and in the sediment traps, we estimate that an average of 8% of the phyto-
plankton standing stock in various forms sinks to near bottom depths each day.

Although analyses of the primary productivity data are not complete, pre-
Timinary results are consistent with those from the 1976 study of primary
productivity. Daily productivities as high as 7-8 g C m~2 were measured, the
highest occurring in Kachemak Bay. 1In addition to measurements planned ini-
tially along a cross-inlet transect, a grid of closely spaced stations in
Kachemak Bay was occupied on four cruises at which pigments, salinity, tem-
perature and nutrients were measured. Preliminary analyses of the data show
coherent patterns of chlorophyll variability which may be related to circula-
tion or stratification of the water column.

II. TASK OBJECTIVES

Specific objectives for the period of late March through September were:

1. To complete design, fabrication and testing of sediment traps and
moorings.

2. To complete five cruises in March (not reported previously), May,
June, July, and August for sampling sinking particles by sediment
traps and measurement of phytoplankton standing stock and produc-
tivity and related variables. '

3. To commence analyses of samples and data acquired during the summer
field activity.
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ITI. FIELD ACTIVITIES
A. NOAA ship schedule
Cruises were conducted according to the following schedule:

Cruise Numbers

Dates Vessel NOS PMEL*
March 23-27 SURVEYOR RP-4-SU-78A LCI 78-1
May 7-14 MILLER FREEMAN RP-4-MF-78A 1 LCI 78-2
June 6-13 MILLER FREEMAN RP-4-MF-78A IIT LCI 78-3
July 12-20 MILLER FREEMAN RP-4-MF-78A V LCI 78-4
August 13-20 SURVEYOR RP-4-SU-78B LCI 78-5

*Numbers assigned for internal PMEL use. These numbers will be used
in texts of reports to OCSEAP.

B. Scientific personnel

Name Affiliation Role LCI Cruises
Booth, Beatrice PMEL/UW Oceanographer 78-2
Campbell, Christine PMEL " Technician 78-3 - 78-5
Chester, Alex PMEL Oceanographer 78-1 - 78-5
Foster, Joan MESA (Boulder) Technician 78-2
Glendening, Marcia  PMEL Oceanographer 78-2
Hennig, Susan PMEL Technician 78-3 - 78-5
Larrance, Jerry PMEL Chief Scientist 78-1 - 78-3, 78-5
Tennant, David PMEL Oceanographer 78-3 - 78-4

C. Methods

The sampling and analytical procedures were constant for all
five cruises with the exception that sediment traps were not deployed
on LCI 78-1.
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3
1. Sediment trap deployment and sample treatment and analysis

The sediment traps and moorings employed were designed, fabricated,
and tested at PMEL for use during this study. The moorings consist of
a 1700-kg steel and concrete anchor; an acoustic release; dual gimballed
sediment traps; a streamlined (torpedo-shaped) subsurface float with
buoyancy of about 500 kg; and tethering cables, chains, and hardware
(Figure 1). Special features were included in the mooring's design to
counteract for high current speeds sometimes occurring in Cook Inlet;
to meet sampling requirements of the study; and to minimize damage to
the gear of local commercial fishermen. Unusually heavy anchors were
used to prevent their shifting along the bottom in strong currents.
These anchors were smooth concrete hemispheres to minimize the chances
for entanglement with fish trawls. The sediment traps were made of
polyvinylichloride and incorporated a butterfly valve closure actuated
by a battery-powered electronic timer housed in the trap casing below
the sample chamber. Two traps side-by-side were placed on each mooring
and gimballed to maintain the trap mouth in a horizontal plane. A ver-
tical stainless steel shaft free to rotate about the axis of the tether-
ing cable secured the traps and current vane. The vane functioned to
maintain the traps upstream of the cable for uniform sampling conditions
without interference by the mooring's hardware.

Three sediment-trap moorings were deployed at the beginning of each
cruise {except LCI 78-1) and retrieved at the end of the cruise. Sam-
pling times were 5 or 6 days. The moorings were placed at stations 1,
4, and 7 on each cruise (Figure 2). A1l moorings were successfully
deployed and retrieved throughout the study. Various malfunctions of
the timer-fuse apparatus for closing the traps were encountered and
corrected in subsequent operations. The overall success rate of abtain-
ing adequate samples in the traps was 63%. All the traps on the last
cruise (LCI 78-5) functioned properly and all the samples were recov-
ered. Trap malfunctions were somewhat amelicrated by paired traps;
thus if one failed, a sample at that time and location was obtained
from the other trap. Of twelve moorings during the study, reliable

samples were obtained from ten.
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Figure 1. Diagram of Sediment Trap Mooring.
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Upon recovery of the sediment traps, the sample was drained and
washed into a volumetric cylinder, measured, and transferred to a
10-% polyethylene jug. The contents of the jug was thoroughly shaken
immediately before drawing aliquot portions of the water-particle
mixture for pigment analysis, microscopical analysis, and stable
isotope analysis. The pigment analyses were conducted immediately
after subsampling by fluorometric methods identical to those used for
chlorophyll and pheopigments in seawater (Strickland and Parsons,
1972). The subsamples for microscopical examination were preserved
in formalin and returned to Seattle where they are being analyzed for
numbers of fecal pellets, phytoplankton cells, zooplankton carapaces,
and other identifiable particles. The subsample for isotopic analy-

sis was filtered through glass-fiber filters and returned to Seattle
for analyses of stable carbon and nitrogen isotopes by mass spectro-
metry after combustion and conversion of organic carbon and nitrogen
to CO, and N,.

The remainder of the sample was filtered through preweighed
142 mm 0,4 um Nuc]eporeR filters, washed with deionized water, dried
in a desiccator, and reweighed in the laboratory to obtain the weight
of total particulate matter (TPM) caught in the sediment trap. To
obtain particulate carbon and nitrogen concentrations (as weight-%
of the TPM), portions of the material collected on the Nuclepore
filter were carefully removed, weighed, and analyzed by the micro-
Dumas combustion method using a Hewlett Packard C-H-N analyzer
(Sharp, 1974).

