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INTRODUCTION

This volume presents a compilation of existing commercial, sport,
and subsistence fishery information for the Cook Inlet - Kodiak Island
area. The report is divided into two primary sections: a written narrative
and a portfolio of mapped data. The written narrative includes character-
izations of each fishery and tabularization of statistical data. Histor-
ical catch, effort, economic value, and escapement statistics are included.
The map section includes diAstribution mapping for all significant finfish
and shellfish species. Major fishing areas are delineated for all com~
mercial species. Critical salmon and shellfish spawning areas are indiéated,
by species, where known. Shellfish rearing areas, by species, have also
been noted where known.

Included on the salmon distribution méps is additional information
 showing the location of ADF&G adult and juvenile salmon enumeration sites,

sampling sites, state and private hatcheries, rehabilitation sites, test
fishing areas, and index streams.

It is imperative that those who use this reéort recognize that fish
populations are a dynamic, ever-changing resource. The information
contained within this report is as up to date as possible, but changing
land tenure, human use and development, and a multitude of natural faétors
require that data be continuously gathered and updated.

l Most of the information in this report was obtained from Alaska
Department of Fish and Game biologists, much of it unpublished before now.

Additional contributions were made by other staff members and from members

of other resource agencies. These contributions are greatfully acknowledged.



COOK INLET AREA SAIMON FISHERIES

INTRODUCTION
The Cook Inlet area includes all waters draining into Cook Inlet and

the Gulf of Alaska from Cape Fairfield in Blying Sound westward to Cape
Douglas on the Alaska Peninsula (Figure 1). -Cook Inlet is characterized
by exceedingly strong tidal currents and, on occasion, by strong winds.
The area is bordered on three sides by mountains: the Aleutian Range
and Alaska Range on the northwest, the Talkeetna Mountains to the
northeast and the Chugach and Kenai Mountains on the southeast.
~Glaciers are common throughout these mountain ranges‘and many of tﬁe
stream's tributary to the Inlet carry heavy glacial sediment loads. -
The largest and most extensive watershed is the Susitna River and its
tributaries. Other major drainage basins include the Kenai and Kasilof
Rivers. Numerous smaller rivers and short, coastal streams also
contribute significantly to the salmon production.

. The Cook Inlet area includes six salmon management districts:
two in Cook Inlet north of Anchor Point, the Northern and Central
districts; ome in Kachemak Bay near Homer, the Southern district;
one on the west side of the lower inlet, the Kamishak district; one along
the outer coast from Point Adam to Aialik Cape, the Quter district; and
one south of Seward in the Resurrection Bay-Blying Sound area, the

Eastern district (Figure 1).

COMMERCTAL FISHERIES

Description

Al]l five species of Pacific salmon are commercially harvested in

Cook Inlet. Commercial salmon fishing began in this area in 1882 although
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no records of catch are available until 1893 (Table 1). Sockeye salmon
have been the dominant species historicélly, however, in the last 20
years the pink salmon catch has been ‘the greatest. Since 1954 pink
salmon have comprised 43% of the total Cook Inlet commercial catch,
followed by sockeye (29%), chum (21%), coho (6%) and king (1%). The
average annual salmon harvest in Cook Inlet frdm 1960-1974 is approxi-
mately 3.4 million fish which represents 77 of the total statewide
salmon harvest for the same period.

In the Cook Inlet area, pink salmon exhibit an even-odd year cycle
with the-greates; returns occurring during even years. Even year rumns
are also characterized by good returns of coho and chum salmon. Sdckeye.
.salmon is the dominate species during odd year runs. The majority of
sockeye'salmon harvested in Cook Inlet are produced in the Susitna,
Kenai and Kasilof River systems. Historically, king salmon were an
important commercial species, but due to their decline from earlier
years, runs have been protected by late opening dates since 1964.

Nearly all the king salmon commercially harvested in Cook Inlet are
produced in systems north of AAchor Point; in the Northern and Central
districts. |

The Northern and Central districts in upper Cook Inlet are general-
ly.termed the gill net districts as gill nets are the only legal salmon
gear. Furthermore, only set gill nets are allowed in the Northern
district where mobile gear has not been used since 1953. 1In the Northern
district primarily pink salmon are harvested, followed by sockeye, coho
and chum salmon. Pink and sockeye salmon comprise the major portion of
the Central district's catch and are taken in roughly equal proportions.
Chum and coho salmon,.in that order, represent a smaller percentage of

the Central district's catch.




Tﬂe Souihérn district primarily produces pink salmon followed by

chum and sockeye salmon. Set gill nets, beach seines and hand purse
- seines are the only legal salmon gear in this district.

The Kamishak district is a difficult area to fish, and few fishermen
are willing to venture into the area for salmon. Hand purse seines and
beach seines are the only legal gear. Pink and chum salmon provide the
bulk of the catch in roughly equal proportions.

In the Outer district only beach and hand purse seines are allowed
as legal gear. The catch is composed primarily of.pink salmon, followed
by chum salmon. In some years there is a small sockeye fishery in the
Nuka Bay area..

The Eastern district is the least important commercial salmon
district in the Cook Inlet management area. There are fair pink salmon
runs in some even years. The district has potential for sockeye produc-
tion, however, the ﬁain producing system, Bear Lake, is presently being

managed for coho salmon by the Sport Fish Division.

Timing

Timing of the commercial salmon fisheries in Cook Inlet varies by
district and within districts by system. Fishing seasons in the Outer,
Eastern, Kamishak and the seine gear season in the Southern district are
opened and closed by emergency order.  The Northern and Central districts
fishing seasoné and the set ahd drift gill net season in the Southern
district are opened on fixed dates and closed by emergency order.

Although all five species of salmon may be found in the districts
simultaneously, each species has a normal period of abundance. 1In the
Northern and Central districts early king salmon.runs can be expected in

late May with the peak of the run in mid-June. Sockeye salmon bound for
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the Kasilof and Kenai Rivers in the Central district appear in early
June and run until the third weék of that month. A later run of sockeye,
passing through the Central district up to the Northern district, begins
shortly after June 25 and reaches a peak between July 12 and 17. The
early run of pink salmon which is bound for systems in the Northern
district peak around July 12-17, while the later run, which is bound
primarily for the Central district peaks from July 26 through August 6.
Chum salmon run timing in the Northern and Central districts varies
greatly from year to year, however runs usually peak from July 18-24,
which corresponds to the peak abundance of coho salmon.

In the Southern district sockeye salmon are the first species to
appear in abundance with the run building during the first week of June
and tapering off by mid-July. Pink salmon enter this district in late
June or early July and usually peak by the last week of July or the
-first week of August. The chum salmon runs overlap the sockeye and
pink runs and are caught incidentally by ﬁoth fisheries. Coho runs
begin building in the first week of August and usually taper off by mid-
or late August.

There is a small sockeye fishery in the Outer district located
around Nuka and Aialik Bays. The sockeve runs occuer from late June
until mid-July. Pinks and chums which are the most abundant speciesArun
from mid-July until mid-August.

Timing of the fisheries in the Kamishak district is more difficult
to generalize. Basically, salmon move into the southern portion of the
Aistrict first and progress up the coast northward. There is an early
run of sockeye to Mikfik River which occurs from early June to mid-July.
" Chums and pinks enter the southern portion of the district in mid-July

and progress up the coast. Pink and chum salmon are found in Bruin Bay
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from the first week of August until mid-August; while they are most
numerous in Roeky and Ursus Bayé from mid-August until late August. In
Cottonwood and Iniskin Bays there is a late run of chum salmon from late

August until early September.

Effort

The average number of licensed commercial fishermen in Cook Inlet
from 1960-1974 is 2,635, Resident licenses represent 797 and nonresident
licenses 217 of the 15-year average (Table 8). The amount of registered
salmon gear has steadily increased since 1960 with the number of drift
gill nets increasing markedly (Table 9). Set gill net effort has also
.risen, but less dramatically while seine effort has fluctuated but has
not shoﬁn an upward trend. The gear type averages from 1960-1974 are:
539 drift gill nets, 672 set gill nets, 86 hand purse seines, 10 beach
seines, and 17 troll licenses.

The proportion of catch has varied between gear types with drift
and set net gear accounting for the majority of the salmon catcH. Since
1960, drift gear has taken a slightly higﬁer percentage of the catch
than set net gear. Set net gear harvests a large poftion of the king
and coho catch, while both drift and set net gear account for the bulk
of the sockeye salmon catch. Purse seine harvests the bulk of the pink

salmon catch.

Economic Value

The 15-year (1960-1974) average annual value to the fishermen of
the Cook Inlet salmon fisheries is approximately 3.8 million dollars
(Table 10). During this period sockeye salmon accounted for 50% of the

total salmon value to the fishermen, while pink and chum salmon repre-

sented 207 and 197 of the value, respectively. However, this average
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annual value is not truly representative of the fisheries economic value

at today's prices. Figuring the lS—yeai average annual salmon harvest

with 1974 prices paid to the fishermen, the average annual value since

1960 is approximately 13.4 million dollars.

ESCAPEMENT AND SPAWNING

Introduction
In the Cook Inlet area, salmon escapements are monitored by various
methods, depending on the system and species involved. The following is

a discussion of these methods by district.

Northern and Central Districts

In the Northern and Central districts escapement monitoring is
conducted primarily on sockeye salmon. Although tower, weir and sonar
sites operating in these districts monitor all species, emphasis is
placed on enumerating sockeye salmon runs.

A counting tower is used to monitor escapement on the Talachulitna
River, which is a major salmon producing system in the Susitna Basin.

In past years runs of pink salmon have been estimated at one million and
runs of sockeye have reached 50,000. Chum, coho, and king salmon also
use this system extensively. In addition to this station, aerial and
ground surveys are conducted on the key sockeye spéwning systems along

the Susitna River. A sampling station, located just below the confluence
of the Susitna and Yentna Rivers has been operated since 1969. The site
was established to provide an index of salmon run timing, species composi-
tioﬁ, and age-weight-length data.

The Kenai an& Kasilof River systems are the major spawning systems

in the Central district being utilized by all salmon species except
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chums.. The.main streams of both the Kenai and the Kasilof Rivers are
turbid and prior to 1968, escapément into these systems was derived by
~ surveying the clear water spawning areas. In 1968 sonar counters were
installed in the main stems of both systems. The sonar counter not only
provide more accurate escapement information but they are also located
close enough to the fishery so that the information can be used for in-
season management. Species composition of the sonar counts is apportioned
by fishwheel catches. 1In addition to sonar counts on the main rivers,
escapement surveys are conducted on clear water spéwning streams of the
Kenai and Kasilof systems. A weir has been operated on the Russian
River, a major spawning system of the Kenai River, since 1969. Refer to
Tables 11-13 for the estimated sockeye salmon escapement by system in
the Cook Inlet area. .

Escapement information prior to 1964 for king salmon is just about
nonexistent., In 1964 a program was initjated to monitor escapements in
key clear water spawning tributaries at the Kenai, Kasilof and Susitna
River. It is mnot knowﬁ how these counts comparé to historical 1évels in
these streams, or what proportion of the total escapement they represent,
since major glacial rivers may produce significant numbers. Table 14
presents estimated king salmon escapement by system.

Coho escapement data is virtually non-existent in the Northern and
Central districts except for a few s&étems monitored by the Sport Fish
Division. Coho salmon are on the spawning grounds in strength in the
fall during the rainy season when streams are swollen and silty, making
accurate counts difficult,

There is no reliable information available on historical pink
salmon escapement in the Nor;hern and Central districts. In some clear

water systems aerial surveys and ground counts are conducted, however
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this information is too fragmentary to be of value in assessing trends.
Major pink salmon systems in thése districts include: Deshka River,
Talachulitna River, Lake Creek, Kenai River and Kasilof River.

There is very little information available regarding escapement of
chum salmon in the Northern and Central districts. Chinitna Bay is the
only area where chum escapement is monitored on a regular basis because
the run is harvested relatively close to its spawning destination and
must be managed closely, The timing of the majority of the chum salmon
runs is too coincidental with sockeye salmon to aliow separate management.
The Susitna River is thought to account for approximately 80% of the

chum salmon production in the Northern and Central districts.

Southern, Outer, Kamishak and Eastern Districts

Pink and chum salmon are the major species produced in the Southern,
Outer and Kamishak districts., Aerial and ground surveys are conducted
on the major spawning systems. There are nine pink salmon index streams
in the Southern and Outer districts, these systems account for the
majority of the production in the area. Table ;5 presents the estimated
pink salmon escapement for the index streams. The index streams are
surveyed systematically by aerial and ground counts throughout the pink
salmon run and total escapement estimates are derived. Forecast estimates
of the number of pink salmon returniﬁg to the Southern and Outer districts
have been calculated since 1966. Forecast predictions are based on the
relationship between the density of pink salmon fry found in the gravel
and subsequent return of adult salmon.

Salmon production in the Eastern district is limited. In recent

years, the management of Resurrection Bay has been directed toward sport

fish utilization of coho salmon. The majority of information .available
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for Resurrection Bay salmon runs has been collected by the Sport Fish
Division through their research and rehabilitation projects conducted on

the Bear Lake system,

Habitat, Timing and Migration

Spawning and rearing habitat preferences for salmon in the Cook
Inlet area are essentially the same as outlined in the generalized life
histories (Appendix).

The majority of sockeye salmon in the area are produced in the
Northern and Central districts. These stocks, for the most part,
utilize the extensive lake systems of the Susitna, Kenai and Kasilof
Rivers. Sockeye spawning has been observed in the mainstem as well as
the tributaries and lake systems of these rivers. Several minor sockeye
salmon runs, especially along the westside of the Inlet, spawn in systems

=
. without lakes and utilize sloughs and spring-~fed areas for rearing.
Sockeye salmon production for the entire.Cook Inlet area does nqt exhibit
a dominant cycle of abundance as demonstrated in the Bristol Bay area.
Individual runs utilizing different systems do exhibit cycles, however
because many systems contribute to the Cook Inlet sockeye production no
dominant cycle is apparent for the entire area. The majority of sockeye
salmon returning to the Cook Inlet area are five-year fish. |
The Susitna, Kenai, and Kasilof Rivers are the major king salmon
‘producers in the Cook Inlet area, king salmon enter the Inlet in two
separate runs: the early run which is the major run is bound for the
Susitna Basin; the late run is bound primarily for the Kenai and Kasilof
Rivers.
Coho salmon in the Cook Inlet area are more evenly distributed than

other species in both timing and area of occurrence. Coho runs are
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spread over a longer period of time and occur in the majority of anad-
romous streams. Coho salmon are predominately four-year fish and tend
to run in greatest strength on even years.

Pink and chum salmon are produced in the majority of short, coastal
streams in the Cook Inlet area. They spawn extensively in intertidal
areas as well as upstream. Pink and chum salmon runs exhibit a dominant
even-year cycle.

Timing of salmon spawning in the Cook Inlet area varies by species,
system and season. Generalized timing information for salmon runs in

the Cook Inlet area is presented in Tables 19-22.

Escapement Goals

Deéired escapement goals have.been developed for pink salmon
returning to the Southern and Outer districts and are presented below.
The stated levels are obviously of a very general nature and may be
refined or modified as new information is gathered concerning spawning
distribution, escapement to alevin production and odd and even-year run

differences.

Southern District

Humpy 22,500 - 30,000
Tutka 4,500 - 6,000
Seldovia 18,000 - 24,000
Pt. Graham 45,000 - 60,000
Sub-Total 4 90,000 -120,000
Outer District

Windy Left 7,500 - 10,000
Windy Right 7,500 - 10,000
Rocky 37,500 - 50,000
Pt. Dick - 22,500 - 30,000
Island 18,000 - 24,000
Sub-Total 93,000 ~124,000
Total ‘ 183,000 -224,000
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Desired eséapement goals have also been formulated for the sockeye
salmon runs on‘the Kenai and Kaéilof Ri&ers. The present desired sockeye
escapement ranges are 150,000-200,000 (mid-point 220,000) for the Kenai
River and 80,000-150,000 (mid-point 110,000) for the Kasilof River. The
desired escapement goals for the Russian River, which is the main spawning
system in the Kenai River, are 8,500 sockeyes. for the early run and
30,000 sockeye salmon for the late run.

No escapement goals have been formulated for the remaining salmon
runs due to inadequate information concerning spawning magnitude and
distributién. Escapement is regulated by monitoring commercial harvests
and comparing them with the relationships between past harvests and‘
escapement indices.

STATUS RELATED TO MAXTMUM SUSTAINED YIELD

Current stock assessment and escapement information is not adequate
to estimate maximum sustained yields (MSY) for the Cook Inlet fisheries.
However, average commercial harvest by species for the entire area will
be presented below. Commercial harvests héve been averaged for different
periods, the high 30 consecutive years of the commercial fisheries, and
theA1960—1974 average annual harvests. These average harvests point out
possible MSY's for the various fisheries, if factors such as habitat
degradation, gear selectivity, and enviromnmental parameters have not
changed significantly from past years.

King salmon harvests have declined drastically compared to historical
catches. The average annual harvest for the high 30 consecutive years
of the king salmon fishery is approxiamtely 84,000, while the 1960-1974

average annual king salmon harvest is only 13,000 fish.
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The commercial sockeye fishery in Cook Inlet has also declined
markedly from past years. It is believéd that the advent of drift gill
net gear into the Inlet in 1947 and subsequent catches through 1951 were
a major factor to the following decline of sockeye stocks because the
mobile gear exposed mixed stocks to longer periods of harvest. The high
30 consecutive years average annual harvest is approximately 1.6 million
fish, while the 1960-1974 average annual harvest is 1.04 million fish.

Historically, the coho catch has fluctuated radically. It is not
knowvn if these fluctuations were the result of ecomomic sanctions,
fluctuations in the coho population or lack of effort. The average

lannual coho harvest for the high 30 consecutive years and the 1960-1974
average harvest is 230,000 fish annually.

Piﬁk salmon in the Cook Inlet area have a distinct even-year cycle.
In even yearé, pink salmon usually account for the largest portion of
the total salmon catch. The average annual pink salmon harvest for the
high 30 consecutive years is approximately 1.5 million pinks which is
slightly greater than the 1960-1974 average annual harvest of 1.4 million
fish. |

About 85% of the chum salmon harvested in Cook Inlet are taken from
the gill net districts above Anchor Point. Chum salmon were considered
economically unimportant until recently and were omly taken incidentally
to other species. It wasn't until the advent of éxift gill net gear in
the Inlet that chum salmon took on any importance of their own. Today
they are actively sought after as a supplement to the sockeye catch.

The average annual chum harvest since 1960 is approximately 703,000

fish.
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MANAGEMENT AND RESEARCH

The Cook Inlet area has a broad spectrum of management problems,
_especially in upper Cook Inlet, north of Anchor Point, which is charac-
. terized generally by turbid water and heavy tide flow. Information is
needed on the number and origin of salmon by species entering the upper
Inlet, migrational routes, milling areas, timing of runs, and escapement
by species entering the major systems., Of prime concern is the area
southeast of Kalgin Island where sockeye, coho, pink and chum salmon
may mill in large numbers and could be overharvestéd by the drift gill
net fishery. A major problem which complicates salmon management in
upper Cook Inlet is the lack of data concerning stock separation of
salmon runs returning to the Imnlet. The development of accurate metﬁods
for defining individual stocks woulid contribute directly towards delinea-
ting stock segregation zones upon which district boundaries could be
drawn. Additional escapement coverage is also necessary so that specific
spawning areas can be delineated and numbers of spawning salmon by
species enumerated for éach system.

In the Southern and Outer districts, annual forecasts of returning
pink salmon contribute significantly to fishery management. Increased
accuracy in enumeration of pink salmon escapement and improvement in the
formulation of optimum escapement for each system would assist manage-
ment in balancing catch and escapemenﬁ; Run timing of pink and chum
salmon in the Southern, Outer, and Kamishak districts often overlap so

closely that it is not possible to presently manage these runs separately.
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Table 1 Commercial salmon catch, Cook Inlet area, by year,

in numbers of fish, 1893-1974 1/.

Year Total King Sockeye Cohozj Pink Chum
1893 234,000 30,000 170,000 34,000 - —
1894 441,340 15,500 406,840 19,000 - -
1895 349,476 25,199 324,277 - - -
1896 393,339 18,076 309,863 27,600 37,800 —
1897 396,883 14,083 354,800 zé,ooo - -
1898 650,969 16,389 551,168 83,412 - -—
1899 630,521 17,102 558, 529 54,890 - -
1900 631,992 26,683 585,309 20,000 — -
1901 531,283 34,319 482,406 8,967 5,591 -
1902 893,403 49,013 710,280 54,864 79,246 -
1903 689,180 66,023 564,189 58,968 - -
1904 543,221 30,073 489, 348 23,800 - —
1905 113,215  17,668 95,547 o — —
1906 405,511 22,420 225,506 93,485 64,100 —
1907 707,260 62,944 460,620 171,276 6,420 -—
1908 1,174,624 33,774 670,774 94,936 375,140 —_
1909 734,276 59,624 582,562 88,350 3,740 —
1910 1,187,901 49,028 846,187 79,702 217,666 1,318
1911 1,464;322 55,845 1,249,154 87,909 70,665 749
1912 3,096,823 47,866 1,194,888 70,567 1,661,874 121,628
1913 1,536,071 63,652 1,369,196 81,484 10,926 10,813
| continued
1) Source - INPFC, Historical Catch Statistics for Salmon of the

North Pacific Ocean. 2nd Draft, July, 1974 and A.D.F.&GT:

Statewide Catch Statisties, Final IBM run.

2) For 1893-97, catch figures include a mixture of coho and pink
salmon.
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Table 1 (continued) Commercial salmon catch, Cook Inlet area, by year,
in numbers of fish, 1893-1974.

Year

Total King Sockeye Coho Pink Chum
1914 3,004,427 47,554 1,472,829 188,341 1,255,798 39,905
1915 2,113,646 83,793 1,860,684 122,028 19,308 27,833
1916 3,783,190 62,895 1,699,323 209,978 1,682,672 128,322
1917 1,918,936 65,499 1,659,907 60,776 54,286 78,468
1918 2,783,862 34,886 1,668,394 251,151 721,231 108,200
1919 1,238,130 23,801 943,694 172,855 43,447 54,333
1920 2,199,897 39,563 | 1,314,916 302,353 445,524 97,541
1921 1,065,216 13,946 983,625 20,519 4,717 42,409
1922 '1,802,766 31,030 ?60,019 199,923 637,405 74,389
1923 1,334,929 29,911 1,099,465 142,926 39,146 23,481
1924 2,059,529 27,012 1,056,090 187,656 752,016 36,755
1925 1,786,932 51,033 1,510,861 198,146 11,828 15,064
1926 3,133,022 75,620 1,999,720 353,173 586,054 118,455
1927 2,245,464 87,404 1,459,068. 387,746 - 251,866 59,380
1928 2,434,491 . 69,885 1,172,959 522,509 568,052 101,086
1929 1,813,867 67,694 1,049,851 184,858 376,863 134,601
1930 2,610,983 72,317 917,882 498,475 1,022,679 99,630
1931 1,720,071 51,402 805,526 328,294 472,221 62,628
1932 2,083,739 70,931 1,131,958 374,976 441,125 64,749
1933 1,758,820 59,281 1,336,135 187,972 118,187 57,245
1934 3,160,217 72,379 1,815,267 251,260 929,992 91,319 .
1935 2,193,264 75,075, 1,355,787 170,438 430,540 161,424
1936 - 3,917,672 81,062 2,390,281 328,496 852,924 264,90§
1937 2,519,426 85,982 1,581,183 215,700 487,692 148,869
continued
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Table 'l (continued) Commercial salmon catch, Cook Inlet area,
by year, in numbers of fish, 1893-1974.

Year Total King Sockeye Coho Pink Chum

1938 3,736,781 57,663 2,425,253 213,804 848,733 191,328
1939 3,101,597 52,726 2,334,904 163,010 319,312 231,645
1940 5,075,130 63,016 1,648,952 478,096 2,604,235 280,831
1941 2,774,836 104,822 1,293,234 359,224 715,211 272,345
1942 3,646,684 95,180 1,540,185 644,823 965,507 400,989
1943 3,618,572 111,381 1,468,279 279,852 1,457,1611 301,899
1944 4,356,044 85,210 1,939,932 256,621 1,815,441 258,840
1945 3,629,594 69,202 1,556,713 329,828 1,367,950 305,901
1946 3,842,422 64,281 1,474,473 581,374 1,338,731 383,563
1947 2,985,614 106,804 1,473,973 443,879 681,731 279,227
1948 4,648,842 105,996 2,035,306 408,079 1,660,147 439,314
1949 3,215,844 111,281 2,153,213 279,701 433,003 238,646
1950 4,752,353 162,942 2,642,374 351,366 1,132,164 463,507
1951 | 3,663,352 4187,513 2,481,346 284,715 417,485 292,293
1952 4,546,084 74,500 1,510,214 - 233,771 2,277,019 450,580
1953 2,893,816 89,430 1,490,062 227,612 550,073 536,639
1954 4,884,392 65,325 1,246,672 336,685 2,460,051 775,659
1955 2,894,140 46,499 1,064,128 180,452 1,286,008 317,053
1956 4,241,503 65,310 1,295,095 207,534 1,803,295 870,269
1957 2,355,356 42,767 670,629 127,199 306,841 1,207,920
1958 3,955,743 22,847 496,842 241,561 2,598,314 596,179
1959 1,328,172 32,783 634,313 112,664 137,255 411,157
1960 4,089,063 27,539 948,040 314,153 2,023,252 776,079
1961 2,066,869 19,778 1,185,079 119,397 337,394 405,221
1962 7,661,051 20,270 1,172,859 358,051 4,690,030 1,149,841

continued
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Table 1

(continued) Commercial salmon catch, Cook Inlet area,
by year, in numbers of fish, 1893-1974,

Chum

Year Total King Sockeye Coho Pink
1963 1,939,198 17,632 958,101 203,876 234,052 525,537
1964 7,147,242 4,622 990,709 462,114 4,287,378 1,402,419
1965 2,074,666 9,751 1,426,352 154,481 139,561 344,521
1966 5,418,734 9,603 1,867,323 295,101 2,585,820 660,887
1967 2,387,595 8,035 1,409,106 180,455 407,717 382,282
1968 5,737,965 4,600 1,200,146 475,333 2,863,638 1,194,248
1969 1,496,011 12,462 815,050 101,575 235,866 - 331,058
| 1970 3,429,641 8,455 753,526 280,156 1,388,179 999,325
1971 1,687,698 19,838 658,537 105,197 428,495 475,631
1972 2,399,996 16,174 937,721 83,167 657,243 705,691
1973 2,227,767 5,339 699, 234 106,521 633,587 783,086
1974 1,688,412 6,779 524,613 206,639 534,331 416,050

19



.ommzH £q po3jaodax yo3ed uomyes 3I9TUI 0o0) TBIO0] YITm =3318® j0uU Avuw SSYODIED J0Ta3ISTP jJo s[e3ol (I

‘unad WYI TeUTd “SOTISTILIS YOIBD IDTUI 300D ‘9HRJ4qy - d0anos (T

.mvm.Dd.._.. Juood
S6G°9%¢E A AN AA 969°¢LT 625°Z8 6T%°99 09%°‘t 046T
058°08 _ 9€8° 1T 0Z9°L szvoz G90°8¢ 706°7 6961
£86°068 Ay AR 6£8°vES 8%9°9GT GLSO%T Ty 8961
196802 $8¢°9¢ 09%‘sg 7e8eeh G90°81T 8T 1961
66€°T1T9 L€9°¢S¢E £99°TLE 89608 GOT*TET AR 9961
L66°SL 906 9T 16y Z06°1T GIG IE 00¢g €961
70L°THO‘T 866°9CT 98¢ ‘98¢ 8¢6°L9T %97 09T 89T ¥96T
786°2¢T 769°¢EY o%6°‘8 ovs €9 £9%7°60T SHE*L £961
6L9°0%L €EOHYT £E7°082 €88°7LT CHGEET 68.°6 7961
]
TL6°L6T €0T°T9 S9.°0T SL6°0Y 9LECLL €GL L T96T
99/°098 6EL°LTT GRT“ZYY LLE S yHT LYT 8Y%T 8TZ‘g 096T
H.muo.H unyy) &ﬁ.mm oyo) w%w&oow MSHM aeag
(z (T °%.6T-096T °USTF Fo saaqunu uy ‘sotdads £q
SIDTIISTP UASYIAON ‘eole DTUI oo0) ‘Ud3ed UOoW[es TBTII3UWO) ° Z 91qer

20



9€T°89T 06%9¢ 9L8°TY 8E0°LY €96 TH 69T vL6T

9€8°LET T58°0€ 0ST LET TS6°€T 4T9°gY 0LT "€L6T

§09°02¢ 08L°6T 0€8°06 9%E ‘6T LELSS 716y zL61

T6T°L6 €09°9T €Ty°8 760°72 mmm.oq 865°6 TL6T

. 1e3ol unyy TOTd oyo) 323008 sury FCESA
*%/6T-096T ‘USTJ JO sIaqunu uf °sa1oads £q

¢30TI3ISTP WISY3IION ‘eda® JBTUL 00D ‘Yo3ed uouwyes TEFOIUMO) s (penurijuod) ¢ dIqel

21



*DJINI £q pa310odex yo3ed UOWTES J2TUI 3009 T8I0 YITM 298¢ jou Kew S3Y01%0 uoﬂnwmﬂv Jo sTB30] (T

‘unx REI TPUTd ‘SOTISTILIS UYoI®)

I9TUI 00D ‘HRIQAV ~ 92anog (T

psnur3juod
T0Z°L52°¢ %19°25L TOZ‘0%9 #99°C6T S6L°799 £88°9 0L6T
T€0°8T0°T 610°8S¢ 708°ST Lzso8 68T ‘YS9 7696 6961
%T12°980°% 099°090°T 8SEEVLT T08°€TE 62€°%796 G90°Y 896T
69L°689°T o A1/ 69L°€T GL8°EET £66°T9T°T GL9°L L961
8ZE°890°Y 6L6°96% %TT€E9°T TT1°60C c88°07L T 8TT‘g’ 9961
025°0%8°T 865662 6%0°6T LTLETET SLLOBE T %6 5961
6L6°969¢y 971°TS6 T70‘9%9°C 97L°%8T €7L°608 €9y 7961
060°Z¥E°T €EEENE 96%°12 009°€€T 0/%°€E8 T6T°0T £96T
80505y Y 675928 §05‘zTY T 9€0° LT €66°CTO‘T STY0T 7961
T6%°S8%°T Y4114 AT Ak X4 €08°9L 676°780°T 786°TT 1961
8Y0°L9%°‘C - £8T°9¢€S 0Z%°696 #80°L9T £90°GLL 767°6T 0961
. 1=307 wny) MUurd oyon EYEFERE 3uTy 1eax

(z (T "vL6T-096T ‘YST3 JO sisqunu uf °sardads £q

¢30Ta31STP TRIIUL) ‘BBI®R 3JaTul ooj ‘yoled uow[es TRTIISIWIO) ¢ ITqer.

22



OvE“9TY T 0S€E°09¢ %S 0YY L80°€EST rAANY XA yL6T
096 “6eS ‘T 2TL°9¢9 ¥€6°88T 69%°08 ITY ‘¥29 ¥Z0‘g €L6T
996 ‘¥T0°¢ 89€°0T9 0SL°LES £8S°19 £80°v6¢L YLTTT ZL6T
90T°Z20°T 9z¥0TE T0Z¢LT ZhseL 0LL‘S6S £9T¢0T TL6T

Te3o0L unyn Mutd oyon 2493009 3uty aeayx

..imﬁloomﬂ ‘YsT3 3o sasqumu uT ‘saToeds £q
‘IDFIISTP TEAJUS) Spoe IO9TUI 00D ‘UD3IED UOWTES TETOIIWWLO)

(ponur3uod) € 9TqelL

23



*0ddNI £q pe3xodax YO3aBD UOWIRE 3ISTUI H00) [BIOI YITA 93182 jou Lew €ss5Yd3®d IDTAISTP Jo sTelol (2T

‘unz REI TBUFd ‘SOTISTIBIS YOIeD ISTUL J00) ‘HRIQV - 99anog (I

ponuUTIU0D
€69 °1€T €L8°L 990802 A2 0TI TI 06 06T
SLy‘og 009°¢2 €GL°0L ey 8LS°CT 6S 696T
€.8°18T XA €e0‘vsT 099°Y 9TL 8T 19 896T
T08°6ZT L0T‘8 €6L°T6 6LE°T 6Y€ 9T €LT L96T
8€L SHT 0L5°%T €0y ‘99T 675y 9L1°CT 09 9961
949 ‘%01 wmw.m 092 ‘06 €eL G8T TI o1 G96T
1Tz *%0€ Lzs1t TT7992 5068 €8c°LT 78 7961
€65°H2T €S L 0T8°66 0T0°Y Nqﬂ.ma 88 £96T
§96°26S 8L0°6 T9T 69¢ $60°C €LS°9T 8g 7961
G10°902 9T6°C L98°T6T 6%1°T #0T ‘0T 6¢ T961
§€9°922 8GT°¢E 686602 LET T 6€T°CT [ 096T
T30 myy NUTLd oyod 243008 dury Ieax
(z (T -9L61-096T ,swwM 3o sxequnu up ‘sopoads £q
$30TIISTP UASYINOS ‘EOIB J9TUT 00) ‘UO3Bd UOW[ES [BPIOAoumo)” °* ¥ SIqEL

24



$98°18 cTLeT GL8°8Y %50°¢ 620°LZ 28T v16T
¥19°92T 885°¢ vLS L6 el TL0°YT 6€T €L6T
6SL°9Y TE6°Y 9216 €8C°T SHETE 69 ZL6T
TIS WL . LS8°C 650°0S TSTCE €0%‘8T 18 TL6T

Te10] uny) qUurgd oyoH QA93208 3uTY aeay

*YL6T-096T ‘ysty 3o sxequnu ur ‘seToods £q
‘I0TIISTP UIBYINOS ‘EoIE JO9TUL HOO) ‘YO3B®D UCUTES TBRIOISWWOY) (penurjuod) 4 97Tdel

25



*DAdNI Lq pelaodax smumo UoW®S 19TUI 00D Te301 YITmM 9913' Jou Lepw - SOUIIBD IOTAISTP JO sTeaol (T

*uni REI TPUTd ‘SOTISTILIS YOIB) IDTUL 300D “9HRIAV - °@2anog (T

PoNUEIUOD
SOV 1eT %8°66 005°2e 81¢ 9%8°C 0L6T
96T “H%T €6T°¢CS LST°08 12T €7L°0T 4 6961
LOg ‘8%T T9%°6% €57 861 10T 6% 8961

 8T8°TY TCT e o€ LT yL Nwa T L9671
TL6°8 wL8°S 8T6°C 85T 1C 9961
LSSL SLI‘E (A7 AKS TeT 808 T
860°59 08Z°ZY 6TL°0C g1 6L6°T . S %961
¢Wm.cm 768°¢€T 7IE°C8 L6 6% . A €961
T90°0S H0R‘EY 6159 00T 8¢ 2961
66%7°8T S9%°Z1 6109 7T 1 1961
86995 8ZE vy €96°TT 82 89/ TT 096T

T30l wnyn NUTd oyonH EYESERH 3uty aeax
(Z (T *%L6T-096T ‘YST3 JO sasqunu Ul ‘sordads £q
¢30TIISTP ABYSTWEY ‘®OI®R I9TUT 00D ‘Yd3BO UOW[ES [ERFOI8UMO) ~* G aTqeL

26



LIS¢L

VI 8y ST6°C 7161
8T 8% y8G‘GE 896°CT 87 T €161
.
Y6.1°92 v.€°92 A T€ LY 7L61
Sv5°8S LT€°9C v60°Z¢ TCT : € TL6T
Te3ol uny) qUTd oyon 2493008 3utry IEedX
S *%.6T-096T ‘USTJy Jo“siaqunu ur ‘sepoads £q
€307I3SsTP MeysTwey ‘®dae J9TUI N00) ‘YOIBD UOWTBS TBFOAsWmo) - (PONUTIU0D) ¢ dIqel

27



*3TqETTIBAR 30U UNI KYI Teuli ‘3xodoy jueweSeury Tenuuy 327Ul 00D 996T ‘HRAAV - °dinos (g
*0ddNI 4q pe3xodal yojwo uowTes I9TUI 00D TBIOI YITM o9a8e jou Leuw ¢sayd3ied JOFAISTP JO STrIOL (T

. ‘unx WgI TBUTd °SOTISTILIS Yoaen 3ISTUI N00) HRIQV - 22anos (T

panuT3juod

€€6°GTY 6YL°8TT  6GL°TOE €ve LIT Y g 0L6T
9€0°LS 00%°s €ESCTS T 6 : 6961
9vLETT 86€°0¢ T69°16T 90T 0S5°‘T T 896T
LEECLTE A2 AS 867292 oL S9T‘e z . 1961
6EY ‘68Y 079°.8 TSL86€ LS€ : 0T1L‘z T (£996T
9%E ‘9% VAL AN A 988°TC L , 600 S96T
06L°8€0°T %16°692 €LY°L9L "Tey 0LE‘T Z %96T
Nwm.OQH S60°LTT TLv 1T 69€ 9/6°T 9 : €96T
€89°278°1T £92°921 0TES89°T 768°T 0TL¢8 4 7961
2€8°8ST Z1z0Y T6%°G0T 9G% a TL9°CT A T96T
€€V LYY 998°¢€L SLE‘TRE LS , YT9°TT Y 0961

123107, wny) qUtd oyoy 2433208 Sugy IBoL

(Z (T "%L6T-096T ‘ust3 3O siaqunu uf ‘sa1dads £q
‘3I0TIISTP A9INQ ‘BB ISTUL 00)H ‘yYoIEd uUOW[BS TEEOIawmwo]) °* 9 STqel

28



LEOYT TE6°TT 8L9°T 87 66¢ T 7L61
€69°8.2 TvE9L 6ST 16T T€ £€90°S T €L6T
Tv6°0L 06%°€Y S00°T LT XA M TA L TL6T
0TS 1€y S66°8TT 0TL°0TE LT 0€9°T 1T TL6T

Te301 wny) MUTd oyo) 2423208 guTy Ieay

(z (T °"%.6T-096T ‘uUsT3 3JO saaqunu ur ‘sardads 4£q
€30TA3ISTP A93INQ ‘EdIe J9TUI M00) ‘YOIBD UOW[RS TERTOISWLO)

*(penuyrjuod) 9 aIIqe]

29




LTS LTS %L6T
(%

808 A T08 < €L6T
, (v

-0€6°6T evL 06T“8T €06 Z8 4 TL6T

8GL4¢ IXA T CIT*T 861°2 T2 TL6T

9TE EY €€9 922°0% T69 SCLT 1T 0L6T

€T 66 0T T 9 €Ov 66 € 696T
(€

LZ8°9TT CL8 79%°TY 9 vl 7l A 8961
(€

€T6°¢E SLe L60°¢E €0¢ 8ve L96T

12301 uny) NUTd oyo). 94A9%008 3ur) IBOL

(Z (T "4.6T-096T ‘YsSTF 3O saaqunu ut °soydoads £q
€30TI3ISTP uIS3Ise T ‘BAIR JBTUL MO0 ‘YO1BdD UOW[BS [RIOI=2Wmo) ° ° (paNUTjuod) [ JIqel

30



cuouyes 3y3ned ATTRTOISWMOD Se PIpAodax axe Lqieq oYy3l Aq pIos usyl £qasQ

piemeg Tenuuy a43 UT 3ySned ysIj ‘Iosamoy {I0TIISTP uIelsey oYl UT pouado JOU UOCSEIS UOWTRS TRTIIdWWO) (¥

*fus8oad syl 103 TwSPT 03

9SOTO 919M SUOTITPUOD TBATAINS HQET UT Pue PIIBITTIQRUSI Sem e 1edd 96T Ul °IedL pooiq
96T Y3 WOIJ SUINISI pood JO ITNSII B 2A9M UOWTBS 2£9}00s Jo saYyd3Ied Y37y A[Teuxouqe asayl (¢
*0ddNI £q po3xodea yojzeo uowTes 19Ul 300D Te3I01 YaTm e913e jou Asw $8YD3IED IDFIISTP JO STeIOL (T
‘uni WYI TBUTI SOTISTILIS YOIBD 3IDTUL 00D “OHRIAV - ®dInog (T

ponUTIUOD
posoT) LI9USTd 9961
p9sOTD £asYsTq Go96T
6TS‘T T £T18 . [4A°) (44 796T
z9T°t 1T 0S7°C 1 €961
GSIY oT | ¢oT €70°y Nomw
posoT) A12ysTi T96T
SYT 0T L9y 0cLs8 €68 S01 0%6T
Te30L wnyy qutd oyop ELER LN 3ury Ieoy
(z (1 .Emﬁxomﬂ,.ﬁﬂ Jo sxoqunu uf “se9Tdads 4q

$30TXISTP UISISEY ‘EOJe JOTUL ¥0OH ‘UYoS3ED UOW[ES TEIdISWWO) [ IIqe]

31



*s9Taxop sepnydourl (g
*Q96T 03 I0Tad oTqeTTeEABUN BlEQ ‘s3iodoy jusweSeupy Tenuuy JOTUL 00D €*H9°JI°d°V - @%anog (T

9TS ‘T T6T STe‘T €56°C Aqu 0L%°C 9L6T
69€‘T . 18T - 88T°T 098°t 8% 6L€°C €L6T
rAXAR" €81 , 680°T 966 T ‘ €8y S TITCT TL6T
Sre‘t €77 zTI‘t I y8Y 060°C TL61
z0E°T %92 8E0°T T€8°C £99 %912 0L6T
IAAAR 9€T 986 LYE“T L6S 0SL‘T 696T
¥8T°T o€z 466 0622 | $T9 SL9°T 896T
HMUOH_ JUSPTS=1-UON JUaPpTsay T=230]1L JUspTsS9a~-UoON JUuopEsSayg Ae9}

__S9SUSDFT TBSS94 SOSUDTT TETOIDWMO)

/T

*/T 9L6T~896T ‘eoIe 3I9TUI 00D ‘UOFIRIISTESZ SSUSDT] [9SS2A pue Teorsumod jo Aiemumg g ITqel

32




*s3i0dey juswoSeuEl TENUUY I2TUI 00D €*9%°g°d'y - 90ano§ (I

0LS°T 6GS°T T8E‘T O08S‘T T99°T zZE€S‘T 86€°T TTC‘T TTT°T WwYIT LTZ°T 78Z°T %60°T  8SO°T €56 1eiol  Te30L
€6T 16T 68T 1€T 062 o4 VITAR % 74 €€T (8T 88T 78T  LYT 6TT cet *§91-UoN Ie99
LIE'T 89E°T TOI‘T 6%E‘T TLET LLT°T  #%I°T 896 886 LS6 620°T 8LO°T L%6 6€6 818 JuspIsay  paUTIq
~mo)
T . 2T €T LT 8T 6T Y VN YN VN L S ¢ € YN Te3oL,
- - - - - - - VN VN VN z - - - VN *S8I-UON  QUYSS
It T - €1 LT 8T 6T Vi VN VN VN S S S 5 VN Juaprsey  Yoead
VA 1€ 8T TV YA ¥ 4 11 €T AN 8 € €T 6 8 0 Te30L
€ ) T T z rA 1 z i z 0 T 0 0 0 *§31-~-uoN
Y o€ LT 0% €2 %4 - 01 1 8 9 3 A 6 8 0 uaprsey  TT0iAL
0T 6L 2L 18 68 L 16 8% LL 4 80T ZIT 16 68 c6 305  PuTreS
1 T T T € € 9 S S 9 9 0T L v 6 *sax-uoN  @sand
€0T 8L 1L 08 98 43 c8 €S zL 99 20T 20T %8 G8 98 JuspISay .  puey
€08  SL1 LoL 1€L zLL 8zt 189 %09 829 06§ 1€9 099 LT9 98¢ 0LS TE30L 38U
6€ €Y g 8¢ <9 A £ 0S 8% 129 ce ve 8z A4 6S * 593-UON TT18
¥9L AN 2L9 £69 LOL 989 8€9  %SS 08S 96§ 965 929 68§ %96 T1S JuopTSay 198
809 799 TLS 0T1L LSL £89 T19  9¢¢ %05 VA 89% Ly TLE TLE 387 1e30] 39U
0ST 9% AN T6T 072 807 707 98T 9T Sy GvT 66T  CIT £6 L9 * $2a-UON TII8
8SY 91§ 6TY 6T1S LES 6LY L0y 0SE 87¢ 62¢ X4 €€ 097 6.2 122 JuepIsad  33Tad

33

96T - €L6T TL6T TL6T 0OL6T 6961 896T [96T 996T  G96T 7961 €961 T961 T96T 0961 AduapIsey 1e9)

/T quﬂloomH ‘goxe 137Ul }00) ‘suoriealstdex ieed uouyres jo Lxemumg g BTqRL



*JJO pOpUNOI U9dq SABY SSNTEBA
TIV *xosssooad yoea Lq pred punod aad 9o7ad syl pue xosssdsoxd Lq seToeds £q spunod ur yojzed TeENIO®
913 wWoxJ poATIop sem punod iod aoTad psayldiom o8rILABR Uy °*SI9YOTY YSTJ WOIJ POIBTNOTED 219M sonyes (T

* (pPustTqndun) 3xodeyg snielg 003§ IDTUL. J00D €*HR*JI°Q°V - @danog (I

TYELET L 68C°099°T 69L°%S0°T 80€ “€S6 SLT0LZ¢€ T08°86T vL6T
000°00% ¢ 000°00L°T - 000°0%9 000092 000°00L°T 000°00T €L6T
000°08€ ‘¥ 000°09€°‘T 000 ‘00§ 000°0€2 000°0TT 2 000°08T ZL6T
000°0TZ T 000°09% 000°042 000°0ST 000°0YT°T 000°067T TLET
000°00Z°¢ 000°096 000°099 000°09¢ 000°0LT°T 000°0§ 0L6T
000°0%0°C 000°052 000°09T 000°0TT 000°0S%°T 000°0L 6961
000°088°Y 000006 000°025°T ooo“ommA 000°0T6°T 000°0¢ wwmﬁ
000°058°2 000092 000°0LT 000°06T 000°081°2 000°0§ L961
000085 ‘Y 000°02Y 000°090°T 000 € 00¢E 000°05L° 2 000°06% 9961
000°0%6°2 000°052 000°0T¥ 000°0TT 000°02T°C 000°0S G961
000°082°Y 000°0%8 000°006°T 000°09% 000°09% ‘T 000°02 %961
000°02T°T 000°0z¢ 000 ‘00T 000°002 000°0T% ‘T 000°06 €961
000°06T°S 000°069 000°0€E‘T 000°05¢€ 000°02L°T 000°00T 7961
T 000°0YE°‘T 000°0%2 000°09T 000°02T 000°02L°T 000°00T T96T
000°0%Z ¢ 000°0LY 000°056 000°0T€ 000°0LE ‘T 000°0%T 096T .
T®30L wuny) AUTd oyo) EY.CRCRES 3ury aeax

*[Z /T 9L6T-096T ‘®oI® 30TUI }00) ‘UOWTES TEPTOISWWOD JO UDWISYSTI 03 onTeA -ojeurxoxddy QT 2Iqel

34



Table 11 Sockeye salmon escapeﬁents, Kenai and Kasilof Rivers, Cook
Inlet area, 1968-1974 1/ 2/.