2. Water sampling and analysis

Station sampling began following deployment of sediment trap
moorings. Routine CTD-rosette casts were made to obtain tempera-
ture and salinity profiles. Water samples were collected from
several depths with 5-2 PVC Niskin bottles. Aliquots withdrawn
from these samplers were used to measure various biological and
chemical parameters. Subsamples for phytoplankton species deter-
mination were preserved in acetate buffered formalin and returned
to the laboratory for analysis by inverted microscope techniques
(Lund, Kipling and LeCren, 1958). Plant pigments were analyzed
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aboard ship using fluorometric methods (Strickland and Parsons, 1972).
Seawater samples for determination of dissolved inorganic nutrients
were frozen, and returned to the University of Washington Department
of Oceanography where they were analyzed by Auto Analyzer methods
(Strickland and Parsons, 1972). Half-day primary productivity experi-
ments were conducted using standard carbon-14 methodology (Strickland
and Parsons, 1972). Samples were taken from eight light depths rang-
ing from 100% to 1% of surface light intensity and incubated on deck
under comparable neutral density light screens. The carbon-14 radio-
activity in the resulting samples was determined by liquid scintilla-
tion spectrometry.

During each cruise, sunlight was continuously monitored with a
Lamda Instruments quantum sensor sensitive to light in the photosyn-
thetically active region (approx. 400-680 nm). Light penetration
in the water column was measured with a similar sensor adapted for

underwater use.
Sample locations

Seven stations (Figure 2) were routinely occupied each day
except for the first and last days of each cruise when sediment
traps were deployed and recovered. In addition, a grid of closely
spaced stations in the Kachemak Bay area was occupied on all cruises

except 78-1. The nominal locations for stations 1-7 are given below:

Station Latitude (N) Longitude (W)
1 59°  14.0° 153°  40.0'
2 59 17.0° 153°  20.0'
3 59°  20.0' 153°  00.0'
4 59°  23.0' 152°  40.0'
5 59°  26.6' 152°  20.0'
6 59°  30.0' 152°  00.0'
7 59°  33.3 151°  40.0'
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The Kachemak Bay grid of stations varied in number from 8 to 18
and in precise location depending on the cruise. All grid stations
were 1-2 miles from the nearest station and centered around station 7.
Station locations are shown in Figures 3-6. Plant pigments, salinity,
temperature, and nutrients in the upper 25 m of water were common1y
measured during the Kachemak Bay grid sampling. The grid was com-
pleted in every case within 9 hours.

[V-V. RESULTS AND INTERPRETATION
A. Particulate matter sampled by sediment traps

The available information on material caught in the sediment
traps is summarized in Table 1. The downward flux of particles
ranged between 2 and 22 g/m? day except for a value of 72 g/m? day
in May in Kamishak Bay (station 1). At that time the water was
noticeably much more turbid than at other areas and times, and con-
tained heavy loads of terrestrial particulate matter. The overall
mean daily flux was 19.4 g/m?, but was 13.5 g/m? if the high May
value at station 1 is omitted. With the omission of that value,
the largest mean daily (19.1 g/m?) flux occurred in Kachemak Bay
(station 7) as compared to a mean of 10.8 g/m? at both stations 1
and 4.

The highest chlorophyll and fecal pellet content was found
also in the Kachemak Bay samples. The chlorophyll equivalent
values given in Table 1 include pheopigment concentrations which
have been adjusted for the molecular weight difference between
chlorophyll and pheophorbide in order to obtain weights of pigments
as if they were converted to chlorophyll (Shuman and Lorenzen, 1975).
The pigment concentrations in sediment trap samples were distinctly
greater at station 7 (Kachemak Bay) than at stations 1 and 4 for all
sampling periods. The mean at station 7 was 14.3 mg/m? day contrast-
ing with means of 2.6 and 2.4 mg/m? day for stations 1 and 4. The
mean numbers of fecal pellets were 421, 780, and 1470 - 103/m2 day
for stations 1, 4, and 7, respectively. These pigment and fecal
pellet fluxes reflect the high biological production in Kachemak Bay
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Table 1. Daily fluxes of total particulate matter, plant pigments, zooplankton fecal pellets,
and derived estimates of losses from overlying phytoplankton populations, lower Cook
Inlet, 1978.

Total Particulate Chlorophyll Standing Stock Grazing Fecal
Matter (TPM) Equivalents Lost Loss Pellets
Station/Month g/m<-day mg/m?-day % % 103/m2-day
May 17.3 17.2 8.5 79 360
June 22.1 14.4 5.7 81 930
Y7
July - - - - -
August 18.0 11.3 7.6 89 3110
g
[ 5]
May 9.4 1.9 4.1 89 250
l June 22.1 5.0 18.2 85 2010
July 1.9 1.0 2.6 88 79
August 9.6 1.5 1.6 a7 120
May 72.0 1.6 9.9 90 92
1 June - - - - -
July 6.4 3.0 7.2 61 750
August 15.2 3.1 9.2 81 1830
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found in our 1976 studies and from preliminary analyses of productivity
data obtained this year.

By comparing the pigment fluxes with chlorophyll concentrations
in the overlying waters, an estimate was made of the portion of the
phytoplankton population lost each day by sinking of algal particles
which include whole cells, cell fragments, and fecal pellets. The
percentage loss ranged between 2 and 24% with a mean of 7.5%. The
pheopigment fraction of the total pigment flux is listed in Table 1
as grazing loss. The assumption was made that chlorophyll is con-
verted to pheopigments only within the guts of grazers (Schuman and
Lorenzen, 1975).

Water column data

Although most of the data obtained from the water column is
being processed and not yet available, examples of chlorophyll pat-
terns in Kachemak Bay are shown in-Figures 3-6. The values for
LCI 78-2 are integrated over the upper 10 m while those for the
remaining cruises are integrated over the upper 25 m. The largest
values were observed in June at the height of the spring phytoplank-
ton bloom. In August the concentrations were more uniform and gen-
erally lTow. No consistent patterns from month to month are apparent;
however, the patterns shown represent real patchiness and not merely
random or sampling variation. These patterns serve to illustrate
the natural variability in chlorophyll distributions on a spatial
scale about one order of magnitude smaller than our routine station
intervals. It should be expected, however, that variability in
Kachemak Bay would be greater than elsewhere because the water
column in Kachemak Bay is often stratified, more productive, and
is an area of convergence of oceanic water and water from inner
Kachemak Bay. A more thorough analysis of these and related data
is forthcoming.