Year Kenai River ‘Kasilof River
1968 113,409 92,708
1969 53,625 45,588
1970 66,418 37,240
197121 170,000 90,000
1972 269,679 : 4111,944
1973 368,369 40,189
1974 200,000 42,000

-

1) Source - A,D.F.&G., Cook Inlet Annual Management Reports.

2) Based on sonar euutweration begun in 1968. Escapement data
unavailable prior to 1968 due to water turbidity.

3) Estimates, sonar counters malfunctioned during 1971.
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Table 12 . Sockeye salmon eécapements, Russian River, Cook Inlet area,
1960-1974 1/.

Escapement
2/ 3/
Year Early Run Late Run Total
19605/ 9,120 34,850 43,970
1961 7,790 18,680 26,470
1962 33,300 22,370 55,670
1963 14,380 51,120 65,500
1964 - 12,700 46,930 59,630
1965 21,510 21,820 43,330
1966 16,660 34,430 51,090
1967 13,710 "49,480 . 63,190
1968 9,200 - 48,880 58,080
3/ 6/
1969 5,000 28,920 33,920
1970 5,450 28,200 33,650
1971 | 2,650 54,430 57,080
1972 9,270 79,000 88,270
1973 13,120 24,970 38,090
1974 13,150 24,650 37,800

1) Source ~ A.D.F.&G., Div. Sport Fish, Annual Report for
Russian River Red Salmon Study, Study AFS-44-1.
2) Early run, through 7/15.
-3) Late rum, after 7/15.
4) Tower counts, 1960-1968.
5) Weir counts, 1969-1974.
6) Escapement determined by foot survey of upper BRussian Creek,
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Table 13 Sockeye salmon escapements, Fish Creek, Cook Inlet area,
1960-1974 1/.

~ Year Weir Counts
1960 80, 000
1961 40,000
1962 60,000
1963 105,000
1964 65,000
1965 16,544
1966 41,312
1967 22,624
1968 " 20,000
1969 : 6,233
1970 19,881
1971 A ' 31,470
1972 6,981
1973 2,500
1974 2,609

1) Source - A.D.F.&G., Cook Inlet Stock Status Report and Cook
Inlet Annual Management Reports.
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Table 16 Estimated sockeye salmon escapement, Cook Inlet area,

. _ Kamishak district, by system, in numbers of fish, 1960-1974.
) Year Amakedori Chenik Mikfik

1960 1,500 1,000
1961 2,500 100 3,000
1962 3,000 1,000 3,000
1963 8,000
1964
1965
1966 3,500
1967
1968
1969 |

@ 1970 ] 1,000
1971 1,200 ' 5,000
1972 1,000 300 15,000
1973 2,500 500 3,000
1974 1,500 15 1,500

1) Source - A.D.F.&G., personal communication with Cook Inlet area
biologists, estimates derived from recorded stream surveys and
represent peak live counts. Those years with no estimates re-
corded, surveys were incomplete, thus no estimates could be
derived. :
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Table 19 . General salmon timing information, Cook Inlet area,
Northern district. 1)

Species

King Salmon
Adults
Enter Freshwater ..veeeisceeceesecsess May 15-July 15
Actual Spawning T June 20-Aug. 15

Juveniles Present Freshwater .......¢...... April 15-July 15
Sockeye Salmon
Adults
Enter Freshwater eesesessecranceessass May 20-Aug. 15
Actual Spawning .eccecccesccccecceessess Aug. 1-Nov. 15
Juveniles Present Freshwater .............. _April 15-Aug. 1
Coho Salmon
Adults
Enter Freshwater cevscassecesssraseass July 10-Nov. 1
Actual Spawning ceeseyrssccssssecananse Aug. 1-Feb. 1
Juveniles Present Freshwater .............. April 15-July 15

Pink Salmon

Adults ‘
Enter Freshwater ....c.ccieeiccececennens June 21-Aug. 15
Actual Spawning testescaccscenasoonana July 10-Sept. 1
Juveniles Present Freshwater ....iceceeeess April 15-June 7

Chum Salmon

Adults :
Enter Freshwater ceeeanns cesesssseunans July 1-Sept. 1
Actual Spawning ....vce0iv0vcvnccecese.  Aug. 1-Oct. 1

Juveniles Present Freshwater cevererssssees April 15-July 7

1) Source - A.D.F.&.G., Cook Inlet area staff, personal communications, 1976.
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Table 20 ., General salmon timing information, Cook Inlet area,
Central district. 1)

Species

King Salmon
Adults
Enter Freshwater ctesetssrsasessesaresasarse May 15-Sept. 10
Actual Spawning Cetecessseseressscascsonns July 20-Sept. 10

Juveniles Present Freshwater ceesvstcccnrsesane Out by mid July
Eggs and Alevins Present Cesvesessassceasorsans July 30-July 15

Sockeye Salmon
Adults
Enter Freshwater  ..eveeeceeseecsessssseess May 20-Aug. 15
Actual Spawning cetececosrsesssscsssssnene July 15-Nov. 10

Juveniles Present Freshwater «.cceessecesesseces Out by July 1
Eggs and Alevins Present crseessressenssnnracns July 15=July 1

Coho Salmon
Adults
Entexr Freshwater ceecsctessestcassesrovenae July 25-Nov. 10
Actual Spawning tesssaseerseserasasesnsass Sept. 10-Feb. 1

Juveniles Present Freshwater ciereresesecnnns . Out by mid July
Eggs and Alevins Present cececrtasesreessnans eve Sept. 15-July 15

Pink Salmon
Adults ~ 0dd Year .
Enter Freshwater ssesetettesss et te e July 14-Sept. 14
Actual Spawning e August 1 - Sept. 30
Adults ~ Even Year ’
Enter Freshwater esessesiresassstoaancasae July 20~Sept. 30
Actual Spawning teeresesarasesssesssnesss Aug. 1-Sept. 30

Juveniles Present Freschwater ceeretsssecetranas Out by mid April
Eggs and Alevins Present Petevessessenerneveoen Aug. 1-April 15

Chum Salmon
Adults

Enter Freshwater Ceevetstacrestetesnase b July 15~Sept. 15
Actual Spawning Ceesessscsaressanssssarasas Aug. 15-Nov. 15

Juveniles Present Freshwater tescscsensensscannsaans No data

-Eggs and Alevins Present Ceserssecrsaserersvterrsosas No data

1) Source - A.D.F.&.G, Cook Inlet area staff, personal communications, 1976.
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Table 21 . General salmon timing information, Cook Inlet area, Southern

district. 1)

Species

King Salmon

Sockeye Salmon

Coho Salmon
Adults
Enter Freshwater
Actual Spawning

Juveniles Present Freshwater

Pink Salmon
Adults
Enter Freshwater
Actual Spawning

Juveniles Present Freshwater

Chum Salmon
Adults
Enter Freshwater
Actual Spawning

Juveniles Present Freshwater

82 600 00000006008V GGNGOIERBIOIBTETS

000 0¢0 00000000000 OIBITRNITIOEEBEAETS

e e t00 s s 900000t

tTesscs e

e s seeenrvscesas s

¢rs 0 ses 00

No data specific to this
area. King runs minor.
See generalized timing
for other districts of
Cook Inlet.

No data specific to this
area. Sockeye runs minor.
See generalized timing

for other districts of
Cook Inlet.

Mid August-October
Sept. 1-Nov. 30

Out by mid July

July 15-Aug. 30
July 25-Sept. 10

Out by mid May

July 10~Aug. 15
July 20-Sept. 1

Out by April 10

1) Source - A.D.F.&G., Cook Inlet area staff, personal communications, 1976.
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Table 22 . General salmon tiﬁing information, Cook Inlet area,

Kamishak district.

Species

King Salmon  tuieesececocssscssccassssanansne

Sockeye Salmon
Adults

Enter Freshwater .ceecetvescscescsns
Actual Spawning .eeeeecccvescscaces

Juveniles Present Freshwater

Coho Salmen
Adults
Enter Freshwatexr
Actual Spawning

Juveniles Present Freshwater

Pink Salmon
Adults
Enter Freshwater
Actual Spawning

Juveniles Present Freshwater

Chum Salmon
Adults
Enter Freshwater
Actual Spawning

Juveniles Present Freshwater

S essseass e

LR A RN A B R I I N A}
-

s060 000000t

saesc s cas0 s ernaoo

s 6 ss BB sILIEBLOG 0

No data specific to this
area-see generalized timing
for other districts of Cook
Inlet. ’

June 10-Aug. 15
July 15-Aug. 30

Out by July 15

Mid August-October
Sept. 1-Nov. 30

Out by mid July

July 20-Sept. 1
August 1-Sept. 30

April 1-May 30

Aug. 1-Sept. 15

April 1-May 30

1) Source - A.D.F.&G., Cook Inelt area staff, personal communciations,

1976.
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COOK INLET ARFA HERRING FISHERIES

COMMERCIAL FISHERIES

Commercial herring fishing started in the Cook Inlet area in 1914
as a gill net fishery in the Halibut Cove area of Kachemak Bay. All
herring were supplied to a local saltery. The minimum sized allowed for
salting was 10.5 inches. The industry expanded rapidly and by 1925
there were a total of eight salteries in Cook Inlet. Gill netting
remained the chief method of harvesting herring until 1923 when purse
seining was introduced.

In 1927 catéhes began to decline as the larger size herring became

"harder to find. By 1931 stocks were apparently depleted and it became
uneconomical to fish the area. During the three highest years of pro-
duction in Kachemak Bay, 1924—1926: the annual harvest averaged 8,000
tons of herring. The average annual herring catch throughout the span
of the active fishery, 1914-1928, was 2,850 tons (Table 23).

The next major herring fishery to occur in the Cook Inlet area was
a purse seine operation for reduction purposes in the Resurrection Bay-
Day Harbor area. The fishery was active from 1939 through 1959. The
annual harvest during the three highest years of production, 1944-1946,
avéraged around 16,500 tons while the average for all years of operation
was 3,500 tons of herring (Table 24). |

The present herring fishery in the Cook Inlet area began in 1969,
It was initiated primarily to supply herring roe to the Japanese market.
The herring fishery occurs immediately prior to spawning when the roe is
at its highest development. The roe fishery usually occurs from May

through mid-June.
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Tﬁe hefring catch peaked in 1970 when 4,800 tons were taken from
the Southern and Eastern districts. In 1972, the herring harvest declined
drastically and only 96 tons were landed. This large reduction in catch
. appears to be due to a combination of late, cold springs, plus the
possibility that the Eastern and Southern districts may have been over-
fished in 1970 and stocks were reduced. Market problems also played a
role in keeping the 1972 catch low. Herring catches have steadily
increased since 1§72 and the 1975 Cook Inlet herring harvest totaled
4,149 tons. Table 25 outlines the Cook Inlet area.herring harvest by
district from 1969-1975.

Until recently, herring fishing effort in Cook Inlet has been
concentrated in Resurrection Bay in the Eastern district and Kachemak
Bay in the Southern district. Since 1972, fishing effort has shifted to
other areas, including the Kamishak, Outer, and Central districts. The
shift in fishing effort resulted from a decline in herring catches in
Resurrection and Kachemak Bays, and the increased prices paid to the
fishermen which allowe& fishermen to locate good concentrations of
herring in other areas.

Hand purse seining is the primary means of harvesting herring in
Cook Inlet. In addition, set nets are used in the Central district.
Table 26 outlines the number of purse seine vessels and set nets partici-
pating in the Cook Inlet herring fisﬁéry by distriect and year from 1969-
1975. Many pﬁrse seine vesséls fish several distriets during a season,
consequently the total number of different purse seines fishing for
herring in Cook Inlet will not agree with the sum of the districts'
totals. The total number of purse seine vessels fishing for herring in
Cook Inlet increased from 11 boats in 1969 to 23.boats in 1971. 1In 1972

effort decreased markedly and only 6 vessels fished the entire area.
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As fisliing expanded into other areas in 1973, effort increased. In 1975
a total of 44 purse seine vessels and 1 set net participated in the Cook

Inlet commercial herring fishery. As reflected by the catch, the bulk

of the fishing effort took place in the Kamishak district where 39 purse

seine vessels fished,

The economic value to the fishermen of the Cook Inlet herring
fishery has fluctuated markedly during the-past six years as the result
of different catch levels and increased prices. Table 27 lists the
value of the herring fishery to the fishermen by year. The average
annual value from 1969-1974 is approximately $170,000. However, -this
average value is not truly representative of the fishery's wvalue at
today's prices. In 1973, the price paid to the fishermen increased from
2 to 8 cents per pound. In 1974 the average price was 9 cents per
pound. Using the average annual hé}ring harvest (1969~1974) with the
1974 prices the average annual value to the fishermen is approximately

$346,000.

DISTRIBUTION AND LIFE HISTORY

Very little is known about the offshore marine life or the migra-
tory habits of herring in the Cook Inlet area. It is not presently
known whether Cook Inlet herring are a distinct population separate from
other Alaskan herring. The degree of separation or intermingling of
stocks within the area is also not known.

Aerial surveys are conducted each year by A.D.F.&.G. to locate
concentrations of feeding and spawning herring. Herring are sporadically
distributed throughout the Cook Inlet area, with the greatent concentra-—

tions occurring in the Kamishak, Southern, Outer and Eastern districts.
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Herring are found throughout the Kamishak district. Spawning has
been observed in 0il Bay, Dry Bay, Ursus Cove, Bruin Bay, off Augustine
Island, and along reefs located in the southern portion of Kamishak Bay.
It appears that herring also spawn in deep water areas along the southern’
portion of Kamishak Bay. Herring spawn has been repeatedly found on
tanner crab pots fished in the area. However, the extent of deep water
spawning is not known.

In the Southern district herring schools have been noted in several
bays and spawning has been observed in Mallard Bay, Bear Cove and along
the Homer Spit,

Herring spawning occurs intermittently throughout the Outer district.
Concentrations have been observed in Aiélik, Harris, Two Arm, Nuka,
Tonsina, West Arm of Port Dick and_Rocky Bays.

In the Eastern district heavy concentrations of spawning herring
.occur in the Seward smail boat harbor, Thumbs Cove, and off Fourth of
July Creek in Resurrection Bay. Spawning-also occurs in Safety Cove and
Killer Bay in Daf Harbor. Refer to the Cook Inlet maps included in the
mép portion of this report for specific areas of herring spawning and
feeding.

Herring spawning in the Cook Inlet area generally occurs from May
through mid-June, however the peak of spawning varies from year to yeér
and between geographical areas. Water temperatures appear to be one of
‘the main factors influencing the time of spawning. It has been noted
(pers. comm., Dave Daisy, A.D.F.&.G., 1976) that in the Cook Inlet area,
ﬁerring spawning is not necessarily triggered by specific water temper-
atures. Instead, herring appear to spawn at a range of temperatures,
‘averaging 38°-40° F., and are influenced by the length of time these

temperatures are maintained. Spawning may occur at lower temperatures,
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such as 38°F., if they are maintained for an extended period, and con-
versely warmer temperatures, such as 40°F., appear to trigger spawning

more rapidly.

MANAGEMENT AND RESEARCH

The basic herring management philosophy in the Cook Inlet area is
to keep fishing effort off stocks that appear to be low in numbers. This
will probably result in little or no herring fishing in the Eastern,
Outer and possibly the Southern districts in the near future. Because
of the good quality and plentiful numbers of herring in the Kamishak
district, it appears as though the bulk of the commercial catch will
confinue to come from this area.

There is no closed season for herring fishing in Cook Inlet.
However, present regulations state that from March 1 through June 30 the
commercial herring season is closed shall be 4,000 tons of herring are
taken. The present quoﬁa may be modified in the-future as additional
stock assessment information is collected.

Samples are taken annually from each district's commercial herring.
harvest to determine weight, length, and sex data. Contribution by age
class is determined for each fishing district. Data has been collected
from the Eastern district since 1970 énd from the Outer, Southern,

Kamishak and Central districts since 1973.
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Table 23 Commercial herring catch, Cook Inlet area, Kachemak
Bay, in tons of fish, 1914-1928. 1) 2)

Year | Catch in toms
1914 150
1915 15
1916 : 50
1917 950
1918 | 2,000
1919 2,650
-1920 i 950
1921 ' 2,600
1922 500
1923 . 3,800
1924 7,050
1925 9,600
1926 7,150
1927 . 3,600
1928 2,150

1) Source - A.D.F.&G., Reports to the Board of Fish and Game,
Cook Inlet Herring Report, December, 1975.

2) The first herring fishery in the Cook Inlet area began

in 1914 as a gill net fishery in Kachemak Bay and was
active until 1928,
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Table 24 Commercial herring catch, Cook Inlet area, Day Harbor-
Resurrection.Bay, in tons of fish, 1939-1959. 1) 2)

Year Catch in tons

1939 100
1940

1941 ' 1,600
1942 200
1943 _ 2,600
1944 . 15,450
1945 14,600
1946 18,750
1947 600
1948 ) 6,100
1949

1950 3,850
1951 _ | : - 2,150
1952 400
1953 | _ 150
1954 200
1955 7,450
1956 . 1,650
1957 : 2,250
1958

1959 ' 50

1) Source - A.D.F.&G., Reports to the Board of Fish and Game,
Cook Inlet Herring Report, December 1975.

2) A purse seine herring fishery operated in the Resurrection Bay-
Day Harbor area from 1939-1959.
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Table 27 Value of the commercial herring fishery to the
fishermen, Cook Inlet area, in dollars, 1969-1974. 1)

Year Value in dollars
1969 ‘ 53,899
1970 192,359
1971 39,461
1972 3,842
1973 238,822
1974 484,614

1) Values were computed from catch totals from the Cook Inlet
Herring Report to the Board which were multiplied by the
price per pound paid to the fishermen.
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COOK INLET AREA HALIBUT FISHERIES

COMMERCIAL FISHERIES

The halibut fishery is regulated by the International Pacific
Halibut Commission (IPHC). Each halibut management area overlaps and
includes several state management areas. Catch records from discrete
state management areas (Cook Inlet, Kodiak, etc.) are not available.
IJPHC statistical area 3A overlaps and ingludes the Cook Inlet area.
Historical catch statistics for this area, since 1960, are presented in
Table 87 . Since much of the Cook Inlet catch is landed by fishermen
outside of the Cook Inlet area, no estimates of economic value to the

fishermen are available.

DISTRIBUTION

Halibut are caught in every district of Cook Inlet south of Anchor
Point, including the Outer and Eastern districts. A minor number of
halibut have also been reported as far north as the forelands, although
no commercial catches have been made abové Kalgin Island,

Halibut are seasonally distributed in Cook Inlet and are generally
present from May through August. Based on exploratory cruises by the
National Marine Fisheries Service, the highest concentration of halibut

appears to be in Kachemak Bay.
LIFE HISTORY

Life history information specific to the Cook Inlet area is not

available. A generalized life history may be found in the Appendix.
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ABUNDANCE .
Estimates of abundance are only available for IPHC Area 3A. No

estimates are available for the Cook Inlet area alone.

MANAGEMENT AND RESEARCH

As mentioned earlier, the halibut fishery is managed jointly by
Canada and the United States under the auspices of the International
Pacific Halibut Commission. The fishing season presently extends from
May 1 till September 6, unless closed earlier by emergency order. The
quota for IPHC Area 3A in 1975 was 12 million pounds.

TPHC undertakes annual trawl surveys in the Gulf of_Alaska to
assess stock size and recruitment. Halibut catch quotas are developed
using this data. Presently, few surveys are conducted in lower Cook

Inlet.
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COOK INLET AREA GROUNDFISH FISHERIES

COMMERCIAL FISHERIES

Various groundfish species comprise a small but important part of
Cook Inlet commercial fishing activity. Although the present commercial
fishery is minor, the resource potential of these species is large and
will become more important as markets develop and demand increases. The
primary producing areas at present are the Eastern and Outer districts
and adjacent Gulf of Alaska waters.

In 1974,_over 100,000 pounds of various groundfish specieé were
recorded as being landed. Catch statistics, by species, for the years
1970 to 1974, are presented in Table 28 . Most of this catch is presently
utilized as bait. .

No estimates of economic value to the fishermen are available for

recent years. However, the 1971 groundfish catch was valued at nearly

15 thousand dollars to the fishermen.

DISTRIBUTION

Groundfish species are distributed in all districts of Cook Inlet.
south of Anchor Point, including the Outer and Eastern districts. Small
numbers are also found seasonally in the Central district south of
Kaligan Island. Specific distributién, by species, 1is not presently
known. Refer to the generaiized distributions outlined in the Kodiak °
Area Groundfish section and in the generalized life histories found in

the Appendix.
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LIFE HISTORY

Life history information specific to the Cook Inlet area is mnot
presently documented. Refer to the generalized life histories outlined
in the Kodiak Area Groundfish section and in the generalized life histories

found in the Appendix.

ABUNDANCE

No assessments of groundfish abundance for the Cook Inlet area have

been made.

MANAGEMENT AND RESEARCH

There is currently no closed season on the Cook Inlet groundfish
fishery. Groundfish may be taken by trawl and longlines in all districts
and by pots in all districts except parts of Kachemak and Resurrection
Bays.

There is presently'no research activity on. the groundfish resources,
outside of exploratory trawl surveys conducted periodically by the

National Marine Fishery Service.
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COOK INLET KING CRAB FISHERIES

COMMERCIAL FISHERIES

The king crab fishery began in Cook Inlet on a commercial basis in
1951 and developed through 1959. By 1960, 60 boats were engaged in the
king crab fishery. Effort dropped off after the 1964 earthquake to a
low of 23 boats in 1965, but gradually increased to a high of 76 boats
in 1974 (Table 32 ). TIn the earlier years of the fishery, pots, trawls,
and tangle-nets were used but have since been replaced by regulation
with pots. Since 1960 the fishery has remained relatively stablé,
although the peak harvests prior to the 1964 earthquake were offset by a
low level of effort and a resulting low harvest in the years immediately
following the earthquake. The average harvest for the years 1960 to
1974 is 4.6 million pounds (Table 29 ).

Prior to 1961, nearly all of the Cook Inlet king crab catch came
from Kachemak Bay in the Southern district. Since then, effort has
shifted heavily to Kamishak Bay, which now rivals the Southern district
as the major king crab producer. Smaller fisheries also occur in the
Barren Islands, Outer, and occasionally Eastern districts. The king
crab fishery is a high value fishery with a 15 year average value (1960-
1974) to the fishermen of slightly over 1 million dollars. The value of
the 1974 catch to the fishermen was 2.2 million dollars (Table 33 ).
DISTRIBUTION |

King crab are distributed in all districts of Cook Inlet south of
Anchor Point. Stocks are aiso present in the Outer district and to a
lesser extent in the Eastern district. King crabs are distributed to

depths of 200 fathoms, although the commercial fishery is generally

confined to depths less than 100 fathoms. The favored bottom habitat
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appears to be ﬁud or sand. Based on exploratory fishing cruise data by
the National Marine Fishery Sefvice, king crab appear to be most abundant
in the deepwater region midway between Augustine Island and the Barren
Islands.

Juveniles are more frequently encountered in nearshore, shallow
waters., However, at this point, little is known of juvenile king crab
distribution at greater depths, Juvenile king crab off Kodiak Island

have been documented to depths of 58 fathoms.

LIFE HISTORY

King crab life history information is described in the generalized
life history found in the Appendix. For information specific to Kachemak
Bay, reference should also be make to the Alaska Department of Fish and
Game, Habitat Protection Section's recent publication, 'Kachemak Bay -

A Status Report." The following discussion summarizes some of the
highlights of Cook Inlet king crab life history.

Figure 2 depicﬁs the general larval bioiogy and timing of Kachemak
Bay king crab, Larvae are present in the plankton from mid-February to
late June. The larvae remain planktonic for approximately 30 to 40
days. The first demersal-benthic settling generally occurs from mid-
April to late August, but is heaviest during July-August. Kachemak Bay
king crab begin spawning in February ﬁith a peak in April. Kamishak Bay
king crab may be slightly lﬁter.

Cook Inlet king crab undergo a seascnal migration consisting of an
inshore movement in spring and summer and an offshore movement to deeper
waters in fall and winter. In Kachemak Bay, thg inshore spawning migra-
tion begins in late December and extends through May. Peak movement is

in early March. Females may be slightly later. The average depth at
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the end of this'migration is 20 fathoms. Molting and spawning occur at
this time. The offshore movement, sometimes termed the feeding migration,
begins in September and extends through November. This movement is a

.slow, foraging one, rather than a direct movement to deeper water.

ABUNDANCE

Total population estimates for Cook Iﬂlet king crab are not presently
available. However, a population index program for Kachemak and Kamishak
Bays indicates that the populations are fairly stroﬁg. A strong year

- class is expected to enter the commercial fishery in 1979,

MANAGEMENT AND RESEARCH

The commercial king crab season currently extends from August 1 to
March 15 for all districts in Cook Inlet, unless closed by emergency
order. The guideline harvest level for the Cook Inlet area is 5 million

pounds, with a breakdown by district as follows:

Southern district

Aug, 1-Dec, 31 1.0 million pounds
Jan, 1-Mar. 15 .5 million pounds
TOTAL 2.5 million pounds
Kamishak district ' 3.0 million pounds
Outer and Eastern districts .5 million pounds
COOK INLET TOTAL 5.0 million pounds

Research activities consist primarily of tagging and a population

index program for both Kachemak and Kamishak Bays. The tagging program
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is designed to provide distribution, timing, migration, growth, and
fishing mortality information. The index program is baséd on a catch/
pot relationship and is designed to pfovide relative index of abundance,
a measure of year class strength, and a measure of female ovigerity.
During the summer of 1976, experimental use of an underwater still
camera censusing technique will begin in Kachemak Bay. If successful,

this technique will provide population estimates.
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Table 29 . Commercial king crab catch, Cook Inlet area,
in pounds 1960-1974. 1)

Year Catch

1960 4,287,970
1961 - 4,324,118
1962 6,851,621
1963 8, 386,983
1964 6,905,094
1965 , 2,814,465
1966 ) 3,897,589
1967 3,117,430
1968 . 4,008,488
1969 2,855,534
1970 3,888,331
1971 4,157,633
1972 | 4,607,876
1973 | 4,384,651
1974 : ‘ ' 4,601,793

1) Source - A.D.F.&.G., Cook Inlet Catch Statistics, Final IBM run.
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COOK INLET TANNER CRAB FISHERIES

COMMERCIAL FISHERIES

The commercial tanner crab fishery started on a sustained basis in
Cook Inlet in 1968 after a brief attempt in 1962. 1In 1968, 25 boats
landed approximately 151,000 pounds. Catches rose rapidly and in 1972
exceeded 4.8 million pounds. A record harvest of 8.5 million pounds was
landed in 1973. 1In 1974, the harvest dropped slightly but remained high
at 7.7 million pounds (Table 34). The rapid expansion in this fishery
resulted from improved market conditions and a growing interesf 6n the
part of king crab fishermen to diversify, The number of boats engaged
in the fishery increased from 25 in 1968 to 80 in 1973 (Table 32).

The value of the tanner crab catch to the fishermen has risen
rapidly as the fishery has expanded. 1In 1968 the catch was worth
$16,000 to the fishermen, while in 1974 the value had risen to $1,532,179

(Table 33).

DISTRIBUTION

Tanner crab, Chionoecetes bairdi, are distributed in all districts

of Cook Inlet south of Anchor Point. Stocks are also present in the
Eastern and Outer districts. EQAbairdi is found from the littoral zone
to depths of 300 fathoms. Based on exﬁloratory fishing cruise data by
the National Marine Fishery Service, tanner crab appear to be most
abundant in the deep water region midway between Augustine Island and
the Barren Islands.

| Juveniles are frequently encountered in the_nearshore, shallow
waters. Concentrations of mature male and female tanner crab appear to

school separately from each other except when mating.
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LIFE HISTORY

Tanner crab life history information is described in the generalized
life history found in the Appendix. For information specific to Kaéhemak
Bay, reference should also be made to the Alaska Department of Fish and
Game, Habitat Protection Section's recent publication "Kachemak Bay-A
Status Report." The following discussion.summarizes some of the high-
lights of Cook Inlet tanner crab life history.

Migratory information for Cook Inlet tamner crab populations is
largely unavailable, Tanner crab appear to migrate seasonally, moving
into deeper water in the fall and winter and into shallower watér,
for molt and spawning, with the onset of spring and summer.

Within Kachemak Bay, tanner crab larvae are most abundant from late
May through mid June, with the band of greatest abundance extending due
east to Homer Spit from a point due south of Anchor Point. Inner
Kachemak Bay does not appear to be a major nursery‘area. Currently
little is known of larval distribution in the rgmainder of Cook Inlet.

Figﬁre 2 depicfs the general larval biology and timing of Kachemak
Bay tanner crab. Larvae are present in the plankton from mid-January to
mid-July. The larvae remain planktonic for approkimately 60 days. The
first dermersal benthic settling generally occurs from mid-March to mid-
September., Spawning appears to begin.in January, peaking in mid-April

in Kachemak Bay and approximately mid-May in Kamishak Bay.

ABUNDANCE

Total population estimates for Cock Inlet tanner crab are not
presently available, vHowever, as an indicator of population trends, the
1975 index for Kachemak Bay derived through a catch per unit effort

(CPUE) sampling program, was higher than the 1974 estimate, which was the

18



lowest since the inception of the fishery.

MANAGEMENT AND RESEARCH

The commercial tanner crab season currently runs from December 1 to
April 30 in the Southern, Outer, and Eastern districts. The Kamishak
district season runs from December 1 to May 31. Guideline harvest
levels for tanner crab are as follows:

Southern district 3 million pounds

Kamishak and Barren
Islands districts 4.5 million pounds

Outer and Eéstern distriets 3,5 million pounds

TOTAL 11.0 million pounds

Research activities consist primarily of tagging, trawl surveys,
SCUBA surveys, and an index progréﬁ. The tagging program is designed to
provide distribution, timing, migration, and fishing mortality infor-
mation, Trawl surveys were first tried in Kachemak Bay and have now
been extended to Kamishak Bay. These surveys are designed to provide a
sample of the entire population, whereas sampling of the commercial
catch is biased towa;d commercial sized crab. SCUBA surveys are conducted
to provide information on molt timing, breeding timing, and on growth
pér molt. The index program is conducted in both Kachemak and Kamishak
Bays and is based on a catch/pot relationship. It is designed to provide
a relative index of abundance, a measure of size class strength, and a
measure of female ovigerity.

During the summer of 1976, experimental use of an underwater still

camera censusing technique will begin in Kachemak Bay. If successful,

this technique will provide population estimates.
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Table 34 . Commercial tanner crab catch, Cook Inlet area,
' in pounds, 1962-1974., 1) 2)

Year Catch
1962 ' 3,404
1968 150,949
1969 1,455,269
1970 1,328,694
1971 2,116,849
1972 - 4,807,843
1973 8,513,829
1974 7,660,895

1) Source - A.D.F.&G, Cook Inlet Catch Statistics, Final IBM Run.

~2) No commercial catch reported prior to 1962 or between 1963-1967.
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COOK INLET DUNGENESS CRAB FISHERIES

COMMERCIAL FISHERIES

The dungeness crab commercial fishery started on a sustained basis
in Cook Inlet in 1961 after some sporadic attempts in the 1950's. Ten
boats fished out of Seldovia and Homer in 1961 and landed approximately
194 thousand pounds. Catches rose rapidly and in 1963 peaked at 1.7
million pounds. Following the loss of processing facilities from the
1964 earthquake and a generally declining market, catches fell off
drastiéally in the mid 1960's. 1In recent years, the catch has continugd
-to fluctuate sporadically and is lafgely attributabie to West Coaét
market conditions which dictate the demand for Alaskan dungeness crab.
Good dungeness crab landings in Washington, Oregon and California make
it economiéally infeasible for Alaska caught dungeness to compete for
the major markets of the West Coast. The 1974 catch, which was a good
year for the Alaska dungeness fishery, was approximately 721,000 pounds
(Table 37 ).

The average value of the 1970-1974 catch to the fishermen is

$129,000. The 1974 catch was worth $397,000 to the fishermen (Table 33 ).

DISTRTBUTION

Cook Inlet‘dungeness crab are distributed in the shallow nearshore
waters of the Inlet south of Anchor Point and in the Quter and Eastern
districts. Although dungeness crab are known to be distributed in
Kamishak district, their extent and range here is presently unknown.
Dungeness crab inhabit bays, estuaries, and open ocean near the coast
from the intertidal zone to depths of 50 fathoms. Favored substrate is

a sand or sand-mixed bottom, although dungeness may be found on almost
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any bottom substrate. Juveniles are commonly associated with stands of
eelgrass or masses of detached algae.

A major concentration of large ocean dungeness crab exists off the
Bluff Point area at the entrance to Kachemak Bay. The larger size and
better quality of this stock of crab makes them competitive with the

West Coast dungeness crab fishery.

LIFE HISTORY

Dungeness crab life history information is described in the generalized
life history found in the Appendix. The following discussion pertains
only to specifics of Kachemak Bay dungeness crab.

Migration of dungeness crab within Kachemak Bay appears to be
somewhat limited. Based on summer tagging operations, dungeness crab
released just northeast of Homer Spit moved up the bay while crab
released southwest of the spit (Barabara Point, Seldovia Bay) moved in a
southwesterly direction. The majority of the returns were located at
release points indicating no movement. This data, however, is limited
and not conclusive. There also appears'to be a seasonal movement of the
Bluff Point stock, with crab moving from south to north into the shallow
waters off Bluff Point in spring and summer for molting and mating; then
south into deeper waters in fall and winter.

Isolated bay stocks of dungeness crab appear to be relatively station-
ary, apparently not migrating out of the bays. Most of these bays, in
cross sectional profile, contain both a shallow shelf along the shoreline
and a deep basin. The entire seasonal migration appears to occur within
the bays, betwecen the deep and shall;w areas. In shallow bays, without
deep -basins for overwintering, it has been documented that some dungeness

crab burrow into the bottom mud and overwinter in that fashion.
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Figure 2 depicts the general larval biblogy and timing of Kachemék
Bay dungeness crab. Larvae Are present in the plankton from mid-May to
mid-December. The larvae remain pianktonic for approximately 60 days.
The first demersal-benthic settling generally occurs from mid~July to
mid-February. Spawning timing for Kachemak Bay dungeness crab is not
presently known, however, based on the observation of soft-shelled

crabs, spawning appears to occur from May to October.

ABUNDANCE
Total population estimates for Cook Inlet dungeness crab are not
presently available. However, a research program,>utilizing an ﬁnder—
water still camera censusing technique, is proposed for the Bluff Point
area in 1976 and may provide total population estimates for that area.
As an indicator of population trends, the 1975 catch per unit

erfort (CPUE) was approximately half of the 1974 peak year CPUE.

MANAGEMENT AND RESEARCH

There is currently no closed season on the commercial harvest of
dungeness crab for most of the Cook Inlet area. However, from May 1
.through August 31, dungeness crab may not be taken in Kachemak Bay
northeast of a line extending from Coal Point to the nmortheast tip of
Glacier Spit. There is presently no guideline harvest level for the
dungeness fishery.

Research activities primarily consist bf a tagging program which is
designed to provide distribution, migration, timing and fishing mortality
information. In addition, an underwater still camera censusing technique
is ekperimentally being used in the Bluff Point area during the summer
of 1976. If successful, this technique will provide total population

estimates.
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Table 37 . Commercial dungeness crab catch, Cook Inlet area,
. in pounds, 1961-1974. 1)

Year Catch
1961 193,683
1962 530,770
1963 1,677,204
1964 ' 423,041
1965 : 74,211
1966 ° , 129,560
1967 7,168
1968 487,859
1969 49,89
1970 ‘ 209,819
1971 97,161
1972 38,930
1973 310,048
1974 721,243
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COOK INLET SHRIMP FISHERIES

COMMERCTAL FISHERIES

The shrimp fisheries in the Cook Inlet area are based on several
species of pandalid shrimp. The trawl fishery, exploiting primarily
pink and humpy shrimp, began in 1958 and has grown rapidly. The 1963
harvest of 1.9 million pounds represented the peak of the fishery prior
to the 1964 earthquake, when processing facilities in Seldovia and
Seward were destroyed. Five years elapsed before significant effort in
this fishery resumed in 1969. Catches averaged 5.2 million pounds

between 1970 and 1974 (Table 41 ). WNearly all trawl catches are made
Ain Kachemak Bay, although in recent years a minor trawl fishery has
develop‘ed in the Outer district, D}xring recent years trawl effort has
been basically limited to three boats fishing the entire season, although
more vessels fish part of the season.

A small shrimp pot fishery, harvesting primarily coonstripe and
some sidestripe ;hrimp, has existed since early statehood but did not
start up on a significant basis until 1971 when approximately 56 thou-
sand pounds were landed. This fishery has expanded and in 1974 landed a
rgcord catch of approximately 677 thousand pounds (Table 43 ). Nearly
all pot catches are made in Kachemak Bay in the Southern district,
although in recent years a minor pot fishery has developed in the Quter
district. The number of vessels participating in the fishery has
increased from 11 in 1971 to 46 in 1974 (Table 32 ),

The value of all shrimp fisheries to the fishermen has risen rapidly
as the fisheries have expanded. The value of the 1974 catch to the

fishermen was in excess of 1.4 million dollars (Table 33 ).
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DISTRIBUTION

Pandalid shrimp are distributed iﬁ all districts of Cook Inlet
south of Anchor Point. Stocks are also present in the Eastern and Outer
districts. Major concentrations are present in Kachemak Bay and in the
deep waters off of Cape Douglas. Habitat and depth preferences for each
of the commercially sought pandalid shrimp species is presented in the
generalized life history found in the Appendix.

Within Kachemak Bay there are over 75 square miles of habitat with
commercial quantities of pandalid shrimp. Shrimp are distributed through-
out the area but are found in quantity in waters deeper than 10 fathoms.
A migrational movement within Kachemdk Bay occurs, with shrimp moving
into a deep water hole, 80 fathoms deep, off Yukon Island in February
and Mafch. They remain here until_March and April, while the females

drop their eggs, and then disperse throughout the bay.

LIFE HISTORY

Life history information for all of the commercially exploited
pandalid shrimp species in Cook Inlet is described in the generalized
life history found in the Appendix. TFor information specific to Kachemak
Bgy, reference should also be made to the Alaska Department of Fish and
Game, Habitat Protection Section's recent publication, "Kachemak Bay-A
Status Report." The following discussion summariées some of the specifics
of Kachemak Bay shrimp life history.

Figure 2 depicts the general larval biology and timing of Kachemak
Bay shrimp. Larvae are present in the plankton from mid January to mid
July. The larvae remain planktonic for approximately 60 days. The
first demersal benthic settling generally occurs from mid March to mid

September. Spawning occurs from late September through mid October.
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Egg bearing females begin dropping their eggs in late March and April.

ABUNDANCE

The present trawl fishery is utilizing a healthy shrimp stock.
Biological data indicates the population should maintain at least the
present harvest level. Since 1969, a log book program has been main-—
tain;d on the Kachemak Bay shrimp trawl fishery. Data from this program
during recent years has shown a general increase in the catch per unit
effort (CPUE), indicating a healthy stock.

Comparative CPUE data for the Kachemak Bay shrimp pot fishery is
~ mot available. However, recent investigations indicate the populafion
is healthy and should be able to maintain the current harvest guideline
of 600;000 pounds. .

Population estimates for Kachemak Bay shrimp, primarily pink and

humpy, for 1971 to 1975 are presented in Table 45 .

MANAGEMENT AND RESEARCH

The commercial shrimp trawl fishery4runs from June 1 through March
31, unless closed earlier by emergency order. There is no closed season
for the shrimp pot fishery, Guideline harvest levels have been established
only for Kachemak Bay inside a line from Point Pogibshi to Anchor Poiﬁt.
For the pot fishery, the harvest guidelines are 100,000 pounds between
June 1 and September 30 and 50,000 pounds between October 1 and May 31.
The harvest guidelines for the trawl fishery are 2,500,000 pounds between
June 1 and October 31 and 2,500,000 pounds between November 1 and March 31.
Commercial catch sampling is conducted in all districts where landings

are made. Catch sampling is designed to provide species composition, age,

.92



and fecundity information. Other research activities are limited to
Kachemak Bay and include a population index program for trawl caught
shrimp. The index program provides population estimates, species

abundance, and age class abundance of trawl caught shrimp.
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Table 40 . Commercial shrimp catch, Cook Inlet area, in
pounds, 1962-1974. 1)

2)
Year . Catch
1962 403,108
1963 1,897,624
1964 601,411
1965 61,708
1966 309,676
1967 741,438
1968 26,448
1969 1,849,710
1970 5,817,633
1971 ' ‘ 5,451,340
1972 - 5,548,567
1973 o 4,876,804
1974 ' 5,748,919

1) Source - A.D.F.&G., Cook Inlet Catch Statistics, Final
IBM Run,.

2) Includes pot and trawl shrimp catches.
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Table 45 . Shrimp population estimates, Cook Inlet area,
Kachemak Bay, calculated from trawl surveys, in
pounds, 1971-1975., 1)

Year Mean Catch Pop. Est. Range~Mill. of 1bs. 7% Error
19712) 118.34 3,370,411.1 2.639 4,102 21.7%
19722) 271.17 7,723,260.6  4.982  10.465 35.5%
19732) 602.29 17,153,972.1 12.334 21.974 28.1%
19742) 435.9 12,414,976.9 9.485 15.345 23.6%
19753) 1,149.5 16,369,598.4 12,032 20.708 26.5%

1) Source - A.D.F.&G., File Data, Homer.
2
2) 66" Nordby net 75 mi. , 50% net efficiency, 32' width.
2.
3) 61" High opening net 75 mi , 100% net efficiency, 32' width.
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COOK INLET SCALLOP FISHERIES

COMMERCTAL FISHERIES

There is no commercial scallop fishery in the Cook Inlet area at
the present. Commercial fishing for scallops is not allowed in most of
the area, including Kachemak and Kamishak Bays and the inshore waters of
the Outer district. The only historical fishery was in 1969, when 240

pounds were harvested in the Kamishak district.

- DISTRIBUTION

Weathervané sea scallops, the desired commercial scallop species in
the Gulf of Alaska, occur throughout the Cook Inlet area south of Anchor
Point and in the Outer district. Exploratory surveys in Cook Inlet
indicate that the greatest abundance is in the Kamishak district between
Augustine Island and the Barren Islands. Weathervane sea scallops are
most abundant in depths of thirty to seventy fathoms. Gravel and sand,
with some mud, is typiéal of commercially exploited Alaska scallop beds.

Little is known of the distribution and abundance of scallops in

more rocky areas, due to the difficulty of trawling in such areas.

LIFE HISTORY

Life history information specifié to the Cook Inlet area is not
available. However, studies conducted in the Yakutat and Kodiak areas
indicate that weathervane sea scallops spawn only once annually, with
spawning occurring during June and early July. Scallops do not move to
special areas for breeding. Most weathervane sea scallops attain sexual

maturity at age three, with all mature by age four.
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Additional life history information is detailed in the generalized

life history found in the Appendix.

ABUNDANCE
Present data suggests that Cook Inlet weathervane sea scallops are
not abundant and may not be available in commercial quantities. A scallop

fishery, if proposed, would probably support only a few vessels.

v

MANAGEMENT AND RESEARCH

Present management restricts the commercial harvest of scallops in
Cook Inlet north of a line from Cape Douglas to Point Adams. In addition,
fishing is restricted in the inshore waters of the Outer district.

These closures are designed to prevent possible conflicts with the crab
fisheries.

Research priorities include: 1) further identification of commercial
scallop beds within the Cook Inlet area, 2) estimates of abundance, 3)
determination of sustainable harvest levels if-commercial quantities of
scallops are available, and 4) investigation of potential scallop gear

conflicts with the crab fisheries.
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COOK INLET RAZOR CLAM FISHERIES

COMMERCIAL FISHERIES

Commercial exploitation of razor clams within the Cook Inlet area
has been sporadic since early in this century. A peak was reached in
1922 when slightly over 1 million pounds were canned, largely from 1.5
square miles of beach on the western side of the Inlet between Chisik
Island and Harriet Point. Sporadic catches continued through 1962, with
a harvest of approximately 171 thousand pounds that year. In 1963, the
Alaska Department of Health and Welfare declared all beaches in Alaska
suspect of containing poisonous shellfish, and commercial utilization of
clams, mussels, and similar shellfish species was strictly forbidden
unless the harvest areas were approved and certified by that department.
During the following seven years all claﬁ growing areas in Alaska remained
technically closed and unapproved for commercial utilization due to
insufficient funds, equipment, persomnel, and testing facilities essential
for the establishment of a proper shellfish sanitation program. In 1970
the Polly Creek area was again certified for commercial utilization.
Currently, a small commercial operator has harvested razor clams in the
Polly Creek vicinity since 1971. The reported harvest for 1971 was
15,151 pounds. No catch was reported in 1974. The value of the 1972
harvest to the fishermen was $3,300. The 1973 harvest was valued ét
$5,300 to the fishermen (Table 33 ).

There is presently no closed season on the commercial harvest of
razor clams., However, almost all of the annual harvest is normally made
from May through July, prior to July-August spawning. Polly Creek on

the westside of Cook Inlet is the only legal beach. Although both
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mechanical and hydraulic harvest equipment is allowed, most clams are

taken by hand operated shovels;

DISTRIBUTION

Razor clams occur along the eastern beaches of Cook Inlet between
Kenai River and Homer Spit with greatest abundance in the Glam Gulch and
Deep Creek-Stariski Creek areas. On the western side of the Inlet they
are scattered along various sandy beaches from Harriet Point southward.
Heavy concentrations occur at Polly Creek and the northeast side of
Chinitna Bay.

Razor clams are found intertidally to several fathoms in depth om
sandy, surfswept beaches that are low in gravel and clay. They require
exposure to the open ocean, and are not found in water of low salinity

or high temperature.

LIFE HISTORY

Razor clam life history information is described in the generalized
life history found in the Appendix. Cook Inlet razor clams, however,
differ from this generalized outline in at least two respects. First,
spawning appears to occur from mid-July through mid-September, rather
than July-August. Secondly, Cook Inlet razor clams appear to grow ﬁuch
faster than those of Prince William Sound or Kodiak. Cook Inlet razor
clams reach sexual maturity in their third year, as opposed to five and

six years for Kodiak and Prince William Sound clams, respectively.

- ABUNDANCE
No estimates of total population are available for the Polly Creek

commercial razor clam beds. However, based on subjective observations,
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the razor clam resource could probably sustain a much higher level of

exploitation,

MANAGEMENT AND RESEARCH

There are presently no seasons or harvest limits imposed upon the
razor clam commercial fishery. No regulation is required due to low
levels of effort and a healthy razor clam resource. If market conditions

improve and effort increases, direct management may be necessary.
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COOK INLET HARDSHELL CLAM FISHERIES

A one family operated cannery at Kasitna Bay, near McDonald spit in
the Southern district, has been canning butter clams under "grandfather's"
rights and has a history of Alaska Department of Health and Social
Services monitored production. Annual production records are not currently
available.

Hardshell clams are distributed throughout Cook Inlet from the
Kenai River south. Specific distributions vary by species. Generalized
life history and distribution information for butter clams and cockles

is presented in the Appendix.
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COOK INLET AREA SUBSISTENCE FISHERIES

- DESCRIPTION

All five species of Pacific salmon are utilized in the Cook Inlet
area for subsistence purposes. Since statehood, all subsistence salmon
fishing has been in conformance with commgrcial regulations and, there-
fore, the areas open and methods used have been identical to those in
the commercial fishery. Reported subsistence catches in this area for
the years 1962-1974 are given in Table 46. King cfab, tannef crab, dun-
geness crab, shrimp, smelt, herring, bottom fish, and clams are also
utilized. However, records are not available on the degree of utiliza-

tion.

ECONOMIC CONDITIONS IN THE ARFEA

No figures are available on the average income of those applying
for subsistence permits in the Cook Inlet area. It is the personal
opinion of the area maﬁagement biologist that léss than 5 or 10% of the
subsistence fishing in the area is carried out by persons in such finan-
cial positions that they actually have a legitimate need of the resource
harvested in order to subsist. The type of subsistence fishing found in
the Cook Inlet area could more appropriately be classified as recrea-
tional or supplemental fishing. Manﬁipeople regard it as a form of
sport fishing in which they ﬁot only derive recreational benefits but at

{

the same time supplement their food stocks.

METHODS OF FISHING

A variety of subsistence fishing methods are used in the Cook Inlet

area, as it is a multi-species utilization area. Currently set nets,
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seines and drift nets are used for harvesting salmon with set nets
accounting for about 95% of the effort. Prior to statehood, much of the
subsistence fishing took place in salmon spawning streams with gear
ranging from hook and line to gill nets. Snagging was one of the more
popular methods.

Both gill nets and dip nets have been used in the Cook Inlet area
.for taking smelt, however, in 1972 dip nets became illegal gear for
taking smelt in the waters of the Kenai Peninsula. A limited amount of
hook and line snagging for smelt also exists.

The gear most commonly utilized for freshwater species is small
mesh gill nets and seines. 1In the past, fishwheels and dip nets have

also been used in freshwater,

PROBLEMS

As in other areas of the state, the subsistence fishing in Cook
Inlet is more recognized as a recreationai fishery than as a subgistence
fishery. However, it is the personal opinion of the area biologist that
a need exists for subsistence fishing in Cook Imlet and that it should
continue, perhaps with some modifications. The 5 or 10% of the people
who actually have a legitimate need to subsistence fish should not be
denied this right just because the fishery has become,recreationallyA
6riented.

A subsistence permit or licensing system has been proposed to elim-
inate some of those who are participating more for recreation than need.
it has been estimated that this type of measure would probably reduce

subsistence fishing by 75% in the Cook Inlet area amd subsistence fishing

"would again conform with the true meaning of subsistence.
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COOK INLET AREA SPORT FISHERIES
INTRODUCTION

Description of the Region

The Cook Inlet area covers all freshwater drainages and marine
waters within Cook Inlet from Point Adam and Cape Douglas north to the
Susitna River drainage below Devil's Canyon (Figure 3). The area is
distinguished by mountainous bays in‘its exposed south, while most of
" north Cook Inlet is comprised of swampy forelands and floodplainé.
Lowland lakes and ponds are numerous. Streams are generally low gradient
and less than 50 miles long. The coastline is fairly regular but is cut
by several large bays or arms. These are Kachemak Bay, Turnagain and
Knik Arms, and Kamishak Bay. The climate is maritime, with mild winters

and summers. Precipitation is light, averaging 20-25 inches annually.

Distribution of Fish Species

Cook Inlet area's sport fish distribution and relative abundance
are listed in Table 47. The area has the most varied representation of

sport fish species in Alaska. Known distribution is marked on the maps.

SPORT FISH LIFE HISTORY AND HABITAT

Life history information specific to sport fish is limited, however,
the information in the Appendix is generally applicable. Documented
habitat and life history information specific to the region is discussed

below by species.
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Dolly Varden

Dolly Varden (Salvelinus malma) distribution is uneven over Cook

Inlet with anadromous populations found on the Kenai Peninsula and in
some west side streams. The upper Kenai River and lower Susitna River
drainages contain stunted resident Dolly Varden. These fish have earned
the nickname "goldenfins" because of their unique coléring. Resident
fish are found in all Susitna River tributaries below Montana Creek, and
a number of streams above, but no anadromous populations are found
anywhere in upper Cook Inlet. |

The timing of migratory movements for Kenéi Peninsula anadromous
Dolly Varden has been studied at Anchor River. Large, mature fish enter
Anchor River beginning in early July, followed by progressively smaller
mature, then immature fish. The early arriving mature and immature fish
move into the upper stream sections from late July into September. Very
small fish are just entering the river in September. Spawning occurs in
September. Beginning in late September, the mature Dolly Varden are
believed‘to_migrate downstream, eventually entering Cook Inlet. Whether
the fish complete the migration to sea in the fall or overwinter in the

lower river is unknown.

Arctic Char

Resident Arctic char (Salvelinus alpinus) are in a number of deeper

lakes in the Swanson River drainage of the Kenai Peninsula and in Big
Lake near Wasilla. They are essentially lake dwellers and have not been
reported in surrounding streams. Char vertical distribution in lakes
appears to be temperature dependent. Char are found in midwater and

bottom depths, perferring temperatures lower than 55°F.
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Rainbow Trout

Observations at Fire Lake near Anchorage and on the Swanson River
. and Moose Creek (Kenai Peninsula) indicate that Cook Inlet rainbow

(Salmo gairdneri) spawn in May. The fish utilize lake, inlet or outlet

streams for spawning.

Steelhead Trout

Steelhead (Salmo gairdneri) are found in several lower Kenai Peninsula

streams. These are fall run fish whose immigration begins in late July
and continues through October. The run usually peaks in September.

Steelhead overwinter in the streams and spawn in March and April. Post
spawning outmigration takes place in May and June. Repeat spawners are
rare. Juveniles rear 2-3 years in.freshwater, migrate out as smolts in
June and July and stay l-4 years in saltwéter before returning to spawn.

“Age 3.2 and 3.3 fish are dominent.

Grayling

Grayling (Thymallus arcticus) life history studies at Cresent Lake

(upper Kenai River drainage) indicated that spawning occurs between
April and June. Entry onto the spawning grounds may begin in late March.
Adults spawn in the outlet stream for a short distance immediately below
the lake in depths of 1/2 to 2 1/2 feet with water temperatures of 38°-
42°F. Spawning terminates with ice breakup on the lake. Adults, after
completion of spawning, return to the lake to reside the rest of the
year.,

Juvenile grayling move into Cresent Creek with the adults, but are
' mostly segregated from them. The juveniles remained in the outlet to
rear and feed throughout the summer before returning to the lake in the

fall.
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Fish distfibution and migration studies on the Susitna River indicaté
that grayling overwinter in the'mainstem slough areas when the waters
are relatively clear. Grayling move into clear fributaries in thé
spring and summer months to feed or spawn, returning to the mainstem

again in the fall.

Whitefish
Several whitefish species occur in Cook Inlet area. Round whitefish

(Prosopium williamsori) and the common whitefish (Coregonus clupeioformes)

are found in the Susitna, Kenai and Kasilof River drainages while the

~Arctic cisco (Coregonus autumnalis) inhabit the Matanuska and Knik

Rivers., The mainstem Susitna provides the primary overwintering area
for Susitna fish as well as summer.habitat. Whitefish also reside in
tributary streams in the summer. An upstream migration occurs in the
fall. Whitefish are believed to overwinter in Skilak and Kenai Lakes on

the Kenai system and in Tustemena Lake on the Kasilof system.

Burbot
Burbot (Lota lota) are found in the mainstem lower Susiina River
all year and in some of the larger lakes such as Namcy and Redshirt

Lakes near Wasilla.

Razor Clams

Life history information for Cook Inlet razor clams (Siliqua patula)

stocks is present in the Appendix. Data to date imdicate razor clams
enter the fishery at about four years of age. Age structure analysis of
the population shows clams in their 10+ year also zre harvested. A
total of at least five age classes contribute to the fishery, Failure

of a year class would not have a serious effect on the fishery.
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PRODUCTIVITY AND PRODUCTION

Productivity

Information on lake productivity is available for many lakes in the
Anchorage-Palmer area and for a few on the Kenai Peninsula and west Cook
Inlet. Some of the most eutrophic lakes in Alaska are found near Palmer
in the Matanuska-Knik River delta area and are associated with the
richest farmland. Nutrient levels are very high pompared with other
lakes in the state. TFarm practices have contributed some by increased
use of fertilizers. As a result, fish production is excellent énd
angler use is high.,

In many small land-locked lakes, winter fish kill may result from
oxygen depletion due to decomposition. Biological oxygen demand is
heaviest in the richer lakes. Fish stocking programs are necessary to
perpetuate these fisheries.

Productivity decreases for lakes away from the Palmer area as lake
fertilify drops. Productivity levels drop with increase in elevation
because of colder waters and shorter growing seasons. Susitna River
delta lakes are quite unproductive compared to lakes closer to Palmer,
but are more productive than those further upstream. On the Kenai
Peninsula, the most productive lakes lie north of the Kenai River on the

lowlands.

Production

Estimates of fish production in the Cook Inlet area are limited to
population estimates in several grayling lakes and relative measures of
fish production in stocked lakes. 1In 1972 the Cresent Lake adult grayling

spawning population was estimated to be 1,756 fish, with a range of
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1,547 to 2,031‘fish. In 1974 the Cresent Lake adult grayling spawning
population was estimated to be i,756 fish, with a range of 1,547 to
2,031 fish. 1In 1974 the Bench Lake adult grayling spawning population
was estimated to be 1,931 fish.

Many lakes in the Palmer, Anchorage and Kenai-Soldotna areas have
been stocked with rainbow and coho to benefit intensive sport fisheries.
The lakes are checked frequently to assess growth and survival. The
most productive lakes are the Kepler-Bradley Lake system, Knik, Finger,
and Seymour lakes near Palmer. These lakes have produced the most fish
poundage per surface acre and receive some of the highest angler use in

the area.

SPORT FISHERIES

-

Cook Inlet area receives the heaviest sport fishing pressure in the
state. Effort is concentrated on freshwater stream and lake systems,
with only a few saltwater boat or beach fisheries of any consequence.
In freshwater, king, coho, sockeye, and pink salmon draw the most interest
when and where they are available, but rainbow, grayling and Dolly
Varden also are widely sought. Lake trout, chum salmon, burbot, whitefish
and smelt are also taken in small numbers. In saltwater, halibut,
salmon, and Dolly Varden attract primary interest but flounders, co& and
greenling are also taken. A substantial beach fishery for razor clams
exists in the eastern Cook Inlet.

The sport fishing seasons extend year round. In the spring, king
‘salmon and razor clams receive the bulk of sport effort, Salmon, trout
" and grayling are fished throughout the summer and early fall. After

freeze-up in October, many lakes in the Palmer, Anchorage and Kenai
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areas support light to intensi%e ice fisheries for rainbow and land-
locked coho salmon.

King salmon catch and effort information has been collected on a
continuous basis since 1960. Comprehensive data has also been collected
for specific sockeye systems and stocked lakes. Creel surveys have been
conducted at many locations, but generally give only a very minimal
estimate of catch and effort. In 1974 an estimated total éffort of
419,500 angler days for the Kenai Peninsual and 221,500 angler days for
upper Cook Inlet.

The Cook Inlet king salmon fishery will be described separately.
Other fisheries will be described by geographical area and system. Cook
Inlet sport fisheries occur in four main areas; Kenai Peninsula, Anchorage, -
Palmer and west Cook Inlet. Significant éaltwater sport fisheries occur

" in Kachemak Bay and on the clam beaches of eastern Cook Inlet.

King Salmon Fisheries

Cook Inlet king salmon sport fisheries are divided into lower and
upper Cook Inlet. In lower Cook Imnlet, kings are taken in the Kenai,
Ninilchik and Anchor Rivers, and Deep Creek. A saltwater troll fishery
occurs off the Deep Creek-Anchor River area. In upper Cook Inlet, the
fishery has been closed since 1973, The majority of fish were previously
taken from the Deshka River (Kroto Creek) and Alexander Creek, tributafies
to the lower Susitna River. Chunilna and Little Susitna Rivers, Lake
Creek, and Willow Creek (all tributaries to ﬁhe Susitna) and Ship Creek
(Anchorage) provide the remainder of the catch.

Management of king salmon sport fisheries has varied greatly since

statehood. Prior to 1964, most streams were open to king salmon fishing
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from May through July on a continuous basis. - Declining runs forced the
closure of all king salmon fishéries in Cook Inlet in 1964 and 1965.
Sport fisheries were reopened on a quota basis for selected streams in
1966. A harvest of 250 fish was allowed for upper Cook Inlet and 500
fish for the Kenai streams. The fisheries were opened only on two or
three weekends in late May or June and anglers were required to carry
special harvest punch cards, The quotas were removed in 1971, but the
other restrictions remained in force. The upper Cook Inlet area was
closed again in 1973. The Kenai fisheries have remained open and they
appear to be in good shape. Total Cook Inlet catches have averaéed

1,767 fish for all streams since 1966 and the saltwater catch has averaged
1,186 fish since 1970 (Table 48). The Kenai River fishery has become

the heaviest producer in the last few years since anglers discovered the
proper fishing technique (boats instead of shore angling). Catches from
the Kenai River were negligible in the late 1960's but increased to

4,910 fish in 1974 (Table 49). Lower Kenai Peninsula streams average
several Hundred kings apiece. The Deshka River produced the largest
catches (around 350 fish) for upper Cook Inlet before the fishery closure
(Table 50).

The Kenai River .king salmon fishery receives the greatest amount of
fishing pressure, averaging about 24,000 angler days a season (Table 51).
The three lower Kenai Peninsula streaﬁs receive about 7,500 angler days
apiece, and the saltwater fishery receives about 6,000-8,000 angler
days. 1In 1970 and 1971, the Ship Creek (in Anchorage), king salmon
fishery was also opened several weekends in June. 4n estimated 5,000
fiéhermen caught about 50 kings the first season, and 1,000 caught 14

king slamon the following year. The fishery has been closed since then.
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Kenai Fisheries

The Kenai Peninsula sportvfisheries are the most heavily utilized
sport fisheries in the Cook Inlet area and anywhere else in the State of
Alaska. Both freshwater and saltwater fisheries draw anglers to this
area. Extremely popular systems include Kachemak Bay, Anchor River, Deep
Creek, Ninilchik River, Kenai River, Russian River and the Swanson-Moose

River canoe system.

Saltwater

Kachemak Bay is a major saltwater sport fishery in the areé and one
of the largest recreational fisheries in the state. Most effort is
directed toward pink and coho salmon, Dolly Varden, halibut, flounder
and cod. Within the bay, the Homer Spit shore fishery has the highest
use. In 1973 over 25,000 angler trips were make on the Spit batween
June and September (Table 52). Cod and flatfish are the primary target
species. Effort is also directed toward Dolly Varden in June, pink
salmon in July and cohé salmon in August and Seftember.

A privately owned boat fishery is developing within Kachemak Bay.
Fishing is concentrated north of Homer Spit and across the bay around
Tutka Lagoon. Halibut and pink salmon comprise the bulk of the boat
catches. A significant charter boat fishery has also developed. No
estimates of total effort are availabie for either of these fisheries.
Available Kachemak Bay sportbfinfish catch and effort data are present
in Table 52.

The east side Kenai Peninsula razor clam sport fishery has become
thé largest saltwater sport fishery in the Cook Inlet area. Razor clams
are found along eastside Kenai Peninsula beaches from the Kasilof River

south to Anchor Point. The highest population densities are found along
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the se&en miieé of beach at Clam Gulch. Catch, effort and total estimated
harvest data has been collected'for the Clam Gulch beach from 1965-1975

. (Table 53). Management personnel pay close attention to both the clams

- per digger per trip and the average size of clams in the catch. Analysis
of the catch data reveals an increase in CPUE since 1970. Size frequency
data collected since 1966 shows an increase in average length from 4 1/2
to 5 inches. These two factors suggest the stocks are mountaining at a
high level.

Harvest and effort has continued to increase in 1976. If digger
effort continues at the present ratio, it is estimated that harvést for
all eastside beaches will exceed one million razor clams. Effort is
expected to approximate 32,000 man days. Table 54 shows estimated

effort and harvest for all eastside Kenai Peninsula beaches.

Freshwater (
Important freshwater fisheries other than king salmon include Dolly
Varden, Sockeye salmon; pink salmon, coho salmoﬁ, grayling, rainbow and
steelhead trout. Catch-effort data is limited and sporatic for these
species but timing is fairly well documented. Dolly Varden and rainbowl
trout fisheries peak in June, sockeye salmon in July, pink salmon in
July and August. Both the coho and steelhead fisheries take place in
the autumn, peaking in September and dctober respectively.
The Russian River, a tributary of the Kenai River, receives a large
amount of sport fishing effort concentrated upon its sockeye salmon
runs. This fishery is closely monitered to allow proper escapement.
Emergency order closures are enacted when conditions warrant. Comprehen-

sive data including catch, effort and timing have been collected for

this system (Table 55).
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Russian River red salmon stocks are compriéed of two distinct runs
which extend from June through August. The early run typically lasts
from June 15 to the first week of July, the late run from July 15 to
August 15. To allow for maximum resource utilization, Russian River
sockeye anglers are restricted to single hooked, artificial flies.
Dolly Varden, rainbow trout, cohos, pinks, whitefish and grayling are
also caught in the Russian River (Table 56).

The Kenai, Anchor, and Ninilchik Rivers and Deep Creek all provide
" pink salmon, coho, Dolly Varden or steelhead trout fisheries into Octo-
ber. Combined with the Russian River these systems receive the bulk of
angler effort. |

Aside from the major river systesm, numerous lakes and streams
along the Sterling and Seward Highways provide good fishing for rainbow,

Dolly Varden and grayling (Table 58).

Anchorage Area

The most significant freshwater fisheries in the Anchorage area are
the Ship Creek salmon fishery, stocked lakes and the Twenty Mile River
eulachon fishery (Table 59). Available creel census data is presented
in Tables 60 and 60A., Ship Creek supports a coho salmon fishery during
years with good runs. This fishery takes place after the king salmon
have reached the spawning grounds. Table 61 lists Anchorage area stocked
lakes. Since 1972 angler usage of these stocked lakes has increased buﬁ
current estimates are not available.

The Twenty Mile River provides a populaf eulachon dipnet fishery in
May and June. Catches vary greatly between years (Table 60A). The
' Placer River also supports a eulachon fishery but production in recent

years has declined.
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Palmer Area

The most popular fisherieé in the Palmer area are the Willow-
Talkeetna highway salmon fisheries, the Knik-Palmer road salmon fisheries,
and the managed lakes. Significant fishing areas are listed in Table
62.

The primary salmon streams on the Willow-Talkeetna section are
Willow, Little Willow, Sheep, Sunshine, Kashwitna, Goose and Montana
Creeks. They all receive heavy use (July-Septembgr), primarily for coho
and pink salmon, but also for chum salmon in good run years. Rainbow
trout and grayling are fished heavily in May and June before thé salmon
arrive. The stream mouths are utilized most heavily.

No total catch estimates are available for any of these systems.
Spot creel survey checks were made during the 1960's, but the information
is of minimal value. Estimates of total effort in 1970 and 1972 indicated
that about 21,000 anglers utilized the Willow-Talkeetna area streams
during the mid-July to mid-August period (Table 63). Anglers were prim-
arily after coho and pink salmon. Willow Creek received the greatest
amount of effort, between 8,500 and 9,500 anglers.

On the Knik-Palmer Road, Wasilla Creek (Rabbit-Slough), Cottonwood.
Creeck, and Fish Creek are heavily'fished for salmon, primarily coho,
sockeye, and pink salmon. The sockeye fishery occurs earliest, from
mid-June to early July. The coho and.pink fisheries extend from mid-
July through August. The fiéheries are restric;ed to weekends only,
single hooks and the lower stream sections. No total catch or effort
information is available. The runs have épparently declined in size
err the last six or seven years, and effort hag declined because of

this and stringent angling restrictions.
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The numefous lakes between Palmer and Talkeetna are utilized exten-
sively by anglers seeking rainéows, Dolly Varden, Arctic char, grayling,
coho salmon, and burbot. About 25 lakes are consistently stocked with
rainbows, coho salmon, and grayling (Table 64). Between 400,000 and
700,000 fish are stocked annually. The lakes provide year-round fisheries,
with heaviest effort in May and June before the salmon runs in nearby
streams. The effort may pick up again in the fall and a fairly intensive
ice fishery develops on many lakes in the early and late winter months.
Some lakes are managed primarily as winter fisheries and are planted
with land locked coho salmon, which bite well in winter months.

Catch and effort information is limited to some partial creel
censuses, which do not give total estimates. the Kepler-Bradley Lake
complex (Table 64) has the most inrtensive use in the area., Other high
use stocked areas include Finger and Seyﬁour Lakes. High use nonstocked
lakes include Big Lake, the Wasilla—Cottpnwood Lake group, Redshirt, and
Nancy Lakes.

The biggest winter fisheries are on Finger, Echo, Lucille, and
Victor lakes. Estimated total angler effort and coho salmon datch
information for several lakes is available for 1968-1969 (Table 65).
Finger Lake yielded over 4,800 fish for 1,450 angler trips. Winter.
burbot fishing is also gaining in popularity. Redshirt Lake near Willow

has the best fishery, but Nancy and Cow Lakes are also fished.

West Cook Inlet

Popular sport fisheries on the west side of Cook Inlet are the
Deshka River (Kroto and Moose Creeks), Alexander Creek, Lake Creek,
Talchulitna River, Peters Creek, and the Chuitna River (Table 67). The

Deshka is the highest use system in the area, with most effort directed
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to salmon, priﬁarily coho and pink, altﬁoughlgodd rainbow ;na grayling
fishing is available. The Talchulitna River is the top rainbow fishery
in the area and receives heavy effort from fishermen who fly in and
float the river. Most systems in this area are accessible only by
airplane or riverboat. Float trips are a popular means of fishing.

No estimates are available for total catch and effort for systems
in the area. Effort is moderate, estimated at just over 1,000 angler
days of use a year. Most fishing effort is concentrated on systems in
the lower Susitna and its tributaries. Very little fishing is done

below the Chuitna River.

ECONOMIC VALUES

Information on economic value. for Cook Inlet area sport fisheries
is limited to economic surveys of the three lower Kenai Peninsala king
salmon fisheries, the Russian River sockeye fishery, and the Willow-
Talkeetna area salmon fishery. Economic value was measured only in
terms ofAexpenditures for goods and services incurred in the fishing
trips.,

Average expenditures per angler were highest‘for the lower Kenai
Peninsula king salmon fisheries and lowest for the Willow area fisheries.
The bulk of the fishermen in each fishery originate in the Anchorage
area, so travel expenses are an imporgant factor in determining fishing
trip costs. An average of $8.12 was spent per angler day ($22.74 per
angler trip) in the Kenai king fishery in 1971 (Table 66), while the
average cost per angler day for the Willow salmon fisheries was $3.20 in
1970 and $5.47 in 1972 ($6.30 and $12.06, respectively, per angler
trip). The Russian River sockeye fishery costs fell between the other

two fisheries. Total estimated expenditures were $10C,000 for the Kenai
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king fishery (1971), $105,000 for the Russian River sockeye fishery

(1971), and averaged $195,000 for the Willow salmon fisheries (1970,1972).

MANAGEMENT AND RESEARCH

Sport fish management and research activities in Cook Inlet area
iﬁclude catalog and inventory, creel census, habitat protection, public
access acquisition, life history studies, and enhancement work. Catalog
and inventory, creel census, enhancement, and access acquisition work
have been primary activities.

Fof catalog and inventory work, most of the streams around the
_highways as well as the readily acceésible lakes aroﬁnd Palmer, Anéhorage
and the.northern Kenai Peninsuala have been surveyed for fish distribution
and abundance. The popular fly-in. systems on the west side of Cook
Inlet have also been surveyed.

Creel census work has concentrated on collecting information on the
king salmon fisheries and the Russian River sockeye system. As time
permits, data is collected on Anchorage area lakes and in upper Cook
Inlet.

Lake fish stocking has Been greatiy emphasized, particﬁiarly in
heavy use recreaction areas. Self sustaining fish populations have been
established in many lakes, but most are stocked with hatchery reared,
catchable-size fish for "put and take" fisheries. In these lakes, total
harvest of the stock is desirable. Overharvest is not a problem and
these lakes can sustain much heavier pressure.than they presently receive.

Often fishing has improved, or a successful sport fishery has been
created where none existed before, through stocking and/or lake rehabil-
itation. Much of the stocking work now is focused upon improving growth
and survival by determining proper stocking rates and improving strains

of fish by hybridization.
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Acquiring.public access to streams and lakes has been very important
in the area. Recreational fishing demand is already heavy on Cook Inlet
area sport fisheries, and private land development is rapidly restricting
access to existing and potential sport fishing areas. In some locations
in the Palmer and Anchorage area, the situation has become acute. Future
expansion of the sport fisheries could be severely hamperéd, with increased
access restrictions.

Habitat protection also has been important. Urban development has
severely damaged or destroyed fish habitat in several streams by stream
diversioh, channeling, dredging, filling, and blocking. These activ-
~ities affect fish populations by remdving or damaging spawning and‘
rearing habitat or by blocking migration. Instances of this are most
common in the Anchorage area. Dumping toxic pollutants has also killed
fish in several urban or suburban area streams. Private recreational
developments around Anchorage and the Matanuska Valley have also caused
problems with improper domestic effluent disposal. >Phosphate lévels and
organic material increases in nearby lakes have cawsed destructive drops
in oxygen levels for overwintering fish pépulationsf

Life history work has included a study on Cresent and Bench Lake
grayling populations, and a long-term study of the Russian River sockeye
runs. The Russian River study is conducted from a seasonal station and
welir site on the river. In addition, escapement counts for coho and
king salmon have been gathered for important tributaries on the Susitna

drainage and for lower Kenai Peninsula king salmon systems.
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Table 48

Cook Inlet sport caught king salmon catches based on

punchcard returns, 1966-1975 1/.

Upper Kenai Stream Kenai Inlet
Year------Cook Inlet Peninsula Total Saltwater Total
1966 263 563 826
196] 315 544 859
1968 398 614 1,012'

1969 339 273 612
1970 871 742 1,613
1971 479 782 1,261
1972 461 801 1,262 2,250 3,512
1973 — 770 770 1,010 1,780
1974 - 5,996 5,996 600 6,596
1975 - 3,455 3,455 885 4,340
Mean 447 1,454 1,767 1,186 4,057

1) Source:
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1/
Table 49 . Lower Cook Inlet king salmon catch, 1960-1975 .

: Deep Cr.

Year Anchor R. Deep Cr. Ninilchik R. Kenai R. Saltwater Total
1960 1,150

1961 1,012

1962 502

1963 1,158

1964 FISHERY CLOSED

1965 FISHERY CLOSED

1966 o6 48 218 1 | . 563
11967 236 183 '115 7 ‘ 544
1968 247 157 206 b 614
1969 84 40 131 18 273
1970 170 6 215 237 742
1971 58 42 137 545 782
1972 167 137 156 341 2,250 3,051
1973 330 142 298 N/A 1,010 1,780
1974 443 290 353 4,910 600 6,596
1975 210 100 540 2,605 885 4,340
Mean 220 110 240 , 964 1,186 1,919

1) Source: Alaska Dept. of Fish and Game, 1961-1975. Fed. Aid to Fish.
Restoration, Ann. Progress Reports. Vol.2-16.
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Table 50 . King salmon catches in upper Cook Inlet systems, 1961-1975 .

Little

2/ Deshka Alexander Chunilna Susitna Willow Lake Ship
Year River Creek Creek River Creek Creek Creek Total
1961 91 15 ’ 9 | 21 - 136
1962 142 33 3 44 - 222
1963 758 47 1 23 51 - 880
1964 FISHERY CLOSED
1965 FISHERY CLOSED
1966 205 28 4 - - 26 - 263
1967 234 20 1 - - 60 - 315
1968 324 71 - - - 3 - 398
1969 310 21 - — - 8 - 339
1970 579 286 50— - 1 - 871
1971 434 15 7 14 7 0 2 7 479
1972 275 19 43 23 16 14 11 261
1973 ' FISHERY CLOSED -
1974 FISHERY CLOSED .

1975 FISHERY CLOSED

1) Source: Alaska Dept, of Fish and Game, 1962-1975. Fed. Aid to
Fish Restoration, Ann. Prog. Reports. Vol.3-16.

2) 1961-1963 catches reported in creel census - not total estimates.
1966-1972 catches according to punch card returns.
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Table 51 . Lower Cook Inlet king salmon fishery effort (angler-trips) .

Sub Deep Cr.
Year Anchor R. Deep Cr. Ninilchik Total Kenai Saltwater‘ Total
1960 5,300
1961 6,165
1962 2,325
1963 5,747
1964 . FISHERY CLOSED
1965 FISHERY CLOSED
1966
1967
1968
1969
1970 -
1971 . 15,900
1972 : 13,520 3,610
1973 7,010 8,150 8,940 24,100 8,040
1974 6,850 8,460 5;690 21,000 23,610 .5,090

1975 ‘ 19,600 23,820 8,050

1) Source: Alaska Dept. of Fish and Game, 1961-1975. Fed. Aid to
Fish, Restoration, Ann. Progress Reports. Vol. 2-16.
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Table 53 .

Razor clam creel census information collected at Clam Gulch,

1965-1975.

No. Diggers Total Clams _ Estimated
Year Interviewed Enumerated Clams/Digger Harvest
1965 unknown unknown 35.2 32,500%
1966 91 3,790 41,6 39,000%
1967 987 32,455 32f9 45,800¥
1968 997 27,334 27.4 84,700%
1969 2,998 93,836 31.3 279,480
1970 2,964 87,650 29.6 226,150
1971 1,465 43,201 29.5 126,260
1972 3,624 109,528 30.2 259,560
1973 4,054 145,489 35.9 392,140
1974 4,733 163,906 34.6 596,110'
1975 4,056 154,527 38.1 607,850

% Clam harvest figures for 1965-1968 are minimum estimates.

1) Source - David Nelson, A.D.F.&.G., Sport Fish biologist, Soldotna.
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/ o .
Table 55 . Sockeye salmon harvest, effort and success rates on
Russian River, 1962-1974 1/.

Harvest Effort Catch/ Census
Year Early Run Late Run Total Angler-trips Hour Period

1962 3,410 1,290 4,700 6,600 0.220 6/15-8/12
1963 3,670 1,390 5,060 7,880 0.190  6/8-8/15
1964 3,550 2,450 6,000 5,330 0.321 6/20-8/16
1965 10,030 2,160 12,190 9,730 0.265 6/15-8/15
1966 14,950 7,290 22,240 18,280 0.242  6/15-8/15
1967 7,240 5,720 12,960 116,960 0.141  6/10-8/15
1968 6,920 5,820 12,740 17,270 0.134 6/10-8/15
1969 5,870 1,150 7,020 14,930 0.09% 6/7-8/15
1970 5,750 600 6,350 10,700 0.124  6/11-7/27%
1971 2,810 10,730 13,5;0 ' 15,120 0.192  6/17-8/20%*
1972 5,040 16,050 21,090 25,700 0.195 6/17-8/21
1973 6,740 8,930 15,670 30,590 0.102  6/9-8/19%*%
1974 6,440 8,500 14,940 21,120 0.131  6/8-7/30%%x*x
1962~
1973 ,
Avg. 6,332 5,298 11,630 14,924 0.185

* Census active from June 11 through July 3 and from July 24 through July 27.
*% Census active from June 17 through July 7 and from July 31 through
August 20. '
**% Census active from June 9 through July 4 and from July 15 through
August 19.
**%*% Census active from June 8 through June 30 and from July 6 through
July 31.

1) Source: Nelson, David c. 1975. Russian River red salmon study.

Alaska Dept. of Fish and Game. Fed. Aid to Fish. Restoratiom,
Ann. Report of Progress, Project F-9-7. 16:41pp.
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Table 56 .  Russian River miscellaneous sport catch censused during
the sockeye sport fishery, 1968-1974 1/.

Year §S PS RB DV WF GR
- 1968 40 55 450 800 6 3
1969 55 2 140 634 10 2
1970 2 37 175 12 2
1971 42 72 284 8 4
1972 385 42 382 589 14
1973

1974 1 171 1,446 57

Mean 88 33 209 414 18 3

1) Sources: Engel, L.J., 1967-1972. Studies on the Russian River
red salmon sport fishery. Alaska Dept. of Fish and Game. Fed.
Aid to Fish. Restoration, Ann. Progress Reports. Vol.10-13.

Nelson, D.C., 1973-1975. Studies on the Russian River red salmon

sport fishery. Alaska Dept. of Fish and Game. Fed. Aid to Fish.
Restoration, Ann. Progress Reports. Vol.1l4-16.
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1/

e 57 . Anchor River sport fish catch and effort .

2)

3)

Angler-  Coho Pink
Year Trips Salmon Salmon Dolly Varden Steelhead Census Period
2]
©1968 3,045 1,150 350 4,352 102 7/6-10/19
1969
3/
1970 2,050 166 . 36 5 8/20-9/13
1) Sources: McHenry, E.T., 1969. Anadromous fish studies - southwestern

Kenai Peninsula and Kachemak Bay areas. Alaska Dept. of Fish and Game.
Fed. Aid to Fish Restoration, Ann. Progress Report. Project F-9-1,
10:151-178.

Nelson, D.C., 1972, Anadromous fish studies - southwestern Kenai
Peninsula and Kachemak Bay. Alaska Dept. of Fish and Game. Fed.
Aid to Fish Restoration, Ann. Progress Report. Project F-9-4,
13:13-30.

Expanded estimates.

Angler-trips expanded, catch reported as censused.
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Table 58 . Kenai Peninsula sport fishing areas .
2/ 3/
System Location Species Present Remarks
Homer Spit Homer S§,PS,DV,H, Heavy summer use.
bottomfish
Mud Bay Homex ss Moderate use fall fishery.
Anchor R. STH KS,S88,PS,DV, SH,RT Heavy summer, fall use.
Species sought.
Stariski Cr. STH Ks,Ss,PS,bv,SH Moderate summer, fall fisheries.
Deep Cr. STH Ks,88,PS,DV, SH Heavy summer, fall use.
RS snag fishery off mouth in
July.
Ninilchik R. STH Ks§,S8s,PS,DV, SH,RT Heavy summer, fall use.
Crooked Cr. STH KS,55,RS,DV,RT,WF Light summer, fall fishery.
Johnson L. STH RT Year-round fishery. Stocked.
Tustemena L. STH SS,RS,DV,LT,WF Light fishery spring for LI,
. fall for SS, dangerous boat
conditions,
Centennial L. STH SS Light year-round fishery, stocked
Mackay Lakes STH SS,RT Moderate year-round fishery,
' stocked.
Kenai R. Soldotna Kks,Ss,RS,CS,PS,DV, Intense KS summer, SS fall
RT,GR,WF,EU fisheries. DV,RT caught
incidental. EU netted by Kenai
in May.
Sport L. Soldotna RT Stocked.
Beaﬁer Cr. Kenai SS,RT,DV Summer, fall fishery.
Cabin L. N.Kenai Rd. RT ‘Stocked.
Bishop Cr. N.Kenai Rd. SS,RT Summer, fall fishery.
Stormy L. N.Kenai Rd. AC,RT Year-round fishery.

1) Source:

Sport Fish Division, Juneau, Ak. 96 p.

2) STH
SWH

oy

Sterling Highway.
Seward Highway.

3) Underlined species are most heavily sought.
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Table 58

(continued). Kenai Peninsula sport fishing areas.

System Location Species Present Remarks

Longmare L. Soldotna RT Year-round fishery, stocked.
Scout L. STH 8s Year-round fishery, stocked.
Sunken Is. Swanson R.Rd. SS Year-round fishery, stocked.
Lake

Forest Lakes Swanson R.Rd. RT Summer, fall fishery, stocked.
Dolly Varden Swanson R.Rd. RT,AC Year-round fishery.

Lake

Rainbow Swanson R.Rd.  RT,AC Year-round fishery, stocked.
TIrout Lake ,

Swanson R.

Swan Lakes

Swanson
Lakes
Moose R.
E.Fork

Moose R.

Watson L.

Swanson R.Rd.

Swanson R.Rd.

Swanson R.Rd.

Naptowne

STH

STH

Kelly, Peterson STH

Lakes

Upper Jean L.

Jean L.

Skilak L.

Ohmer Lakes

Rock L.

STH

STH

Skilak Lp.Rd.

Skilak Lp.Rd.

Skilak Lp.Rd.

SS,RS,DV,RT

RT, AC

SS,RT,AC

KS,SS,RS,DV,RT

RT,DV

KS,SS,RS,PS,DV,
RT,LT,WF

RT,DV

ss

Summer, fall fishery,
moderate use.

Summer, fall fishery, moderate
use, canoe-portage system.

Summer, fall fishery, moderate
use. Canoe-portage system.

Summer, fall fishery, moderate
use.

Summer, fall fishery, moderate
use.

Summer,-fa]l fishery.
Summer, fall fishery.
Year~round fishery, moderate
use.

Year-round fishery, moderate
to heavy use.

Summer, fall fishery.
Summey, fall fishery, moderate
use,

Summer, fall fishery.

141

continued



Table 58 (continued). Kenai Peninsula sport fishing areas.

System Location Species Present Remarks

Hidden L. . Skilak Lp.Rd. DV,RT,LT,Kok Year-round fishery, moderate to
: heavy use. Excellent winter,
LT,Kok fishery, spring LT

fishery.
South STH GR ‘ Spring, summer, fall fishery,
Fuller L. trail access.
Russian R. Cooper Landing KS,S55,RS,PS5,DV Summer, fall fishery - vefy
RT,GR,WF intense use. Top Kenai fishery.
Mainly RS.
Russian Lakes Cooper Landing RT,DV Summer, fall fisheries.

Trail access.
Swan L. STH RS,DV,RT,LT Summer fishery, trail access.

Juneau L. STH RT,LT,WF Summer fishery. trail access,
light hiker use.

Trout L. STH EE)WF‘ Summer fishery, trail access.

Quartz Cr. STH | S§5,R5,DV,RT,GR,WF Summer, fall fishery.

Cresent Cr. STH GR Summer, fall fishery, moderate
use.

Cresent STH ' GR Summer, fall fishery, moderate

use. Large fish-~unique stock for
Kenai Penin. Trail access.

Jerome L. SWH RT,DV Year-round fishery, stocked.

Trail L.,R. SWH DV,RT,LT,WF Summer, fall fishery.

Granite Cr. SWH GR Summer, fall fishery.

Ptarmigan Cr. SWH RT,DV Summer, fall fishery. Stunted
' ~ DV called '"golden-fins."

Kenai L. SWH SS,RS,DV,LT,GR,WF Summer, fall fishery. Light

effort.

Grayling, SWH GR Year-round fishery, light use.

Meridian L Trall access.

Paradise Lakes SWH GR,RT Summer fishery, light use.

Fly-in access.

continued
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Table ‘58 (continued). Kenai Peninsula sport fishing areas.

System Location Species Present Remarks

Summit Lakes SWH v Year-round fishery.

Bench L. SWH GR Summer, fall fishery.
Trail access.

Resurrection Cr. Hope Ps,bV ) Summer fishery, light use.

Granite Cr.. SWH DV Summer fishery.

Ingram Cr. SWH PS,DV . Summer fishery.
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Table 59 . Anchorage area sport fishing locations (also see Table 61
stocked lakes) 1/.

System Location Species Present Remarks

Placer Cr. SWH PS,DV,EU May dipnet fishery, light to
heavy use.

Portage Cr. SWH S§§,DV Summer, fall fishery, very
light use.

20-Mile R. SWH SS,EU May dipnet fishery, moderate
to heavy use.

Bird Cr. SWH Ss,PS,DV Summer fishery, light to

Campbell Cr. Anchorage

Ship Cr. Anchorage
Eagle R. GH
Knik R. GH )

KS,S5,PS,RS,DV,RT

KS,SS,PS,DV,RT

PS,DV

EU

moderate use.
Summer fishery. Light to
moderate use, mainly children.

Closed to salmon fishing.

Summer, fall fishery. Light to
heavy use, depending on SS run.

Summer fishery, light use.

May dipnet fishery.

1) Sources: Alaska Dept., of Fish and Game, 1975.

guide. Sport Fish Division, Juneau, Ak. 96p.

Pers. comm., 1976. Stanley Kubik, Alaska Dept.

Anchorage, Ak.
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Tabl

e -60 . Sport catch and effort on Jewell, DeLong and Campbell Pt.
Lakes, Anchorage area, from June 7 to September 3, 1972 1/.

2/ ' Catch .