Typical cross sectional plots of chorophyll (Figure 7) show
highest values generally at station 7 and usually lower values at
mid-channel. These distributions are consistent with temperature
and circulation information which indicates deep water rising
toward the surface at mid-channel. This deep water contains low
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Figure 3. Chlorophyll a concentrations (mg m~?) in upper 10 m, Kachemak
Bay, lower Cook Inlet, 12 May 1978,
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Figure 4. Chlorophyll a concentrations (mg m~2) in upper 25 m, Kachemak
Bay, lower Cook Inlet, 9 June 1978.
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Figure 5. Chlorophyll a concentrations (mg m™2) in upper 25 m, Kachemak
Bay, lower Cook Inlet, 17 July 1978.
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Chlorophyl1 a concentrations (mg m~2) in upper 25 m, Kachemak
Bay, lower Cook Inlet, 17 August 1978,
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Figure 7. Chlorophyll a concentrations (mg m™3), lower
Cook Inlet, March-August 1978.
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concentrations of chlorophyll. In March, chlorophyll was uniformly
Tow (Figure 7). By May, the spring bloom had begun, especially in
Kachemak Bay (station 7) where >5 mg chlorophyl1/m3 was measured.
The peak of the bloom occurred around the June sampling and declined
by July and August. .

From phytoplankton productivity data obtained in 1976, the
annual phytoplankton production for the entire lower Cook Inlet
was estimated to be 6.64 - 10° metric tons of carbon. This contrasts
with a maximum estimate of macrophyte production of 4.7 - 10° metric
tons of carbon by roughly extrapolating macrophyte production data
by Lees (1978). Organic detritus, therefore, is derived mainly
from phytoplankton, except in shoreline areas where macroalgae domi-

nate locally.
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OIL WEATHERING STUDY

Materials and Methods

Three large volume tanks measuring 1.6 m in diameter and 0.9 m deep
(2 m2 area and 1,830 2 volume) were layered with 20 2 of Prudhoe Bay crude
oil. Each tank received flowing seawater that was maintained at a constant
level by an external standpipe.

Each tank simulated a different weathering condition:

Tank #1: To simulate weathering under violent weathering conditions

inflow water was injected through a rectangular diffusor
above the surface of the oil (without a sun shield).

Tank #2: To simulate weathering under calm conditions in the presence

of sunlight, a slow flow of seawater was both injected and
removed from below the oil slick.

Tank #3: To reduce the effects of sunlight (photo-oxidation of hydro-

carbons), a system similar to tank #2 was prepared but with
a shade cover over the oil.

Three replicate 25 ml samples were taken from each tank at days 1, 2, 4,
8, 16, and 24. These samples were placed in small vials that were completely
filled with oil and then wrapped with foil to exclude 1ight and sealed with a
teflon lined cap and refrigerated. Each sample vial was washed in CC14 and N2
dried before use.

At termination (24 days) additional samples were taken for future analysis.
These samples consisted of a 1 liter sample from each tank that was packaged
and immediately shipped to Alaska and a 1 gallon sample taken for use by other
investigators. These samples were taken and prepared similarly to the routine
samples described above.

Due to some unforeseeable circumstance, the 1 gallon termination samples
from tanks #2 and #3 exploded and all the samples were lost. Therefore, a

second gallon was taken from tanks #2 and #3 two days Tater to replace the

lost ones. These samples were only filled 2/3 full, and the 1ids left slightly

434




loosened to allow the pressure to escape. Approximately 2 & of each 0il has
been placed in PVC tubes (with caps) and frozen at -70°C until needed.
A1l samples were removed from the tanks and transferred into containers

by the same procedures.

Samples of the original and weathered oil were shipped frozen to the
Battelle, Pacific Northwest Laboratories for hydrocarbon analyses. 6-100 mg
samples of oil were chromatographed according to the method of Warner (1976)
with the following modifications: fifteen grams of silica gel (Grace Davison
Chemical Company, 100-200 mesh) was used to separate the oil into saturate
(eluted with 40 ml in hexane) and aromatic (eluted with 86 ml of 20% CH2C12
in hexane) fractions. The fractions, collected in 40 ml comical tubes, were

concentrated under a stream of nitrogen without the aid of external heat,
transferred to 5 ml conical vials and concentrated to 1 ml. An internal.
standard (2,6,10-trimethyldodecane for saturate fraction, hexamethy]beniene
for aromatic fraction) was added to each sample, and the samp]es;were analyzed
by capillary gas chromatography. Individual hydrocarbons were separated and
juantitated on a Hewlett Packard 5840 A gas chromatograph employing 30 meter
0V-101 glass capillary columns operating at 65° with an initial 4 minute hold
and then programmed at 4%/min to 250°. Data reported in Tables 2 and 3 were
corrected based on the recovery data of aliphatic and aromatic hydrocarbon
standards. Typical recoveries were 82-111% for saturate hydrocarbons (C]2 to
C24) and 84-89% for aromatic hydrocarbons (napthalene to dimethylphenanthrenes).

Results and Discussion

Flow rates in each tank as well as several other weathering parameters were
monitored daily during the course of the experiment. These data are summarized
in Table 1.

Average relative decreases of saturate hydrocarbons (between C]Z and CZG)
in tanks #2 and #3 after 24 days of exposure ranged between 457 and 497 (Table 2).
These results are in marked contrast to tank #1 where an average relative decrease
of 83% was observed.” The saturate hydrocarbons C8 - C]O’ although present in
the original oil, were not detectable in any of the 24 day weathered oil

samples (Figure 1).
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Table 1.

Parameters Measured During the Course
of the Weathering Experiment

Maximum

Range
Minimum

“Air temperature by stem
thermometer in "C.
Randomly taken during day

Water temperatuge by stem
thermometer in ~C taken
at outfall of tank #3
randomly during day

Salinity by refracto-
meter in ppth taken at
outfall of tank #3
randomly during day

- Light by meter in
(Lux) ca over tanks

“-@ 0800 hrs

Light by meter in
(Lux) ca over tanks
@ 1200 bhrs

Light by meter in
(Lux) ca over tanks
@ 1600 hrs

Flow rate in tank
#1 in 2/min randomly
during day

Flow rate in tank #2
in %/min randomly
during day

Flow rate in tank #3
in ¢/min randomly
during day

9.88

30.19

9.3x10"

2.54X10°

1.52%10°

26.66

8.95

8.58

4+

1+

.51

.36

xot

.ox10"

.ox10"

.37

.34

.93

16

16

16

15

10

16

16

16

15.5

10.6

1.75%10°

3.5X10°

2.7X10”

30.0

10.0

15.0

10.0

9.0
30.0

ét2x10“
1.31X10°
6.6X10"
15.0

8.5

5.0
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Table 2. Concentrations of Saturate Hydrocarbons in Prudhoe Bay Crude 0i1 (PBC) and in 24 Day Weathered
Cil Samples. Concentrations in mg/gram oil.