Lake Specieé_ Angler-Hours Catch Per Hour
Campbell Pt. RT 6,363 3,308 0.52
Delong RT 4,788 . 2,011 0.42
Jewell RT 17,925 7,170 0.40
1) Source: Trent, T.W., 1973. Catalog and Inventory of the Lower
Susitna River and central Cook Inlet. A.D.F.&G., Fed. Aid to
Fish Restoration, Ann. Progress Report, F- »14:53-73.
'2) RT -~ Rainbow Trout.
. 1/
Table 60A - Twenty-Mile River eulachon catch and effort, 1972-1974 .
Census Catch
Year Period Angler-Hours Catch Per Hour
1972 5/25-6/4 1,759 15,870 9.02
1973 5/16-6/12 3,514 72,950 20.76
1974 5/16-6/12 2,100 - 630 © 0.3
1) Source: Alaska Dept. of Fish and Game, 1973—1975. Inventory

and cataloging of sport fish and sport fish waters of the lower
Susitna and central Cook Inlet drainages. Alaska Dept. of Fish
and Game Fed. Aid to Fish. Restoration, Ann. Progress Reports.
Vol. 14-16.
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1/

Table 61 . Intensive use stocked lakes in the Anchorage area
A Stocking
Lake Location Species Rate(1975)  Remarks
Beach' Anchorage RT 4,000
Campbell Pt. Anchorage RT 5,000
Delong Anchorage RT 5,100
Jewell Anchorage RT 14,600 Heaviest civilian
use fishery.
Sand Anchorage RT 5,300
Fish Elmendorf AFB RT 2,300
Hilberg .Elmendorf AFB RT 8,100.
0ld Cooling Pond Elmendorf AFB RT 300 Used for kids derby.
Triangle - Elmendorf AFB RT 3,500
Clunie Ft. Richardson .RT 10,000
Dexrby Pond Ft. Richardson RT 600 Used for kids derby.
Gwen Ft. Richardson RT 4,000
Otter Ft. Richardson RT 10,500
Thompson Ft. Richardson’ RT 5,000
Lower Fire Peters Creek RT 6,300
Mirror Eklutna GR 20,000

1) Source: Kubik, S.W., 1976. Catalog and inventory of sport fish and
sport fish waters in the upper Susitna River and central Cook Inlet
drainages. Fed. Aid to Fish Restoration, Ann. Prog. Report.

Study G-1 (in press), vol.l7.
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Table 62 . Palmer area main sport fishing locations (also see
stocked lakes, Table 64 ) 1/.

System Location Species Present Remarks

Moose Cr. GH DV,RT Summer, fall fishery, light use.

17-Mile L. Sutton GR Year-round fishery, excellent
summer fishery.

Chickaloon R. GH S5,DV,RT,GR Summer, fall fishery, light use.

Caribou Cr. GH RT,GR Summer, fall fishery, light use.

Wasila Cr. Palmer §5,PS,DV,RT Summer, fall fishery. Very heavy
§8S fishery limited weekend
openings., Light trout fishery.

Cottonwood Cr. Wasila SS8,RS,PS,DV,RT Summer, fall fishery,  very
heavy S5S fishery, limited
weekend openings, light trout
fishery. :

Wasila L. Wasila RT . Year-round fishery, moderate use.

Fish Cr. Knik . S8,RT,DV,RT Summer, fall fishery, very
heavy SS fishery, limited
weekend openings, light trout
fishery.

Big L. Big L.Rd. SS,RS,DV,AC, Year-round fiéhery, top non-

RT,BB stocked lake fishery in area.

Best DV,AC,BB fishery in winter,
best SS,RT in summer.

Horseshoe L. Big L.Rd. SS,RT Summer, fall fishery.

Barbara L. Big L.Rd. SS,RS,RT,BB Year-round fishery; Excellent
BB fishery in winter.

Little AFH Ks,S85,PS,CS,DV Summer, fall fishery. Lower

Susitna R. RT,GR,WF zreek below bridge heavy salmon
Fishery. Good float trip. Upper
«reek have stunted DV, light
fishery. .

Nancy L. AFH SS,RS,DV,RT,WF,BB ~ ¥ear-round fishery. Heavy use

W ,RT summer, winter BB fishery
good.

continued

1) Source: Alaska Dept., of Fish and Game, 1975. Alaska sport fishing guide.
Sport Fish Division, Juneau, Ak. 96p.

2) GH = Glenn Highway; AFH = Anchorage-Fairbanks Highway

3) Underlined species are most heavily sought.
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Table

System

Location

Species Present

62 (continued) Palmer area main sport fishing locations
(also see stocked lakes, Table 64 ).

Remarks

Red Shirt L.

Lower
Willow Cr.

Upper

Willow Cr.
Deceptioﬁ Cr.
Little
Willow Cr.
Kashwitna Cr.
Caswell Cr.
Sheep Cr.
Goose Cr.
Montana Cr.

Birch Cr.

Chulina Cr.

Prairie Cr.

Troublesome Cr.

Byers L.

Nancy L.Rd.

AFH

Fishhook Rd.

Fishhook Rd.

AFH

AFH

AFH

AFH

AFH

AFH

Talkeetna Rd.

Talkeetna Rd.

AFH

S§,RS,DV,RT, WF, BB

$S,P8,CS,DV,RT, WF
KS,$S,P5,DV,RT, WF,

SS,DV,RT,GR,WF

$8,P5,CS,DV,RT,GR

§8,P8,CS,RT,GR,WF

XS,S8,PS,CS,DV,RT

GR,VF

5S,RS,RT, GR, WF

KS,SS,PS,CS,DV,RT,
GR,WF

Year-round fishery, moderate use.
DV,RT summer, winter BB fishery
good.

Summer, fall fishery. Very heavy
sumner salmon fishery. Moderate
DV,RT,GR fishery early summer.
Light BB fishery, winter.

Summer, fall fishery. Stunted
DV. Light fishery.

July~Aug. fishery, moderate-
heavy for salmon. Light for trout

Summer, fall fishery. Heavy
salmon fishery, light for RT,GR.

Summer, fall fishery. Poor
salmon fishery. Moderate fishery.

Summer, fall fishery. Moderate-
heavy salmon fishery.

Summer, fall fishery. Very
heavy salmon fishery, light
RT,GR fishery.

Heavy use summer, fall fishery.

Very heavy summer salmon fishery,
fall RT, GR fishery.

Poor salmon fishery, summer, fall

RT,CGR fishery.

Spring, summer GR fishery.
Moderate use. Riverboat,
airplane access.

Summer, fall fishery. Excellent
RT fishery. Moderate fly-in
fishery.

Summer, fall fishery salmon, RT,
GR light to moderate use.

Year—-round fishery. Light BB
BB effort in winter, moderate

LT, GR spring, fall efforc.

continued



Table 62

(continued) Palmer area main sport fishing locations

(also see stocked lakes, Table 64 )

System Location Species Present Remarks
“Spink L. near Byers L. RT Summer, fall fly-in fishery.
: Very light to light use.
Excellent fishery.
Lucy L. Eldridge G1. LT,GR Summer fly-in fishery. Very
light to light use.
Coal Cr. Lucy L. 55,PS,CS,RT,GR,WF Summer fishery. Riverboat;
fly-in use.
Indian R. Chulitna §s,PS,RT,GR Summer fishery. Railroad access.
Light fishery.
Portage Cr. Susitna R. KS,SS,RT,GR Summer, fall fishery. Excellent
below Devil's potential, very light use.
Canyon Riverboat or fly-in access.
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Table 63 . Total angler effort estimated for selected Susitna

River tributaries in 1970 and 1972 1/.

2)

3)

Stream 197039ngle§;72§/
Willow Creek 8,612 9,533
Montana Creek 6,179 5,636
Sheep Creek 2,083 2,629
Sunshine Creek 1,482 1,241
Little Willow Creek 1,090 847
Caswell Creek , 1,120 613
Kashwitna River 477 308
VIron Creek 270 -
Goose Creek 169 225
Birch Creek ‘ - - 121
Total 21,482 21,153
1) Sources: Kubik, S.W., 1973. Anadromous fish population studies:

Matanuska Valley and east side tributaries of the Susitna River
and tributaries of the Chulitna River, Alaska Dept. of Fish and
Game, Fed. Aid to Fish Restoration, Ann. Progress Report. Project

F-9-5, Study G-IV, 14:45-59.

Watsjold, D.A., 1971, Creel census studies of the sport fish and
sport fish waters of the Coock Inlet drainage, Alaska Dept. of
Fish and Game, Fed. Aid to Fish Restoration, Ann. Progress Report.
Project F-9-3, Study G-IV, 12:19-29.

Period of coverage: 7/22-8/26.

Period of coverage: 7/20-8/28.
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Table 65 . Winter fishery estimated effort and coho catch from three
Palmer lakes (11/24/68 - 3/31/69) 1/.

Lake Angler-trips Catch Catch/Hour
Finger 1,447 4,810 1.02
Matanuska 158 302 0.78
Reed 210 384 ) 1.10

1) Source: Redick, R.R. 1969, Inventory and cataloging of the sport fish
and sport fish waters in the Cook Inlet drainage. Fed. Aid to Fish
Restoration, Ann. Progress Report, Project F-9-1, 10:243.

Table 66 . Estimated angler expenditures on goods and services for
four Cook Inlet region sport fisheries 1/.

Avg./Cost Avg./Cost Avg./Cost  Total
Fishery Year Period - Angler-Day Angler-Trip Fish Expenditur.
Lower Kenai
king streams 1971 5/26-6/12 $8.12 $22.74 $461.00 $100,050
Russian R.
sockeye 1971 6/1-8/31 6.18 16.76 7.84 105,500
Willow area »
salmon
fisheries 1970 7/20-8/28 3.20 6.30 135,259
Willow area
salmon
fisheries 1972 7/22-8/26 5.97 12.06 255,092

1) Sources: Engle, L.J. and D.C. Nelson, 1972. An economic survey of the
king salmon sport fishery on three lower Kenai Peninsula streams and the
Russian River red salmon fishery, 1971. Unpub. Report, Alaska Dept. of
Fish and Game on file in Anchorage office: 26pp.

Watsjold, 1971. Creel census of sport fish and sport fish waters of the
Cook Inlet drainage. Alaska Dept. of Fish and Game, Fed. Aid to Fish.
Restoration, Ann. Progress Report. Project. F-9-3, study G-IV, 12:19-29.
Kubik, S.W., 1973. Anadromous fish population stmdies: Matanuska Valley
and east side tributaries of the Susitna River amd tributaries of the
Chulitna River. Alaska Dept. of Fish and Game, Fed. Aid to Fish.
Restoration, Ann. Progess Report, Project F-9-5, Study G-II, 14:45-59,
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KODIAK AREA SAIMON FISHERIES

INTRODUCTION

The Kodiak management area includes all waters from the southern
entrance of Imuya Bay near Kilokak Rocks to Cape Douglas, including
Kodiak, Afognak, Trinity and adjacent islands (Figure 4 ). The Kodiak
Island group is formed by the Kodiak Mountains which are a structural,
southwest continuation of the Kenai-Chugach Mountains. The area is
characterized by rugged mountains and an extremely irregular coastline
with many fiords and islands, Streams are short and swift, lakes are
small, and small ponds are widely scattered over the glacially sculptured
topography. The Karluk and Red Rivers, each about 25 miles long, drain
much of southwestern Kodiak Islang. The Karluk River, including Karluk
Lake, and Dog Salmon River, including Frézer Lake, are among the most
important river systems.

The Kodiak area is divided into niﬁe salmon management districts

which are: the Alitak, Red River, Sturgeon River, Karluk, Uyak Bay,

Uganik Bay, Afognak, General and Mainland districts (Figure 4 ).

COMMERCIAL FISHERIES

Description

Commercial salmon fishing in the Kodiak area dates back to the late
1800's although catch figures are only available since 1893 (Table 68).
The first cannery was built in 1882 at Karluk and shortly thereafter the
salmon fishery extended to the Red River district and Moser-0Olga Bays in
the Alitak district. Sockeye salmon were the principle species harvested
for the first 30 years. Few king, coho and pink salmon were taken prior

to 1912, When sockeye salmon catches began to decline as stocks
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were depleted,‘effort was shifted to other species. Since 1924, pink
salmon have dominated the commercial saimon catch. In recent years chum
salmon have been second followed by sockeye salmon.

There are more than 30 sockeye salmon systems in the Kodiak area,
but only three of these, the Karluk, Red River and Upper Station systems,
are today considered to be of major economic .importance. Sockeye salmon
were introduced into the Frazer Lake system in 1951 and presently the
run is building at a rapid rate. The Akalura Lake system was historically
an important sockeye producer but stocks declined drastically in the
mid-1900's. The. 1974 sockeye escapement, however, was over 35,000 fish
‘ and is the largest since 1948.

There are approximately 240 streams in the Kodiak area that produce
pink sélmon. However, 607 to 857 of the total pink salmon escapement is
usually confained in 31 of the major river systems. The major pink
salmon producers are listed in Table 83 which gives the pink salmon
escapements for the index streams in Kodiak.

- In recent years, chum salmon have become an important commercial
species in the Kodiak area. Chum salmon ére taken incidental to the
pink and sockeye fisheries, but during late summer,>chums are the main
species harvested, particularly on the north mainland and on the eastside
of Kodiak Island.

Coho salmon catches are incidental to other species. Catches have
fluctuated with the level of effort for other species, especially effort
directed at fall runs of sockeye and chum salmon. Many Kodiak streams
have runs of cohos, but the bulk of the fish arrive fairly late and
little directed effort exists. Coho salmon stocks are considered to be

in good condition and generally under-utilized.
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Very few.king salmon are harvested in the Kodiak area and those
caught are all incidental to ofher fisheries. The Karluk and Red Rivers
have the only natural kihg salmon runs. Kings have been recently intro-
duced into the Dog Salmon River-Frazer Lake complex and appear to be
established.

The average annual salmon harvest in the Kodiak area from 1960-1974
is approximately 7.9 million fish which represents 17% of the total
statewide salmon harvest for the same period. Since 1960, pink salmon
have comprised 84% of the total Kodiak area commercial salmon catch,
followed by chum (9%) and sockeye (67).

There are approximately 10 1argé processors invor near the city of
Kodiak. 1In addition, there are processors located at Uganik Bay, Uyak
Bay, Alitak, Port Williams, Port Wakefield, Larsen Bay, Port Bailey and
Moser Bay. ‘Most salmon are canned, however, some are frozen, smoke-—

curad or sold fresh.

Timing

Sockeye salmon are the first species available to the commercial
fishery. When available in sufficient nunbers, a fishery iﬂ June occurs
in the Red River district. Sockeye salmon bound for the Chignik River
system are harvested in June from the capes near the southern boundary
of the Mainland district along the Alaska Peninsula. Sockeye salmon
remain in the fishery throughout the summer and are taken incidental to
the pink salmon fishery. Sockeye salmon continue to enter some systems
as late as October, particularly in the Karluk River and in the Upper
Station system.

Pink salmon are usually available to the fiéﬁery in early July.

These early runs are generally harvested from the Capes and consist
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primarily of migrating fish bound for the bays of adjacent districts. As
the season progresses, bay fisheries develop. The pink salmon fishery
normally peaks from the last wéek of July through the first week of
August, although variations from this pattern occur.

Chum and coho salmon are primarily harvested by purse seines after
the pink fishery, or taken incidentally during the pink fishery., The
few king salmon harvested are taken primarily from the westside pink

salmon fisheries.

Effort

Salmon may be taken by purse seines, hand purse seines and beach
seines in all districts of the Kodiakbarea except Olga and Moser Bays,
where only set gill nets are permitted. Set gill nets are permitted in
those bays and a few other locations on the westside of the island. The
distinction between pu;se seines and hand purse seines is not clear,
sometimes only a few rings are used on aAmodified purse seine., The
fishing regulations and licenses make no distinction between the two.
Purse seines account for the majority of the salmon catch in the Kodiak
area‘and have averaged 232 licensed nets_annually since statehood (1960-

1974). Beach seines have averaged 27 licensed nets annually for the

same period, while set nets have averaged 181 licemnsed nets.

' Economic Values

The 15-year (1960-1974) average annual value to the fishermen of
‘the Kodiak salmon fisheries is approximately 4.6 million dollars (Table 79).
However, this average annual value is not truly representative of the
fisheries economic value at today's prices. Figuring the 15-year

average annual salmon harvest at 1974 prices, the average annual value
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to the fishermen is approximately 14 million dollars.

ESCAPEMENT AND SPAWNING

Introduction

The Department operates counting weirs on the major sockeye salmon
systems in the Kodiak area. The Commercial Fisheries Division operates
weirs at Karluk, Red River and Upper Station while weirs at Frazer Lake
and Akalura Lake are run by the Division of Fisheries Rehabilitation and
Enhancement (FRED). Sockeye escapement counts on these systems represent
total numbers of spawning sockeye salmon. Escapements of king salmon
into the three Kodiak systems, Karluk, Red River and Frazer Lake, are
monitored by aerial surveys and weir céunts. Coho salmon escapements
are not closely monitored due to tpeir late appearance, and the difficulty

in surveying these systems. Escapement counts of pink and chum salmon

=

- are made by aerial and grpimd surveys. These counts represent indices

of spawner magnitude and are not total eécapement numbers.

Very few king salmon are produced in the Kodiak area. The Karluk
and Red River have the only natural king salmon runs with recent five-
year average escapements of 2,500 and 1,300, respectively. Kings have
been recently introduced into the Dog Salmon River-Frazer Lake complex

and appear to be established. Table 80 presents estimated king salmon

escapment for the Karluk and Red Rivers.

Many Kodiak streams have runs of coho salmon, but due to the lateness

of the runs escapement figures are incomplete. Coho salmon stocks are

considered to be in good condition and generally under—utilized. Estimated

coho escapements on a few selected streams are presented in Table 81 .
Very little escapement information for chum salmon in the Kodiak

area is available. Many of the early and mid-season runs of chum salmon
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are difficult to manage because pink and sockeye fisheries are also
harvesting chums. The fisheries on the early run of chum at Sturgeon
River and the late runs on the north mainland and thle eastside of the
Island are managed with the aid of aerial surveys. Chum salmon utilize
many of the same streams as pink salmon for spawning.

Sockeye salmon stocks in the Kodiak area have declined drastically
from earlier years. The present strategy used in managing the sockeye
salmon fishery is to try to gradually build the escapement levels in the
major systems such as Karluk, Red River and Upper Station. Some supplemental
production from spawning channels, incubation devices and hatcheries,
including adult transplants, will be.required to bring all former Kodiak
producers of sockeye salmon back up to earlier production levels. Table 82
presents the estimated sockeye salmon escapement for the major systems
in the Kodiak area. -

Pink salmon pre~emergent fry data has been collected from the
Kodiak area since 1963. The data is used to estimate pink salmon
returns with varying degrees of success. The method does not take ocean
morfality into account, but forecasts based on fry abundance do help
identify strong and weak portions of the expected returns. .Table 83
presents the peak escapement counts of pink salmon for the Kodiak area
since 1960. From 1934 to 1959 the odd-year cycle dominated the fishery.
In 1960 the even-year cycle began to improve and the odd-year cycle
declined slowly. Presently the majority of pink salmon runs in the
Kodiak area are characterized by an even-year cycle of abundance. The
1971 and 1972 low pink salmon returns are believed to have resulted from
the extreme streambed scouring and high stream temperatures in the late
summer. and early fall of 1969 and the severe winter of 1970-1971 and low

estuarine temperatures.
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Habitat, Migration and Timing

Salmon spawning and rearing habitaf in the Kodiak area is essentially
the same as outlined in the generalized life histories (Appendix).
Several minor sockeye salmon runs are produced in systems without lakes
and rear in side sloughs, spring-fed areas, or deep holes. Many coho
salmon runs are also found rearing in the same habitat. In the Kodiak
area, pink salmon exhibit a dominant even-year cycle. As mentioned
earlier, 607 to 85% of the total pink salmon escapement is usually
contained in- 31 of the major systems which comprise the Kodiak area's
index streams. These major streams are cyclic with large runs occurring
during even years. Odd-year production is greatly reduced. A major
portion of the pink salmon stocks in the Kodiak area, and to a lesser
extent éhum salmon stocks, utilize intertidal areas for spawning.

Timing of salmon spawning in the Kodiak area differs by species,
systems, and season, Generalized timing information is presented by

species for the entire Kodiak area in Table 84.

Escapement Goals

Optimum escapement figures are not defined for each pink salmon
system, but desired escapement levels for many major producers have been
determined. Properly distributed, the desired pink salmon escapement
goal for the entire Kodiak area is 2,5-3 million fish during even years
and 0.8-1.3 million fish during odd years.

Desired escapement goals for sockeye salmon are not as clearly
defined. Escapement goals have been forumlated for sockeye salmon runs
on the Karluk, Upper Station, Red and Frazer Rivers. However, these
escapement goals are based on the available spawning ground, rearing

potential and historic production. Presently sockeye production is at a
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very low levél. Although these runs are inc;easing, the following
escapement goals may be revised according to future responses of the
~ Tunms. Desired sockeye escapement goals for future production are:
. 800,000-1,000,000 for the Karluk River, 180,000 for Upper Station,
200,000 for Red River, and 385,000 for the Frazer River.

Escapement goals for king, coho and chum salmon have not been
defined., These fisheries are managed by éomparison of past catch and

escapement information.

STATUS RELATED TO MAXIMUM SUSTAINED YIELD

Current stock assessment and escapement information is not adequate
to estimate maximum sustained yields (MSY) for the Kodiak area's fisheries,
However, average commercial harvests by species for the entire area is
presented below, Comparisons of catches from past years indicate
possible estimates for maximum sustained yields of the Kodiak fisheries.
Very few king salmon are harvested in the Kodiak area and those caught
are taken incidentally to other fisheries. No estimates of MSY have
been formulated.

There are no estimates of MSY for sockeye stocks in the Kodiak
area. The average annual sockeye harvest since 1934 is approximately
905,000, compared to the last 1l0-year average annual harvest of 484,000
fish., A better indication of sockeyé salmon potential might be the
comparison of.the 12-year average catch from 1934 to 1945 of 1,826,000
fish with the average catch since 1945 of 549,000 fish. Comparison of
catches from past years indicate that present production in all systems
is far below the MSY.

Coho salmon stocks in the Kodiak area are cbnsidered to be in good

condition and generally under—utilized. It is suspected that coho runs
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could sustain catches from 100,000-200,000 fish annually.

The pink salmon fishery in the Kodiak area is very cyclic. Pink
salmon harvests since 1934 have.varied from a low of 188,000 in 1967 to
a high of 14,114,000 fish in 1962. The average annual harvest from
1934-1974 of 7,081,000 fish is probably close to an estimated MSY for
pink salmon in the Kodiak area.

Chum salmon have become an important commercial species in the
Kodiak area. The average annual chum salmon harvest from 1935-1974 of

660,000 fish probably comes fairly close to the MSY level.

MANAGEMENT AND RESEARCH

Management problems in the Kodiak-area center around segregation of
stocks in the fishery and the depressed state of the sockeye salmon
runs.

Some form of nonré;ulatory rehabilitation will be required to
rebuild the Karluk sockeye salmon run to.former levels. Frazer Lake was
originally opene& to sockeye runs through use of a fishway in 1963 and
a subsequent program of fry and adult stocking was undertaken to establish
a sockeye run. This system is now building on its own and annual es-
capements are increasing. It is desirable to afford this stock continued
protection through at least one more cycle until it has increased to the
spawning and rearing capacity of the system.

Statewide programs to develop new methods of stock identification
will have particular application to the problems of rebuilding and
ﬁaintaining Kodiak sockeye salmon stocks. These techniques will also
allow more precise management of individual pink and chum salmon stocks.

- Optimum escapement estimates for major pink and chum systems will be

improved through analysis of new and existing data, expanded escapement

165



coverage, and ﬁork within the systems on spawning capacity and measures
of annual variability din survivtal conditions. Pink salmon run strength
assessment will be improved through the application of marine survival
estimation techniques to upgrade pre-season forecasts. This, coupled
with stock identification, would give the manager the tools to increase
or decrease fishing pressure by stock in response to annual fluctuations

in stock abundance and spawning requirements.

166



Table 68 Commercial salmon catch, Kodiak area, by year, in numbers
of fish, 1893-1974 1/.

Year Total King Soékeye Cohogj Pink Chum
1893 3,244,609 -~ 3,244,609 - - -
1894 3,830,336 - 3,830,336 - -_ -
1895 2,255,287 - 2,246,966 8,321 - -
1896 3,328,846 - 3,328,846 - - -
1897 2,787,015 - 2,785,515 1,500 ~— -
1898 2,052,269 - 2,033,094 19,175 - -
1899 .1,968,350 1,104 1,934,771 32,475 - -
1900 3,487,557 4,838 3,450;480 32,239 - -
1901 4,831,012 3,838 4,826,159 - 2,015 -
1902 3,906,005 2,932 3,868,101 34,972 — —
1903 1,956,891 1,187 1,826,163 119,541 10,000 -
1904 2,986,624 3,190 2,875,118 103,136 5,180 -
1905 2,231,776 2,496 2,142,367 86,913 - -
1906 4,007,840 3,640~ 3,980,462 23,738 - -
1907 4,274,528 4,105 4,232,454 38,059 - -
1908 2,851,039_ 3,208 2,487,848 73,789 28&,374 ——
1909 2,124,232 3,907 1,915,230 51,500 153,595 -
1910 2,215,988 1,598 1,954,717 44,291 215,382 -
1911 2,944,551 689 2,685,949 21,870 229,551 6,492
1912 2,836,403 686 2,246,467 17,491 547,171 24,588
1913 2,285,740 1,082 1,663,163 27,634 590,039 3,822
1914 3,028,341 1,329 1,255,444 32,063 1,726,411 13,094
1915 1,989,588 939 - 1,664,426 51{819, 252,073 20,331
continued
1) Source - INPFC, Historical Catch Statistics for Salmon of the

North Pacific Ocean. 2nd Draft, July, 1974 and A.D.F.&G.,

2)

Statewide Catch Statistics, Final IBM run.
For 1893-97, catch figures ineﬁgﬁy a mixture of coho and pink salmon.



Table 68 (continued) Commercial salmon catch, Kodiak area, by year,

in numbers of fish, 1893-1974.
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- Year Total King Sockeye Coho Pink Chum
1916 6,634,628 1,038 3,373,055 49,683 3,181,890 28,962
1917 3,919,152 1,457 3,645,914 30,485 225,335 15,961
1918 4,523,680 2,021 1,894,466 78,169 2,467,325 81,699
1919 2,067,982 1,831 1,619,101 104,233 282,715 60,102
1920 4,080,839 1,637 1,957,636 88,970 1,977,421 55,175
1921 2,966,813 660 2,857,922 45,764 67,688 24,779
1922 4,208,013 703 .1,097,359 119,724 2,766,257 223,970
1923 2,136,749 1,915 1,090,117 77,554 925,510 38,653
1924 7,082,187 1,002 1,407,525 120,686 5,435,091 117,883
1925 4,674,095 1,911 1,693,057 92,960 2,673,675 212,492
1926 8,121,837 596 3,015,366 174,475 4,606,694 324,706
1927 7,026,369 4,358 1,155,202 151,548 5,297,305 417,956
1928 4,146,987 2,546 1,592,003 290,645 1,535,313 726,480
1929 8,025,616 3,200 712,126 144,226 6,108,402 1,057,662
1930 2,770,609 4,991 466,409 288,800 1,651,398 419,011
1931 8,378,333 1,541 1,183,074 170,075 6,839,906 183,737
1932 6,069,473 1,873 1,058,446 >52,192 4,719,939 237,023
1933 8,631,536 1,140 1,428,373 91,428 6,573,660 536,935
1934 10,223,073 1,300 1,828,953 89,588 7,641,891 661,341
1935 12,854,126 1,393 1,613,519 76,849 10,780,612 381,753
1936 8,819,590 2,548 2,657,195 183,903 5,647,726 328,218
1937 19,180,851 1,257 1,881,304 164,902 16,787,150 346,238
1938 11,160,234 1,232 1,965,943 154,959 8,397,981 640,119
1939 14,283,799 2,272 1,786,445 132,171 11,741,218 641,693
1940 12,138,646 1,233 1,318,233 148,016 9,997,899 673,265

continued



Table 68 .(continued) Commercial salmon catch, Kodlak area, by year,

in numbers of fish, 1893-1974.
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Year Total King Sockeye Coho Pink Chum

1941 9,978,339 2,571 1,730,201 199,515 7,601,531 444,521
1942 8,047,173 1,329 1,281,529 106,865 6,092,526 564,924
1943 14,985,164 1,133 1,990,557 59,661 12,479,608 454,205
1944 7,332,275 668 1,817,875 51,675 4,955,354 50§,703
1945 11,707,109 2,021 2,041,090 60,122 9,044,544 559,332
1946 10,739,774 129 838,863 56,425 9,545,871 298,486
1947 10,220,907 99 993,394 76,230 8,856,666 294,518
1948 7,593,512 1,401 1,260,465 32,364 | 5,968,487 330,795
1949 6,574,251 851 892,336 53,737 4,927,779 699,548
1950 6,953,475 2,127 920,885 40,653 5,304,701 685,109
1951 3,102,503 2,402 467,875 48,792 2,100,377 483,057
1952 6,476,278 1,081 603,677 51,567 4,576,726 1,243,227
1953 6,084,041 2,991 317,150 41,681 5,174,645 547,574
1954 - 10,082,593 942 325,157 66,430 8,439,231 1,250,833
1955 11,478,081 2,428 164,482 34,582 10,794,164 482,425
1956 4,349,104 1,123 271,249 52,844 ‘3,318,841 .705,047
1957 6,195,232 1,030 234,253 34,995 4,716,482 1,208,472
1958 5,280,147 1,542 288,014 20,555 4,038,938 930,698
1959 3,047,278 1,837 .330,087 14,512 1,967,058 733,784
1960 8,456,274 1,238 362,525 54,308 6,737,817 1,300,386
1961 4,882,380 864 407,979 28,579 3,926,023 518,935
1962 15,748,920 1,095 784,664 54,583 14,113,851 '794,727
1963 6,249,556 286 407,040 57,011 5,480,158 305,061
1964 13,713,833 1,306 498,488 | 35,535 12,044,341 1,134,163
1965 | 3,691,866 786 346,237 26,672 2,886,831 431,340

continued



Table 68 (continued) Commercial salmon catch, Kodiak area, by year,

in numbers of fish, 1893-1974.

Year Total King Sockeye Coho Pink Chum

1966 12,218,293 599 631,646 67,700 10,755,582 762,766
1967 735,357 1,753 308,756 10,354 187,813 226,681
1968 10,337,508 1,936 760,393 - 56,629 8,768,122 750,428
1969 13,678,465 2,469 591,481 48,759 12,500,823 534,933
1970 13,941,130 1,089 917,047 66,424 12,036,598 919,972
1971 6,378,179 920 478,479 22,844 4,334,492 1,541,444
1972 3,883,197 1,300 222,800 16,588 2,478,737 1,163,772
1973 1,001,343 800 167,341 3;573 511,708 317,921
1974 3,329,475 545 418,761 13,631 2,647,244 249,294
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Table 78 Summary of vessel license registration, Kodiak area,
1960-1974 EJ.

Vessel Licenses

Year Resident Non-resident Total
1960 404 216 620
1961 . 441 341 782
1962 565 257 822
1963 360 196 556
1964 524 195 719
1965 518 198 716
1966 600 .240 840
1967 581 182 763
1968 626 182 808
1969 654 183 | 837
1970 475 174 649
1971 1,024 343 1,367
1972 - 464 166 GBQ
1973 465 146 611
1974 451 124 575

1) Source - A.D.F.&G., Kodiak Annual Management Reports
and unpublished file data, Limited Entry Commission.
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Table 79 Value of commercial salmon catch to the fishermen,
Kodiak area, in dollars, 1960-1974 1/.

3,007,827

Value to the Fishermenzj
Year King Sockeye Coho Pink Chum Total
1960 3,251 342,273 45,539 2,807,615 595,041 3,793,719
1961 2,359 385,541 24,006 1,727,459 295,793 2,435,158
1962 3,011 761,124 6,976 6,422,704 476,830 | 7,670,645
1963 798 394,829 49,030 2,411,270 183,037 3,038,964
1964 3,644 483,533 30,560 4,215,519 680,498 5,413,754
1965 2,193 363,549 22;938 1,096,996 258,804 1,744,480
1966 2,139 894:416 77,765 5,343,158 583,325 6,900,803
1967 6,813 418,672 13,510 92,635 174,643 706,273
1968 5,728 1,076,712 67,103 5,786,074 645,365 V 5,580,982
1969 6,527 780,754 50,025> 6,150,403 .333,794. 7,321,503
1970 2,982 1,677,213 125,982 5,371,343 697,690 7,865,210
1971 2,626 829,206 27,975 2,612,180 1,500,962 4,972,949
1972 3,669 427,220 25,444 1,710,154 1,742,452 3,908,939
1973 5,326 610,231 5,055 591,078 | 882,046 2,093,736
< 1974 3,794 1,151,702 29,249 615,748 4,808,320

1) Source - A.D.F.&G., Kodiak Annual Managehent Reports.,

2) Based on the average weight/fish times the average price/lb.
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Tabl

e 80 . Estimated king salmon escapement, Kodiak area, Karluk and
Red Rivers, by year, in numbers of fish, 1965-1974 1/.

2/ | 3/
Year Karluk River Red River
1965 978
1966 8,000
1967 1,500
1968 700
1969 1,750
1970
1971 4,500
1972 3,000, 851
1973 _3,000-4,000 1,261
1974 1,000 1,644
1) Source - A.D.F.&G., 1966-1975. Inventory and cataioging of gport

2)

3)

fish and sport fish waters. Federal Aid in Fish Restoration, Annual
Progesss Reports, Vol.7-16.

Karluk River king salmon escapement estimates are approximations
based on post-spawning surveys, harvest trends and personal
observations of the fisheries by area biologists.

Red River king salmon escapement estimates represent weilr counts.
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Table 82 Estimated sockeye salmon escapement, Kodiak area, by year,

in numbers of fish, 1960-1974 1/ 2/.

Year Red River Karluk River Upper Station Lake Frazer Lake Akalura Lakeé/
1960 34,546 348,693 45,193 440

1961 205,493 295,801 73,884 273

1962 278,954 561,740 39,531 1,290

1963 63,563 397,020 . 30,270 2,357

1964 36,342 484,075 37,249 8,166

1965 72,356 347,486 22,603 5,074

1966 66,057 455,112 44,931 11,728

1967 227,089 372,464 . 88,980 14,500

1968 212,794 342,940 . 40,531 16,708 442§j
1969 71,097 318,860 95,0062/ 13,976 3602/
1970 28,395 313,552 53,0012/ 24,081 - 3,563
1971 109,199 142,265 104,809 l55,366 _ 3,618
1972 113,733 210,087 96,577 65,777 8,491
1973 119,993 237,464 87,633 .56,255 . 5,769
1974 181,630 333,086 286,665 82,609 " 35,908

1) Source - A.D.F.&G., Kodiak Stock Status Report (unpublished) and
Annual Management Reports.

2) Data obtained from weir counts.

"3) Weir count plus estimated escapement before and after weir operated
during weir washouts.

4) Akalura weir not operated between 1958-1968.

5) Weir removed before September-October portion of run.
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1/

Table 84 . General salmon run timing information, Kodiak area .
Present Present Peak of
Species Bays and Estuaries Freshwater Spawning
King Salmon Mar, 15-July 1 June 15-Sept. 1 Aug. 10-Sept., 1

Sockeye Salmon
Coho Salmon
Pink Salmon

Chum Salmon

May 1-Sept. 15
July 1-Oct. 1

June 1-Sept. 1

June 15-Sept. 1

May 15-Nov. 15
Aug. 15-Dec., 15
June 15-Oct., 1

Aug. 15-Oct. 1

Aug. 1-Oct. 1
Oct. 15-Nov. 15
Aug. 1-Sept. 15

Aug. lS—Oct. 1

1) Source - A.D.F.&G., Kodiak area staff, personal communication, 1976.
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KODIAK AREA HERRING FISHERIES

COMMERCIAL FISHERIES

The first recorded commercial harvest of herring occurred in the
Kodiak area during the 1912 season., A sustained annual herring harvest
commenced in 1916 and developed to a large scale fishery by the early
1930's which continued through the 1950's. During the early years of
the fishery, small herring operations were prevalent for salting and
halibut bait. As the fishery expanded, large herring reduction plants
developed. During the height of the fishery (1930's, 1040's), herring
were utilized for meal, oil, pickling, dry salted and halibut baif.
Market conditions for meal and oil became nonprofitable and no herring
were #rocessed between 1960 and 1963.

The average comﬁercial herring harvest in the Kodiak area from 1916
to 1933 was 1,860 tons annually while the average annual harvést from
1934-1950 was 40,000 tons. The peak harvest occurred in 1934 when
120,797 tons of herring were harvested (Table 85 }.

During the years of intensive herriﬁg fishery? 1934-1950, large
seine vessels were utilized along with limited use of gillﬁets and
herring pounds. Herring fishing effort was spread throughout the entire
Kodiak area. As the herring fishery declined in the late 1950's, many
of the large seine vessels were converted to crab boats as the king crab
fishery developed.

The Kodiak herring fishery remained idle from 1960-1963. The
advent of the Japanese market for herring sac roe, combined with the
meal by-product, sparked new interest and a limited fishery began in
1964. Presently the herring fishery in Kodisk is ﬁirected at sac roe,

with one plant processing the carcasses for meal znd oil and others for
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crab and halibut bait. The average annual herring harvest from 1964~
1974 is 1,034 tons with a peak ﬁarvest in 1966 of 2,769 tons (Table 85).

Herring harvest for sac roe depends on the availability of herring
in pre-spawn condition for roe removal. During the past five years
herring have not been available in sufficient numbers in pre-spawn
condition, so only a limited amount of the herring harvest has been
processed for sac roe. The herring sac roe fishery normally occurs from
May through early June prior to the spawning period. From July through
August herring are taken for bait and reduction purposes. The Zachar
Bay reduction plant in Kodiak has been processing a lesser amount of
herring for meal over the past few years. At present, the meal operatibn
seems to be a break-even business.

Since 1964, herring fishing effort has been concentrated on the
west side of Kodiak Island, primarily in iachar and Uyak Bays. Refer to
Table 86 for the breakdown by geographical area of the Kodiak commercial
herring harvest from 1964-1974. Herring fecently harvested in the Kodiak
area have mostly been taken by small salmon seine vessels. The use of
pounds to trap and hold herring until the roe has been removed has also
been utilized by small independent operators. Comparative effort data by
year for the Kodiak herring fishery is incomplete. However, the number
of purse seine vessels participating in the herring fishery was 5 in'
1967, 21 vessels in 1969 and 11 vessels in 1973.

The annual value to the fishermen of the Kodiak herring fishery has
fluctuated markedly since the inception of the sac roe fishery in 1964.
fluctuations in the value resulted from: different catch levels, market
conditions which influence prices paid to the fishermen, and the quality
" of the herring for sac roe. The 1974 Kodiak herring harvest was worth

approximately $169,600 to the fishermen.
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DISTRIBUTION AND LIFE HISTORY

The offshore marine existence and the migratory habits of herring
in the Kodiak area have not been documented, consequently this portion
of herring life history is poorly understood. Currently, research
conducted on herring in the area is carried out during the summer months
when herring are distributed inshore. The degree of separation or
intermingling of herring stocks within the area is not known.

Aerial surveys are conducted annually to establish areas of spawning
and spawning intensity. Surveys have had limited success since herring
spawning in the Kodiak area occurs over a very wide period of time as
well as physical area, thus making it difficult to cover the right area
at the right time. Herring spawning behavior in the Kodiak area has
been erratic for the past five years. Large goncentrations of prespawn
herring have been unavailable to the sac roe fishery, however, high
numbers of herring have been observed throughout the Kodiak area after
the spawning period. Areas of herring spawning.as well as timing of
spawning>has varied greatly during recent years.

The Kodiak herring map included in the map portion of this report
outlines areas in which herring spawning and feeding have been observed.
In the Kodiak area, herring do not always utilize the same spawning
areas each year. Also, the amount of deep water spawning occurring in
the area is not known. Therefore, it should be noted that the spawning
areas outlined on the map are not all inclusive and that these spawning
areas may not be consistent from year to year.

Large concentrations of spawning herring have been observed on the
westside of Kodiak Island throughout Uyak, Uganik, and Viekoda Bays.
Spawning herring have also been observed on the eastside in Port Hobrom

and on the mainland in Kukak Bay.
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Herring spawning in the Kodiak area generally occurs from May
through mid-June, however, the éeak of spawning varies greatly from year
to year and between geographical areas. Water temperatures appear to
play an important role in the timing of herring spawning. Generally
water temperatures of 39°-40°F. are considered minimum. However, tempera-
ture requirements for herring spawning in the Kodiak area may be more

dependent on degree days rather than absolute temperatures.

MANAGEMENT AND RESEARCH

Preéent herring management activities in the Kodiak area include
‘biological sampling from the fishery as well as 1imitéd gillnet saﬁpling
from known spawning areas. The sampling program began on a limited
basis in Zachar Bay in 1967 and now includes most areas where commercial
herring fishing occurs. Data is collected on age, length, weight, and
roe weight and condition. Water temperature is also taken. Age composi-
tion of herring stocks has been utilized as a method to interpret the
general condition of the stécks. A stable distribution of age classes
indicates a relatively stable population dynamics.,

The Kodiak herring fishery is monitored with the aid of the vessel
the M/V Smolt as well as through aerial surveys and processor and
fishermen contacts.

There is no closed season for herring fishing in the Kodiak area,
however, present regulations state that from March 1 through June 30 the
commercial herring season will be closed when 3,400 tons of herring have
been taken. Present herring regulations restrict the commercial herring
fishery in bays closed to salmon fishing from June 1 through October 31.
Permits are required for use of enclosures for retaining live herring

and for the taking of herring spawn.
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Table 85 Commercial herring catch, Kodiak area, by year, in tomns
- of fish, 1912-1974. 1)

Year Catch in tons Year Catch in tons
1912 20.0 1935 . No data
1913 No harvest 1936 24,748.0
1914 No harvest ' 1937 27,659.3
1915 No harvest 1938 24,522.0
1916 70.0 1939 " 38,600.5
1917 137.9 1940 22,677.0
1918 118.4 1941 40,083.5
1919 259.7 1942 16,791.0
1920 45.9 1943 35,352.0
1921 7 944.9 ] 1944 26,835.0
1922 1,482.6 1945. 31,114.0
1923 321.5 1946 47,505.9
1924  4,823.0 1947 50,743.0
1925 9,997.0 . 1948 . 46,428.0
1926 2,680.9 1949 No harvest
1927 2,592.9 1950 44,132.5
1928 625.0 1951 4,299.0
1929 No data 1952 : 1,389.0
1930 622.0 1953 725.0
1931 1,000.0 1954 No harvest
1932 3,594.0 1955 No harvest
1933 2,312.5 1956 13,524.0
1934 120,797.0 1957 ‘ 21,818.5
continued

1) Source - A.D.F.&G., 1974 Kodiak Annual Management Report,

200



Tabie 85 ‘(continued) Commercial herring_gatch, Kodiak area, by year,
in tons of fish, 1912-1974.

Year Catch in tomns Year Catch in tons
1958 1,711.0 1967 1,662.4
1959 3,831.0 1968 2,000.6
1960 No harvest 1969 1,130.0
1961 No harvest 1970 341.6
1962 No harvest 1971 : 284.3
1963 No harvest 1972 | 215.0
1964 : 567.8 1973 867.4
1965 657.2 1974 877.9
1966 2,769.3
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KODIAK ARFA HALIBUT FISHERIES

INTRODUCTION

The Kodiak Island halibut fishery is unique in comparison to all
other developed fisheries in the area. Management and research con-
cerning this fishery is in the hands of the International Pacific
Halibut Commission (IPHC), based in Seattle, Washington. As implied by
the name of the managing agency, this is an international fishery with
Canadian and American fishermen operating simultaneously on the same
fishing grounds.  Kodiak Island waters are included in the IPHC management

area 3A which extends from Cape Spencer to Kupreanoff Point (Figure‘S ).

COMMERCIAL FISHERIES

The commercial halibut fishery around Kodiak Island began in the
early 1900's as Seattle based vessels expanded efforts in search of un-
tapped stocks. The eastside of Kodiak Island, particularly on Portlock
Banks and around Chirikof Island, proved to be extremely productive
areas. The development of the halibut fishéry in terms of pounds landed
for catch area 3A can be seen in Table 87. |

The halibut fishery comsists of two segments. The majority of the
commercial catch comes from larger vessels capable of fishing far offshore
grounds. Along with the offshore fishery, a substéntial small boat
fishery works inshore areas. These smaller vessels typically fish
halibut as a supplement to salmon.

Historically, the halibut fishery has consisted of schooner type
vessles roughly 80 feet in length. Most of these vessels were comissioned

in the €arly 1900's and originally powered by a combination of motor
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power énd sails. All vessels still operating'have been updated to
utilize diesel engines and incorporate the latest electronic equipment.
Few new vessels have been entered into the fishery.

Halibut are fished by means of a setline type gear referred to as a
"skate." Larger vessels carry ice to preserve caught halibut in their
holds. Trips vary in length but large vessles commonly fish over 20
days before delivery loads of up to 65,000.pounds of fish. Smaller
vessels usually deliver on a day by day basis although some are capable
of icing down their catch and therefore making longer trips.

All other means of harvesting halibut are illegal. In addition,
all halibut takeﬁ incidentally in any other fishery must be returned
unharmed to the water.

The current halibut regulations provide for a season opening May 1
and closing by emergency order dependent upon catch but not later than
September 6.

The spring 1976 price of $1.29 per pound makes halibut the most
valuable fish product ﬁer pound in the Kodiak area. It is impossible to
determine exactly the economic value of halibut to Kodiak because landing

of Kodiak halibut may take place as far away as Seattle.