. Concentration ;n Concentration in Weathered 0i12 Relative Decrease in Concentration (%)°
Compound Originai 0i] Tank No. 1 Tarnk No. 2 Tank No. 3 Tank No. ] Tank No. 2 Tank No. 3

Cg 4,20 £ 0.12 * * * 100 100 100
Cq 4.42 £ 0.10 * * * 100 100 - 100
Cio 4.44 + (.35 * * * 100 160 100
€11 4.68 = 0.08 0.158 £ 0.02 0.22f0.01 1.68 * 0.32 96.8 . 95.3 64.1
Cis 4.62 T 0.15 0.54 £ 0.01 0.97 £0.02 2.19 t 0.40 88.3 78.0 52.6
Cis 4.46 1 0.26 ,0.63 £ 0.02 1.64 t0.05 2.38 *0.15 85.9 63.2 46.6
- 4.16 ¥ 0.05 0.69 ¥ 0.07 1.93 £ 0.06 2.26 £ 0.20 - 83.4 53.6 45.7
Cis 3.99 £ 0,22 0.70 £ 0.01 1.99 £0.05 2.15 * 0.24 82.5 50.1 46,1
Cls 3.74 £ 0,24 0.64 T 0.02 1.85 * 0.05 1.99 £ 0.29 82.9 50.5 46.8
C17 3.39 £ Q.42 0.58 ¥ 0.03 1.75 £ 0.04 1.85 £ 0.26 82.9 48.4 45.4
Pristane 2.07 ¥ 0.38 0.33 * 0.02 1.04 £ 0.02 1.12 £ 0.12 84.1 49.8 45.9
Cig 2.50 * 0.24 0.48 * 0.05 1.38 *+0.04 1.30 % 0.23 80.8 44 .8 48.0
Phytane 1.05 ¥ 0.24 0.22 £ 0.01 0.57 ¥ 0.03 0.58 f0.04 79.0 45.7 44.8
Cl9 3.04 ¥ 0.76 0.46 ¥ 0.01 2.07 ¥ 0.24 1.73 ¥ 0.10 84.9 31.9 43.1
Cop 1.93 ¥ 0.24 0.38 £ 0.02 1.08 £0.04 Q.99 *0.17 79.8 44.0 48.7
C21 1.58 ¥ 0.2¢ 0.33 £ 0.03 1.05 t 0.27 0.85 ¥ 0.19 79.1 33.5 46.2
Coo 1.86 £ 0.30 0.31 £ 0.03 1.18 1 0.01 1.24 £0.30 83.3 36.6 33.3
C23 ’ 1.65 * 0.29 0.30 t 0.03 1.20 £ 0.12 1.26 £ 0.31 81.8 27.3 23.6
Cor 1.27 £ 0.26 0.30 * 0.04 1.11 £ 0.19 1.00 £0.24 76.4 12.6 21.3
C25 1.02 £ 0.55 0.24 ¥ 0.03 0.79 £ 0.16 0.71 *0.13 76.5 22.5 30.4
C26 0.76 £ 0.23 0.21 £ 0.02 0.60 £ 0.15 0.53 t 0.07 72.4 21.1 30.3
Total
(Cio- Cpg) 43.39 % 4.27 7.30 £ 0.10 21.98 * 0.61 23.98 t 4.27 Avg% | 83.1

49.3 44,7

T
lCompounds Cg- €y were corrected for recovery on the basis of the recovery of Cy, hydrocarbon and,
therefore, more than likely are low.

o indicates compound not detected at the sensitivity level that analyses were conducted.

“concentration in original oil - corcentration in weathered 04l
concentration in original oil

X 100
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Figure 1. Gas Capillary Chromatograms of {A) Saturate Hydrocarbon Fraction
from Original Prudhoe Bay Crude 011 and (B) Saturate Hydrocarbon
Fraction from 24 Day Weathered 0i1 Sample from Tank #1.




Relative decreases in tHe concentrations of aromatic hydrocarbons were
different from those observed for the saturate hydrocarbons in the three
exposure systems. Decreases in aromatic hydrocarbons (napthalene - 3,6-dimethyl-
phenanthrene) were 37% for tankg #1 and #2 and 9% for tank #3. The tricyclic
aromatic hydrocarbons (phenanthrene - 3,6~dimethy1phenanthrene) appeared to
have the greatest persistence with relative enrichments occurring in tank #1
(Table 3). 3,6~dimethy1phenanthrene showed relative enrichment in all three
exposure systems. Also reported in Table 3 are concentrations for a variety of
mono-aromatic hydrocarbons (toluene - 1,2,3,5-tetramethylbenzene). The concen-
tration values reported for these compounds in the original 0il were not
corrected for recovery and were not a part of the original research. - Nevefthe—.
less, they are reported because, with the exception of the tetramethylbenzenes,
none of these compounds were detected in the 24 day weathered 0il samples from
any of the three exposure systems. These results are rore éﬁaphica]]y depiéted
in Figure 2 where the gas capillary chromatogram of the aromatics fracf{én
of the original crude oil is compared to the aromatics fraction Qefived from
the 24 day weathered oil sample of tank #1. '

Confidence limits were determined for establishing the significance of
differences observed between various saturate and aromatic hydrocarbons and
hydrocarbon types in the three exposure systems. These results are compiled
in Table 4. Variability associated with the sum of all saturate hydrocarbons’
C12_C26 including pristane and phytane indicated differences between tank #1
vs. tanks #2 and #3 to be significant; however, total differences between tanks
#2 and #3 were not significant. Significant differences were also found for
the concentrations of all aromatic hydrocarbons and hydrocarbon types between
tanks #1 and #3. Significant trends in the differences in concentrations of
the aromatic components of tank #1 vs. tank #2 and tank #2 vs. tank #3 are
more subtle. No significant differences in the concentrations of diaromatic
hydrocarbons and hydrocarbon types are observed between tanks #1 and #2; however,
significant differences are observed for the triaromatics. Although significant
differences in the concentrations of napthalene, methyinapthalenes, and
phenanthrenc were observed, no trends were observed for Lhe aromatic components
of tanks #2 vs. tank #3. o
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Table 3. Concentratiens of Aromatic Hydrocarbons in Prudhoe Bay Crude 0i1 (PBC)
and in 24 Day Weathered 0il Sampies. Concentrations in mg/gram oil.