DISTRIBUTION

Data collected by IPHC, NMFS an& ADF&G fairly well define the
distribution of halibut on the Kodiak shelf. Major stocks lie east and
south of Kodiak with particular population densities near PortlockBanks
and off Chirikof Island. IPHC has designated the 150 to 200 fathom area

east of Chirikof Island as an important spawning area.
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LIFE HISTORY

Halibut life history is described in the generalized life history
found in the Appendix. Information specific to the Kodiak area is

largely unavailable.

MANAGEMENT

The halibut fishery of the entire Pacific Ocean has been managed
jointly by Canada and the United States during the past forty years
under the International Pacific Halibut Commission. The sole objective
has been to provide a sustained maximum yield.

Major problems involved with the management of halibut stocks come
from the incidental catch and subsequent mortality subjected to halibut

by other fisheries. Halibut are commonly caught in both shrimp trawls

and crab pots. No clear solution to this problem is available at this

© time.

RESEARCH

The IPHC undertakes annual trawl surveys in the Gulf of Alaska.
Most waters east of Kodiak receive some sample effort. Data’from this
work is used to assess stock size and recruitment. Halibut catch quotas

are developed using this data.
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Table 87 Commercial halibut catch in the Gulf of Alaska,
Halibut Commission area 3A, in pounds, 1960-1974 1/.

Year Catch in Pounds (lef)
1960 30.0 |
1961 33.9

1962 34.6

1963 32,9

1964 33.1

1965 33.7

1966 34.4

1967 -~ 30.9

1968 27.1

1969 | . - 30.3

1970 } 30.3

1971 - 26.1

. 2/

1972 7 25.9

1973 17.3

1974 - 9.6
Average 28.7

" 1) Source - International Pacific Halibut Commission Annual Reports.
2) Catch reported as a total for both area 3A and 3B. Area 3B
production is small, generally less than 127 of the total area 3A catch.
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KODIAK AREA GROUNDFISH FISHERIES

INTRODUCTION

Kodiak groundfish stocks must be discussed in a totally different
context than other contemporary fisheries for three réasons: 1) groundfish
are a major resource inhabiting the continental shelf of the United
States that are exploited almost entirely by foreign fishing fleets, 2)
although grouped under the catch-all term '"groundfish," this is actually
a multi-species fishery including pollock, Pacific cod, lingcod, blackcod;
Pacific Ocean perch, assorted rockfish, sculpins and all flatfish excluding
halibut, and 3) comprehensive research describing the range and abundance

exclusively for these species has not been carried out.

COMMERCIAL FISHERIES

The majority of all commercial fishing activity for groundfish
stocks along the Kodiak shelf is carried out by Japanese and Russian
fleets. These foreign fishing fleets initially entered the area in the
early 1960's. Effort has increased steadily since th;t time with vessels
operating both singularly and in groups including factory ships. Specific
data involving foreign fishing activity is beyond the scope of this
report. The remainder of this discussion will be concerned with domestic
activity and species profiles. '

Groundfish stocks in the Kodiak management area support a minor
domestic fishery at this time. The majorify of the groundfish catch is .

‘marketed locally as bait for the king and tanner crab fisheries.

Alaska Department of Fish and Game has catch statistics dating back

to 1972 when 55,600 pounds of Pacific cod and pollock were'landed

(Table 88). Catches are increasing but until a market develops the
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domestic fighery should not expand significantly. In 1974, 715,101
pounds of groundfish were marketed in Kodiak. Most of the 1974 catch
was Pacific cod and assorted fiatfish.

No data is currently available concerning fleet size or effort
dynamics. Most groundfish landings come from shrimp vessels. However, a
few crab fishing vessles are rigged to trawl for their own bait,

The economic value of groundfish in the current Kodiak bait market
is $.20 per pound. This figure makes the 1974 catch worth $143,020.00
to the fishermen. Because of the undeveloped nature of this fishery any
discussion of potential value would be speculation.

Although interest in a domestic groundfish fishery has been growing,
no plans to market the product for human consumption are likely to
mature this year. A Kodiak based group of fishermen have formed a

-

corporation and purchased a processing vessel. Their ultimate intent is
-

~ to market groundfish products from the Kodiak shelf but initially they

will process shellfish and salmon.

SPECIES PROFILES

Pollock (Theragra halcogrammus)

Exploratory fishing drags of the National Marine.Fisheries Service
(NMFS) indicate a major concentration of pollock south and east of
Kodiak along Albatross Banks. The International Pacific Halibut Commission
" (IPHC) trawl data indicates catches of pollock from the gully and canyon
areas of the continental shelf. Concentrations of pollock have been
‘documented at depths from 50 to 150 fathoms. Life history of pollock has
not been studied in the Western Gulf. In other North Pacific areas
pollock form dense schools in the spring. These schools of pollock

migrate to shallower inshore waters to spawn. Females contain between
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+2 and ‘1.5 million eggs each. After spawning and fertilization the eggs
are planktonic. Hatching occurs in the upper‘portion of the water
column where temperatures range from 6 to 7°C. As juveniles develop,
. they progressively become more bottom dwelling in habitat. Pollock
mature at three to four years of age and may live as long as fifteen
years.

Pollock prefer planktonic crustaceané and small fish as food.
Daily vertical movements of both juvenile and adult pollock are probably

related to feeding habits.

Pacific Cod (Gadus macrocephalus)

Exploratory fishing by both NMFS and TPHC has located scattered
concentrations of Pacific cod on the Kodiak shelf in depths between 45
and 90 fathoms. .

Pacific cod have well defined seasonal movements which appear to be
controlled by water temperature. They migrate to shallower water in
spring and summer. Spawning takés place during late winter and spring.
Females each contain between 1.4 and 6.4 million eggs. Hatching occurs
at the bottom in 4°C water. Maturity is reached in about three years in
the Gulf of Alaska. Individuals may live eight to ten years,

Pacific cod feed on other fish and crustaceans, particularly shrimp

and tanner crab.

Blackcod (Anoplopoma fimbria)

Blackcod are uncommon along most of the Kodiak shelf. The only
documented concentrations are found east of Kodiak in 180 to 275 fathoms.

A life history synopsis is presented in the Appendix.
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Pacific Ocean Perch (Sebastes alutus)

Large quaptities of this species have been recorded east of Kodiak
over the outer continental shelf and slope. Scattered concentrations
have been recorded in the Shelikof Straits. Ocean Perch appear most
commnonly between 80 and 125 fathoms. A life history synopsis is presented

in the Appendix.

Flatfish (excluding Halibut)

Flatfish typically make up over half of any exploratory trawls made
on the Kodiak shelf. Thirteen species are commonly found. These
include turbot, ﬁottled sand dab, sand sole, starry flounder, Alaska

'plaice, English sole, Dover sole, slender sole, yellowfiﬁ sole, rock
sole, butter sole, flathead sole and rex sole.

Distribution of species is reiated to depth. Concentrations can be
found in depths from 30 to 150 fathoms.

Flatfish reproduction and life cycles are not well known. Spawning
is believed to occur in spring along the coastal shallows. Size at

maturity and life spans vary among species.

Lingcod (Ophiodon elongatus)

There is no data available defining lingcod distribution. A life

history sketch is presented in the Appendix.

Sculpins and Irish Lords

Incidental catch reports from both shrimp and crab research fishing
indicates that sculpins and Irish lords are abundant throughout the
Kodiak shelf. No life history work has been conducted on these species

around Kodiak.
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KODIAK KING CRAB FISHERIES

COMMERCIAL FISHERIES

The Kodiak Island king crab fishery ranks as one of the most
important shellfish fisheries in the world. Exploitation of king crab
in the Kodiak area began around 1936. Commercial catch records date
back to 1950. This report will be concerned with data collected since
1960.

The king crab fishery was pioneered by salmon fishermen, utilizing
small boats during the off-season fall andeinter months. The gear types
included tanglenets, otter trawls and light weight pots. Pots gradually
became the exclusive gear; tanglenets were too difficult to fish and trawls
were outlawed in 1960 for damaging incidentally caught females and under-
sized males. )

Commercial harvests increased rapidly during the 1960's as markets
and technology developed. Yearly harvests rose from 16.8 million pounds
in 1960 to a record high of 99.5 million pounds in 1966 (Table 89).

The large harvests of the mid 1960's constituted overfishing. The fleet
continued to expand operations to more distant grounds but the annual

catch dropped steadily to a low of 12 million pounds by 1970. Since 1970
stocks have slowly been staging a comeback. The 1974 harvest of 23 million
pounds was the largest in seven years.

Salmon vessels continued to dominate through the early 1960's. 1In
1963 larger vessels, specifically designed for crab, began entering the
fishery. 1In 1964 fifteen vessels larger than 80 feet fished Kodiak king
crab for thé first time. Total number of vessels participating rose
from 143 in 1960 to a high of 227 in 1967 (Table 91). Since that time,

reduced seasons and harvest levels have caused the number of participating
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vessels to droﬁ to a low of 88 in 1972. Currently the Kodiak king crab
fleet consists'of about 200 veséels, 20lpercent of which are greater
than 80 feet in length (Table 92).

The economic value of king crab to Kodiak fishermen has varied a
great amount over the years due to variability in catches and market
conditions, Sale price per pound paid to fishermen varies depending
upon location of the buyer and the interval during the season when the
sale occurs. Accurate records of these variables have not been maintained.

Generally speaking prices held steady through the 1960's ranging
from eight to twenty-five cents per pound. Prices rose with the decreased
harvests of the early 1970's to the average 1973 price of fifty-five |
cents per pound. Poor market conditions in 1974 caused a drop in price
to fort& cents per pound. Average economic value is usually calculated
by taking the current price times the average harvest for the last five
years. This calculation does not give a clear picture of worth for the
Kodiak king crab fishery. More applicable is taking the current price
per pound times the current harvest since stocks are rebuilding. Using
that method the current economic value to‘the fishermen is nearly 10 |
million dollars (Table 93). Kodiak king crab harvests are improving and
if prices do not decline, 10 million dollars could be a comservative

estimate of wvalue.

DISTRIBUTION

King crab (Paralithodes camtschatica) are distributed throughout

the entire Kodiak area out to a depth of 200 fathoms. Crabs are not
distributed uniformly throughout the area, but congregate in schools.

Consequently, crab are abundant in some locations and absent from others.
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Crab distribution varies between months as the crabs migrate
for food and mating. Migratory'patterné of male king crab in the
Kodiak area have been extensively studied and are well documented.
Movements of sixty to seventy miles during one year's time are common.
Males not molting tend to move further and have a greater tendency
to move into bays and shallow locations than_molting crab. The most
complete migratory studies have been carried out on stocks inhabiting
the southeast side of Kodiak. Typical travel exhibited by these crab
includes northward movement from the Tugidak Island grounds to Sitkinak
grounds and northward movement out of the deep grounds east of the
Geese Islands up into Sitkalikak Straits.

Further analysis of migratory patterns has enabled biologists to

define six distinct stocks of crab within the Kodiak management area

Data suggests that little or no interaction between stocks exists.
Stock I comprises the area northeast of Kodiak including Portlock Banks.
Stock IT lies southeast of the island. Stock TIT is adjacent to Stock IT
on the southwest side of the island. Stocks IV through VI are of minor
importance. They are located within the Shelikof Straits between
Kodiak and the Alaskan Peninsula (Figure 6 ).

Spawning and rearing areas are widely distributed off Kodiak Island.
The inshore and nearshore areas are the most critical spawning areas.
Offshore regions such as Marmot Flats, Portlock Banks and Albatross Banks
also make important contributions. The shallow area surrounding Chirikof
Island north to the Trinity Islands is particularly vital for both
spawning and rearing king crab. Research fishing since 1971 has consistently
located concentrations of immature crab in this area.

Small numbers of blue crab (Paralithodes platypus) and brown king crab

(Lithodes platypus) are harvested from Kodiak waters simultaneously
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with red king crab (P. camtschatica). The catch of these incidental

species is minimal.

LIFE HISTORY

Around Kodiak, king crab begin a yearly mating migration to shallow
water in December and January. This migration continues into the spring
months. The majority of males that will molt do so during this migratory
mo§ement. Females reach the mating grounds in pre-molt condition. Peak
mating periods are April and May. Females mate immediately following
ecdysis (molting). Eggs are incubated for twelve months with the egg
.hatch preceeding the females annual molt. Following.the mating seéson
king crab gradually move back into deeper water. Research conducted in
July typically finds mature king crab back in 50 to 80 fathoms.

A compléte life history profile for king crab is presented in the

Appendix.

ABUNDANCE
Population estimates, by stock, by year, are being formulated .
using the Petersen single census method with king crab tag déta.

These estimates are not available for this report.

MANAGEMENT

Kodiak king crab management philosophy has developed steadily through
the years in response to fishery research, evolution of gear and improved
technology. The goals toward which king crab fishery management has
strived are to obtain a maximum sustainable yield and reduce severe

fluctuations in catch.
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Kodiak king crab fishery has had a males only harvest since its
inception. The.first important effort té manage crab stocks was a 6 1/2"
size limit imposed in 1949. Trawls, as a means of harvesting crab,
were made illegal in 1960 because of their damaging effect upon under-
size and female crab. In 1963 the size limit was raised again, this time
to 7 inches because studies revealed that weight increases due to growth
were exceeding mortality loses for crab this size.

The commercial fishery expanded in the early 1960's. By 1965 the
large modern fleet, fishing year round, was capable of harvesting crab
far in excess of what the stock could replace through recruitment and
growth, Resulting from this period of overfishing was a decline in
‘standing stock. Catch sampling in 1971 showed that the fishery was
totally‘dependent upon only the reqyuit age class. Optimally at least
three age classes of crab would support the fishery. The incidence
of unmated females, which was once a very rare occurrance, was rising
steadily, indicating an insufficient number of breeding males.

Management philosophy changed as overfishing occurred. A mating
season closure was adopted in 1969 but this alone was not adequate to
rebuild stocks. The Kodiak area could not be managed intelligently as
one unit. Management by individual stock and often just portions of stocks
was begun., The Alaska Board of Fish and Game adopted a 14 million pound
quota for the 1970-1971 season. The division of tﬁe harvest between
stocks was left to the discretion of Kodiak staff. The 14 million pound
quota proved to be too high., During the six month fishing season a fleet
of 115 vessels was able to land only 12.2 million pounds. Consequently
the quota was reduced to 10 and 12.5 million pounds respectively for 1971-

1972 and 1972-1973 fishing seasons.
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Concurrent with the restrictive catch quotas was the initiation of
the king crab population indéxing reéearch charters. This indexing program
was proposed as a ten year study, It encompasses as much of the Kodiak
crab habitat as is economically feasible. Research biologists fish randomly
selected stations with pots capable of retaining pre-recruit and smaller
crab. This study takes place annually during mid summer after the molting
and mating season. Crab captured are counted, measured and classified
by shell condition. Legal size male crab are tagged in proportion to
their availability and released. Mature females are checked for égg
clutch content.

Data collected is analyzed by computer systems and printouts are
available to management personnel prior to the August 15 opening of
commércial crab fishing. This Qata is essential in determining the
strength of age classes entering the fishery. Tag recovery is facilitated
by the commercial fleet.

Tag recovery data continues to serve varied research goais. MigratoryA
movements, growth, mortality (both fishing and natural) and population size
are all being estimated through the tagging program.

As mentioned before, crab management strives to create a multi-age
.class harvest. Kodiak king crab management programs accomplish this by
outlining the harvest such that one third of all recruit crab are harvested
annually. Of those post recruits in the fishery for the second year
a harvest of one half is called for. For crab surviving past their second
year a 1007 harvest is desired.

Since 1971, management efforts have resulted in increased harvests.
Today the Kodiak area is divided up into four major fishing districts,
Northeast, Portlock Southern and Shelikof. Each of these districts contain

several subareas that are regulated during each season. The Department
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utilizes flexible harvest guidelines set each year by the Alaska Board
of Fisheries at the request of i:esearcﬁ and management staffs, This
concept enables the management staff to maximize the harvest within each
fishing district based on crab abundance estimates gathered from the
population indexing program.

The present king crab season opens August 15 and closes Whén the
desired harvest level is reached. An eight inch season usually takes
place in November or December to assure a more complete harvest of oclder
crab, If the desired level is not reached the season will close no

later than January 15,

RESEARCH

King crab research continues Fo be centered around the annual
population indexing program. Statistical analysis of the sampling and
tagging scheme followed by necessary improvements have established the
program as a valuable tool in estimating total population, recruit class
strength, and fishing mortality. Refinement and update of these estimates
provide management with necessary data.

Another ongoing research effort is the refinemént of the data
analysis systems. Computer time is being reduced for existing programs

and additional programs are being examined.
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KODIAK TANNER CRAB FISHERIES

COMMERCIAL FISHERIES

The Kodiak tanner crab fishery has been in existence since 1967.
During the years from 1967 to 1972 the fishery played a minor role.
Typically, 50 to 80 vessels utilized tanner crab as a supplemental
resource. February through May were the most productive months, primarily
because of the king crab season closure.

Through the year 1972 the commercial harvest never exceeded 12
million pounds (Table 94). 1In 1973 a major expansion of the fiéhery
took place. Calendar year 1973 ended with 31.5 million pounds harvested
by a fleet of 130 vessels. Favorable and established markets, a very
short king crab season, better price and large untapped stocks of tanner
crab all contributed to make this a dominant fishery during the winter
and spring months.

Fishing effort for tanner crab has been evenly split between four
geographic regions (Taﬁle 95). The northeast, éast, and Shelikof Straits
areas receive the bulk of the winter effort. The southend and far
offshore eastside become more heavily utilized in March and April as
winter storms subside.

The Kodiak tammer crab fleet currently consists of around 125
vessels, one fourth of which are at least 80 feet long (Table 96). A
trend to increased vessel siée has opened the previously unfished offshore
grounds to exploitation by this winter fishery.

The Kodiak tamner crab fishery developed slowly from 1967 to 1972.
Mﬁch of the reason for this was unstable markets and low prices. Tanner
crab fishermen were paid an average of only 11 cents per pound prior to

1973. The price of live crab went to 20 cents per pound in 1973 and
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with the exéeption of 1974-75 season has held at that point. With
harvest guidelines set at up to 25 million pounds, tanner crab currently

brings 5 million dollars to Kodiak fishermen each season (Table 93).

DISTRIBUTION

Tanner crab (Chionocecetes bairdi) are known to inhabit the entire

Kodiak shelf to a depth of over 200 fathoﬁs. Alaska Department of Fish
and Game research charters have shown that the largest concentrations
are found deeper than 75 fathoms, with a preferencé for mud bottoms. In
general, the bathymetric and spacial distribution of tanner crab with
regard to season, sex or age is not well documented. Both sexes are
known to occupy the same depths at times but segregation by age and sex
is suspected. |

A large amount of commercial fishing effort is concentrated in
areas where bottom drop-offs occur. Such edge areas as Chiniak Gully,
Two Headed Island, the southwest edge called the "Compass Rose'" and Ugak
Bay produce a major portiom of ﬁhe catch.

Taggi;g studies to document migration have not uncovered widespread
movement by tanner crab. Typical distance difference between release
and recapture stations for one year is fifteen miles. No regular movement
with regard to depth can be seen.

LIFE HISTORY

Specific life history information for Kodiak tanner crab stocks has
only recently been made available. The yearly cycle begins in April and
May with the majority of eggs hatching at that time. This is immediately
followed by the deposition of new egg clutches.

Once hatching occurs the larvae become freevswimming in the water

column. During this free swimming phase their appearance is more shrimp
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like aﬁd the& ére less ;han 3 mm in width. Tanner crab settle out of
the water columm at approximateiy 3.4 mm and molt 10 to 12 times before
reaching sexual maturity at five to six years of age. The average male
. reaches maturity at 111 mm. The size at which 507 of the female crab
are mature is 84 mm. The natural life span of tanner crab is 8 to 12
years.

A close association exists between molting and mating in tanner
crab. Female crab exhibit morphological changes in the abdomen and
structure of the pleopods during the molt to maturity. Immediately
after this molt the female may mate with a male who has grasped ﬁer
before and during this molting period. Mating for primiparous (first
time) spawners is accomplished while the female is still soft shell.
After mating, ovulation occurs. This molt to maturity is the last molt
for a female except in extremely rare cases. It is unknown at this time
to what extent hardshell females participate in mating. Females are able
to fertilize successive egg clutghes from stored sperm and therefore may
mate less often than aﬁnually, possibly only oncé, at the molt to maturity.
Once fertilized, eggs are attached to the pleopods and held by the
female for about twelve months.

The reproductive season, in total, is composed of three significant
events: 1) molt to maturity and mating of primiparous spawners from
January through early June, 2) peak of egg hatch in April and May and 3)
deposition of new egg clutcheé by multiparous (one plus spawners) crab
in April and May. If hardshell females mate that too must take place
during April and May. Therefore, it appears that the early egg deposition
to the late egg hatch extends from January to July with April and May

the most critical months.
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ABUNDANCE

Abundance estimates for Ko&iak tanner crab stocks héve not yet been
completed. Shellfish management, howéver, moniters such indices of
abundance as catch per pot and size frequency. Due to the fact that new
areas have been exploited each year as the fishery developed no conclusiye

data is available to indicate a change in stock size.

MANAGEMENT

Management strategy for Kodiak tanner crab stocks has been ad-
justing fapidly since 1973, Prior to that time, the only regulation
called for a male only harvest. Compfehensive commeréial catch sambling
and resgarch advances have prompted development of season definition,
size limits, and harvest guidelines. The Alaska Board of Fisheries
established the first guideline for management in 1973. A season opening
Nov. 1 and closing June 30 was set with a quota not to exceed 30 million
pounds.

Recently the Board updated these effqrts by adopting three major
revisions: 1) a harvest guideline level was set at 15-25 million pounds
for established fishing grounds, 2) invresponse to research,.a 51/2"
mininum size limit was set to allow the average male at least one chance
to participate in mating before entering the fishery, and 3) a January 1
through April 30 season to reduce conflict with the king crab fishery
and provide protection during the peak of the mating and egg hatch
cycle. |

Current management problems are mainly centered around accurate

estimation of fishing mortality and recruitment.
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RESEARCH

Research dealing with tanner crab in Kodiak has been limited in the
past but in recent years programs have been expanded. The Kodiak tanner
crab research program is presently involved in studies to supplement
life history knowledge, improve upon the mark recapture program and
index population trends.

Research efforts in the area of life history are centered on establish-
ing a size-age model. This information will allow biologists to examine
both the commercial and research cafches in terms of individual year
classes. Year class breakdown will enable a more accurate estimation of
recruit class strength..

Additional emphasis is also being placed on determining reproductive
potential of female crab. The number of actual matings, if more than
one, and also the total number of egg clutches an average female will
produce in her life span are the objects of this research.

A mark-recapture program was initiated in 1973 but emphasis on
growth héd precluded statistical evaluation of the program. Attempts are
being made to develop a tagging scheme that will enable researchers to
accurately estimate population size, differentiate.individual stocks and
assess fishing mortality,

Annual research charters have been set up to index king and tanner
crab populations since 1971', Indicators of general population strength
such as relative abundance and the incidence on non-ovigerous(barren)

females show up in the data collected.
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Table 95 .

Commercial tanner crab catch, Kodiak area, by district,
in pounds, 1972—73 through 1974-75 fishing seasons. 1)

District 1972-73 1973-74 1974-75_
Northeast 4,431,357 6,152,046 2,764,127
Eastside 5,936,085 6,920,373 2,855,975
Southend 9,711,116 7,981,834 4,130,145
N. Mainland 6,732,774 7,009,117 3,536,872
S. Mainland 120,124 50,419 191,554
Westside 2,860, 544 1,722,389 171,293
TOTAL '29,792,000 29,836,178 13,649,966

1) Source - A.D.F.&.G., Report to the Board of Fisheries, 1976.
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Table 96 .

Keel length frequencies of Kodiak tanner crab vessels

which made deliveries, 1969-1974. 1)

Vessel

length 1969 1970 1971 1972 1973 1974
0-20 - 2 - - - -
20-29 1 1 - - 1 3
30-39 11 10 8 13 29 23
40-49 25 18 17 11 25 23
50-59 7 13 6 13 11 11
60-69 13 11 5 7 18 14
70-79 11 5 5 9 20 19
80-89 11 15 | 12 10 19 18
90-99 2 3 . - - 4 4

100-119 3 2 - 1 1 5

120-149 - - - - 1 0

Over 150 1 1 - - 1 3

TOTAL . 85 81 53 64 136 123

1) Source -~ A,D.F.&.G., Report
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KODIAK DUNGENESS CRAB FISHERIES

COMMERCIAL FISHERIES

A fishery for dungeness crab has existed in Kodiak since 1962.
Since its origin the fishery has experienced considerable variation in
catch and market conditions. Landings have varied from 6.8 million
pounds in the late 1960's to a low of 0.75 million pounds in 1974
(Table 97).

Since 1962 fhe number of vessels participating in the dungeness
fishery has varied from 12 in 1966 to a maximum of 43 in 1968. The
fleet consisted primarily of small vessels (40-60 ft.) until 1968. At
that time, declining catches in Oregon,AWashington and California forced
larger, nonresident vessels into the Kodiak fishery (Table 98). With
the dncrease in vessels, the catch.remained high during 1969 and 1970,

‘with landings of 5.7 ana 5.8 million pounds respectively. Following the
1970 season both the total harvest and the number of vessels dropped off
drastically, In‘1974 only 750,000 pounds of crab were landed by 23
vessels.

Major fishing areas for dungeness crab in the Kodiak area have
shifted as fishing grounds were exploited. In the initial years (1962~
1963) more than 50 percent of the catch was harvested between Kukak Bay
and Capé Douglas on the Alaskan Peninsula., In 1964 fishing effort began
‘shifting to Kodiak's eastside and south of Trinity Islands. Present
fisﬁing effort is concentrated in westward ﬁays and south of the Trinity
Islands (Table 99). |

Present economic value to the fishermen based on the 1974 price of

. 47 cents per pound on a harvest of 750,057 pounds is $354,718. However,

when this price per pound is computed with the last five year average
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catch of 2.4 million pounds the value to fishermen is 1.13 million
dollars. With proper management efforts the Kodiak dungeness crab

fishery could continue to be a 1 million dollar fishery.

DISTRIBUTION

Dungeness crab (Cancer magister) inhabit all bottom areas above 50

fathoms with distinct preference for sand or sand-mixed substrate. The
life history profile, contained in the Appendix, outlines documented
distribution of the species along the Pacific Coast of North America.
With specific regard to Kodiak, those coastal areas presently supporting
a commercial catch can be considered areas of population densit&.
Distribution of dungeness larvae and early juvenile stages is not docu-
mented, A tagging study to document migrations was initiated in 1970

but dropped again in 1971 because of funding cuts.

]

LIFE HISTORY

Timing of the yearly life cycle of dungeness crab is highly>temper—
ature dependent. Kodiak stocks are believed to behave éimilarly to the
generalized outline found in the Appendix but with slight adjustment of
dates. Around Kodiak, mating occurs from July to September with the
peak period usually in August. The egg hatch takes place in the spring,
April and May being the most critical months. After ﬁatching, larvae
remain in the water column for up to three months.

Both sexes of dungeness cradb reach sexﬁal maturity at age three.
Males are larger at maturity than females. At age three, males have
typically reached 140mm carapace width, females 100mm. Both sexes molt
~annually after reaching maturity. The minimum legal size for male crab

is 178mm (7 in.) in carapace width. There is no fishery on females.
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This allows the average male crab two years for mating before entering
the fishery;

Similar to other West Coast stocks, 5 year old crab dominate the
commercial catch., This means that the strength of a year's fishery

depends almost entirely upon a single year class of crab.

ABUNDANCE

No population estimates exist for Kodiak dungeness crgb stocks.
Indices of abundance are arrived at from catch and effort data. All
current indications suggest a decline in stock abundance. Since 1969
catch per pot has fallen from 12 crab to 3 crab in 1974. Average weight
per crab has decreased by 0.5 pound since 1970. No explanation for

these ovservations are available.

MANAGEMENT @

Dungeness crab management in Kodiak centers on information gathered
through the dockside sampling program and fish tickets. The dockside
program iﬁcludes an interview with the vessel operator'to determine
location of fishing and a size frequency sample of the catch. Fish
ticket data includes total catch in pounds, average weight of crab apd
number of pots pulled. Analysis of this data has indicated a decrease

in both average size and catch per pot in recent years suggesting a

.decline in population.

The Alaska Board of Fisheries recently set the Kodiak dungeness
crab season to open May 1 and close December43l. This closure was
enacted to assure removal of gear from fishing grounds. No harvest

guidelines are set at this time, If deemed necessary, seasons may be

closed by emergency order.
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RESEARCH
No research is currently Being conducted. Management biologists
feel that in light of low population levels extensive indexing and

tagging programs may be the only means of regaining stock levels common

in the late 1960's.
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Table 98 . Length frequencies of Kodiak area dungeness vessels
which made deliveries, 1964-1974. 1)

Vessel 2) 2) 2)
length 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974
0-20 - - - - 1 - 1 1 1 10 -
20-29 - - - - 3 2 3 4 1 3 -
30-39 - - - 5 7 5 5 3 9 11 . 7
40-49 - - - 5 11 11 8 6 7 12 7
50-59 - - - 3 ‘8 6 5 2 6 4 2
60-69 - - - 3 4 1 2 4 4 5 1
70-79 - - - - 3 2 4 1 2 4 5
80-89 - - - 2 3 1 5 2 4 2 -
90-99 - - - - 301 - - - - -
100-119 - - - - T
120-149 - - - - - - - - - - -

TOTAL 29 26 12 . 18 43 29 33 24 34 42 22

1) Source - A.D.F.&.G., Report to the Board of Fisheries.

2) No data available.
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KODIAK SHRIMP FISHERIES

COMMERCIAL FISHERIES

The Kodiak Island management area has developed into the leading
west coast shrimp fishery. Exploratory trawl fishing in 1957 discovered
concentrations of commercial shrimp species off Kodiak. Processing
commenced in 1959 with an annual harvest of 2.9 million pounds. Annual
harvest increased sharply during the late 1960's to a high of 82.2
million pounds in 1971 (Table 100). The decline in catch since 1971 is
a result of more conservative quotas imposed to assure a biological
surplus and equalizg annual harvests.

The shrimp fleet increased from 11 vessels in 1960 to 26 in 1970
and 79 in 1974. Along with the number, the efficiency of vessels increased
tremendously. Prior to 1971 the Kodiak shrimp fleet was composed of 50
to 70 foot single riggea otter trawl vessels. The first Gulf of Mexico
style double~-rigged vessels began fishingAin 1971, During the 1973-1974
season, half of ﬁhe 30 otter trawl vessels in the fleep were douﬁle
rigged. Modern double rigged vessels are typically constructed of steel
and range in keel length from 80 to 100 feet. Most are capable of
carrying 200,000 to 300,000 pounds of shrimp when fully loaded.

The beam trawl fishery for shrimp has existed sipce 1970. The

fleet, comprised of 25 to 40 foot seine type vessels, has increased from

‘2 vessels in 1970 to 16 in 1974.

Three basic gear types are used. Along with the previously mentioned
otter and beam trawls, a relatively minor fishery utilizing pots exists.

Many of the larger otter trawl vessels are equipped to participate in

.crab fisheries. Beam trawls are utilized by smaller vessels attempting

to supplement their normal income from salmon fishing.
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Simultaneous with the change from small, single rigged to large
double rigged otter trawl vessels has been an evolution of the trawl
itself. Prior to 1970 the fleet used west coast manufactured trawls
ranging from 60 to 100 feet (foot rope length). Double rigged vessels
in 1971 and 1972 utilized Gulf of Mexico manufactured trawls which
appeared to be more efficient. This evolution of gear type continued in
1973 when most otter trawl vessels changed to a newly designed high
opening trawl. Many fishermen now use trawls custom designed to their
own specifications., Single rigged vessles use trawls with ground lines
from 70 to 125 feet in length, while double rigged vessels use 70 to 100
foot trawls., Accompanying this trawl improvement has been improvements
in electronic gear such as fathometers and radar. These factors combined
account for a tremendous boost in.fishing efficiency.

Since the first processing began in 1959, Kodiak shrimp grounds
. have expanded but majo; productive areas were soon defined. The primary
areas fished from 1959 through 1970 were-Kiliuda Bay, Ugak Bay and
Twoheaded-Island; A shift in fishing effort from Ugak Bay to Marmot Bay
occurred in 1971 and 1972. (Table 101). This shift, which was due to
reduced catches in Ugak and imposition of catch quotas in other areas,
caused fishermen to expend more effort in the offshore Marmot area. The
Principal catch areas today are Kiluida Bay, Twoheaded Island and Mafmot
Bay.

The commercial shrimp fishery has provided Kodiak with a tremendous
ecoﬁomic boost. In recent years, the annual value to fishermen has been
.5 million dollars. Fishermen receive between 8 and 9 cents per pound
_for raw shrimp. In many instances other services, such as fuel, ice and
food are provided by the canneries in addition to the price paid for

product. Table 93 shows the economic value to fishermen since 1960.
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The stable nature of this fishery, illustrated by the figures in Table

100, accentuates the economic value to the community.

DISTRIBUTION

Shrimp are known to inhabit the entire Kodiak continental shelf out
to a depth of over 100 fathoms. Concentrations of shrimp inhabit specific
areas around Kodiak and these have been well documented. Major concentra-
tions of shrimp are found in Kodiak's eastside bays and nearshore areas.
Less abundant stocks are found in all westside bays and along the Alaskan
Peninsula. Emphasis is placed on bay areas as being particularly
critical spawning and rearing habitat. Offshore gullies, particularly
those east of Kiljuda Bay and Twoheaded Island, also contribute extensively
as spawning and rearing areas.

It is not known to what extent, if any,_shrimp migrate along the
Kodiak shelf. Since nommigration to "mating grounds" is documented, all
areas inhabited by shrimp should be considered as contributing to spawning
and rearing.

The Kodiak area shrimp fishery is a multispecies fishery. . Northern

shrimp, Pandalus borealis, most commonly referred to as pink shrimp,

comprise at least 85 percent of all trawl caught shrimps. Other pandalid

species, namely Pandalus hypsinotus (coon stripe), Pandalus goniurus

(humpy) and Pandalopsis dispar (side stripe) are most often taken incidental

‘to the fishery for P. borealis. The latter two species are at times
dominant in trawl catches from specific areas and occasionally support

small fisheries. Pandalus platyceros (spot or prawn) supports a small

pot fishery.
Further information concerning distribution of Pandalus sp. is

available in the Appendix.
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LIFE HISTORY

Life history descriptions for Kodiék shrimp species closely correspond
to the general outline presented in the Appendix. Mating takes place in
September. The fertilized eggs are carried by the females until the
following March and April when hatching takes place.

The Kodiak commercial harvest consists primarily of two and three
year old shrimp. Because of their size, the three year old age class is
the most sought after.

ABUNDANCE

Stock assessment surveys are conducted around Kodiak Island. Data
from these surveys is used to calculate population estimates and the
éonfidence intervals around the estimates. During 1975-1976 season the
most exténsive surveys to date took-place. Bays on the west side were
surveyed once. Results of that indicated relatively small areas of
trawlable grounds. Population estimates for Uganik and Uyak Bays were
1.2 and_l.9 million pounds, respectively. No shrimp were found in
Viekoda Bay. Also surveyed was the Marmot system. The inner bay indicated
19.3 million pounds while the outer portioh had 26.4 million pounds.

Population estimates for Kiliuda and Twoheaded stocks were collected
throughout 1975. Kiluida estimates ranged from 5 to 12 million pounds.
Twoheaded estimates range from 12 to 21 milliqﬁ pounds. Estimates were
also made for Alitak and Ugak Bays, with 12 and 3 ﬁillion pounds respectively.
These estimates are subject to extreme variation due to commercial catch
and seasonal fluctuation and should be considered indices of population
size rather than actual pounds of shrimp. Population abundance estimates

for selected systems from 1971 to 1975 are shown in Figure 9 .
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MANAGEMENT

Alaska Department of Fish And Game management poliéy toward Kodiak
shrimp was initiated in 1969 with the adoption of a March-April closure
in certain bay and nearshore areas. This closure provided protection to
egg hatching females in those closed areas. 1In 1970 the Alaska Board of
Fish and Game designated twelve geographic catch areas. These were
expanded in 1971 to a total of eighteen. Quarterly catch quotas were
set for ten districts; the remaining eight were defined as nonquota
districts. In 1973 the March-April egg hatch closure was expanded to
include the entire Kodiak management area. Added to this was the adoption
_ of a 55 million pound quota. The season was furtherhdivided with a
summer beam trawl opening prior to the regular season. Individual
distriéts were managed on a harvest level concept with no set quotas.
The Department exercised emergency order power to close districts as
conditions warranted.

For purposed of shrimp management, Kodiak area is presently divided
into 16 districts (Figure 8). Quotas have been replaced by a harvest
guideline range of 45 to 71 million poundé. The distribution of catch
is designed to provide maximum benefit to the community by:"l) poten-
tially allowing a more even flow of harvest, 2) avoid opening major bay
systems during "green head" condition, 3) reduce the harvest season
overlap with other species, and 4) allow for inshore fishing during the

winter while encouraging offshore fishing in milder months.

RESEARCH
Shrimp research by the Alaska Department of Fish and Game was
initiated in 1967 around Kodiak. Management strategies are currently

determined by results of this research. The objectives.of the current
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research program are: 1) to determine the distribution and abundance of
major exploited shrimp stocks, 2) to defermine the effects of fishing on
major shrimp stocks, 3) to determine optimum harvest levels and seasons,
4) to provide management personnel with essential data, 5) to evaluate
trawl surveys as a tool for establishing abundance indices, 6) to test
and refine current program sampling design and 7) to develop a valid
population model for the major exploited shrimp stocks.

Catch per unit effort (pounds caught per hour of trawling) data has
traditionally been vital to shrimp stock management. Kodiak research
staff have conducted a logbook program to moniter effoft since 1967. As
previously described, the size and efficiency of shrimp vessels has
increased dramatically. An increase in efficiency is able to mask
declineé in stock abundance when effort data alone is used as an index.
A primary concern of research is to standardize the CPUE data from past
years with current data. A valid comparison can then be made.

In addition to analysis of CPUE data, Kodiak shrimp research is
concerned with comparing strength of successive year classes of pink
shrimp. This is accomplished by monthly éampling of commercial catches
from each district. Subsamples of these are measured and sexed by the

Department biologists.
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KODIAK SCALLOP FISHERIES

COMMERCTAL FISHERIES

Weathervane scallops are harvested primarily in two management
areas in the Gulf of Alaska. The commercial fishery continually moves
between Kodiak and Yakutat. Of the major production areas, Kodiak has
been the most important.

The first exploratory scallop fishing occurred in 1967. During the
early years catch expaﬁded rapidly (Table 102). Peak catch years were
1968 and 1969 each with 1.8 million pounds landed. More recently the
commercial harvest has averaged 1 million pounds of shucked meat. The
.decline in scallop harvests during the 1970's has resulted from various
causes including area and seasonal restrictions, limited stocks available
and the entry of scallop vessels into more lucrative fisheries. Without
the discovery of major new scallop beds this fishery should remain
static at 1974 levels.

The scallop fishery is typically a bottom dredge operation composed
of vessels from the east coast. The number of vessels participating in
the fishery has varied from a high of 7 in 1969 to 3 vessels -at present
(Table 103). Dredges are generally 11 to 13 feet in width utilizing 4
inéh rings in the drag gear.

The first scallop stocks exploited.were those northeast of Kodiak
Island on Marmot Flats and Portlock Banks. Fishing effort expanded
south along Kodiak's eastside and exploration began to the west and
southwest., Present area restrictions have limited expansion of this
fishery, Current scallop harvests come primarily from the eastside,

north te Portlock Banks, with minor fisheries on the westside.
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The present economic value to the fishermen based on the 1974 catch
of 148 thousand pounds and price of $1.40 per pound is $207,200. The
value for the average catch over the last five years based on 1974 price

is over $900,000,

DISTRIBUTION AND LIFE HISTORY

Distribution and life history information is contained in the
Appendix. The literature used as reference for the life history profile

was prepared from data collected in Kodiak.

ABUNDANCE
No conclusive data concerning abundance of weathervane scallops is

available for the Kodiak area.

MANAGEMENT

Kodiak scallop management is based on data collected through
commercial catch sampling. Prior to 1972 analysis of the age compo-
sition revealed 75 percent of all scallops captured were 7 years of age
or older. As older age classes were harvested, younger age scallops
began to appear more frequently in the catch. This shift in age composi-
tidn occurs in most figheries being exploited for the first time and
should not necessarily be interpreted as a sign of over fishing.
Scallops less than age 6 comprise a small portion of the catéh. Since
the age at maturity is 3 years, it is felt by management biologists that
adequate brood stocks remain.

Management of the scallop fishery is complicated by the incidence
of king and tanner crab caught during scallop dredging. Research done

by Kodiak shellfish staff in 1972 documented an average of 9 king crab
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and 26 tanner crab captured in each tow. Because of this conflict,
areas of known scallop abundance have Been closed to commercial fishing.
Current regulations state that scallops may be taken from June 1
through March 31 in the Pacific Ocean waters north of 57° 37'07" N.
lat., and east of 152°09'01" W. long. (Cape Chiniak light) and the
waters of the Shelikof Straits north of 57°17'20" N. lat. (the latitude
of Cape Ikolik). In the waters south of the latitude of Cape Chiniak
light and waters east of the longitude of Cape Barnabas, excluding those
waters northwest of a line from Cape Barnabas to Narrow Cape, scallops

may be taken from July 15 through March 31.
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Table 103 ., Length frequencies of Kodiak area scallop vessels which
’ made landings. 1) :

Vessel
length 1969 1970 1971 1972 1973 1974 1975

0-20
20-29
30-39
40-49 1
50-59
60-69 2 2
70-79 2 2 11 1
80-89 2 3 4 4 4 2 3
90-99
100-119
120-149
Over 150

TOTAL 7 7 5 5 4 3 3

1) Source - A.D.F.&.G., Report to the Board of Fisheries, 1976.
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KODIAK RAZOR CLAM FISHERIES

COMMERCIAL FISHERIES

The Kodiak razor clam fishery dates back to the mid 1920's, making
it the oldest shellfish fishery in the area. Recorded catch statistics
exist from 1929 to the present. Major fluctuations in catch and market
conditions have occurred, prompted by both economic and environmental
influences. The scope of this report will include only data from 1960
to 1974.

The razor clam fishery for human consumption was carried out between
1960 and 1964. One processing plant accepted raw clams for processing.

‘Hydraulic dredge systems were being tested to determine economic feasibil-
ity. Opérations were discontinued %n 1964 following the total destruction
of processing facilities by the Alaska earthquake and subsequent tsunami.
Facilities capable of processing razor clams for human use have never
reopened. Some clams have been marketed fresh locally.

Governmeng regulations presently require clam beaches to be certified
safe before commercial harvesting for human consumption. This was
prompted due to the risk of paralytic shellfish poiéoning (PSP). A
description of this condition is presented in the generalized life
history (Appendix).

. Since the mid 1960's, razor clams have been ﬁarvested primarily for
dungeness crab bait, Harvests remained nominal after the earthquake
until 1970 when, once again, well over 100,000 pounds were taken by
commercial diggers (Table 104). Small operations, most utilizing aircraft
delivery, have attempted to market fresh clams with moderate success.

During the 1974 digging season diggers were paid an average of 50

cents per pound (unshucked). Based on the 1974 harvest of 198,400
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pounds; the current return to diggers is $99?200. The 1974 market was
primarily a bait market. It is not presently known what influence a
human comsumption market would have on the value of the fishery. Because
~ of this and the fact that only a small portion of the available commercial
clam grounds are utilized, the potential value of the Kodiak razor clam

fishery is incalcuable.

DISTRIBUTION

Pacific razor clams (Siliqua patula) are found on surf-swept, sand

beaches on the Kodiak-Alaskan Peninsula coast. Early exploration exposed
high densities of razor clams in three Alaska Peninsula Bays, Kukay Bay,
Hallo Bay and Swikshak Bay. Since that time known distribution of razor
clams has been expanded to include twenty-one beaches within the Kodiak
management area. Fourteen of these beaches have at one time supported
some degree of commercial harvest (Table 105). Presently Swikshak Beach
is the only Kodiak area beach certified safe for human consumption.
Efforts to certify additional béaches are being made. More information

concerning distribution of the species is available in the generalized

life history found in the Appendix.

LIFE HISTORY

Kodiak razor clam life history élosely parallels that described in
the generalizéd life history. Egg development within the ovary begins
in May and June. During this time the clams are referred to as '"fat."
This is the most desirable time of year for commercial harvest. Ovulation
and fertilization take place in July and August. The duration of the
mating period is approximately two tide cycles.' Timing is highly dependent

upon temperature. Because razor clam reproduction takes place in such
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close proximity to shore, any onshore or nearshore disturbance could be
highly destructive to razor clam stocks‘at this time,

Razor clam larvae settle out of the water column in September. The
larval distribution of razor clams in the Kodiak area is not presently
known.

Subtidal populations of razor clamé exist off some Kodiak beaches..
The influence these populations have on the total reproductive capability
of an area is not known. Some researchers believe that these subtidal
populations act as a buffer against over harvest by providing a brood
stock below commercial digging levels. Another theory is that these
subtidal clams do not reproduce due to unfavorable temperature conditioné
prevailing in deeper water. If this is true, then the subtidal clams
are, in-fact, a product of the intgrtidal population and would not serve

to replenish over harvested intertidal stocks.