Concentration in Concentration in weathered 0i1? Relative Decrease in Concentration 53
Compound Original 0i1} Tank No. 1 Tank Mo. 2 Tank No. 3 Tank No. 1 Tank No. 2 Tank No. 3

toluene 0.82 £ 0.08 * * * 100 100 1G0
ethylbenzere 0.56 t (.01 * * * 100 100 166
m+p-xyiene 2.05 ¢t 0.04 * * * 160 100 109
o-xylene 0.79t 0.00 * * * 100 1CG 100
isopropylbenzene 0.16 * 0.00 * * * 100 100 100
1-ethyl+4-methylbenzene 0.29 & 0.00 * * * 100 109 180
1,3.5-trimethylhbenzene 0.41 ¥ 0.00 * * * 100 100 160
1,2,4-trinethylbenzene 1.14 £ §.01 * * * 100 . 100 108G
secbutylbenzene 0.14 * 0.00 * * * 160 100 1C0
methyl-4-isooropylbenzene ‘0.12 ¥ 0.60 * * * 100 109 154
indane 0.67 £ 0.00 * * * 100 100 165
1,3-dimathyl-5-ethylbenzene 0.27 £ 0.00 * * * 100 1C0 107
1,2-diethyltenzene 0.24 t g.02 * * * 100 103 100
1,2-dimethyl-4-ethylbenzene 0.24 ¥ 0,00 * * * 100 100 160
1,2,4,5-tetramethylbenzene 0.38 £ 0,00 0.03 * 0.00 * 0.25 * 0.03 ol 100 *x
7,2,3,5-tetramethylbenzene 0.27 * 0.00 0.03 % 0.00 * 0.18 ¥ 0.02 *x 100 o
napthalene 0,92 * 4.0% 0.06 £ 0.01 0.16 ¥ 0.01 0.51 ¥ 0.08 93.5 82.5 44.6
Z2-methylnapthalene 1.63 = 0.02 0.53 * 0.07 0.76 ¥ 0.08 1.34 t 018 67.5 53.4 17.3
l-methylnapthalene 1.29 £ 0.02 0.48 % 0.06 0.69 ¥ 0.06 1.20 £ 0.16 62.8 46.5 7.0
1-ethyl+2-ethylnapthalene 0.48 t 0.00 0.27 £ 0.03 0.43 1 0.08 0.51 £ Q.06 43.8 10.4 -5.2
2,6+2,7-dimethyinapthalene 0.69 £ 0.0% 0.52 t 0.06 0.83 £ 0.13 0.94 * g.12 24.6 -23.3 -35.2
1,3+1,6-dimethylnapthalene 0.99 t 0.067 0.51 ¥ 0.06 0.70 £ 0.05 0.91 t G.12 48.5 29.3 8.1
1,7-dimethylnapthaiene 1.10 t 0.01 0.51 £ 0.04 0.77 * 0.06 06.94 * 0.12 53.56 30.0 14.5
1,4+42,3+1,5-dimethylinapthalene 0.80 ¢ 0.01 0.52 1 0.06 0.35 ¥ 0.1 0.20 t 0,12 35.0 56.3 -12.5
1,2-dimethylranthalene 0.40 £ 0.00 0.23 * 0.03 0.2 ¥ 0.01 0.37 *.0.04 42.5 47.5 7.5
2,3,6-trirethyinapthalene 0.51 * 0.07 0.26 ¥ 0.03° 0.39 * 0,12 0.43 £ 0.04 49.0 23.3 15.7
phenanthrene 0.38 £ 0.05 Q.61 * 0.06 0.34 £ 0.05 0.22 * 0.G0 -60.5 10.5 a2z
1-methylphenanthrene 0.33 t 0.02 0.77 ¥ 0.15 0.24 £ 0.02 0.21 ¥ 0.04 -133.3 27.3 6.7
2-methyiphenanthrene - 0.21 £ 0.0% 0.53 % 0.04 Q.19 t 0.01 0.22 * 0.02 -152.4 9.5 -4.3
3,6-direthylphenanthrene 0.11 * 0.00 0.53 t0.04 0.24 £ 0.05 0.20 = Q.04 -331.8 -118.2 -81.8
Total {rapthalene - 3,6-dimethyl- 9.91 ¥ 0.15 £6.21 * 0.42 6.27 * 0.41 9.03 £ 1.05

phenanthrene} .

TFRcnoaromatic hydrecarccns have not been corrected for recovery.

2xcompound not detected at the sensitivity level that analyses were conducted
3Concentration in oricinal oil - concentration in weathered oil . . . o s . .

- concentration In origina) o3l X 100; minus sign indicates higher concentration of compound found
in weathered 0il on weathered ojl basis as compared to original oil. .
**Ralative decrease in concentration % was not calculated because recovery data was not obtained on moncarcmatic hydrocarbons.
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Gas Capillary Chromatograms of (A) Aromatic Hydrocarbon Fraction
from Original Prudhoe Bay Crude 0il and {B) Aromatic Hydrocarbon

Fraction from 24 Day Weathered 0il Sample from Tank #1.

mannaromatic hydrocarbon region.

Figure 2.




Table 4. Significance in the Relaticnships Between the Concentrations of
Various Saturate and Aromatic Hydrocarbons and Hydrocarbon Types and
the Type of Exposure. Confidence Limits are Measured at the 957 Level.