ABUNDANCE

Population estimates have been developed for two Kodiak area beaches,
Swikshak and Big River. Estimates are arfived at by determining mean
average density of clams larger than 115 mm in length per square yard,
and multiplying that figure times the total square yardage of beach.
Swikshak Beach was found to have an average density of 38 clams per
square yard in 1974, giving it a total populationkof 1.4 million clams.
Big River Beach contained an average 1.59 clams pér square yard and a
total population of 1.3 million. Data from these studies suggests that
the highest densities of razor clams on Kodiak area beaches lie between

the minus one and plus one tide levels.
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MANAGEMENT

Management philosophy for razor clam stocks has remained fairly
constant since 1941. A 4 1/2" size limit fo protect immature
clams was adopted at that time, along with a harvest quota of 400,000
pounds. In 1946, a Kodiak season from Sept. 15 to July 15 was established.
This remained in effect until 1962, when the closure was eliminated by
the Board of Fish and Game. Present management -includes monitering size

frequency of the catch and collection of catch per unit effort data.

RESEARCH .

The Alaska ﬁepartment of Fish and Game is presently conducting a
‘razor clam habitat assessment survey in the Kodiak area. Specific
objectives éf this study are: 1) Investigate all beaches where razor
clams are known to occur and map e;ch location with regard to the extent
of the species existance and density, 2) Collect clams at each beach to
assess density along with length and age composition of population by
tide level 3) Collect core samples of the substrate by tide level at
each beach site to investigate substrate composition and 4) Combine past
and current razor clam data for Gulf of Alaska areas to formulate the

biological parameters of this baseline study.

2671



*o8epunod 3jewrxoadde - umouyun elep yo3zed 30exy (T

*sjxodey JusweSeuBy TENUUY BOAY MBIPOM “°*95°%°J°q'V -~ 22anos (T

ponuUTIUCD
GS1I‘T 6Z%°ST 000°02 LSL°¢€TE 9TS“L62 TL6°18€ 0EL ETY V101
19quadaq

=
© I3quUBAON
o 13q039Q

=
o asqueldag

o
= 3sngny

o
= 709 °LE 799 °9¢ 6L6° 7L EVTES £1ng

]
© 0L5°¢€6 0T9°LTIT 0%S‘SYT ZET“8ST aunp

= v
SS1C LSTYT 000°02 €SL°99T [A:TAR Y AN 906 ‘0%1 228791 £l
(T
009 0€8°67 yy6 0T €€9°6€ Trady
YoaeR
L

Lxenaqag
CLS L1enuer
L96T 9961 G961 7961 £96T 96T 96T 096T Y3uop
(I -"Y.6T-096T ‘spunod ur ‘yauow £q ‘woie AETPOY ‘YD2Ied WETD I0ZBI TBTOIWMWO) °* 40 OTqERL

268



T8C‘86T 287°991 9TT TSt %6€°06T T9Z2¢T 620°CT ¥8€‘9 TVIOL
13quads(q

I9qUAAON

VLA AA 19q0320

gsY 96E°T xoquaideg

%€9°TS Tyw°8s €99°8 wLL*9€ Isn3ny
momh¢¢ 606° 7Y o%6°€e 95508 16641 96T L1ne
8% 65 zeEc 9y 0£T°26 6T8°€8 TS9°S9 %09 ‘€ aunp
$66°6€ 09L°2T £06°€2 09L°%T, 976°6% 98p°s %89 KeR
T6E°T” ¥8E‘T c8y‘y €69°T Trady
.:oumz

Kzenxgeg

Lxenuep

v161 €167 TL6T TL6T 0L6T 696T ~ 896T Y3IUOW

‘4/6T-096T ‘spunod up ‘yauow £q ‘edae NETPON ,ﬂouwo WeTO X0ZBI TRIOISuwWO) * (PONUIIUCD) #OT STqel

269



‘9461 €3z0dey Tenuuy ‘Assang JelTqeH wel) Iozey ‘3o9foag Jusmssassy §9Q - 99inos (T

PONUTIUOD
TeroI2umod QUDTTOOX® SOTTW GZ seT8noq ade)

Tewtuw are;] SoTIW g7 Towxe)

1BTOoI9UmOoD poo3 soTIu ¢ feg InqrTEH

TETOIBWWOD ate3d soTTW T Leg orqung

TEeToI2umod atTeys SOTFU QT ade) MOT-NBIFIV 2de)

TEToISumod 1res saTTu QT Jepersn]

W : TeuTuTw ares STTW T Leg SurTTrOoy
Hmawﬁﬂa aTes soTTW ¢ yoeag ueadQ

TEWTUTO 1o0o0d oTTW Z/T aa0) Aaa3TES

_3aods/TeTdoIoWmWOd IoUuTw aood OTTW Z/T Legq 93eviaog

TewTuTw 1ood SaTIW G ade) moaxep

TeuoTIBaIDDI atels oTTW Z/T £feq SIPPIN

TEUOTIEDID1 x00d TTW T yoeag urisng

TeuoT3IB21031 /TRPTOISUMOD aTrej oTTu 7/T Leg yong

JuUL3Xy speg WeT) JO UOIIEDO]

UOTIEZFITIN L[E°TX0ISTH

2ouepUNqy

(I -seyoeaq wWed I0ZBI BOIB YBTPOY ° CQI SIqQEL

270



TEeToi9umod JUSTTIOX® SOTTW 2 feg eimmy

TBTOISUOD poo3 SOTTW % Leg JBYOUTITY

TE2IOoI2wWmod uﬁmﬁﬂwuxw SoTTW 7 Leg Nrausey

TETOoI2WmoD poo3 SOTTIW € feg Yeaeyeq

TETOI3WLOD JUSTTIOX SaTTW QO Leg yeyny

TBToISWLod poo3 sOTIW /£ Leg o1eH
TeUOTIR31091/TRTOI2WWOD JUDTTOOXD SOTTW (OF soyodeag 28BTITA
¥ I9ATY 379 ‘NeYSATMS

UOTIBZE[F3I1 [EBOTLA03ISTH souBpuUNqY JualxXy spag WeT) JO UOTIBOOT]

*goYOeaq WeTO IozZel BII® YRIpPOYM ° (panuriucd) ¢OT 2TqeL

271



FODIAK AREA SUBSISTENCE FISHERIES

DESCRIPTION

Subsistence fish harvests in the Kodiak area consist almost entirely
of sockeye, coho, pink and chum salmon with only small numbers of kings
being taken. Much of the subsistence fishing effort in Kodiak is concentrated
directly around the village sites. Other iﬁportant areas include 01d
Harbor, Midway Creek, Barling Creek and Chiniak Bay. Fishing effort for
sockeye salmon migrating to the Buskin River is largely composed of non-
native residents. This probably includes a percentage of '"recreational
oriented" subsistence fishermen.

While most village residents sgill utilize subsistence caught fish
as an important food source, many of the people participating in the
fishery are newly-arrived to the area or have subsistence fished in the
past and continue to do so for recreational purposes. This portion of
the fishery, however, is pretty much limited to the Kodiak road system.

Concentrated subsistence fishing effort is directed towards the
early run of sockeye salmon to the Karluk River as well as the late-
running coho salmon. Much subsistence fishing also occurs on stocks of
coho salmon returning to Spruce Island. On Afognak Island, significant
subsistence fishing effort takes place in the Afognak Bay area.

Table 106 shows the subsistence catch in the Kodiak area for the
years 1962-1974., These figures represent only reported catches and have
not been expanded to reflect total subsistence harvests. Only about 25%

of the permit holders report their catches.

ECONOMIC CONDITIONS IN THE AREA

While there are some people who '

'subsistence" fish for purely
recreational reasons, most of the village residents in the Kodiak area

still depend on subsistence fishing as a means of supplementing their
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food supply. Fisheries are the mainstay of the Kodiak economy and
during years of poor commercial harvests, employment opportunities (such
as cannery work, etc.) may become scarce. During these years, subsistence

fishing acts as a partial substitute for a cash income.

METHODS OF FISHING

State regulations in this area require that any gear used for
subsistence fishing between June 1 and September 15 must not be registered
for commercial use. This restriction applies to purse seine vessels as
well. Consequently, most subsistence fishing is done with old segments
of set gill nets, although some purse seines are used after September

15,

PROBLEMS -

During the past few years, the price of halibut has increased to
the point that selling salmon as bait to halibut fishermen has become a
profitable business. Commercial fishermen have done this for some time
in a 1egai fashion, either to halibut boats or processors. At present,
however, there are many small, local boats engaged in halibutAfishing
and some of these people use their subsistence permits to catch salmon
bait for themselves and to sell to others. Presently, no restrictions
on a bait fishery are in existence in the Kodiak area.

Another problem concerns the illegal sale of subsistence caught
fish on the commercial market. This is done by packing and salting the
_fish in barrels, then selling them during open commercial periods. This
technique is also used to sell fish that weré illegally caught during a
closed commercial period. However, there is no effective means of

stopping this practice.
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A chronic problem in this area involves subsistence permit holders
that do not return their permits at the end of the season. This
makes it very difficult for biologists to monitor the subsistence

fishery and adjust harvest levels to meet escapement goals.
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KODTAK AREA SPORT FISHERIES
INTRODUCTION

Description of the Region

The Kodiak region consists of the Kodiak-Afognak Island group and
is separated from the Alaska Peninsula by Shelikof Strait. It also
includes the Barren, Trinity and Semidi Islands. Kodiak and Afognak
Islands, the two largest islands, are rugged and mountainous, and the
shoreline is highly irregular, broken by numerous fiords, bays and
islands. Streams are generally short and swift, and few are longer thén
15 miles in length., Small lakes and ponds are widely scattered.

The climate is marine and is characterized by cloudy skies, mod-
erately heavy precipitation and cool temberatures. Winters are mild and

summers are cool. Precipitation ranges from 20 to 60 inches annually.

Fish Distribution

Regional sportfish distribution and abundance are listed in Table 107.
Dolly Varden are assumed to be distributed throughout all anadromous
stream and lake systems and rainbow-steelhead trout are found in almost

all sockeye lake systems.

SPORT FISH LIFE HISTORY AND HABITAT

Dolly Varden
Dolly Varden life history patterns and habitat requirements in the
region follow the generalized life history (Appendix), with some local

variations in timing. Winter outmigration of immatures and adults from
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overwintering lakes begins in mid-April and ends in June. The saltwater
feeding and migration period is brief, as fish again appear in local
streams in mid-July. A limited tagging study indicated that saltwater
migration is short, less than 50 miles (Marriot, 1967).

Marriot (1966) noted the disappearance of Dolly Varden in American
River, a nonlake system, from mid-September to late October, when
mature spawners reappeared. A few fish spawned in springfed tributaries
but the bulk of the run spawned later in the main stream, étarting in
late November. The fish apparently stayed until early February. In
Saltery River, a lake system, mature fish were observed concentrated in
riffles below the lake in late September and then moved into the lake by
mid-October to spawn. Inlet streams are primarily used for spawning in
lake systems. Nonlake systems are also important for spawning. Small
streams are important f{pr juvenile rearing. Marriot (1967) observed
" American River Dolly Varden juveniles rearing only in side tributaties
and none were seen in the main river. Kodiak Dolly Varden rear. three to
four years before entering saltwater for the first time.

Critical Dolly Varden habitat in the Kodiak region is the overwinter-
ing lake systems. Some important systems on Kodiak Island include
Uganik, Little River, Karluk, Ayakulik (Red River), Akalura, Saltery,
‘Buskin, and Barabara Lakes. Buskin Lake serves as the overwintering

area for all Chiniak Bay fish (Kodiak area), holding up to 200,000 fish

a season.

Rainbow-Steelhead

Natural populations of rainbow trout and steelhead are found in
lakes characterized by having inlets/outlets capable of rearing fish

(Murray and Van Hulle, 1974). Resident rainbow spawn primarily in inlet
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streams,~with fast moving sections for juvenile rearing, where stickle-
backs cannot compete. The yéung fish rear in the inlets several years
until they attain a length of 8-10 inches. "The fish then drop out into
the lake to feed and mature.

On anadromous systems, most rainbow and steelhead spawn in the
outlet streams. Kodiak region steelhead are fall-run fish which enter
the streams in mid-August with the bulk of the runs entering the rivers

- in September-October. The fish overwinter in deep river holes or the
lakes and then spawn in the outlet rivers in May. Marriott (1966)
reported that two separate steelﬁead populations were found in the
Karluk system. One population winters in Karluk Lake and spawns in fhe
upper mile of river. The other winters in the Portage area and spawns
in the lower half of the river. .

Most Kodiak steglhead rear in freshwater 1-2 years, primarily in

outlet streams, and then migrate out to spend 1-3 years at sea. Repeat

spawners on the Karluk River have varied from 10-43Z.

Grayling

Grayling are not native to the Kodiak region, but have been intro-
duced by fish plants. These have met with limited success, and répro—
ducing populations have been establihsed in Cascade, Cicely, and Aurel

Lakes near Kodiak. Spawning occurs in small inlet streams.

PRODUCTIVITY AND PRODUCTION

Productivity

Kodiak region lakes and water may.be low in productivity, but large

numbers of salmon are produced which rear in the ocean. The lakes are
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generally oiigotrophic, low in basic.nutrients for biological activity;
slightly acid, and they have'rapid flushing rates. Many of the small
ponds have marginal conditions for supporting salmonids. Winter fish
kills are occasionally a problem for small, shallow ponds. Some of the
most productive lakes are Buskin, Karluk, Saltery, Frazer, Uganik, Upper
Station and Akalura, which support significant salmonid populations,

particularly sockeye and/or coho salmon.

Production
Few population counts or estimates of sport fish production, other
than for salmon, are available for-any Kodiak region system. Mérriott
(1966-1968) reported that the Karluk was probably the most important
steelhead system in the region, .but that the runs were depressed, only
amounting to several hundred spawners a year. In previous years, native
subsistence catches were reported as 3,000-5,000 fish annually, but by
1965 the harvest was observed to be several hundred. Spring fishing
closures were initiated to protect spawning populations. The population
appears to have increased substantially since the mid-1960's estimates.
Estimates of Dolly Varden populations are also sparsé. In 1964,
. the Buskin Lake spawning population was estimated to be less than 500
fish, although the overwintering population was substantially larger.
Van Hulle (pers. comm., 1976) estimates the average annual overwintering
population to be around 200,000 fish. Marriott (1968) reported counting
about 1,000 Doliy Varden at Saltery Creek in July 1967, and counting
600-800 fish in American River between August and October, 1967. No
other eétimates have been reported.
"Many small lakes and ponds around the town.of Kodiak have been

stocked since the 1950's with rainbow, grayling and coho salmon. Naturally
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reproducing populations have been established oﬁ some, but most lakes

require occasional re-stocking ;r rehabilitation to eliminate competitors
(primarily stickleback). Winter kill by oxygen depletion also has

affected populations on small, shallow ponds in severe winters. Rainbow‘
growth and survival generally is good through age two, when the fish

~enter the fishery, but they normally are harvested or are lost to the
fishery by age three.

Grayling stocking has had limited success., Survival ﬁas been poor
for most lakes stocked but reproducing populations have been established
in Cascade, Cicely and Aurel Lakes (Table 108).

Coho stocking has been very successful in the partially saline
environments found in coastal lagoons. These plants have experienced
good growth and survival. Most cohe plants are made in land-locked ponds
and lakes, but a few plants in anadromous.SYStems, such as Island and

‘Mission Lakes, have produced good anadromous runs. A total of 30,000
coho are planted annually in 5 lakes (Table 108), and mostly support
productive fisheries.

Presently, the stocked systems around Kodiak are probably.producing
up to their full potential for sport fishery utilization. Most major
systems outside this area, however, are under-utilized and could recéive
more angler use. Pink salmon, chum salmon, and Dolly Varden could also

absorb more sport fishing effort.

SPORT FISHERIES

Freshwater salmon and trout fisheries are the primary sport fish-
eries in the Kodiak region, accounting for about 80-857% of the total

angling effort. Beach fisheries for salmon and Dolly Varden account for
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most of the saltwater effort. The saltwater boat fishery for salmon is
very minor although relatively ;table fisheries for halibut and rockfish
exist. Most of the total regional effort centers in the northeast parti

of Kodiak Island around Kodiak and the Kodiak road system. Total regional
catch information is not available, but Harmer (1974) estimated that

total angler effort in 1973 was 72,741 angler days. Total salmon and
Dolly Varden catches for the northeast section of Kodiak Island have

been estimated for 1973 and 1974, using a postal card survey, and have
averaged 10,500 salmon and 45,000 Dolly Varden annually (Table 109).

Significant fishing areas are characterized in Tables 108 and 110.

Saltwater

Saltwater fishing occurs primarily in the summer and early fall.
The beach fishery begins in mid~July with the incoming pink run and
extends into mid-September with the coho fishery. Beach fisheries occur
mainly along the Kodiak road system. The beachgs with heaviest angler
use are ?asagshak, Woman's Bay, Middle, Kalsin, Monashka, and Anton
Larsen Bays in that order.

The boat fishery is primarily directed at haiibut, but pinks, coho,
rockfish, greenling and cod are also caught. Most of the salmon effort
is directed at coho salmon. Halibut sport fishing is limited primarily
to the northeast section of the Kodiak Island, with most effort concentrated
in Chiniak Bay, but extending into Ugak and Kizhuyak Bays. Catches have
remained relatively stable and were estimated at 1,000 to 1,500 pounds
in 1975. A fairly substantial sport rockfish fishery exists in Monaskha
ana Chiniak Bays, but no catch statistics are available. A minor razor
clam sport fishery exists, primarily in Woman's Bay, Middle Bay and

Buskin Beach, all in the immediate vicinity of the town of Kodiak. A
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small fly-in fishery occurs at Swikshak. No estimates of razor clam
sport harvest or effort are available.

In 1973 and 1974, the saltwater salmon catch in the northeast
" Kodiak Island area was 1,450 and 2,300 fish, respectively, and the Dolly
Varden catch was 3,900 and 4,900 fish, respectively. The saltwater
salmon catches account for about 12-137% of the total area catch. No

other saltwater catch and effort information is available.

Freshwater

All five species of salmon are caught in freshwater, as well as
Dolly Varden, rainbow, steelhead and grayling. Most effort is directed
at cohos, pinks and Dolly Varden, but the other species are all sought
where available. -

The main freshwater fishing season begins in April when fishermen
seek Dolly Varden migrating to sea from overwintering areas. Effort
switches to king and sockeye in-migrations in June on several systems.
Pink fishing begins inllate July and coho fishing extends from
August into October. Dolly Varden fishing extends into October and
November., A small winter ice fishery occurs in stocked lakes from
December through March or April.

Catch and effort information has been collected for the Buskin
River, the major fishing system in the region, and for the Karluk River,
the major king and steelhead stream in the region, since 1965. Census
or estimation methods have varied between years, however, so the infor-
mation presented in Tables 111 and 112 serves mainly to indicate the
magnitude of these fisheries. In addition, seasonal catch estimates
have been made for selected coho systems along the EBodiak road system.
Estimates of total salmon and Dolly Varden catches were also made for

these systems in 1973 and 1974,
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The Buskin Lake system is the most'heavily used fishery in the
region for several reasons: 1) it is the most accessiblé system, 2) It
has all species of salmon except kings, 3) It has a very large overwinter-
ing Dolly Varden population, and 4) It has the longest fishing season.
About a third of the Kodiak area salmon catches and over half of the
Dolly Varden catch are taken from the Buskin system. An average of 1,300
coho, 350 sockeye, and 2,700 pinks have been taken annually since 1969.
The annual Dolly Varden harvest has averaged 17,100 fish since 1971
(Table 111). Total seasonal effort data is not available.

The-Karluk River system has provided the largest king salmon and

.steelhead fishery in the region, but Eatch and effor£ is relativelf
light, qompared with other sport fisheries. Sexsmith (1963) reported
that it sustained a yearly steelhead take of about 1,000 fish. By the
mid-1960's, ﬁowever, the run had dropped substantially. The run has
apparently increased in recent years. Fall catches currently average
100-150 fish (Table 112). The king fishery occurs in June and July and
sustains an average seasonal catch of 100-300 fish. Coho, pink, sockeye,
Dolly Varden, and rainbow are taken incidentally.

The coho sport fisherieé are quite intensive in the Kod;ak area.
The Buskin Lake, Pasagshak River (Lake Rose Tead) ana Saltery River
systems are the largest producers, averaging 1,300, 800 and 350 fish
harvested a year, respectively, for each system (Table Y. Catch to
escapement ratios are quite high on many systems, and up to 72% of the
total estimated run has been harvested on thevBuskin system (Table 114).
The Pasagshak system has one of the highest catch per angler ratios in
the state for an intensive fishery.

Of the sport salmon catch, pinks are harvested in greatest numbers

by sportsmen, with catches averaging 4,500 fish a year in the Kodiak
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area (Table 109) during 1973 and 1974. Buskin, Pasagshak, American,
and Saltery Rivers are the 1argést producers. In contrast to cocho
catches, the pink harvest is usually only a small percentage of the
total run in any system, (Table 115). ~The Buskin system also produces-
the largest annual sockeye and chum catches.

Dolly Varden comprised the largest catch in the Kodiak sport fishefies
during 1973 to 1974 with average freshwater catches of 41,200 fish a
year (Table 116). The main fishery occurs in spring on the Buskin Lake
outmigration in which 50-70% of the total season's harvest of that
system is taken.

Fishing effort, aéart from the salmon and Dolly Varden fisheries,
is comparatively minor. The stocked lakes along the road system and on
several islands near Kodiak offer fair to very good fishing for rainbow,
landlocked coho and grayling (Table 108).. A small winter ice fishery
- for rainbow, coho and Dolly Varden on these lakes receives from 750 to
1,000 angler days of effort in the season.

A number of lakes and streams off the Kodiak road system on Kodiak
and Afognak Islands provide good fly-in fisheries for salmon and trout
(Table 110). Afognak Island provides some excellent resident rainbow

trout fisheries which receive minor effort throughout the summer season.

MANAGEMENT AND RESEARCH

Sport fish management aﬁd research activities have primarily includéd
catalog and inventory assessments, enhancemeﬁt and creel census work,
life history studies, and some habitat protection work. Catalog and
inventory work has been fairly extensive; with most lakes and streams

along the Kodiak road system inventoried for sport species. Many other
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lakes and streams on Kodiak and Afognak Islands have also been inventoried.

Enhancement by fish stocking and lake rehabilitation has been done
on many roadside lakes with easy access from Kodiak. Re-stocking and
monitoring growth and survival of stocked populations is a continual
process. Numerous egg takes have also been conducted. Dolly Varden
eggs have been taken from the Buskin and Pasagshak systems, and rainbow-
steelhead eggs taken from Karluk River.

Creel census work was concentrated on determining catch and effort
for the Buskin and Karluk systems, but now is aimed at calculating area-
wide and region-wide catch information using an annual mail sur&ey,-with
computer data analysis. Ground surveys, however, continue to be important
for making the total estimates.

Limited work on steelhead and Dolly Varden life history data collection
has been done. Coho salmon escapement counts have been collected annually
since 1967, and annual king salmon counts have been made on the Karluk
system.,

Haﬁitat protectian work is done as the need arises, primarily in
connection with land-use developments affecting streams around Kodiak
and with timber sales on Afognak Island. Public access recommendations

and easement acquisition is done as need arises.
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Table 107 . Kodiak region sport fish distribution and abundance.

Forms

Species Resident Anadromous

Abundance

Remarks

Dolly Varden Char X

Rainbow Trout X

Steelhead Trout

Land-Locked X
Coho Salmon . @

Grayling X

Smelt

X

High

Moderate-—
High

Moderate

" Low

Very Low

High

Universally distributed
in all anadromous systems.
Resident population also
found in any streams with.
falls.

Found in all sockeye salmon
systems, many stocked pop.
around Kodiak. Natural
pop. most abundant on
Afognak Is.

Found in all sockeye
systems, but most pop..
small. Karluk L. has
largest run.

Stocked in a few lakes
around Kodiak. May be
locally abundant.

Stocked in 4-5 lakes
around Kodiak. Not natur-
ally occurring. Most
lakes require frequent
re-stocking.

Capelin found on several
beaches around Chiniak,
Ugak Bays. Are beach
spawners, not anadromous

or resident.
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Table 109 . Pink, chum, and sockeye salmon and Dolly Varden sport
) harvest estimated for selected northeast Kodiak Island
systems, 1973-1974 1/.

Pink Salmon Chum Salmon Sockeye Salmon Dolly Varden

System 1973 1974 1973 1974 1973 1974 1973 1974
American R. 344 886 150 171 - -— 1,084 3,628
Buskin L. 685 2,186 202 147 632 409 20,400 26,387
Kalsin R. 105 408 20 19 - -~ 1,229 0
0ld's R. 0 926 47 . 0 _ - 160 693
- Pasagshak R. 1,004 537 78 44 56 160 2,134 8,032
Roslyn Cr. 123 177 0 0 - - 595 287
Salonie Cr. ‘ 27 7 0 0 o - 0 0
Saltery R. 320 615 197 109 - -~ 4,345 6,207
Others 489 500 76 ) 8 275 1,414 2,361 4,249
Total 3,256 5,772 770 498 963 1,983 32,832 49,474

1) Source: Alaska Dept. of Fish and Game, 1974-1975. Inventory and
cataloging of sport fish and sport fish waters in Southwest Alaska.
Fed. Aid in Fish Restoration, Ann. Progress Reports, vol. 15,16.

291



‘Table 110 . Some Kodiak region sport fisheries. 1) (see also
stocked lakes Table 108).
Location
2)
System TWS RNG SEC  Species Remarks

Kodiak Island Road System

Anton Larsen Bay 27S8-21W-2

Monashka Bay

Buskin L.

‘Woman's Bay
Russian R.
Salonie Cr.
Middle Bay
American R.
Kalsin Bay
0ld's R.
Kalsin R.

Roslyn R.

Twin Forks Cr.

L. Rose Tead

Pasagshak Beach

L. Miam

Saltery L., Cr.

275-19W-19

285-20W-5

285-20W-32
29S-22v-23
285-21W-25
295-20W-21
298-21W-32
305-20W-2
305-20W-26
308-20¥-34
30S-19W~20
30S-19W-16, 20
30S-20W-22
30S-20W-23

308-21w-30

308-22W-35

PS,C8,DV
58,P8,DV

SS,P5,RS,CS
DV, SH

w

S,PS,DV

l

Good beach fishery, summer-fall.
Good beach fishery, summer-fall.
Top fishery in region. Excellent
spring DV fishery, good salmon

fishery, summer-fall.

Good beach fishery;

Good beach fishery.
Good salmon, DV fishery.

Good beach fishery.

Light fishing effort.

Good S5,DV fishery.
Good beach fishery.

Light fishery.

Good DV,SS fishery.

1) Source - A.D.F.&G., 1975.

Division, Juneau, Ak.

96p.

Alaska Sport Fishing Guide.

continued

Sport Fish

2) Underlined species are primary species sought.
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Table 110 (continued). Kodiak region sport fisheries (also see stocked

lakes Table 108 ).

Uppexr Station
Lakes

Akalura L.

Afognak L.,R.

Malina Lakes

Little Afognak

L.
Kitoi Lakes

Portage L.

Waterfall L.

Laura L. & Cr.

CS,DV,RT-SH

36S-31W-18,17  SS,RS,PS,DV,

RT-SH

3458-31W-33 SS,RS,DV,RT-SH

Afognak Island

248-22W-15 SS,RS,PS,DV,
RT-SH

238-23W-25 $S,RS,PS,RT-
SH,DV

238-25W-27 $S,RS,DV, RT-SH

235-25W~-16,10  SS,PS,RT,DV

225-25W-17 $s,PS,RS,RT-SH

215-24W-15 DV

215-25W-12 SS,RS,PS,DV,
RI-SH

Location
System TWS RNG SEC Species Remarks
Kodiak Wildlife Refuge .

Barbara L. 278-234-22 SS,RS,DV,RT Productive lake, fairly pop-
ular with fly-in fishermen.

Uganik L., R. 298-25W-7 SS,RS,PS, DV

RT-SH

'Karluk L., R. 325-30W-10 KS,S5,RS,PS, Former Navy recreation camp.

& Lagoon 305-32w-~-22 CS,DV,RT-SH Top KS, SH fishery in region,
light to moderate effort.
KS-June, July, SH-Sept., Oct.

Red L., R. 345-32W-2 KS,SS,RS,PS, Good SH fishery. Light effort.

Former Navy recreation camp.
Very heavy effort then. Light
to moderate effort presently.
Excellent RT fishing.

Excellent RT fishery, light
effort.

Excelllent RT fishery, light
effort.

Good RT fishery, light effort.

Excellent RT fishery, light
effont

Excelllent RT fishery, light
effart.
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. Table 113 -

Coho salmon sport harvest estimated for selected northeast

Kodiak Island systems, 1967-1974 1/.

Estimated Harvest

- System 1967 1968 1969 1970 1971 1972 1973 1974
American R. 60 150 - 50 250 50 42 —
Buskin L. 600 1,200 2,200 2,500 850 700 753 1,049
L. Genevieve —_ - — 15 - —_ - -
Hurst Cr. — - - - 75 10 - -
Island L. — - - 50 100 - - —

" Kalsin R. - -— 20 20 0 0 49 54
L. Miam - - — - 50 — — 50
Mill Cr. — 100 - — - - — -
0ld's R. - - 25 25 150 50 6 19
Pasagshak 100 300 -~ 1,000 1,350 1,400 1,129 609
Pillar Cr. — _— — 25 25 30 — 2/
Roslyn Cr. 40 50 25 — - - 74 35
Salonie Cr. 50 200 225 200 100 0 88 63
Saltery R. - 100 200 — 100 1,100 - 340
Total 850 2,100 2,695 3,885 3,050 3,340 2,593

2,733

*1) Source:

Fish Restoration, Amnn. Progress Report, vol. 9-16.

2) TFishery closed.
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Table

1967-1974 1/.

Percentage of Total Run

114 ., Percent of sport-caught coho salmon harvested from total
estimated run in selected northeast Kodiak Island systems,

System 1967 1968 1969 1970 1971 1972 1973 1974
American R. 17% 18% - 10% 50% 26% 46% -—
Buskin L. 21 36 722 68 43 51 38 68%
L. Genevieve —~— - - 30 -~ _— - -
Hurst Cr. —_ — -— - 20 20 - -

- Island L. - - —_ 45 14 - - -
Kalsin R. — - 15 12 0 0 40 42
L. Miam - - - — 7 - - 3
Mill Cr. — 33 - — - — - -
old's R. — — 8 8 - — 2 28
Pasayshak 4 8 - 50 56 33 32 —
Pillar Cr. - - - 42 50 88 - 2/
Roslyn Cr. 40 17 8 - - - 71 26
Salonie Cr. 77 22 50 29 50 0 54 17
Saltery R. - 9 _ - éO 82 - 36

1) Source: Alaska Dept. of Fish and Game, 1968-1975. Inventory and
cataloging of sport fish and sport fish waters in Southwest Alaska.
Fed. Aid in Fish Restoration, Ann. Prog. Report, vol. 9-16.

2) Fishery closed.
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Table 115 , Pink, chum and sockeye salmon sport harvest as a percent
- of total estimated runs for selected northeast Kodiak
systems, 1973-1974-1/.

Pink Salmon Chum Salmon Sockeye Salmon

System 1973 1974 1973 . 1974 1973 1974
American R. 3% 5% 4% —_— - -
Buskin L. 7 5 - - 22% 20%
Kalsin R. 1 - nég. —_ —_— —_—
01d's R. - neg. - - - -
Pasagshak R. - - —_ - 28 4

Roslyn Cr. 21 4 - - —_ —_
Salonie Cr. 2 neg. - - - _—
Saltery R. 3 4 1 21% —_— _

1) Source: Alaska Dept. of Fish and Game, 1974-1975. Inventory and
cataloging of sport fish and sport fish waters in Southwest Alaska.
Fed. Aid in Fish Restoration, Ann. Progress Reports, vol. 15-16.

298



Table 116 . Estimated total sport salmon and Dolly Varden
harvest, northeast Kodiak Island, 1973-1974. 1)

Total
Year Fishery SS RS PS CS Salmon DV
1973 Freshwater 2,593 963 3;256 770 7,582 32,892
Saltwater 233 - 974 235 1,442 3,934
TOTAL 2,826 963 4,230 1,005 9,024 36,826
1974 Freshwater 2,733 1,983 5,412 498 10,626 49,474
Saltwater 264 - 1,966 63 2,293 4,877
TOTAL 2,977 1,983 7,378 561 12,919 54,351

1) Source - A.D.F.&G., 1974-1975. Inventory and cataloging of sport fish
and sport fish waters in southwest Alaska. Fed. &id in Fish Restoration,
Ann, Progress Reports, vol., 15-16,
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LIFE HISTORY - KING. SALMON

Taxonomy

‘King salmon (Oncorhynchus tshawytscha) are members of the family

Salmonidae, and are the largest of the five Pacific salmon. Local names
vary to location. In Washington and Oregon king salmon are called
"chinook," while in British Columbia they are surnamed "spring salmon."

Other local names are "quinnat," "tyee," " tule," and "blackmouth."

Distribution

King salmon range in western North America from Ventura River in
southern California to Point Hope, Alaska, adjacent to the Chuckchi Sea.
In Asia they range from Hokkaido, Japan, north to the Anadyr River in

Siberia.

Physical Description

A mature king sﬁlmon averages 40 inches in length and 40 pounds in
weight, however, a 126-pounder was taken near Petersburg, Alaska in
1949.

Adult king salmon are distinguished by the black irregular spotting
on_the back, dorsal fins and on both sides of the caudal fin. They are
also chgracterized by a black pigment along the gum line. In the ocean,
the king salmon is a robust; deep-bodied fish. It has a blue-green
coloration on its back, fading to a silvery color on the sides with
white on the belly.
| Depending upon location and degree of maturation, spawning colors

vary from red to copper to almost black. Males are more deeply colored
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than females. Males are also distinguished‘by their "ridgeback" con-
dition and their hooked upper jaw.
In fresh water, juvenile king salmon are recognized by well devel-

oped parr marks which are bisected by the lateral line,

Life History

Like all species of Pacific salmon, king salmon are anadromous.
They hatch in fresh water, spend part of their life in the ocean, then
return to fresh water to spawn.

King salmon may become sexually mature between their second and
seventh years. As a result, fish in any spawning run may vary greatly
in size, ~For example, a mature three-year-old generally weighs less
than four pounds, while a mature éeven—year—old may exceed 50 pounds.
Females are usually older than males at maturity. With the exception of
six and seven~year age groups, male spawners generally:outnumber female
spawners. Small king salmon that mature after spending only one winter
in the ocean are commonly referred to as "jacks'". These are ususally
males.

In Alaska, mature king salmon start to ascend larger rivers from
May through July and often make lengthy freshwater spawning migrations
to reach their home streams. Spawners destined for the Yukon River
headwaters in Canada are known to travel more than 2,000 miles in a 60-day
period.

King salmon do not feed during the freshwater migration, causing
their physical condition to gradually deteriorate. During this period
they utilize stored body material for energy and for the development of

reproductive products.
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King salﬁon may spawn immediately above the tidal limit, but
most travel upstream. Spawniﬂg generally occurs in the main channels
of larger streams. Optimum substrate composition is 55 to 957 medium
and fine gravel (no more than 15cm in diameter) with less than 8%
silt and sand. Optimum stream discharge is 0.5 to 2.0 ft3/sec.

The spawning act is essentially the same for all five species of
Pacific salmon. The female selects a spawning site, usually a riffle
area, and digs the nest or redd by turning on her side and beating with
her tail. Redd size varies from 1.2 to 9 meters in diameter., Usually
a dominant and several accessory males are in attendance.

When the redd is completed and the female is ready to spawn, she

swims across the redd and lowers her anal fin into it. The dominant
male comes alongside the female and quivers. The eggs from the female
and sperm (milt) from the male are released simultaneously. After egg
deposition, the female digs upstream from the redd and’covers the eggs
with gravel. A female may dig several redds and spawn with more than
one male. Males may élso spawn with several females. Females may
contain from 3,000 to 14,000 eggs. The eggs are comparatively large
(six to seven millimeters in diameter) and are orangish-red in color.
Shortly after spawning activity ceases, the adult king salmon die.

Dependent upon water temperatures, the eggs hatch in about seven
to nine weeks. The newly hatched fish, called alevins, remain in the
gravel for two to three weeks while they gradually absorb the food
in the attached yolk sac. Fry emerge from the gravel by early spring.
Following emergencé they school, but soon become territorial. Juvenile
king salmon predominately migrate to the ocean after hatching but may

remain in freshwater one or two years before migrating.
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During the freshwater stage they feed largely on plankton, aquatic
insect larvae and terrestrial organisms. iﬁ the ocean king salmon
consume a wide variety or organisms, including: herring, pilchard,
sandlance, rockfish, eulachon, amphipods, copepods, euphausiids and
larvae of crabs and barnacles. King salmon grow rapidly in the ocean,
often doubling their body weight during a summer season. King salmon
feed in marine waters for a period of one to six years before returning

to spawn in freshwater.
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LIFE HISTORY - SOCKEYE SALMON

Taxonomy

Sockeye salmon (Oncorhynchus nerka) is a member of the family

Salmonidae, which includes Pacific salmon, Atlantic salmon, trout, Dolly
Varden and Arctic char. Common names for sockeye salmon are ‘'red salmon"
and "bluebacks." The majority of sockeye salmon are anadromous. However,
some individuals become 'lake~locked," completing their life cycle in

fresh water. These individuals are known as "kokanee."

Distribution

Sockeye salmon are native to practically all temperate and sub-
arctic waters of the North Pacifie Ocean.. The distribution along the
North American coastline occurs from Point Hope, Alaska (adjacent to the
Chukchi Sea) south to the Klamath River in California. On the Asiatic
side, they have been reported from Cape Chaplina in the northern portion
of the Bering Sea southward around Kamchatka Peninsula to the northern
shore of the Okhotsk Sea off Siberia.

Coastal distributions of sockeye salmon are well knowﬂ because of
the historical concentration of fishing effort along the coast and river
esturaries. However, how far they move offshore and to what areas of
the high seas they frequent during their one to five years of ocean
residence is poorly understood. Investigations into the high seas
distribution of sockeye by Davidson and Hutchinson (1938) and Fleming
(1955) indicate that sockeye salmon are found where summer surface
temperatures range from five to 16 degrees Centigrade, and where the

summer surface salinities are generally less than 32.2 percent.,



Forrester (1968) indicates that salmon normally occupy the upper 60-100
feet strata.' These ranges vere calculated from gill net catches of the
Japanese high seas fishery and from Canadian and United States Explora-

tory fishing vessels.

Description

Anadromous sockeye may reach (33 inches) in length and weighing up
to 15.5 pounds. However, the average is 24 inches in length and six to
nine pounds in weight. The nonanadromous form (Kokanee) seldom exceed
16 inches and one pound in weight.

Duriné their marine life adult sockeye salmon are metallic,'greenish—
blue on the dorsal surface with fine black specklings. 1In fresh water,
maturé breeding males develop a humped back, hooked upper jaw and
brilliant red on the back which eventually blends to a deep, dark red on
the sides. The head is olive~green, and the lower jaw and underside are
pale white. The breeding female lacks the characteristic humped back
and hooked jaw of the male. It generally has greenish-yellow patches
on its dark red sides.

Juvenile sockeye salmon have dark, mottled green backs blending to
an iridescent green and silver on the sides. They are distinguishable
by the six to 10 dark oval parr marks on the sides. The parr marks are
about the same width as the eye, barely extend below the lateral line

and are irregularly spaced along the side of the body.

Life History
Differential distribution of anadromous sockeye salmon coincides
with specific stages in its life cycle. Each spfing sexually mature

sockeye salmon leave their feeding grounds in the north Pacific Ocean
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and migrate over the continental shelf, eventﬁally finding the spawning
rivers from where they emerged. Sockeye salmon reach the spawning

stage at varfing ages, They may spend from one to five years in marine
waters, thus reaching sexual maturify at ages ranging from two to

seven years. Sockeye salmon undergo many morphological changes as they
near fresh water in preparation for spawning. Feeding discontinues and
their digestive systems become nonfunctional and degenerate. Nourishment
is derived from the fat and protein sources of their flesh, skeletal
structures and scales., As sockeye salmon enter freshwater, they

begin developing the characteristic spawning coloration.

Iﬁ Alaska, the spawning season for sockeye salmon extends from late
July to early October, depending upén the geographi; location. Spawning
rivers usually have lakes in their systems. Spawning occurs in inlet
and outlet streams and along the ‘gravel shoals of lakes, often to a
depth of 100 feet. In general, spawning coincides with water temperatures
of 40 to 50 degrees Farenheit,

Fish breeding in lakes or in their outlets spawn later than those
in streams. This is because lake waters generally cool off more slowly
in late summer than do runoff waters in lake tributaries.

Factors determining the selectidn of spawning sites a;e variable.
They-include stream gradient, water depth and velocity, and size of
streambed materials. Spawning sites are usually selected where there is
good waterflow through the gravel, enabling the eggs to receive the
essential amount of oxygen. Optimum substrate composition is fine-
medium gravel wiﬁh no more than 1% of the gravel béing 15cm or more in
diameter. The nest, or redd, generally averages 1.75m2 in diameter,
although they are usually larger and more irregular in lake spawning

areas., Kokanee redds are considerably smaller.
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After egg deposition and fertilization; the female covers the eggs
with a layer of material from the streambed. This act is similar in all
specles of Pacific salmon. The total number of eggs f&und in samples of
North American female sockeye rangeé from 2,200 to more than 4,500. The
average is approximately 3,500. Fecundity depends primarily upon the
size of the female.

The egg incubation period depends primarily upon the temperature of
water flowing through the nest, or '"redd." Under normal conditions the
period may vary from 80 to 140 days. When the eggs hatch, the young
(alevins) remain in the gravel for three to five weeks. During this
time tﬁey derive nourishment from the attached yolk sac. Full formed
and free-swimming fry emerge from tﬁe gravel in eariy spring (April and
May).

After emergence into lake tributaries, fry move downstream into the
lake., Those hatched in lake outlets must move upstream into the lake.

In some river systems, '"races" of sockeye salmon exist which spawn in
streams without associated lakes. In these cases, fry drop down directly
to the sea, or rear in backwater streams'or eddies.

When fry first enter a nursery lake they work along the shore for a
few weeks. They soon move out into déeper water of the laké and con-
centrate in the top 10 to 20 meters. Fry have been found at depths
greater than 40 meters.

Food during the nursery period consists primarily of insects and
their larvae (in shallow water). Later they feed primarily on Cladocera,
copeods and amphipods. In addition to competing with their own species
for food, sticklebacks, whitefish and other freshwater species are
significant competitors, Predators of sockeye fry include Dolly Varden,

Arctic char, squawfish (Ptychodheilus oregonensis), rainbow trout, coho

salmon and prickly sculpin (Cottus asper).
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Sockeye fry may remain in freshwater for a period from one to four
years. Whén surface waters in nursery lakes appfoach 39 to 45 degrees
Farenheit, the young salmon, now called "smolts', begin their seaward
migration. Depending upon genetic makeup and freshwater growth factors,
sockeye smolt range from three to six inches in lengfh.

Upon reaching saltwater the smolt generally remain inshore in
estuarial areas. Food at this stage consists of insects, crustaceans
such as copepods, amphipods, decopods, barnacle larvae, astrocods and
euphausiids. Smolt also feed upon young fishes and larvae such as
sandlance, bigeye, whiting, rockfishes, eulachon, starry flounder,
herring, prickleheads and hake.

Sockeye salmon remain in ocean feeding areas from one to four
years. With the onset of sexqal maturity, they begin migrating back to
coastal waters and finally their hative streams.
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LIFE HISTORY - COHO SALMON

Taxonom

Coho salmon (Oncorhynchus kisutch) is a member of the family

Salmonidae, which includes the rest of the Pacific saimon, Atlantic salmon,
trout, char and Dolly Varden. In common usage, coho salmon are

generally referred to as "silver salmon."

Distribution

Coho salmon are distributed in western North America from Monterey
Bay, California, north to Point Hope, Alaska. In northeastern‘Asia they
range from Hokkaido, Japan, north to the Anadyr River in Siberia.
In Alaska cohos are abundant from the Dixon Entrance {Southeastern Alaska)>
north to the Yukon River. Evidence suggests cohos are rare north of

w

Norton Sound.

Physical Description
The>average weight of a mature coho salmon is frém six to 12 pounds.
The average length at maturity is 29 inches. During ocean residency
adults are metallic blue on the dorsal surface, silvery on the sides and
ventral surface and caudal peduncle. Irregular black spots are
- present on the back and usually on the upper lobe of.the tail. Spots
and gums are not as darkly pigmented as in king salmon. The caudal
peduncle is unusually broad, and a silvery plate is evident on the tail.
-During the spawning phase, both sexes turn dark, with a maroon-reddish
coloration on the sides. The male developes an extremely hooked snout

and its teeth become enlarged. The male also developes a "humped" back,
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but it is not as extreme as those found in spawning sockeye or pink
salmon méles. Occasionally males return to spawﬁ after only three to
six months at sea. These smail "jacks" resemble adults, but possess
more rounded tail lobes.

Juvenile coho have parr marks evenly distributed above and below
the lateral line. The parr marks are narrower in width than the inter-
spaces. No black spots are visible on the dorsal fin. The anal fin has
a long, leading edge usually tipped with white. All other fins are

frequently tinged with orange,

Life History

In Alaska, coho salmon enter spawning systems from August through
November, usually during periods of peak high water. Actual spawning
occurs between September and Jan;;ry. Although spawning may occur
in main channels of 1;rge rivers, locations at the head of riffles
in shallow tributaries or narrow side channels are preferred. Optimum
substrate compoéition is small-medium gravel. However, coho sélmon
are extremely adaptable and will tolerate up to to 10%Z mud. Optimum
stream discharge is 3.4 ét.3sec. Nest, or redd, site is generally
larger than that for sockeye salmon and averages 2.8 m2 in the Columbia
River basin.

Fecundity ranges from 2,400 eggs to 5,000 eggs in larger females.
Eggs are orangish-red in color and smaller than most other salmon eggs,
ranging from four to six millimeters in.diameter.

Eggs in the gravel develop slowly during the cold winter months,
hatching in about six to eight weeks. The sac-fry remain in the gravel
and utilize the yolk material until emerging two to three weeks later

(May-June). Upon emergence the fry school in shallow areas along the

shores of the stream. These schools break up rather quickly as fry
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establish ferritories. The fry defend these "tefritories" from other
juvenile coho with aggressive'displays. This territory is usually along
the shoreline or behind a log or boulder. From such a location the
young fish do not have to fight the current, and can.dart out to feed on
surface insects or drifting insect larvae.

Juvenile coho grow rapidly during the early summer months, and
spend the winter in deeper pool areas of spring-fed side ponds. Coho
salmon also rear in ponds or lakes, where they feed along shoreline
areas, Rearing also occurs in brackish, lagoon areas.

In the spring of their second, third or fourth year, coho.smolts
migrate to the sea. They remain inshore and near the surface during the
first few months, feeding oﬁ herring larvae, sandlance, kelp, greenling,
rockfish, eulachon, insects, and barious.crustaceans such as copepods,
amphipods, barnacles. They also feed on cfab larvae and euphausiids.
After several months inshore, they move out into the open ocean
where thgir principal foods are squid, euphausiids and various>species
- of small fish.

Information concerning the coho's ocean residency is scant. However,
tagging in the Gulf of Alaska has indicated that a large number of
southeast Alaska coho move north along the coastline until reaching: the
Kodiak Island vicinity. This movement corresponds ﬁith the Alaskan
Gyre, which is a counterclockwise pattern of ocean currents moving
across the North Pacific to the coast of British Columbia, northwest
- along the coast to the Gulf of Alaska and then southwest toward the
Alaska Penninsula. Other species of Pacific salmon are thought to
follow this counterclockwise pattern during ocean residency. Coho
salmon spend from one to three years in'marine waters before returning

to spawn in their native streams.
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LIFE HISTORY - PINK SALMON

Taxonomy

Pink salmon (Oncorhynchus gorbuscha) are members of the family

Salmonidae, which also includes the genera Salmo (Atlantic salmon and
trout) and Salvenlinus (char and Dolly Vérden). Pink salmon have
also been called "humpy'"or "humpback" salmon because of the enlarged

hump that develops on the back of the spawning male.

Distribution

Pink salmon occur in streams from northern California to the
Arctic Ocean in North America, and from the Arctic Ocean south to
Hokkaido Island of northern Japag in Asia. Their oceanic distribu-
tion extends from North America to Asia north of the 40th parallel
through the Bering Strait into the Arctic Ocean. Although several

attempts have been made to transplant pink salmon to waters outside

their natural range, no new fishery has been established to date.

Physical Description

The average length of a mature pink salmon is from 16 to 22 inches,
with an average weight of four pounds. Adults have large black spots on
the back, adipose and both lobes of the caudal fin. The spots on the
caudal fin are oval. The largest of these spots are at least as large
as the eye diameter.

Fry have a general silvery appearance and their backs are often

deep blue to green. A lack of parr marks easiiy distinguishes them from
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other salmon fry. During the first three mqnths after the fry's entry
into the ocean, they have a silvery color-common to all salmon. Pink
salmon fry can also be readily distinguished by small and numerous
scales, with subtle differences in scale shape, color and internal
structure.

Spawning adult males develop an elongated and hooked snout, en-

larged teeth and a pronounced hump behind the back. The back and sides

of the fish become dark, with green-brown blotches on the sides. Spawning

females do not develop these characteristics as distinctly.

Life History

In Alaska mature pink salmon begin migration to spawning streams
from mid-June to late September, usually ascending streams only short
distances. In British Columbia and California, some pink salmon have
been known to migrate more than 200 miles, and in Asia migrations have
been reported up to 400 miles from the sea.

In Alaska, pink salmon spéwn in the lower reaches of short, coastal
streams. Some prefer intertidal areas of these streams, where eggs are
alternately bathed by fresh and brackish waters. Spawning areas with
medium size gravel are preferred. Optimum stream flow is 0.03m/sec. or
greater,

Spawning generally begins in Aﬁgust or September when stream
temperatures are approximately 50 degrees F. Pink salmon tend to spawn
earlier in colder streams and later in warmer ones. Because pinks are
smaller than the other salmon, the nest, or redds, dug by the female are
not as large. 1In Southeast Alaska, redd size averages l.1m2 in diameter

and 9.3cm deep. The egg deposition and fertilization process is similar

to the other species of Pacific salmon. The mature female usually
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carries befween 1500 and 2000 eggs, which are orangish-red in color and
roughly six millimeters in diémeter. From the time of spawning to the
fry's emergence from the gravel, less than 25 percent of the deposited
eggs survive. This heavy mortality is caused by digging in the redds by
other females, poor oxygen supply to the eggs, poor water circulation
in the streambed, dislodgement of eggs by flooding and scouring, freez-
ing of eggs during severe and prolonged cold, and predation by other
fish.

The developmental period of the egg is critically affected by water
temperature. Hatching normally occurs from December through Fébruary.
Alevins remain in the gravel for several weeks and emerge in April or
May. The fry migrate downstream to estuaries immediately after hatching,
migrating at night and hiding in the gravel by day. Migrating fry
generally do not feed, but if the distance is great they may consume
larval insects.

Fry form large schools in estuarine areas, remaining inshore
throughout their firét summer. In September fhey move into deeper
water. In April and June their principal food consists of copepods. By
July, increased growth enables them to supplement their diet with largér
organisms such as insects, and small fishes. In the estuaries of
southeastern Alaska, fry may reach six to nine inches before migrating
into the open ocean. |

Maturing pink salmon rémain in ocean feeding grounds until the
following summer. Growth is rapid during the last spring and summer
in the sea and throughout most of the spawning migration through coastal
waters.

Pink salmon reach sexual maturity when théy are 14 to 16 months old

and average 16 to 22 inches in length. Little data concerning estuarial
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and ocean survival is available. Evidence suggests that roughly three-
fourths of the fry entering éstuary waters die béfore reaching the
ocean. Of those entering the 6cean, approximately three-foruths die
before reaching sexual maturity. Predation is believed to be the
principal cause of these mortalities.

Pink salmon have the shortest and simplest life history of any
Pacific salmon. With a two year cycle they have two genetically distinct
stocks. These stocks are called "odd" or "even" year, and are based
upon the year adults spawn. Differences in the number and size of fish
in the two stocks have been the subject of speculation for many years.

In some areas of Alaska, only one stock séawns in significant numbers.

In general, odd-year runs predominate in the Fraser River and in southern
British Columbia. Even-year runs predominate in northefn British Columbia
and the Queen Charolette Islands.. Switches from odd-year to even-year
dominance have been réEorded in Asian streams to a significant extent.
Puget Sound and Southeastern Alaska odd-year runs dominate, while in
Kodiak, Cook Inlet and Bristol Bay, even-year runs are in the ﬁajority.
Long term averages in Prince William Sound indicate a.higher abundance

of even-year stocks, however, odd-year stocks have periodically sus-

tained several years of high abundance.
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LIFE HISTORY - CHUM SALMON

Taxonom

Chum salmon (Oncorhynchus keta) are members of the family Salmon-

idae and sub-order Salmonoidea. Chum salmon are commonly referred to as
"dogs" or "dog salmon." This name can be attributed to the hooked snout

and protruding teeth of spawning males.

Distribution

Chums are the most widely distributed of the five Pacific salmon
and second to the pink salmon in abundance. In western North America.
they range from California north to the Bering Strait and east to the
MacKenzie River. In northeast Asia they run from near Pusan, Korea,
north along the Asiannfoast to the Arctié Ocean. They also range west
along the Arctic coast to the Lena River of Siberia. Primarily,
distribution is above latitude 46°N in the colder waters of the subarctic

region.

Physical Description

Adult chum salmon have been recorded as large as 40 inches in
length and weighing as much as 33 pounds. The average is 30 inches-long
and eight pounds in weight. In marine waters they are metallic blﬁe on
dorsal surfaces with occasional black speckling. The pectoral, anal énd

caudal fins have dark tips.' In fresh water maturing chums show reddish
or dark streaks (or bars) and large blotches, with white tips on the
pelvic and anal fins. The spawning male develops an elongated, hooked

snout, and its teeth become enlarged.
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‘Chum salmon fry have six to 14 short parr marks that rarely extend
below the lateral line. The back is mottled green, while the sides and

belly are silvery with a pale green iridescence.

Life History

From July through September, sexually mature chum salmon leave
ocean feeding grounds and migrate to freéhwater spawning habitat. These
habitats may range from tidal flats of short, coastal streams to springs
in the headwaters of large river systems. The longest known spawning
migration occurs in the Yukon River, where chum salmon swim more than
1,500 miles upstream from the Bering Sea.

Spawning usually occurs in riffle areas, with gravel size com-
parable to that used by pink salmon. Spawning also occurs in coarser
gravel and even in bedrock area atop loose rubble. Chum salmon
generally avoid areas where there is poor circulation of water through
the streambed. Optimum stream flow is 0.1-1.0 m/sec. Nest, or redd,
size is considerably larger thén that for pink salmon and has average
2.25m2 in diameter in the Columbia River basin. Optimal size is
'considered 3m2 in diameter,

Females produce an averagé of 3,000 orangish-red eggs approximately
six to seven millimeters in diameter. Hatching occurs from December
through March. Experiments have revealed that at a constant temperature
of 50 degreeé Farenheit, eggs hatch in about 50 days. Alevins emerge
from the gravel from April through May to begin their seaward migration.

When fry reach the estuary they are usually about one and one-half
inches long. They feed near shore for several months and migrate to

open sea in September. Growth during the first months of marine resid-

ence is rapid, with juveniles reaching lengths of six to nine inches in
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their first year. The diets of maturing chum salmon is similar to that
of other Pacific salmon.

Chum salmon return to spawn after spending two to four years at
sea. - Counting freshwater growth, they are between three and five years

old when they leave the ocean.
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LIFE HISTORY - PACIFIC HERRING

Taxonomy

The Pacific herring is a member of the order Clupeiformes.
Its family, Clupidae, is characterized by an elongaté, compressed
body. In general, all Pacific herring have similar characteristics,
but minor differences may exist between the herring in Alaska and

those in other areas.

Physical Description

The species can grow to lengths of 33 centimeters (13 incﬁes),
but an average large specimen is nine to 10 inches long, weighing
about 1/3 pound. They are bluish-green dorsally and silvery on the
ventral side, having relatively i;rge scales., Herring are fast
swimmers and occur in schools of up to one million or more fish.
They feed principally on planktonic crustaceans and store large
quantities of 0il in their bodies. The common maximum life is about
nine years, although some fish may live more than 15 &ears. They

attain sexual maturity in their third or fourth year of life and

spawn each year thereafter.

Distribution

Pacific herring occur all around the North Pacific rim, in the
Bering Sea, and along the shores of the Afctic Ocean, In Alaska,
" the largest commercial quantities occur around Kodiak Island, Prince
William Sound and in much of southeastern Alaska. Recent develop-

ments in fishing techniques and gear have resulted in the discovery
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of additional concentrations of Pacific herring in the Bering Sea,
where thousands of tons are now taken annually by Soviet and

Japanese trawlers.

Spawnin

The life history of Pacific herring from the time adults spawn
until the developing juveniles move from'inshore waters is well
documented, but little is known about what occurs in the 2 1/2 years
while herring are maturing. |

Adult Pacific herring usually mature at about age three or four
years in Alaska at a size of about 150 to 200 mm. However, this
may vary somewhat between areas. Spawning occurs throughout the
spring months, late April through‘mid-June, slightly earlier in more
southern areas. Water temperatures appear to be one of the main factors
that influence spawning timing, and spawning usually begins when
water temperatures reach approximately 39.5°-40.0° F.

A female can produce abouﬁ 10,000 eggs when she is three-years-~old
and as many as 59,000 when she is ejight. The older and larger females
produce more eggs than the younger ones, but approximately 20,000 eggs'
per spawning is average. The eggs are adhesive, and the female deposits
them on solid surfaces rather tham broadcasting them loosely in the
water. The generally preferred surface for spawning is living plants.
Those plants host often used are eel grass (Zostera), rockweed (Fucus)
and girdle (Laminaria). |

A spawning female makes physical contact with the substrate and
deposits her eggs in narrow bands upon it. The male herring does not
pair off with any particular mate, but wanders émong the spawning fe-

males extruding milt (sperm) at random. The thousands, or perhaps
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millions, of fish spawning on a beach usually produce so much milt
that the water becomes discolored. -

A heavy spawning does not always result in more adult herring.

In some cases, mortality cuased by crowding of the eggs may actually
produce fewer young herring than more moderate spawning. Moreover,
if many of the eggs of a heavy spawning hatch sucessfuly, high
mortality may result as the millions of iarvae compete for a limited
food supply.

The eggs of the Pacific herring are small (1.0 to 1.5 millimeters
in diameter). They are spherical, slightly heavier than seawater, and
adhesive. The incubation time is governed by the temperature of the
water, and ranges between 12 and 20 days. Higher temperatures accel-
erate development. Even under ideal conditions, millions of eggs fail
to hatch and mortalities in the eég stage can range from 507 to as high
as 997. During the incubation period, eggs laid within the intertidal
area are alternately exposed and covered by tides. In warm weather,
great numbers of eggs may dehydrate and die when exposed by low tides.
Severe mortality may also result from coastal storms if the egg-covered
eel grass or kelp is torn from the bottom and cast up on the beach. The
alternatve exposing and covering of the eggs by the tide makes them
available to both aquatic and terrestrial predators.

Upon hatching, a larva receives nourishment from a small quantity
of yolk that remains in the egg. When the yolk has been utilized the
larva begins to feed. The herring larva is almost transparent and about

six millimeters (1/4 inch) long. The transition from yolk subsistence

to active feeding is perhaps one of the most critical periods in the
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herring's life. If water currents are unfavorable, thousands of larvae
may be swept out to sea or to areas without proper food. The larvae are
constantly exposed to predation by marine animals such as arrow worms,
comb jellies and other fish.

The change from a larva to a scaled juvenile takes place from six
to eight weeks after the egg is hatched. At this stage the herring is
approximately 65 millimeters (2 1/2 inches) long. The young collect
in small schools and gradually move seaward toward the mouths of bays
and inlets in which they were hatched. By early fall they are about 100
millimeters (4 inches) long and consolidate into large schools of per-
haps one million fish or more. Most of the schools move into deep or
offshore water by late fall. They reﬁurn 2 1/2 years later as mature

adults ready to spawn for the first time.
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LIFE HISTORY - HALIBUT

Taxonomy

The Pacific halibut (Hippoglossus stenolepis) is a member of
the order Pleuronectiformes, which includes such species as flounders,

sole and brill.

Physical Description

The order Pleuronectiformes is characterized by a greatly com-

pressed body (somewhat rounded on the eyed side) and flat body on the
p .
blind side.

In young flatfished, the body is upright and symmetrical with an
eye on each side of the head. Very soon a metamorphosis occurs, in
which one eye migrates to the opégsite side of the head. Eventually
both eyes are on the Jpper or darker side. The fish then settle to the
bottom and swim horizontally.

In the Pleuronectidae or flounder family, to which the haiibut
belongs, the eyes and colored surface are typically on the right side
of the fish (dextral). The halibﬁt mouth is large and symmetrical,
with the maxillary extending to the pupil of the eye or behind.

The teeth are developed on both sides of the jaws, associated with
their predatory nature.

Halibut are the largest of all flatfishes and one of the larger
fishes in the world. The adult male haliﬁut may reaéh 4 feet seven
" inches in length, and attains an average weight of 40 pounds. An

adult female may grow to 8 feet nine inches. Females have been

recorded weighing 470 pounds at an age of 35 years or more. The

326



largest Pacific halibut on record was caught near Petersburg, Alaska,
and weighed 495 pounds. Atlaﬂtic halibut up to 690 pounds have been
recorded,

Halibut are dark brown in color on the eyed side and irregularly
blotched with lighter shades. The blind side is white. By control-
ling the contraction and expansion of chromatophores of various
colors, halibut and other flatfishes have the ability to change their
external shades and color patterns to blend in with the immediate

surroundings. These changes are activated by visual stimulation.

Distribution

The species range from Rosa Island off Santa Barbara in southern
California to the Bering Sea, as far north as the Norton Sound.
They are also distribgted about halfway Between St. Matthew and
St. Lawrence Islands. On the Asiatic Cgast, they range from the
Gulf of Anadyr in the north as far south as Hokkaido, Japan. Halibut
are found in very shallow waters and to depths of 600 fathoms. They

generally range between 30-225 fathoms.

Spawnin

Spawning takes place from November to January along the slopes
.0of the continental shelf in depths from 125 to 250 fathoms. Some‘
well known halibut spawning grounds are: Cape St. James, Whaleback,

Cape Omanney, Yakutat Spit, Western Spit, Icy Bay Strait, '"W",

Seward Gully, Trinity Islands and Chirikof Island.

Fecuﬁdity in females is proportionate to the size of the fish,
A large female of 140 pounds may have as many as 2.7 million eggs.

The eggs, or ova, are about 1/8 inch in diameter and bathypelagic;
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being laid and fertilized in proximity to the‘bottom but subsequently
drifting in the middle to uppér water levels. The eggs and larvae
drift passively with the ocean currents at depths down to 375 fathoms.
As development proceeds, they gradually rise toward the surface and
drift into shallow water with the inshore surface currents.

The germinal disc of the egg goes through the normal processes
of cell division to form the embryo that lives off the yolk. The
yolk comprises the main mass of the egg. Eggs hatch aftér about
15 days, with the larvae living off nourishment from the yolk sac.
After absorption of the yolk, post larvae must depend upon the
external environment for their food. As with the eggs, the larvae
and post-larvae continue to be free floating. They are transported
many hundreds if not thousands of miles by the westward moving ocean
currents. . |

The free floating stage lasts about six months. After rising
to the surface water layers, they tend to be propelled by the pre-
vailing winds toward the shallower sections of the continental shelf.
The larvae undergo metamorphosis and commence their bottom existence
far from the spawning grounds as juvenile halibut, but possessing the
characteristic adult form. Thus the floating eggs, developing larﬁge
and the post-larvae are dispersed far westward from the points where
they were produced.

With advancing size and age the young halibut move into deeper
. water. Females grow faster.than males. The age of sexual maturity
in females is from eight to 16 years, averaging about 12 years.

Tagging operations have shown that immature halibut move within
very restricted areas, whereas mature fish may migrate extensively

to and from the spawning grounds. Some individuals have been known

328



to migrate as far as 2,000 miles. Food for halibut consists of

fishes, crabs, clams, squid and other invertebrates.
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LIFE HISTORY - PACIFIC COD

Taxonomy

The Pacific cod (Gadus macrocephalus) is a member of the family

Gadidae and the order Anacanthini., The scientific name Gadus

macrocephalus is derived from the Latin gadus (codfish) and the

Greek macros (large and cephalos (head). Common usage may continue
to refer to this species as '"'plain" cod, "gray" cod or "true" cod
to distinguish it from the other species currently referred to as
varieties of cod. Other members of the family Gadidae are: the

whiting (Theragra chalcogrammus), pacific tomcod (Microgadus

proximus), and longfin cod (Antimora rostrata).

Physical Description

The Pacific cod has a brown to gray coloration on the dorsal
surface, shading.into lighter hues on the ventral surface. Brown
spots are numerous on the back and sides, and are morelor less
dusky on the fins. The outer margin of all unpaired fins are
white, and the white becomes wider on the anal and caudal fins.

The Pacific cod is noted for three separate dorsal fins, with the
anus below the second dorsal fin, The barbel below fhe lower jaw
« is as long or longer than the eye. This species may attain lengths

up to 3 feet 3 inches.
Distribution

Pacific cod are mostly benthic, but are occasionally taken in

quite shallow water. They have been caught at depths up to 300 fathoms
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(550 meters). The species ranges from Santa Monica in southern
California through Alaska and the Bering Sea to the Chukchi Sea.
On the Asian side, they are distributed past the‘Kuril Islands to
Kamchatka, Okhotsk Sea, Sea of Japan, off Honshu, Korea and in the
Yellow Sea to Port Arthur. Toward the southern part of its center
of abundance, cod occur in temperatures throughout the year between

6° and 9°C,.

Spawnin

Spawning takes place in the winter. The eggs are slightly
more than 1 mm in diameter and show no oil globule. The eggs are.
pelagic and slightly adhesive. They hatch in eight or nine days
at 11°C an& in 17 days at 5°C, but will take about four weeks at
2°C in northern waters. The hatcﬁing period for a batch of eggs
lasts over several-days. Egg survival is high at 5°C. Newly
hatched larvae are approximately 4.5 millimeters in length. At
5°C, the yolk sac is absorbed in about 10 days. Young about
20 millimeters in length have been found to eat copepods,

Female cods sexually mature at approximately 40 centimeters
of body length and two to three years of age. The length at which
50% Af the females are sexually mature is 55 centimeters (Foerster,
1964). Half the males are mature at two yeérs of age. At 60
centimeters, a female may produce 1.2 million eggs. At 78 centi-
meteis, she may produce 3.3 million.

Cod generally move into deep water in the autumn and return
to shallow water in the spring. Feeding includes a wide variety
of invertebrates and fishes~inc1uding: worms, crabs, molluscs and

shrimps, herring, sand lance, walleye pollock and flatfishes.
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LIFE HISTORY-LINGCOD

Taxonomy

The lingcod (Ophiodon elongatus), is a member of the family

Hexagrammidae in the suborder Scorpaenoldea. The scientific name

Ophiodon elongatus is from the Greek ophis (snake) and odons (tooth)

and the Latin elongatus (elongate). It is often referred to as
"eultus cod". Other members of the family Hexagrammidae found in

Alaskan waters include the kelp greenling (Hexagrammos decagrammus),

rock greenling (Hexagrammos lagocephalus), masked greenling

(Hexagrammos octogrammus) and whitespotted greenling (Hexagrammos

stelleri).

Physical Description

Reaching a length of five feet (152 centimeters), the lingcod
is recognizable by its rounded and once-notched long dorsal fin,
large méuth, large teeth, thoracic pelvic fins and small, smooth
scales covering its body and head. Its coloration is variable,
with bold, darker mottling on many shades of brown, gray, or green
on the back and sides, depending upon the environment. Some

smaller individuals are strongly green with the color permeating

the flesh.

Distribution
The lingcod ranges from Baja in southern California north to
Kodiak Island to the Shumagin Islands south of the Alaska Peninsula.

It is common along the northeastern shore of the Pacific Ocean, with
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its center of abundance in waters of British Columbia. Its habitat
is near thé bottom of the intertidal zone down t§ at least 60 fathoms,
among kelp beds and reefs, esﬁecially where there are strong tidal
movements. When resting on the bottom, the fish supports its weight

by resting on its pectoral and pelvic finms.

Spawnin

Spawning takes place from December to March. Females deposit
their eggs in crevices or under rocks in shallow water, sometimes
in the intertidal zone. Newly maturing females produce 100,000 to
150,000 eggs. Larger females (40 inches in length) may producé
upwards of 500,000 eggs. When water hardened, lingcod eggs are
approximately 3.5 millimeters in diameter, and have tough membranous
shells. They adhere strongly to ;ach other, producing large, thick
masses weighing up to 30 pounds, with a piﬁkish opalescent color.
The male lingcod guards the eggs against intruders and fans them with
his large pectoral fins.

Hatching is progressive, with eggs on the outsidé of the mass
hatching first. Newly hatched young are seven to 10 millimeters
long, have'blue eyes, and a bright yellow oil globule near the liver.
They sink to the bottom in intense light. The yolk sac is absorbed’
in about 10 days. |

At one year of age, lingcod average about 10.5 inches in length.
Growth in females is faster, averaging roﬁghly 2.7 pounds per year,

“while males average only 1,7 pounds per year. Females reach 36
inches in length at 10 to 14 years old, with males seldom exceeding
36 inches. Males reach sexual maturity at about 18 inches. Females

reach maturity at 27.5 to 30 inches.
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Lingcod show two main patterns of movement.v Some individuals
are obviously quite sedentary; making few, if any, movements.
Tagging has shown that fish were recaptured at the same location
years after release, however, migratory populations ﬁave been known
to exist,

Lingcod are voracious feeders, eating herring and sand lance,
when available, and a variety of bottom forms such as flounders,
hake, walleye pollock, cod and rockfishes. TLingcod also eat
crustacea and octopus, and are definitely cannibalistic. Juveniles

feed extensively on copepods and other small crustaceans.
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LIFE HISTORY - ROCKFISHES

Taxonomy

The rockfish family, Scorpaenidae, belongs to the order
Scorpaeniformes and the suborder Scorpaenoidea.

These fishes frequently are called rockcods, but since they
have no close relationship with the true cods, (Gadidae) it seems
advisable to adopt the term rockfishes and discard the term "cod"
in reference to members of this family.

Species of the rockfish family found in Alaskan waters include

the blue rockfish (Sebastodes mystinus), black rockfish (Sebastodes

melanops), orange rockfish (Sebastodes pinniger), blackblotched

rockfish (Sebastodes crameri), redstripe rockfish (Sebastodes

proriger), rougheye rockfish (Sebastodes aleutianus), longjaw

rockfish (Sebastodes alutus), stiipetail rockfish (Sebastodes

saxicola), red snapper, (Sebastodes ruberrimus), flag rockfish.

(Sebastodes rubrivinctus), brown rockfish (Sebastodes. auriculatus),

copper rockfish (Sebastodes caurinus), quillback rockfish (Sebastodes

maliger), yellowstripe rockfish (Sebastodes nebulosus), blackbanded

rockfish (Sebastodes nigrocinctus) and spinycheek rockfish

(Sebastolubus alascanus).

Among the numerous species of rockfish found in Alaskan waters,

the red snapper (Sebastodes ruberrimus) is among the most important

commercially. Adults reach.lengths of three feet.

Physical Description

In the rockfishes, the body is elongate and the anterior

(front) is stout. The head is large and usually bears prominent

336



ridges and-spines in definite positions. The scales are large and
ctenoid. The dorsal fin is siﬁgle with 13 to 15 spines and nine
to 16 rays. The anal fin has three stout spines and five to nine
rays. The pelviec rins are thoracic, each with a spine and five
rays. Some species of rockfish average 3 feet in length, however,
most species range between 20 and 30 inches long.

Species living near the surface are, for the most part, brown

in color while those in deep water often have a red coloration.

Distribution

The rockfishes constitute a group of many species largely in
the north temperate seas. More than 50 species are known along
the eastern shores of the Pacific, Ocean from California to Alaska.
At least 24 of these ipecies are found iﬁ British Columbia waters

in the two genera: Sebastodes and Sebastolobus.

Many species inhabit rocky shores but the family has repre-
sentatives in a vertical range from tidewater to 822 fathoms.

Rockfish populations in all regions are thought to be under-
estimated, since these groups are known to be distributed on the
ocean bottom and at considerable distances above it. Test sampling
conducted by the National Marine Fisheries Service and the National'
Ocean and Atmospheric Administration between 1950 and 1968 showed
that the rockfish group comprised a greater number of species than
any other fish group sampled. About 20 rockfish species, mostly
from the genus Sebastodes, occurred in the Gulf of Alaska regions.
The two species of the genus Sebastolobus, both of which are deep
water inhabitants, constituted a large portion of the rockfish

catches beyond 99 fathoms. Many of the Sebastodes species appear
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to be primary pelagic forms, and were reported taken in mid-water
trawls. For Ehis reason, these species had the greatest bathymetric
range, occurring in all depth zones sampled.

During the exploratory fishing, rockfishes were mostly encountered
in the offshore waters of all regions. They were rarely found in

the inside waters of southeastern Alaska.

Spawnin

All species of the genus>Sebastodes have internal fertilization
of the eggs and subsequent release of the young. These are less
than 1/2 inch in length and are prod;ced in large numbers during

the summer months.
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LIFE HISTORY - SABLEFISH

Taxonomy

The sablefish (Anoplopoma fimbria)-is a member of the order

Scorpaeniformes, which was originally established to include those
fishes having a perch-~like form of body. The order now includes
many groups that are quite varied from fhe basic percoid character.
One of these 1s the suborder Scorpoenoidea, to which the sablefish
belongs. Within its family Anoplopomatidae or the skilfishes,
sablefish are known to various names such as ''skil", '"coalfish'
and "blackcod." However, the latter term is inappropriate since

the fish is not a cod.

Physical Description

The body of the sablefish is long and slightly compressed,
tapering iﬁto a long, slender, caudal peduncle. It is usually
sléty black or greenish-gray on its dorsal surface and lighter on
the ventral side. Mgles do not get as large as females, and reach
matu;ity at an earlier age., Females may attain lengths of one
ﬁeter or greater. It is estimated that a 40 inch sablefish is about
20 years old. Large individuals three feeg in length and 40 pounds
in weight have been captured on the halibut banks at depths down
to 170 fathoms. Their food consists of crustaceans, worms and small
fishes. 1In captivity, sablefish are indiscriminate feeders. They

have been observed actively feeding on saury and blue lanternfish.,
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Distribution

The species ranges from Cedros Islands in southern California
to the Bering Sea and is quite abundant in Alaskan and Canadian
waters. On the Asian side of the North Pacific, they range from
Hokkaido, Japan, north to the Kamchatka Peninsula off Siberia.
Commercial quantities of adults are most abundant in water deeper
than 200 fathoms and down to 500 fathoms. Although tagging
studies have shown certain individuals to travel more than 1,200

miles, sablefish tend to be localized in most cases.

Spawnin

Sablefish spawn in the early spring with rising water temperatures
and their eggs are pelagic, drifting with the current after fertil-
ization. In late May, post-larval individuals have been found on
the ocean surface at distances from 100 to 185 miles off the coast

of Oregon. In the post-larval phase, sablefish are subject to

heavy predation by larger organisms.
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LIFE HISTORY - FLOUNDER

Taxonomy

The flounder family, Pleuronectidae, belongs to the order
Heterosomata. This family includes demersal flatfishes such as
halibut, sole and brill. Of 15 flatfish caught commercially in
Alaskan waters, the arrowtooth flounder or turbot (Atheresthes

stomias) was the most dominant species.

Physical Description

In flounders the eyes and colored surface are typically on the
right side of the fish (dextral). The pelvic fins are symmetrically
arranged, with one on each side o% the abdominal ridge.

The family may be divided into two groups. In one, as exem-
plified by the halibuts and related species, the mouth is large
and symmetrical, the maxillary extends to the pupil of the eye or
behind, and the teeth are well developed on both sides of the jaws,
associated with the habit of actively pursuing fishes for food.

In tbe other group, the mouth is small and asymmetrical, the maxil-
iary does not extend to the pupil of the eye, and the teeth are
confined largely to the sides of th¢ jaws on the unpigmented side
of the head. This is associated with the habit of feeding upon
invertebrates and small fishes of the sea bottom.

The body of the flounder is rather elongate, slender and much

compressed. The arrowtooth flounder (Atheresthes stomias) has an

average length of 2 feet 9 inches. The starry flounder (Platichthys

stellatus) has an average length of 3 feet.
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Distribution

Flounde; range from southern California to the eastern Bering
Sea. They are present in all regions and depth zones of the con-
tinental shelf and slope in the Gulf of Alaska. As a group, they
historically dominated the catches in the Gulf of Alaska regions.
They are most frequently encountered in the offshore regions.
Flounder are most abundant on the continent;l shelf (less than

100 fathoms) decreasing as it extends beyond the 150 fathom contour.,

Spawnin,
Spawning generally occurs in late winter and early spring in.

a sandy substrate, 1In starry flounders (Platichthys stellatus),

the eggs ére pale orange, and their membranes have very fine
vermiculate wrinkles, but no sculbtured pattern. They have diameters
between 0.89 and 0.94 millimeters, are slightly larger than sea
water, and are non-adhesive upon hatching. Larvae are between 1.93
and 2.08 millimeters long. Like the other flatfishes, they are
syﬁmetrical. Young five to 12 millimeters long feed primarily on
copepods and their nauplii, as well as barnacle larvae and Cladocera.
The young are transformed to asymmetry at about 10.5 millimeters.
Leng£hs corresponding to years of growth are: I, 105 millimeters;
II, 310 millimeters and IV, 340 millimeteré. Females are somewhat
longer than males at higher ages and live longer.

Flounder consume crabs, shrimps, worms, clams and clam siphons,
other small molluscs, small fishes, nemertean worms and brittle
stars. At low water temperatures feeding stops. At this time,
little digestion occurs an& the stomach functions primarily as a

food storage organ.
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LIFE HISTORY - KING CRAB

Taxonomy

King crabs are anomuran crabs of the Superfamily Paguridea
found throughout the circum-arctic region of North America.

Eldridge (1972) has described its taxonomy as follows:

Order: Decapoda
Section: Anomura
Superfamily: Paguridea
Family: Lithodidae
Subfamily: Lithodinae
Genus: Paralithodes

Of three species found in Alaskan waters, the "red" king crab

(Paralithodes camtschatica) are the most abundant and commercially

x

valuable, Although the "blue" king crab (Paralithodes platypus)

is not as abundant, it is morphologically similar to Paralithodes
camtschatica and the Japanese have developed a modest fishery for
this species in the Pribilof Island region of the Bering Sea. The

"brown'" or "golden" king crab (Lithodes aequispina) is found in the

deep waters (100 to 200 fathoms) of southeastern Alaska. The Jap-'
anese refer to the king crab as "taraba-gani," whereas the Russians
often call it the "Kamchatka' crab. Americans usually reserve the

name "king crab" for Paralithodes camschatica. The term "king crab"

will refer to Paralithodes camschatica for the remainder of this

report.

344



Distribution

Paralithodes camtschaticé) is abundant on both sides of the

north Pacific Ocean. In Asian waters, it is found from the Sea of
Japan northward into the Sea of Okhotsk and along the shores of the
Kamchatka Peninsula; the northern limit on the Asiatic coast has
been reported at Cape Olyutorskiy (60°N latitude). The species
occurs throughout the Aleutian Islands and the southeastern Bering
Sea, where large fisheries for it exist. On the western COastvof
North America, the northern limit for king crab appears to be Norton
Sound (65°N latitude) in the northeastern Bering Sea. King crabs
are also abundant in the Gulf of Alaska, where major fisheries for
them exist in Cook Inlet, Kodiak Islaﬁd and the south Alaska
Peninsula. Moderate numbers of king crab are found in Prince William
Sound and southeastern Alaska. The southern limit of this species
in the northeastern Pacific appears to be Vancouver Island, British
Columbia (Butler and Hart, 1962). |

During their various life stages, king crabs appear to segregate
themselves quite distinctly from one another, In particular, males
are separate from females except during the mating season, and in
general, adults appear to inhabit different areas from those frequented
by juveniles. Catch statistics also indicate that male king crabs
may school by size.

King crabs are distributed to depthslof 1,200 feet, although the
commercial fishery is generally confined to depths less than 600 feet,
Females and smaller males appear to be most abundant in intermediate
depths. Juveniles are most abundant in inshore waters and in relatively
shallow waters, although they have been found to depths of 58 fathoms

(Powell and Reynolds, 1965).
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The favorite bottom habitat of king crabs appears to be mud

or sand. King crabs are stenohaline and adapted to cold waters.

Maturity

King crabs of both sexes reach sexual maturity when their cara-
pace (back) length becomes about 100 mm (3.9 inches), or at an age of
about 5 years. Many females appear to participate in breeding shortly
after attaining sexual maturity. However, it appears that few males

less than 120 mm in carapace length actually mate.

Mating

King crabs follow distinct annual migration patterns associated
with their mating season. During winter months they migrate to water

depths of less than 50 fathoms along the shoreline and onto the offshore
ocean banks. Young a;ults precede old adults; males precede females
(Powell & Nickerson 1965). The females'molt and mate during April and
May. Females ﬁormally, but not necessarily, molt while being érasped by
a male. This precopulatory embrace (grasping) is an intrinsic behavior
of adult king crabs which serves to keep breeding adults together untill
subsequent mating has occurred. It affords a protective mate tc the
female before and during the molt and aides the female in molting.
Immediately after the female molts, the attendant male deposits
spermatophore material around the female's oviducts and releases her.’
The female then extrudes eggs into her abdominal pouch where they mix
with the spermatophore material and are fertilized. Fertile eggs are carried
by the female for 11-12 months, hatching prior to the females next annual
molt. TFemale king crab, not mating after molting, will not extrude eggs.

Over ripe eggs will die and decay in the ovaries of unmated females.
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Female king crab mate with only one male annually. Male king crab

are polygamous.

Fecundity

The number of eggs each female carries varies with their size.
Female king crabs in Asiatic waters apparently carry less eggs than
their counterparts in the northeastern Pacific. In this regard,
Nakazawa (1912) reported that large females in Japanese waters could
carry as many as 345,000 eggs while the average female carried
approximately 220,000 eggs. A later study (Sato, 1958) found that
the number of eggs carried by females in Japanese waters varied
between 15,000 and 204,000, with a mean of 102,000 eggs.

Af Kodiak, small females have been reported to carry between
50,000 and 100,000 eggs, with large females carrying as many as

400,000 eggs.

Eggs and Larvae

The eggs develop into pre-zoea within about 5 months and remain
in this state while they are carried by the female. During this
period, the eggs become well developed and are easily visible.
Dﬁring hatching, which occurs between March and June, all of the
eggs carried by an individual will hatch in about‘a 5-day period.
After hatching, the pre-zoea larva molts and assumes the first zoeal
stage. During the pelagic phase, the larvae are active swimmers
and feed primarily on diatoms. After the fifth molt, the larvae

assume a benthic, or bottom, existence as glaucothoe larvae. In the
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next molt, which occurs during the first summer of life, they assume

the first adult form.

Juveniles

During their first year of life, the juveniles assume a soli-
tary, benthic existence, generally in shallow water. They appear to
be quite abundant in waters close to shore.in the Gulf of Alaska.

In the Befing Sea, large concentrations of juveniles have been found
in depths of 29 fathoms.

Two year old king crab are known to aggregate in large groups.
Small crab comﬁonly pile upon each other and move as a conglomerate.
This practice known as '"podding' is a social behavior which affords the
cfab protéction from predators. Groups are maintained until crab attain
sexual maturity. At that point érab segregate by sex and size.

Sculpins, cod and halibut have been reported to prey on juvenile
king crabs. 1In addition, Gray (1964a) has reported that halibut prey

on king crabs when they are in the soft shelled condition. Evidence

\

suggests that once king crabs attain sexual maturity they are relat-

ively immune to predation, except during the molting phase.

Croch

During the first several years of the‘king'crab's 1life growth is
rapid, and it molts or sheds the hard outer shell several times
in order to accommodate the increased body size. At the time of
molting, the crab sheds the carapace, eyes, antennae, mouth, eso-

phogus, stomach, calcerous teeth, gills, tendons, and in general, the
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entife outer Eody covering. Juvenile male and female crabs steadily
increase in carapace length af a rate of 24 and 23 percent respectively
(Powell 1967) until reaching sexual maturity.

After reaching sexual maturity growth rates and molt frequency
for male and female crab differenciate. Adult females molt annuall&
and average 4 mm per molt. Adult males molt annually through the
eighth year and averaged 20 mm per molt. After eight years an in-
creasing'proportion molt biennially. Few male crab molt less frequently
than biennually. Maximum size is reached at an average of 14 years
of age. Growth rate for males decreases slightly following the eight

’year.

Food Habits .
The king crab is omnivorous during both its juvenile and adult
stages of life. In a study of food items found in the stomachs of
king crabs in the Bering Sea, phe following occurred (in descending
order or frequency): ‘Mollusca (clams, etc.); folychaeta (marine
worms); Algae (marine plants); other crustacea and Coelenterates
(jéilyfish). Other food organisms found less frequently were fora-

miniferans, nematode worms, tunicates, echiuroids and fish (Mclaughlin

and Hebard, 1959).

Diseases

Sindermann (1970) has reported that P. camtschatica and P. platypus
from the eastern north Pacific are occasionally affected by "rust disease"
ﬁhich seems to result from action of chitin-destroying bacteria of the

exoskeleton. However, this disease appears to be relatively rare.
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Sinderman (1970) has also reported that P. platypus from Alaskan waters
are occasionally invaded by rhizcephalans. Moore and Meyer (1951) have

reported that egg cases and adults of the leech (Notostomobdella

cyclostoma) are common on Alaskan king crabs, particularly during the

sunmey.
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LIFE HISTORY - TANNER CRAB

Taxonomy

The tanner crab is a member of the brachyuran crabs of the
superfamily Oxyrhycha found throughout the circum-~arctic region of
North America. Garth (1958) has described its taxonomy as follows:

Order: Decapoda
Section: Brachyura
Superfamily: Oxyrhyncha
Family: Majidae
Subfamily: Oregoniinae
Genus: Chionoecetes

The genus of Chionoecetes may actually comsist of two polytypic

species, C. opilio and C. angulatus. C. opilio may have given rise

to C. opilioc elongatus and €. bairdi; while C. angulatus may have

given rise to C. tanneri and C. japonicus (Garth, 1958). All of
these species are preignt in the North Pécific.

Crabs of the genus Chionoecetes have been referred to as spider,
tanner, and snow crabs in the English literature. In Japanese
literature, this genus is referred to as zuwai crabs. 1In an attempt,
to capitalize on the excellent reputation of the king crab, American
processors initially attempted to sell tanmner crab under the trade
name "Queen Crab'". However, the U.S. Food and Drug Administration
has since ruled that "Snow Crab" will be the official trade name fof
the tanner crab. In common usage, tanner crab has become the acceﬁted

name for the genus.

Distribution
The genus belongs to the subfamily, Oregoniinae, which has a
circum-arctic distribution, extending into the temperate waters on

the east and west coasts of North America and Eurasia., The genus'

range is: the eastern Pacific from the Bering Strait and the
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Aleutian Islands to Cortex Bank, opposite therUnited States =~ Mexico
boundary; wéstern Pacific, from Kamchatka to off Kinkazan, Japan,
and Oki Islands in the Japan Sea; Siberian, Alaskan, and Canadian
Arctic; and the Western Atlantic, from the west coast of Greenland
to Casco Bay, Maine. Members of the genus are found in shallow
waters to depths of 1,625 fathoms (Garth, 1958). The greatest
concentrations occur along the outer continental shelf and upper
continental slope. Trawl surveys conducted by the International
Halibut Commission indicate that tanner crabs are quite abundant
in the Gulf of Alaska and that they increase in abundance as one
goes west toward the Bering Sea.

C. tanneri is typically found from the coast of Washington to
the extreme southern edge of California. It occurs from depths of
29 to 1,062 fathoms with the greatest abundance in the 275 to 400
fathom interval. C. angulatus occurs along the 49 to 1,625 fathom
interval from the eastern edge of Kamchatka to the Pribilof Islands
in the Bering Sea, south along the Aleutians, and from British Columbia
southward to Oregon. Because these two species occur in relatiﬁely
deep water, intensive commercial exploitation of them is infeasible
‘at fhis time.

C. bajrdi and C. opilio typically inhabit shallow waters and are
the principal commercial species in the Gulf of Alaska. C. bairdi
occurs from the littoral zone to depths of 259 fathoms. Its range
extends from Puéet Sound, Washington, to the Aleutian Islands and
the southeastern Bering Sea where it is repérted to be the most
common species in the commercial catch. C. opilio also occurs within
the iittoral zone and to depths of 300 fathoms, The greatest concen-

trations of C. opilio are west of longitude 163° W, with C. bairdi
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comprising the bulk of the Gulf of Alaska catch.

Tanner ' crab distribution and abﬁndance appears to be inversely
related to that of king crab. Preliminary evidence indicates that
king and tanmer crabs compete for space and food. Exploratory surveys
in the southeastern Bering Sea indicate that both male and female
tanner crabs of all sizes are most abundant at depths where the
abundance of male and female king crabs is low. Although male tanner
crabs may overlap considerably with king crabs of both sexes, female
tanner crabs are most abundant in areas where no female king crabs
are present (Haynes and Lehman, 1969).

Studies by Pereyra (1966) along the Oregon coast indicate a
pronounced seasonal and sexual difference in the distribution of
adul£ tanner crabs, C. tanneri. His studies indicated that C. tanneri
were comménly present at depths from 250 to 850 fathoms. Furthermore,
female tanner crabs were concentréted principally between 350 and
375 fathoms throughout the year; whereas the relative abundance of
male tanner crabs changed seasonally by depth. During the spring and
summer, males were most abundant at depths between 275 and 300 fathoms.
With the onset of fall, the male population-shiftéd back into deeper
‘waters and mingled with the female population during the winter for
the purpose of mating. Although specific observations are limited,
the other species of tanner crab are believed té exhibit similar

sexual and seasonal migrations.