Hydrocarbon or Concentration in mg/gram 0il

Hydrocarbon Type Tank #1 Tank #2 Tank #3

S.D.!
T ' L 1

(Cip - Cpg) + 7.30 *0.10 21.98 * 0.61 23.98 * 4.27

Pristane + Phytane e I A [ |

S.D. N.S.D.
S.D.
) . 4

Napthalene 0.06 * 0.01 0.16 + 0.01 0.52 + 0.08

[ A )
T ] ===
N.S.D. S.0.
5.D. ,
J | .
r " , 1
Methylnapthalenes 1.01 ¥ 0.12 1.43}\ 0.14 2.50 1 0.34
. b T ) }
N.S.D. S.D.
S.D. _
r . 4 1
Dimethylnapthalenes 2.29 t0.22 2.83 ; 0.27 4.12 T 0.54
! T I !
N.S.D. N.S.D.
S.D.
¥ . ¥
2,3,6-Trimethyl- 0.26 1 0.03 0.39 ¥ 0.12 0.43 Y 0.04
napthalene ! T A 1 .
N.S.D. N.S.D.
S.D.
r i ¥
Phenanthrene 0.61 1 0.06 0.34 ;\0.05 0.22 *0.01
i T ] a ]
S.D. S5.D.
S.D.
L i X

Methylphenanthrenes 1.19 * 0.06 0.4342_0.03 0.52 % 0.05

T T
S.D. N.S.D.




Table 4 (cont.)

Concentration in mg/grah 0il

Hydrocarbon or .
Hydrocarbon Type - Tank #1 Tank #2 Tank #3
: S.D. '
.- r | . 1 \ .
- 3,6-Dimethylphenanthrene 0.53 * 0.04 0.294{‘0.03 0.20 + 0.04
| - s.0.. N.S.D.
o . _ $.D..
Total Aromatics (Napthalene - 6.21 * 0.42 6.27 ¥ 0.41 9.03 ¥ 1.05 .
3,6-dimethylphenanthrene) e — -
| S N.S.D. N.S.D.

significantly different

Is7D. =
not significantly different

2N.5.D. =
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Conclusions

The combination of light and water exposure parameters of Tank #]
produced the largest relative decreases in volatile saturate (C]2 to C26)
and most aromatic (naphthalene -2, 3, 6-trimethylnaphthalene) hydrocarbons
relative to the original oil of the three exposure systems. Detectable
amounts of monoaromatic hydrocarbons were absent in all three weathered oils
as were the saturate hydrocarbons from C8 to C]O‘ The different exposure
parameters of Tank #1 and #3 produced the greatest differences in the volatile
hydrocarbon content of these oils following 24 days of weathering. The decreases
in the content of most aromatic compounds were less for oil protected from
light ,water agitation and somewhat from air circulation (Tank 3). The only
components shown to increase somewhat in Tank 3 in proportion to the original
0i1 was the heaviest compound, 3, 6-dimethylphenanthrene. This component
was enriched to a greater extent in Tank 2 and in Tank 1 its contribution
to the total was nearly four times as great. There was an increasing degree
of enrichment in the weathered (mousse) o0il in Tank 1 as molecular weight
increased from phenanthrene to the 3, 6-dimethylphenanthrene. These data may
well indicate that higher molecular weight compounds of 4 and 5 rings (poly-
nuclear aromatics) are also enriched in weathered o0il and perhaps relative
to their molecular weight. The significance of this possibility is rather
large since possible tainting and or effects from carcinogenic or mutagenic
compounds in this class could be enchanced. The polynuclear aromatics are
less water soluble than those identified in Table 3, so it is not likely that
water column species would be affected. However, the mixing of weathered 0il
with sediments may produce an environment more hazardous to benthic species

than contamination from fresh oil.
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The results of this preliminary experiment on oil weathering have produced
very interesting results regarding aromatic compounds up to dimethylphenanthrene.
Other analytical methods should be used to characterize the alterations in
polynuclear aromatics to determine the relative hazard of weathered o1l
compared to fresh oil. As the most dramatic effects from enrichment of poly-
nuclear aromatics would be on benthic organisms, particularly detritivores,
weathered oil should be used in laboratory and field exposures. Results of
these tests could then be compared to our findings on effects from fresh oil

to evaluate the potential hazard.
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SUBLETHAL EFFECTS OF PETROLEUM-IMPACTED SEDIMENT
ON AN INTERTIDAL DEPOSIT FEEDING POLYCHAETE

Previous data indicated that the behavior of the deposit feeding

polychaete Abarenicola pacifica was modified by contact with sediment

contaminated with high levels (1000 ppm) of Prudhoe Bay crude oil,
resulting among other effects in reduced rates of feeding. An experiment
was carried out to examine this effect in greater detail and at different
levels of exposure to oil. It is described in the accompanying manuscript,

which we wish to have reviewed for submission to a recognized journal.

Effect of Prudhoe Bay Crude 0il
Contamination on Sediment Working Rates of Abarenicola pacifica

Introduction

Accidentally spilled petroleum hydrocarbons (PHCs) which impact fine-
grained sediments in intertidal zones may remain in situ for periods of
years (Mayo et al. 1978, Teal, Burns, and Farrington, 1978) resulting in
long term effects on local populations (Krebs and Burns, 1977). One factor
Which may contribute to this persistence is the existence of anoxic conditions
at depths of more than 1 cm below the surface of these habitats (Teal and
Kanwisher, 1962; Pamatmat, 1968; Hylleberg, 1975). ZoBell (1964) has
reported that PHCs are degraded at much slower rates in anaerobic sediments
than under aerobic conditions.

The burrowing and feeding activities of certain organisms transport
sediment from the lower anoxic areas to the surface, where aerobic microbes

can metabolize hydrocarbons more rapidly. One such organism which occurs
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in high densities in fine-grained sediment along the shores of the North

Pacific is the sedentary polychaete worm, Abarenicola pacifica Healy &

Wells. Hobson (1967) has calculated that a population of A. pacifica
Tocated in False Bay, San Juan Island, Washington State could move all the
sediment in the upper 10 cm of the area they inhabit to the surface in a
1ittle more than two years. Their activity could aid in the recovery of
intertidal zones from the effects of oil pollution if they can continue
to feed in contaminated sediment.

Gordon, Dale and Keizer (1978) reported that exposure in the laboratory
to No. 2 fuel oil, Venezuelan Bunker C, South Louisiana Crude, Kuwait Crude
0il, or to sediment which had been impacted by an accidental spill led to

reductions of 51% to 82% in sediment-working rates of Arenicola marina L.,

a species which is found in sandy beaches around the Atlantic and is closely
related to A. pacifica. Gordon et al., found that direct contact with
sediment containing oil at concentrations as low as 153 ppm for as little as
5 days caused some of their worms to surface and some died at concentrations
of 275 ppm.

In our laboratory A. pacifica has been found to tolerate direct contact
with sediment containing 1000 ppm of Prudhoe Bay crude (PBC) o0il for more than
three weeks. 1It, therefore, seemed possible that the mud-dwelling Pacific
species is more tolerant of 011 contamination than the sand-dwelling Atlantic
species. An experiment was designed to learn whether contamination of their
habitat with various Tevels of PBC would reduce the amount of sediment which
A. pacifica transports to the surface, making use of the fact that the worm
deposits its feces in easily recognizable coils around the entrance to its

burrow.
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Materials and Methods

Forty specimens of A. pacifica and 12 kg sediment were collected from
the high intertidal region of an almost enclosed lagoon adjacent to Sequim
Bay, Washington State, U. S. A. The upper 10 cm of the sediment consisted
of very fine grained, semi-liquid mud,and a layer of firmer fine-grained
sand lay beneath. In the laboratory the worms were kept in sediment under
running sea water at 10°C and 30 °/,, salinity.

Sediment (2.5 kg) consisting of equal volumes of the mud and sand
strata, were placed in each of four cylindrical metal containers of 3 liter
capacity. Three different volumes of PBC (.625, 1.25 or 2.5 g) were added
to three containers, and the contents of each, including the unoiled control,
were stirred 6 minutes with a motor driven impeller. Previous trials with the
dispersion of radio-labelled material have shown this time period to be
adequate for thorough mixing. The resulting mixtures were injected into
40 pieces of tubing, 40 cm Tong and 17 mm i.d. The tubes were bent into
U-shapes and placed in racks under running sea water for 20 hours to allow
the more toxic low molecular weight components of the 0il to wash out.
Remaining sediment was placed under running sea water as a reserve supply.

One worm was placed in each tube ,and plastic trays, 64 mm on a side,
were placed around the ends of the tubes. At 24 hour intervals the water
levels in the tanks were lowered and the feces produced by each worm were
collected from the trays and from the surface of the sediment within the
tubes with a stainiess steel spatula. At intervals of several days sediment
from the appropriate reserve supply was added to the tubes to replace consumed
material. The feces were dried in air for 24 hours and weighed. Preliminary
studies indicated that this time period was long enough to achieve a constant
weight. All calculations of fecal cast production were based on the mean

daily dry weight produced by each individual worm.
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After 11 days of exposure the sediment and worms were removed from
the tubes. The worms were rinsed with sea water, blotted dry, weighed,
and frozen. Samples of sediment were taken from tubes at each treatment
level, frozen, and later analyzed for total hydrocarbon content by IR

spectrophotometry.

Results

The Tevel of PHC in the sediment changed 1ittle during the exposure
period. The worms' native substrate used in the experiment has a fairly
high endogenous content of hydrocarbon measurable by IR spectrophotometry.
As Table 1 shows, the content of sediment at the three treatment levels,
when corrected for the content of the control sediment, was between 80 and
100% of the amount originally added.

A11 the control worms survived, but two of them left their tubes and
burrowed into detritus at the bottom of the tank, where their feces could
not be collected. Mortality was slightly higher in the exposed groups, and some
signs of behavioral stress were observed (Table 2). When the feces were
collected, at 24 hour intervals, some of the worms exposed to medium and
high levels of PBC were seen to extend their posterior segments from the
burrows and slowly move them through the water. This behavior, which would
obviously be maladaptive under natural conditions was never observed in the
controls or in the field. Feeding behavior was apparently depressed during
the first two days of exposure, to a greater extent in the higher concentra-
tions. During the remaining nine days the frequency of defecation, based on
24 hour observation periods, was slightly, but not significantly lower, in
the exposed animals. Data on fecal production was, therefore, taken from
this nine day period, as being more representative of the long term effect

of oil exposure.
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Table 1. Hydrocarbon Content of Sediment After 11 Days in the Exposure
System (ppm)
Exposure Level
Control Low Medium Hig
PBC Added 0 250 500 1000
Total HC Present 98 349 513 905
Net Added HC Recovered 251 415 807

Table 2. Effects of PBC on Survival and Behavior of A. Pacifica
Exposure Level
Control Low Medium High

Survival 10/10 9/10 8/10 7/10
Left Tubes 2/10 0 0 0
Tail Extended From Tubes 0 0 6 12
Cast Production*

First 2 days 4.5 3.5 2 1
Cast Production*

Next 9 days 5 4.9 4.6 4.5

* Mean number of casts/day produced by all surviving worms.
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A strong negative correlation was found between weight-specific fecal
production and wet body weight. The slope of the regression 1ine relating
these parameters was steeper in the control and the low level exposure groups
than in the two higher level exposure groups (Figure 1). The degree of
scatter around the regression lines was less in the exposed groups than in
the control. Mean weight-specific fecal production was moderately depressed
in Tow level exposed and severely depressed in the higher level exposed groups.

The regression of dry fecal weight, unadjusted for body weight, on body
weight, was not significant within any treatment group. As Table 3 shows,
the mean fecal weight is markedly reduced by exposure to hydrocarbon levels
about 400 ppm. Pairwise comparison of the control with each treatment group
by the Newman-Keuls test showed no significant difference between it and the
low exposure level while the mean production rate at the medium and high
exposure levels differed significantly at the .05 level from that of the
controls.

Discussion

Exposure to 01l reduces the degree of scatter around the regression
lines relating weight-specific fecal production to body weight of A. pacifica,
and at levels above 400 ppm greatly reduces the slope of the lines (Figure 1).
Both of these effects may be attributed to a greater impact of exposure on
the smaller and more active animals. Among control worms weighing less than
0.25 g, weight-specific fecal production varied between 0.9 and 2.1 g feces
per g worm. Production by worms in this size class ranged from 0.84 to 1.3
g per g worm under exposure to a low level of oil. At the higher o0il levels
values for the smaller worms fell to between 0.27 and 0.45 g per g worm.

By contrast, the maximum production of worms weighing more than 0.6 g was

reduced only from 0.2 g per g worm in control animals to .08 g per g worm
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at the higher exposure levels. Exposure to oil clearly leads to a greater
reduction in feeding activity at the lower end of the size range than at the
upper end. The individual variability of production is lessened by a greater
decrease in the maximum rate achieved by the smaller animals than in the
minimum rates.

These data indicate some of the effects of hydrocarbon pollution on
the biology of the worms. However, measures of weight-specific fecal production
such as these, and those reported by Gordon et al. (1978) are less useful in
predicting the effect of the affected worms on sediment turnover, since predictions
based on them would require information on the size distribution of the affected
population, which might not be available. Fortunately, the effect of the
negative regression of fecal production on body weight 1is cancelled out by
the increasing body weight itself, which accounts for the fact that none of the
regressions of fecal weight per se on body weight, within any treatment group,
is significant. The somewhat surprising conclusion is that under uniform condi-
tions and within the weight range examined, the size of the worms has no signifi-
cant effect on the average dry weight of feces produced per day. Therefore,
if suitable control populations were available for comparison the defecation
rate of A. pacifica could be used as an indicator of a particular level of
environmental stress, even if the size distribution of the worm population is
not known.

The results also suggest that if pollution is not too severe, Abarenicola
may continue to turn over the equivalent of its own wet body weight per day
in sediment. However, high concentrations of 0il may reduce the sediment-
working rate of surviving worms by as much as 70%. This effect, together with
any mortality due to the environmental pollution would substantially retard the

transportation of subsurface sediments to the surface. If these effects are
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found in the field, it is possible that sufficiently high levels of o1l
will retard the rate of sediment recovery by reducing the feeding behavior

of ecologically significant species.
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Table 3. Concentrations of Aromatic Hydrocarbons in Prudhoe Bay Crude 071 {PBC}
and in 24 Day Weathered 011 Samples. Concentrations in mg/gram oil.

Concentration in Concentration in Weathered 0i17 Relative Decrease in Concentration %° %
Compound Original 0i1* Tank No. 1 Tank No. 2 Tank Mo. 3 Tank No. 1 Tank No. 2 Tank No. 3 ﬁ
toluene 0.82 £ 0.08 * * * 100 100 100 i
ethylbenzene 0.56 t 0.01 * * * 100 160 100 5
m+p-xylene 2.05 1 0.04 * * * 100 100 100 o
| o-xylene 0.79 * 0,01 * * * 100 100 100 E
| isopropylbenzene 0.16 £ 0.00 * * * 100 100 100 3
1-ethyl+4-methylbenzene 0.29 % 0.00 * * * 100 100 100 e
1,3,5-trimethylbenzene 0.41 + 0.00 * * * 106 100 160 g
1,2,4-trimethyibenzene 1.14 = 0.01 * * * 10C 100 100 z
secbutylbenzene 0.74 * 0.00 * * * 100 100 100 g
methy1-4-1sopropylbenzene 0.12 ¥ 0.00 * * * 100 100 100 3
indane 0.67 ¥ 0.00 * * * 100 100 100 @
1,3-dimethyl-5-ethylbenzene 0.27 £ 0.00 * * * 100 100 100 :
1,2-diethyibenzene 0.24 £ 0.02 * * * 100 100 100
1,2-dimethy1-4-ethylbenzene 0.24 £ 0.0 * * * 100 100 100
1,2.4,5-tetramethylbenzene 0.38 £ 0.00 0.03 ¥ 0.00 * 0.25 * 0.03 ** 100 fal
1,2,3,5-tetramethylbenzene 0.27 £ 0.00 0.03 £ 0.00 * 0.18 * 0.02 fald 100 ok
napthalene ¢.92 ¥ 0.07 0.06 £ 0.07 0.16 * 0.01 0.51 ¥ 0.08 93.5 82.6 446 ES
2-methyInapthalene 1.63 * 0.02 0.53 £ 0.07 0.76 ¥ 0.08 1.34 £ 0.18 67.5 53.4 17.8 o
1-methyinapthalene 1.29 * 0.02 0.48 £ 0.06 0.69 ¥ 0.06 1.20 £ 0.16 £2.8 46.5 7.0
1-ethyl+2-ethylnapthalene 0.48 ¥ 0.00 0.27 £ Q.03 0.43 £ 0.08 0.51 * 0.06 43.8 10.4 -6.3
2,6+2,7-dimethyInapthalene 0.69 * 0.01 0.52 * 0.06 0.83 £ 0.13 0.94 £ 0.12 24.6 -20.3 -36.2
1,3+1,6-dimethylnapthalene 0.99 * 0.01 0.51 £ 0.06 0.70 £ 0.05 0.91 £ 0.12 48.5 29.3 8.1
1,7-dimethylnapthalene 1.10 £ 0.01 0.51 + 0.04 0.77 £ 0.06 0.94 £ 0.12 53.6 30.0 14.5
1,4+2,3+1,5-dimethyinapthalene 0.80 t 0.01 0.52 t 0.06 0.35 * 0.1 0.90 ¥ 0.12 35.0 56.3 -12.5
1,2-dimethyInapthalene 0.40 £ 0.00 0.23 * 0.03 0.21 £ 0.01 0.37 + 0.04 42.5 47.5 7.5
2,3,6-trimethylnapthalene 0.51 ¥ 0.07 0.26 ¥ 0.03 0.3%9 ¥ 0.12 .43 T 0.04 49.0 23.5 15.7
phenanthrene 0.38 £ 0.05 0.61 £ 0.06 0.34 T 0.05 0.22 £ Q.00 -60.5 10.5 42 .1
1-methylphenanthrene 0.33 * 0.02 0.77 £ 0.15 0.24 ¥ 0.02 0.31 £ 0.04 -133.3 27.3 6.7
2-methylphenanthrens 0.21 ¥ 0.0 0.53 £ 0.04 0.19 * 0.0 0.22 ¥ 0.02 -152.4 9.5 -4.8
3,6-dimethyiphenanthrene 0.11 T 0.00 0.53 £ 0.04 0.24 * 0.05 0.20 £ 0.04 -381.8 -118.2 -81.8
Total {napthalene - 3,6-dimethyl- 9.91 ¥ g.15 6.21 + 0.42 6.27 ¥ 0.4} 9.03 * 1.05
phenanthrene) Avg. % Decrease 37.3 36.7 8.9

IMonoaromatic hydrocarbons have not been corrected for recovery.
Z*compound not detected at the sensitivity level that analyses were conducted
3Concentration in original oil - concentration in weathered oil
concentration in original o1l %X 1003 minus sign indicates higher concentration of compound found
in weathered 0il on weathered oil basis as compared to or1g1na1 oil.
**pelative decrease in concentration % was not.calculated beceLse recovery data was not obtained c¢a monoaromatic hydrocarbons.
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