Sexuality

The tanner crab is heterosexual and sexually dimorphic. There
is considerable variation in morphology between.male and female

tanner crabs, with the males being significantly larger than the
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females. Adult males have an acute and narrow abdomen, while adult

females have a round and broad abdomen.

Maturity

Due to the difficulty of aging crustaceans, the age at which
tanner crabs reach sexual maturity is not known with certainty,
although the size at maturity is known for. most species. Alaska
Department of Fish and Game tanner crab research has determined that
the average male C. bairdi reaches maturity at 111 mm carapace width.
The same research puts the size of 50% maturity for female C. bairdi
at 84 mm (Donaldson 1976, personal communication). Studies
conducted in the Japan Sea indicate that C. oEilio‘reaches sexual
maturity after about the 10th molt or six to eight years after hatching.
Male'and female C. opilio in Japanese waters reach sexuai maturity
at a sizerf approximately 50 to 65 mm in carapace width (Ito, 1970).
Female C. tanneri off the Oregon coast reach sexual maturity at
75 to 126 mm in carapace width, while male C. tanmeri mature at

103 to 181 mm in carapace width (Pereya, 1966).

Mating

- "As a genus, tamner crabs appear to be polygamous. Initial mating
is believed to take place in the spring or early summer shortly after
the female has molted and grown to maturity. At the present time, it is
suspected that female tanner crabs can mate while hard-shelled. Some
evidence is available which suggests that uﬁlike king crab females,
tanner crab females are capable of breeding while hard-shelled. Hartnoll
(1969) contends that only hard-shelled male tanner crabs are successful
at mating. Female tanner crabs are apparently cépable of producing more
than one hatch of fertile eggs from one mating (Watson, 1970 and Bright,

1967).

354



ggcunditz

The number of eggs produped by female tanner crab is extremely
varied. The.range of 24,000 to 318,000 eggs per female C. bairdi
(Hilsinger, 1975) compares with 20;000 to 140,000 and 6,000 to 130,000
eggs per female C. opilio in Canada (Watson, 1969) and Japan (Ito, 1963)
respectively. The large egg number variation exists between females
of both varying and similar sizes. Some of this variation can be

accounted for by a decrease in clutch size in very old animals.

¥ggs and Larvae

After mating, the female lays a clutch of bright orange eggs.
The eggs stick to the female's abdémen and are carried for approximately
tvelve months before being released. A steady loss of eggs following
fertilization has been documented for C. bairdi (Hilsinger, 1975) and
€, opilio (Kon, 1974). The total loss may amount to as much as 45%.
The decrease in egg number is attributed to death and disintegration
of abnormal embryos and predation. Hatching of the eggs (larval re-
lease) appears to coincide with the plankton blooms. The free—swimﬁing
Jarvae molt and grow through several distinct stages before settling to
the bottom as juveniles whére they céver themselves with debris and
begin feeding on detritus, The growth rate from larval to juvenile stage
is dependent upon water temperature, with warmer temperatures producing
faster growth. At water temperatures of 11° to 13° C, the free-swimming
developmental period between the larval and_juvenile stages may last
approximately si#ty—three to sixty-six days (Kon, 1970);

Plankton studies in the Japan Sea indicate that the free-swimming
larva of tanner crab undergo diurnal vertical migrations. This migration

is a feeding response to the diurnal movements of plankton blooms.
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Juvgniles

There is very little published material concerning the habitat and
distribution of juvenile tanﬁer crabs., Exploratory work in the Japan Sea
indicates that juveniles settle out along the sea bottom at depths
between 163 and 191 fathoms (Ito, 1968). Alaska Department of Fish and
Game biologists in Kodiak, using scuba, have collected juvenile C.
bairdi as small as 6.5 mm in 10 fathoms. The National Marine Fisheries
Service have records of juvenile tanners as small as 12 mm caught in
shrimp trawls off Kodiak in 30 to 80 fathoms. This information suggests
that distribution of juvenile tanner crab is widespread and not depth
dependent. The actual diet of the juvenile is uncertain, but.they are
believed to feed primarily on dead and decaying mollusks and crustaceans
which accumulate in the detritus along the sea floor. Fish remains and

small planktonic organisms are also ingested to a limited degree.

Adults

Adult tanner crabs are intolerant and rgstticted in their dis-~
tribufion by low salinities and high temperatures. Laboratory exper-
iments in Canada have demonstrated that C. opilio will die within
twenty-four hours if kept in salinities less tham 22.5%°/,o (Anonymous, 1971).
At a salinity of approximately 31 to 32°/.. McLeese (1968) determined
that C. opilio reached the 50°/co mortality poimt after 18.8 days
when held at 16° C. Thus it is reasonable to expect that the southern
range of tanner crab distribution may be limited if water temperatures
exceed 16° C.

Adult tanner crabs appear to have few predators, although it
is likely that during molting they may be vulnerable to large fish

and perhaps other large crustaceans such as the king crab. In addition
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to ﬁredation, it is speculated that king gpd tanner crabs may compete
for food and space. If this is true, then it would appear that the
larger size of the king crab would give it a competitive advantage
over the smaller tanner crab. ihe concept of competition between the
king and tanner crab is interesting in that it poses the question

of whether the populations of tanner crab are affected by the abundance
of king crabs. In this regard, the deﬁletion of the larger male

king crabs by the present intensive fishery might have a favorable

effect on the abundance of tanner crabs.

Growth

Dimensional growth occurs in tanner crab when the hard exoskeleton
is periodically cast off or molted. The animal is then able to take
water into its tissues and increase in size before the rehardening occurs.
Male and female crab display similar growth rates and molt frequently
prior to reaching sexual maturity. Males continue to molt after be-
coming sexually mature but tﬂe intervals between molts increase with
age. Female crab normally do not molt after‘reaching sexual maturity.
In females the molt to maturity is considered the terminal molt. Growth
may vary from one geographic locatiom to another. The maximum age of

tanner crab is probably eight to twelve years, although this is not

known with certainty.

Diseases

Tanner crabs, as are all organisms, are subject to disease.
‘Brown (1971) reported a black encrustment on the shell which was
labeled 'shell syndrome'. The meat of the crab is not affected by

the "syndrome', but it may cause mortélity in individuals which have
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undérgone their terminal molt due to disablement of the mouth parts
and eyes. There is some evidence that thé.indiscriminate dumping
of wastes from crab processing plants may be a factor contributing to
the spread of the disease.

Gordon (1966) reported thaf some polyclad Turbellaria are

ectoparasitic on crabs, Specifically, Coleophora chinonoecetis has

been found on the eggs of tanner crabs.

Oka (1927) reported that the leech, Carcinobdella kanibir, is

occasionally found on C. opilio in Asiatic waters.

Migration and Local Movement

Ligtle is known concerning the migrations and local movements of
tanner crabs. However, tagging studies conducted by Canadian
scientists (Watson, 1970) indic;te that tagged male crabs travel
relatively little with eight-five percent of the returns recaptured
within ten miles of the release point., The farthest recapture in
the study was a male that travelled twenty-eight miles. A limited
tagging experiment in Auke Bay, Alaska, concluded that tanner crabs may
return to a "home" area to mate and molt eacﬁ year (Anonymous, 1971)

Numerous trawl surveys conducted in the Gulf of Alaska and the
Bering Sea indicate that tanner crabs are more concentrated in some

areas than others, These data indicate that tamner crabs may school,

but further work is needed for clarification.
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LIFE HISTORY - DUNGENESS CRAB

Taxonomy

The dungeness crab, Cancer magister, is a member of the

brachyuran crabs of the family Cancridae. Mayer (1972) described

its taxonomy as follows:

Phylum: Arthropoda
Class: Crustacea
Superorder: Eucarida
Order: Decapoda
' Suborder: Brachyura
Family: Cancridae
Genus: Cancer
Genotype: Cancer magister (Dana, 1852).

Crabs of the species, Cancer magister have been referred to

as market crab, common edible crab, Pacific edible crab, commercial
crab, dungeness crab, and dungeoness crab. At the present, dunge-

ness crab is the accepted common name.

Distribution

Dungeness crabs are found in the shallow nearshore waters of
the North Pacific along the western North Americam coast. They
range from a northern limit of Unalaska to a southern limit in
Monterey Bay, California (McKay, 1943 ). The crabs inhabit bays,
estuaries, and open ocean near the coast from the intertidal zone
to depths of 50 fathoms. Favored substrate is a sand or sand-mixed
bottom, although dungeness crab may be found on almost any bottom
éubstrate. Unlike the king and tanner crabs, ;hey inhabit shallow
water most of the year. Juveniles are commonly associated with
stands of eelgrass, or masses of detached algae in the absence of

eelgrass, which is believed to afford them protection (Butler, 1956).
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"Water temperatures and salinity appear to be controlling
factors in the seasonal distribution. Stﬁdies by Cleaver (1949)
indicate that crab abundance, as estimated from catch per unit
effort data, increase with rising spring water temperatures and
decrease with dropping fall temperatures. Changes in winter catch
appear to be in response to fluctuating low salinities. McKay (1942)
determined that adult dungeness crabs migrate offshore during the
winter months and return to the nearshore in the early spring and

summer.

Sexuality

The dungeness crab is heterosexual and sexually dimorphic.
There is considerable variation in morphology between male and
female crabs, with males being significantly larger than females.
Adult males have an acute and narrow abdomen, while adult females

have a round and broad abdomen.

Maturity

According to Butler (1960), male dungenéss'crabs from the
Queen Charlotte Islands, British Columbia, reach sexual maturity
at a carapace length of 110 mm, or at about three years of age.

He found, however, that sexual activity was not appreciable until
the crabs obtained a carapace width of 140 mm. McKay (1942) found
by examination of gonads that male crabs matured at a carapace
width of about 137 mm.

Butler (1960) found mature female dungeness crabs with a
carapace width of 100 mm, which were approximately two years old.
Weymouth and McKay (1936) also determined that female crabs reach

sexual maturity at about 100 mm carapace width.
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Mating

The mating of C. magister as observed in aquaria has been
reported by Cleaver (1949), Butler_(l960), and Snow and Nielsen (1966).
No observations made under natural conditions have been reported.

The crabs copulate only after the female has recently molted,
Premating activity begins with the male crab firmly grasping the
female with both of his chelae. The male éhen holds the female

crab beneath himself so that both sterna are in contact. The male
crab continues to restrain the female during her ecdysis, but allows
her to move into an upright position. Snow and Nielsen (1966) found.
that within 1 ﬁour and 32 minutes after the female has molted,
copulation took place. The female is again held with both sterna

in contacf. The abdominal flaps of both individuals are flexed in
the copulatory position with the-gonopods inserted in the spermathecae.
Snow and Nielsen (1966) also reported the occurrence of a post-mating

embrace which lasted for two days.

Fetunditz
McKay (1942) found that a single egg mass contained 13500,000
eggs and speculated that a single female dungeness crab may spawn

three to five million eggs during a lifetime.

Eggs and Larvae

After mating, the female's oviduct is closed by a secretion
which hardens in contact with sea water. The spermatozoa are sealed
in the oviduct where they remain wviable for several months. Upon
extrusion, the eggs are fértilized (McKay, 1942). Egg-bearing occurs
during October to June in British Columbia. Larvae emerge from the

egg masses between December and April in Oregon waters (Reed, 1969).
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Egg and larvae development is dependent upon water temperature with
warmer temperatures producing. faster growfﬁ. In California waters,
Poole (1966) determined that the developmental period between egg
and juvenile may last 128 to 158 days;

Predation and cannabilism is a major source of mortality among
larval dungeness crabs. Heg and Van Hyning (1951) found the larvae
of C. magister as prey items in stomachs of chinook and silver
salmon taken along the Oregon coast. McKay (1942) cites observations
of C. magister larvae commonly found in the stomachs of salmon,
herring, and pilchard.

Reed (1969) investigated the effect of temperature and salinity
on the growth of laboratory reared C. magister larvae. He found
that optimum ranges of temperature and salinity for C. magister

larvae are 10.0 to 13.9°C and 25;35°/ , respectively.
[ %]

Juveniles
Juvenile dungeness crabs are commonly associated with stands
of eelgrass, or masses of detached algae in the absence of eelgrass,
which is believed to afford them protection from predation (Butler,
1956). Butler (1954) reports the common occurrence of juvenile
crabs, about three-eighths of an inch, in the stomachs of adult crabs.
The diet of 5uveniles is assumed to be similar to adults with
crustaceans and mollusks accounting for the principal food items.
Growth during the juvenile séage is fairly rapid with crabs

reaching the eleventh or twelfth molt by age two.

Adults
After reaching sexual maturity at two or three years of age,

dungeness crabs continue to grow, with males obtaining their
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maximum size at age five, Female growth isAsimilar to male

dungeness crab during the first two years of life, but decreases
afterward (Butler, 1961). Butler (1960) concluded that the

maximum age for C. magister is eight years. McKay and Weymouth (1935)
felt that the maximum age was not more than ten years, with the
average life expectancy being eight years.

The diet of adult dungeness crab ié varied; consisting primarily
of other crustaceans, mollusks, worms, and occasionally seaweed
(McKay, 1942). The cannibalism of juvenile and iarval crabs by
adults is reported by Butler (1954).

Temperature tolerance for adult C. magister in Puget Sound,
Washington, has been reported by Stober, Mayer, and Salo (1971).

In general, no mortality was observed at temperatures below 24°C.

Adult dungeness crab are subjected to heavy predation, part-
icularly while in the soft-shelled condition following a molt.
Waldron (1958) found ling cod, the great marbeled sculpin, wolf-eels,
halibut, octopus, and some rockfish to be voracious predators upon
adult C. magister. Predation is particularly_heavy on small,
immature crabs, but is not exclusive of adults. McMynn (1951)
observed two C. magister, which were 114 mm wide, and four smaller

crabs in the stomach of one rockfish.

Diseases

A "black spot" or "rust'spot" is occasionally found on the
legs of C. magister. Although no discussion of this disease was
found in the literature, it may be similiar to the chitininvrous
bacteria—caused disease described for the Eurobean dungeness crab,

C. pagurus (Sinderman, 1970).
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The occufrence of a species of worm adhering to the carapace
and among the egg masses was feported by McKay (1942). Sinderman

believes the worms to have been a marine leech.

Migration and Local Movement

Little 1is known concerning the migrations and local movements
of dungeness crab. However, Cleaver (1949) has divided the migration
of C. magister into two types: the onshore-offshore movements and
coastwise. Cleaver concluded that adult crabs migrate offshore
during the winter months and return to the nearshore in the early
spring and summer., This seasonal migration is apparently in response
to seasonal changes in water temperatures. Furthermore, Cleaver
observed that crabs which were tggged in early winter moved north-
ward with the approach of summer. Although he had no evidence of
a return migration, he believed that one might exist in the deeper
waters. Presumably, these migrations may also be in response to

seasonal changes in water temperature.

366



Literature Cited

Butler, T.H. 1956. The distribution and abundance of early post-larval
stages of the British Columbia commercial crab. Fish. Res. Bd. Can.,
Pac. Prog. Rept. 107:22-23,

Butler, T.H. 1960. Maturity and breeding of the Pacific edible crab,
Cancer magister Dana. J. Fish. Res. Bd. Can. 17(5):641-646.

Butler, T.H. 1961. Growth and age determination of the Pacific edible
crab, Cancer magister Dana. J. Fish. Res. Bd. Can. 18(5):873-891.

Cleaver, F.C. 1949. Preliminary results of the coastal crab (Cancer
magister) investigation. Wash. State Dept. of Fish., Biol. Rept.
49A:47-82.

Heg, R. and J. Van Hyning. 1951. Food of the chinook and silver
salmon taken off the Oregon coast. Fish, Comm. Oregon Res. Brief
3(2):32-40.

McKay, D.C.G. 1942, The Pacific edible crab, cancer magister. Bull.
Fish. Res. Bd. Can. 62:32,

McKay, D.C.G. 1943a. The behavior of the Pacific edible crab, Cancer
magister Dana. J. Comp. Psych. 36(3):255-268.

McKay, D.C.G. 1943b. Temperature and the world distribution of crabs
of the genus Cancer. Ecology 24(1):113-115.

McMynn, R.G. 1951. The crab fishery off Graham Island, British Columbia
to 1948. Bull, Fish., Res. Bd, Can. 91:1-21,

Poole, R.L. 1966, A description of laboratory-reared zoeae of Cancer
magister Dana, and megalopae taken under natural conditions (Decapoda
Brachyura). Crustaceana 11(1):83-97.

Reed, P.H. 1969. Culture methods and effects of temperature and
salinity on survival and growth of Dungeness crab (cancer magister)
larvae in the laboratory. J. Fish. Res. Bd. Can. 26(2):389-397.

Sinderman, C.J. 1970, Principal diseases of marine fish and shellfish.
Academic Press: New York and London.

Snow, C.D. and J.R. Nielsen. 1966. Premating and mating behavior of
the Dungeness crab (Cancer magister Dana). J. Fish. Res. Bd. Can.
23(9):1319-1323.

Stober, G.J., D.L. Mayer and E.O. Salo. 1971. Thermal effects on
survival and predation for some Puget Sound fishes. Proceedings of
Third National Symposium on Radioecology, May 10-12, 1971 (in press).

Waldron, K.D. 1958, The fishery and biology of the Dungeness crab

(Cancer magister Dana) in Oregon waters., Fish. Comm. Oregon. Contr.
24:1-43.

Weymouth, F.W. and D.C.G. McKay. 1936. Analysis of the relative growth
of the Pacific edible crab, Cancer magister. Proc. Zool. Soc. Part 1 (1936).

367




LIFE HISTORY - SHRIMP

Commercial catches of shrimp in the north Pacific Ocean are
made up of three families: Crangonidae, Hippolytidae, and Pandalidae.
The first species exploited by the west coast shrimp fisheries were
members of the family Crangonidae in intertidal areas. Now, however,
members of the Crangonidae and Hippolytidae are rarely taken and
then only incidental to catches of Panalidae. Consequently, this

life history report will consider only the pandalid shrimps.

Taxonomy

Fox (1972) defines the suprafamilial taxonomic relationships

of the family Pandalidae as follows:

Phylum: Arthoropoda
Class: Crustacea
Subclass: Malacostraca
Order: Decapoda
Suborder: Natantia
Section: Caridea
Family: Pandalidae

Rathbun (1904) lists fourteen species of pandalid shrimps found
off the northwestern coast of North America which are divided between

the two genera Panadalus and Pandaiopsis. They are as follows:

Pandalus borealis* Kroyer
Pandalus danae Stimpson
Pandalus goniurus¥* Stimpson
Pandalus gurneyi Stimpson
Pandalus hypsinotus#® Brandt
Pandalus jordani¥® Rathbun
Pandalus leptocerus ‘ Smith
Pandalus montagui tridens Rathbun
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Pandalus platyceros* Brandt

Pandalus stenolepsis Rathbun
Pandalopsis aleutica . Rathbun
Pandalopsis ampla Bate

Pandalopsis dispar*® Rathbun
Pandalopsis longirostris Rathbun

Only six, identified by asterisk above, of the fourteen species
are caught by commercial fisheries in reasonable quantities in
Alaskan waters. The remainder of this life history report will be

devoted entirely to these six species.

Distribution

Shrimps of the family Pandalidae are found throughout the higher
temperate and boreal latitudes of the world, with centers of concen-
tration varying with the species. In the northeastern Pacific, sﬁrimp
are distributed in bays andvon offshore banks. Their range extends
from the Bering Sea to southern California with commercial fisheries
occurring off every Pacific state. Specific distribution data for
the six major shrimp species found in Alaskan waters is given as

follows.

The pink shrimp, Pandalus borealis, has been found from the

Bering Sea southward to the Columbia River in depths of 10 to 350
fathoms. It is the most abundant shrimp in the north Pacific Ocean.
The greatest concentrations locate& by exploratory surveys occurred
from the soﬁtheastern tip of the Kenai Peninsula, Alaska, westward
along the southern side of the Aleutian Chain. Isolated concentrations
also occur in portions of Prince William Sound and in Yakutat Bay.
Optimum depth where the greatest commercial catches may be taken

vary somewhat by area but are generally betweén 30 and 100 fathoms

(Rathjen and Yesaki, 1966).
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* The “humpy" shrimp, Pandalus goniurus, has been caught from

the Arctic coast of Alaska southward to Pﬁget Sound, Washington,
in depths of 3 to 100 fathoms (Rathjen and Yesaki, 1966). The
greatest concentrations are off southeastern Kodiak Island and in
the Shumagin Islands. Although.overlapping in distribution, the
"humpy'" shrimp is not as abundant as the pink shrimp. Rathjen and
Yesaki (1966) reported an index of relative density for "humpy"
shrimp about twenty-three percent of that for pink shrimp from
southern Kodiak Island.

The coonstripe shrimp, Pandalus hypsinotus, has been found from

the Bering Sea to the Strait of Juan de Fuca in depths of 3 to 100
fathoms; very similar in range to that of the "humpy" shrimp (Fox,
1972). High concentrations occur off southeastern Kodiak Island

and in the Shumagin Islands. Cdbnstripe shrimp comprise a relatively
small portion of the commercial catch. Rathjen and Yesaki (1966)
reported that the index of relative density for coonstripe shrimp

off southeastern Kodiak Island was only six percent of that for the
pink shrimp, P. borealis.

The ocean pink shrimp, Pandalus jordani, is distributed from

Unalaska Island to southern California in depths ranging from 20 to
250 fathoms (Fox, 1972). The greatest densities are located off
the northern coast of California to Cape Beale, British Columbia,
with a peak density off Oregon (Dahlstrom, 1970). Greatest concen-
trations are found from 60 to 80 fathoms off California (Dahlstrom,
1970), and from 70 to 110 fathoms off Oregon, and from 60 to 90
fathoms off Washington (Romholt, 1963). The ocean pink shrimp is
primarily found in warmer waters. For this reason, and the fact

that it is generally concentrated at depths below normal commercial
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trawling efforts, it is not found in abundance in the Alaskan shrimp
harvest.

The spot shrimp, Pandalus platyceros, has been reported from

Unalaska Island to San Diego, California, in depths of 2 to 266
fathoms (Fox, 1972). While the other pandalid shrimps are generally
found in areas suitable for trawling, P. playtceros is found in
rocky areas unsuitable for exploratory tra%l surveys. Consequently,
areas of major concentration are unknown. Ronholt (1963) reported
small quantities taken off Lapush, Washington and in southeastern
Alaska. In addition, pot fisheries are located in the Puget éound—
Vancouver Islénd area (Butler, 1964) and in scattered areas off .
central Alaska, principally Kachemak Bay (Barr, 1970a).

‘The sidestripe shrimp, Pandalopsis dispar, is distributed from

the Bering Sea, west of the Prigilof Islands, southward to Manhattan
Beach, Oregon, in depths ranging from 20 to 351 fathoms (Fox, 1972).
Next to the pink shrimp, P. borealis, it is the most abundant shrimp
in the north Pacific Ocean. The greatest concentrations occur off
southeastern Kodiak Island and in the Shumagin Islands. The index

of relative density for sidestripe shrimp off southeastern Kodiak
Island is about ten percent of that for the pink shrimp (Rathjen

‘and Yesaki, 1966). The greatest concentrations of sidestripe shrimp
are somewhat deeper than pink shrimp, genérally from 60 to 120 fathoms
(Ronholt, 1963).

Most pandalid shrimps are found on mud or sand and mud-mixed
bottoms. However, they are not found in all areas where these types
of bottoms occur. References to green mud bottoms in relation to
largg concentrations of tﬁe pink shrimp, P. borealis, and the ocean

pink shrimp, P. jordani, have been made by many authors who infer
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that the organic content of the bottom is more important in deter-
mining distribution than bottom consisteﬁéy. It should be noted,
however, that most sampling has been c;nducted with trawls which

work well only on the type of bottom described above., It is,
therefore, inconclusive whether or not many pandalid shrimp concentrate

on harder or rockier bottoms. One species, P. platyceros, and

perhaps P. hypsinotus, is known to prefer rocky bottoms (Fox, 1972).

Sexuality

The reproductive life history of pandalid shrimps is rather
unique among shellfish. Although reproduction is bisexual, pandalid
shrimps exhibit protandric hermaphroditism.

Pandalid shrimps mature first as males and then later in the
life cycle transform into functional females. The morphological
changes that accompany sex change usually occur quite rapidly.
Individuals, who the previous year spawned as a male, will spawn
the current year as a female. Once an individual has become a female,
it remains so throughout the rest of its life. ‘

The literature contains reports on a phénomenon called "primary"
females, Primary females may be defined as those individuals who
never function as males, or more strictly, as those individuals who
mature directly as females, never being hermaphrodites. Dahlstrom
(1970) reported primary females in P. jordani off northern California,

a few were found by Tegelberg and Smith (1957) off Washington, and

forty-seven of a sample by Butler (1964) off British Columbia were

-primary females. The production of early maturing (or primary)

females may be environmentally related or may be a density dependent

mechanism. At any rate, the early maturation of females is a survival
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mechanism beneficial to the population. Primary females have also
been noted in P. borealis and P. hypsinotus in British Columbia

(Butler, 1964).

Maturity

The age at sexual maturity varies with the species and by
geographical location within a species. The normal situation for
pandalid shrimps is that they are protandric hermaphrodites, matur-
ing first as males and then later transforming into functional
females. P. danae and P. goniurus apparently mature as males during
their first autumn and function again as males at one and a hélf
years in British Columbia (Butler, 1964). The age at first maturity

as males is one and a half years for P. borealis, P. hypsinotus,

P. jordani, P. platyceros, and Randalopsis dispar (Butler, 1964;

and Dahlstrom, 1970). Ivanov (1964a) believes that P. borealis
in the Pribilof Islands area of the Bering Sea do not mature as
males until two and a half years. Such is the case for P. borealis
aroun& Kodiak Island; however, some may mature at one and a half
years (McCrary, 1971).
The age at transition to functiomal female‘also varies with
the species and by geographical location within the species. By
and large, most shrimp function two years as a male before transforming

to a female,

Mating
During September, eggs ripen in the ovaries of the females
and the forming eggs may be seen as greenish masses lying dorso-

laterally under the carapace. Spawning may occur from late September
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through mid-October (Fox, 1972). The male attaches a sperm mass

to the underside of a female petWeen the last two pairs of pereiopods
(walking legs). This usually occurs within thirty-six hours sfter
the female molts into breeding dress (Needler, 1931). Fertilization
and oviposition occur as the eggs stream from the oviducts over

the sperm masses and become attached to the forward four pairs of

pleopods (abdominal appendages) and abdominal segments.

Fecundity

Pandalid shrimps have a high fecundity. The number of eggs
per clutch ranges from 500 to 2,500 for P. jordami and P. borealis

to over 4,000 for Pandalopsis dispar (Dahlstrom, 1970; and Hynes,

1929). The number of eggs extruded is positively correlated with
the size of the shrimp. However', Rinaldo (Marine Department of

Sea and Shore Fisherics, West Booth Bay Harbor, Maine as reported
by Fox, 1972) related a study which indicated that the percentage
of eggs surviving to hatching was lower for larger than for smaller
shrimp.. This would indicate that the effective fecundity may act-

ually be rather constant with shrimp size.

Eggs and Larvae

Females carry their eggs externally for about five to six months
until hatching. Hatching occurs mainly from March through April
(Fox, 1972). The lengths of spawning, carrying and hatching periods
vary inversely with the waﬁer temperature, at least for P. borealis
(Haynes and Wigley, 1969). In laboratory étudies, Berkeley (1930)
found that most larvae hatch at night during periods of wvigorous
pleopod movement by the female. Hatching an entire clutch of eggs

may take as long as two days.
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. Early larval stages have been found on or above the spawning
beds (Berkeley, 1930; and Pearcy, 1971). There are no published
reports of finding larvae in the surface waters, which indicates
that in the absence of strong mid-water or bottom currents, larval
drift may not occur to any appreciable degree. However, the time
of day that the surveys are conducted may be important since it is
known that mid-water zooplankton, of which shrimp larvae are presum-—
ably a part, perform diel migrations, rising near the surface during
the hours of darkness. The 1arvag remain planktonic for about two
to three months, passing through six stages to become juveniles,
and then settle, taking up a benthonic existence like the adults

(Berkeley, 1930).

Juveniles
Little information is available on juvenile shrimp prior to
their maturation as adult male shrimp. Differential rearing areas
and migration patterns appear to exist between juvenile and adult
shrimps. More specific information on this is available in the

Migration and Local Movement section of this life history report.

Adults
Mortality rates are high for adult pandalid shrimps. Virtually

no P. borealis survive to be seven years of age off the Pacific
coast, and this is probably true for the other pandalid species
(Fox, 1972). Estimates of annual survival rates for P. jordani

off California range from fifty-two to ‘thirty percent for the years
1960-1966 (Dahlstrom, 1970). These estimates .were made in the
presence of a fishery, so they reporesent both natural and fishing

mortality.
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" The growth of pandalid shrimps may be generalized as follows:
(1) the animal molts, ridding itself of a figid exoskeleton, (2)
water is absorbed, increasing the size of the animal, (3) a new
exoskeleton is formed, and (4) the water is gradually replaced by
new tissue., Growth in size, thérefore, is a step function, increasing
in increments at each molt, but remaining constant between molting
periods.

The most comprehensive study of the growth of Pacific pandalid
shrimps is that of Butler (1964). He fqund, that based on ultimate
size, P. platyceros becomes the largest followed by Pandalopsis
dispar, and P. hypsinotus. However, until about two years of age,

P. hypsinotus is larger than Pandalopsis dispar. Butler further

reported that P. borealis and P. jordani both reach about the same
size. Dahlstrom (1970) reports ; somewhat faster growth rate for

P. jordani off northern California and Oregon, but a slower growth
rate off Washington. Studies by Ivanov (1969) indicate that the
growth rate for P. borealis in the Bering Sea is slower than those

of the western Gulf of Alaska or of British Columbia. Hence, it
appears that the growth rate of P. borealis is dependent upon latitude
and consequently water temperature. It is assumed that the other
pandalid species exhibit similar growth characteristics.

Pandalid shrimps are carnivorous bottom feeders and feed both
by scavengering dead animal material and by preying on living organ~
isms such as amphipods, euphausiids, limpets, annelids, and other
shrimps. Vegetative plant material is rarely found in the stomachs
of pandalid shrimps (Berlekey, 1929).

Pandalid shrimps are subject to a high level of predation, both

as planktonic larvae and as benthonic adults, Virtually any large
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fish in their vicinity is a poténtial predator. Those noted as
feeding on shrimp include the Pacific haké; Pacific cod, sablefish,
lingcod, arrowtooth flounder, petrale sole, yellowfin sole, rock
sole, flathead sole, various rockfish, spiny dogfish, skates and
rays, Pacific halibut, salmon, énd even harbor seals (Skalin, 1963;
Barr, 1970a; Butler, 1970; and Dahlstrom, 1970).

Pandalid shrimp distribution and rénge is dictated, to a large
degree, by temperature and salinity tolerances. On the basis of
water temperature, P. borealis and P. jordani are diametrically
opposed, with P. borealis being concentrated in colder water (Fox,
1972). The other pandalid species are not so easily delimited.

P. goniurus, however, is not found in appreciable quantities off
British Columbia or southward, yet it is off Kodiak Island, Alaska.
P. goniurus is apparently select&ve toward colder waters. Butler
(1964) reported finding all species but P, goniurus in temperatures
of 7 to 11°C off British Columbia. Butler's data does not represent
minima and maxima since Dahlstrom (1970) reports P. jordani from

5.6 to 11.5°C off northern California. Ivanov (1964b) found fishable
‘concentrations of P. borealis down to 0.5°C in the Bering Sea and
Allen (1959) reported specimens of P. borealis taken from water
-1.68°C off Europe.

Salinity tolerances are more difficult to find in the literature,
with P. jordani having the highest range, 28.7 to 34.6°/oo, (Dahl-
strom, 1970) and P. borealis the lowest, 23.4 to 30.8°/oco, (Butler
1964). The remaining ranges reported by Butler (1964) are P.
hypsinotus, 25.9 to 30.6°/oo; P. platyceros, 26.4 to 30.8°/oo, and

Pandalopsis dispar, 26.7 to 30.8°/oo.
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Diseases

Little is known about the diseaées_and parasites of pandalid
shrimps. Yevich and Rinaldo (1971) reported a condition in P.
borealis off Maine termed the black spot gill disease. This disease
results in the destruction of gill lamellae and in the formation
of a chitinous growth over the damaged area producing a black spot.
A similar condition was observed by Fox (1972) in a few specimens
of P. borealis caught off Kodiak Island.

Butler (1970) reported the infestation of a male P. platyceros
by a rhyocephalan, Sylon sp., in British Columbia waters. He stated
that there are no records of isopod parasites on P. platyceros.
However, Fox (1972) reports that most species of pandalid shrimps
are pérasitized to some degree by bopyroid isopods (Bopyrus sp.).
The isopods, a large female and the smaller male together, attach
ir the gill area. The shrimp's carapace then forms around them after

molting and produces the characteristic "bubble'.

Migration and Local Movement

Pandalid shrimps are known to undergo migrations onshore-offshore,
poastwise, and vertically in the water column. Extensive migrations
in European waters are well documented (Mistakidis, 1957), but less
so in the northeastern Pacific Ocean. |

Migration associated with age has been documented by Berkeley

(1930) for P. borealis, P. hypsinotus, P. platyceros, and Pandalopsis

dispar. Freshly hatched larvae were found around or near the vicinity
of the spawned adults. At about the third stage of development,
the larvae were found segregated in shallower water 5 to 35 fathoms

deep where they spent their first summer., Later, during their first
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winter, the juveniles joined the adult population in deeper waters.
Dahlstrom (1970), however, states that ju?énile P. jordani are
found among the adults throughout their life cycle.

Area migrations of the adult populations are less well documented.
P, jordani off California are kﬁowu to exhibit short spawning migra-
tions during the winter into deeper water and short summer migrations
ostensibly in search of food (Dahlstrom; 1970).

Diel vertical migrations are common among some pandalids.
Many P. borealis leave the bottom during late afternoon or evening
and return to near, or on, the bottom about dawn in Kachemak Bay
(Barr, 1970b). The period of time that the shrimp remained away
from the vicinity of the bottom varied directly with the season's
number of hours of darkness. Pearcy (1970) reported the same pheno~
menon for P. jordani off the co;st of Oregon. He suggested that
diel migrations are related to feeding behavior, since the shrimp
fed mainly on euphausiids and copepods which also make diel migrations.
Pearcy also suggested that these movements may be evolutionary pro-
tection and dispersal mechanisms. Chew et al. (1971) stated that
P. platyceros exhibited a diel bathymetric distribution after finding
high catches in shallow water at night in Dabob Bay, Washingtonm,

but in deeper water during the day.
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LIFE HISTORY - WEATHERVANE SEA SCALLOP

Taxonomy

The weathervane sea scallop, Patinopecten caurinus, is a member

of the Lamellibranchia clams of the family Pectinidae. Keen (1963)

described its taxonomy as follows:

Class: Pelecypoda

Subclass: Pteriomorphia

Order: Pteroconchida

Superfamily: Pectinacea

Family: Pectinidae

Genus: Patinopecten [formerly known as
Pecten (Gould)]

Distribution

Although small numbers of weathervane sea scallops have been :
taken incidental to other fisheries from California to Alaska, the
major commercial concentrations of this species are centered in the
Kodiak Island and the Cape Fairweather to Cape Saint Elias area
(Yakutat region) of the Gulf of Alaska (Henniék,V1970a). Trace
amounts of scallops have also been dredged off the lower Kenai
Peninsula, Shelikof Strait, and off Montague Island. Exploratory
surveys in the Bering Sea and Alaska Peninsula area have revealed
no extensive beds of scallops (Hennick, 1970b). Ronholt and Hitz
(1968) reported that commercial quantities of weathervane sea scallops
did not appear to be present in waters off Oregon. Thus, it appears
that the Kodiak Island and Yakutat areas are the only regions that

can support commercial exploitation of scallops in the Gulf of Alaska.
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.Explofatory surveys, largely conducted by the National Marine
Fishery Service, have indicated that weathervane sea scallops are
most abundant in depths of between thirty and seventy fathoms (Alverson,
1968). Gravel and sand, with some mud, is typical of Alaska scallop
beds (Hennick, 1973).

The three major commercial scallop beds in Alaska may be de-

scribed as follows (Hennick, 1973):

AREA 1 Yakutat, between Cape Saint Elias
and Cape Spencer. Primarily mud-sand-
clay or silt overburden. Productive
areas between thirty and sixty fathoms
in depth, twenty to forty miles offshore.

AREA 11 VWestside Kodiak Island, between Cape
Skolik to Afognak Island including
that area of the Alaska Peninsula
bordering Shelikof Strait adjacent
to Kodiak Island proper, Primarily
gravel-sand-mud or silt bottom.
Productive areas twenty to seventy
fathoms within three miles of shore,

AREA 111 Albatross, Marmot, Portlock Banks.
Primarily rock, gravel, and sand bot-
toms. Productive areas between twenty-
five to seventy-five fathoms, extending
inshore and out to fifty miles or more
offshore.

Sexuality

The weathervane sea scallop is heterosexual and sexually
dimorphic. The sex of mature adult scallops can be distinguished
by the characteristic white coloration of the testes and the bright
orange of the ovaries (Hennick, 1970a). There‘are no superficial

characteristics that indicate the sex.
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Maturity

Scallops are aged by counting the groﬁfh rings, or annuli, on
the shell., Although this method may not always provide the correct
age, especially with older scallops, it gives a good estimate of age
for younger scallops. Studies cénducted in the Yakutat and Kodiak
areas indicate that most weathervane sea scallops attain sexual
maturity at age three and that all scallbps at age four are mature
(Hennick, 1970a). In addition, Hennick found that most scallops

which exceed 100 mm in shell height are sexually mature,

Mating

Studies conducted by Hennick (1970a) indicate that weathervane
sea scallops spawn only once annually. The spawning period normally
occurs during June and early Jul; and is apparently triggered by
rising water temperatures. The sexes are separate and fertilization
occurs éxternally. As the eggs and spermatozoa ripen, they are

released through the kidney and are expelled into the water where

fertilization is a random occurrence.

Fecundity

No information is available in the literature describing the

fecundity of weathervane sea scallops.

Eggs and Larvae

After fertilization occurs in the open water, the eggs settle
to the bottom and become attached to objects in the substrate.
Hatching occurs within two to three days time (Hennick, 1973).

Development is dependent upon water temperature, with higher temperatures
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prodﬁcing faster growth. The larvae at this stage are capable of
swimming and become planktonic, drifting with the tides and currents.
During this planktonic stage, metamorphological changes take place
and within two and one-half to three weeks the larvae settle to the
bottom substrate and assume an adult form (Hennick, 1973).

Mortality is high during the larval stage, both from environ-
mental factors and predation. Planktonic feeders, both fish and
shellfish, including adult scallops, feed upon the drifting plank-

tonic scallop larvae.

Juvenile
Complete basic studies on the life history cycle of weathervane
sea scallops have not been conducted, especially in the juvenile
stage. Hence, little information is available for this life stage.
Based on studies of sea scallops elsewhere, however, the following
observations can be made. After the larva settles to the bottom,
the juvenile scallop may attacﬁ itself to theAbottom, move around
through the use of the foot appendage which later becomes residual,
or swim. The juvenile at this stage is leptocephalus or transparent.
Within a few months, pigmentation of the shell takes place and the

animal appears identical to the adult form.

Adults

After reaching sexual maturity at about three to four years
of age, weathervane sea scallops continue to grow. Studies con-~
ducted by Hennick (1973) indicate that growth is more rapid during
the first ten to eleven years, then tends to siow as age advances.

The meats of old, aged scallops actually tend to decrease in weight
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(Hennick, 1973). In light of this growth phenomena, weathervane
sea scallops:should ideally be harvesfed between seven and eleven
years of age, both from a biological and economic viewpoint.

There is little documented information on the longevity of
weathervane sea scallops. Exploratory surveys and commercial catch
data indicate a scarcity of scallops over 15 years of age. However,
Hennick (1973) reported scallops recovered with as many as twenty-
eight annual rings.

The growth rate of weathervane sea scallops is subject to regional
differences. Based on Hennick's (1973) studies, the meats of scal-
lops from the Yakutat area at a given age are much smaller than
those from either of the Kodiak Island areas. Additionally, scallops
from fhe Marmot, Albatross, and ?ortlock areas of Kodiak Island
are the largest at any given age of all scallops in the Gulf of Alaska
This phenomena is of great importance to the commercial fishermen
as scallops from the Kodiak area have average meat weights nearly
twice as large as those from the Yakutat area, meaning only half
as mény need be handled in order to obtéin the same volume of
salable product. )

. Weathervane sea scallops are planktonic filter feeders, consum-
ing bottom detritus and drifting plankton. The opening and closing
of the valves draws water into the mantle cavity. The circulation
of water within the mantle cavity and gill areas provides a food
source and enables respiratory functions to occur.

It is interesting to note that scallops are the only bivalve
molluscs capable of swimming (Hennick, 1973). This is accomplished
through relaxation of the adductor muscle, causihg the valves to

part and draw water into the mantle cavity. The scallop then rapidly
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contracts the large adductor muscle forcing water out. Rapid re-
petifion of this function enables the scal;op to rise off the bottom
and essentially swim.

Predation is often high on weathervane sea scallops, with the

major predators including cod, plaice, wolffish, and starfish.

Disease

Hennick (1973) reported the presencé of marine boring worms on
the shells of weathervane sea scallops from the Yakutat region.
Nearly all of the scallops were heavily infected. However, infest-
ation by marine boring worms in the Kodiakvregion is rare,

P4

Migration and Local Movement

Little information is available concerning the migrations and
local movements of weathervane sea scallops. Adult scallops are

capable of independent movement but the extent or direction of any

movement is not known.
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LIFE HISTORY -~ CLAMS.

The clam resource of the Gulf of Alaska consists of approximately
one hundred and sixty different species of clams, about twenty-eight of
which can be utilized commercially (Baxter, 1965). The fishery is
essentially supported by three species, the razor clam, (Siliqua

patula), the butter clam (Saxidomus giganteus), and the cockle (Clinocardium

nuttalli). Minor species, usually taken in the sports catch, include

the Manila clam (Venerupus japonica), the little neck clam (Protothaca

staminea), the horse clam (Schizothaerus nuttalli), and gapers'(Tresus

nuttali and T. capax). In addition, there appears to be substantial

stocks of soft-shell clams (Mya truncata) at Cold Bay, Kachemak Bay, and

Prince William Sound, Alaska (Kirkwood, 1967). Large populations of surf

clams (Spisula alaskana) also occur subtidally in many areas of central

Alaska. However, the importance, size and distribution of populations
of minor clam species whichbmay have a commercial potential is largely
unknown. | |

In the following section, a summary of the taxonomy, distribution,
and life history of the three principal commercial species, razor,

butter, and cockle clams, in Alaska is given.
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Razor clams

Taxonomy

The razor clam, Siliqua patula, is a member of the Lamellibranchia

clams of the family Solenidae. Nosho (1972) described its taxonomy

as follows:

Phylum: Mollusca
Class: Lamellibranchia
Family: Solenidae

Genus: Siliqua
Species: §S. patula

Distribution

The razor clam is found from Pismo Beach, California, to the
Bering Sea (Amos, 1966). It occurs in commercial quantities from
Tillammok Head, Oregon, to the wéstern end of the Alaska Peninsula.
In Alaska, commercial stocks are found on the shores of Cook Inlet,
Orcas Inlet, the Copper River delta near Cordova, and the mainland
side of Shelikof Strait.

Razor clams are found intertidally to several fathoms in depth
on the sandy ocean beaches of the open coast.- Fine sand with some
glacial silt, as found at Karls Bar located at Orcas Inlet near
Cordova, is typical of Alaska clam producing areas (Weymouth and
McMillan, 1931). Near Kodiak, the large beds at Swickshak and
Hallo Bay consist of fine sand, volcanic ash and some glacial mud.
In Cook Inlet, razor clams are found in substrata varying from al-
most entirely coarse white sand (Deep Creek area) to a fine sand-
clay-gravel mixture at Clam Gulch (McMullen, 1967).

Razor clams may be found in the mouths of coastal harbors,
but growth is usually inferior in these locatioms. They are not

found in enclosed bodies of water.
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Sexuality

The razor clam is herero;exual and sexually dimorphic. How-
ever, only through examination of the gonads is it possible to tell
the sex of the clam. There are no superficial characteristics that
indicate the sex. Examination of the contents of the gonads reveals
a marked difference between sexes. The female ova have a granular
appearance, in contrast to the viscous homogeneous mass in which the

sperm is found.

Maturity

Razor clams are aged from growth rings on the shell. Although
the method may not always provide the correct age, especially with
older clams, it gives a good estimate of age for younger clams. 1In
addition, accurate aging is hindered by the presence of summer growth
checks (false annuli) on the shell which, it is believed, are caused
by disturbed growth through tidal action.

Razor clams in.the northwest Pacific reach sexual maturity after
two or more years, or a shell length of approximately 100 mm (Nosho,
1972). Razor clams of the northern beds do not reach sexual maturity.
until much later. Clams of the Swikshak and Cordova beaches do not
mature until their fifth and sixthvyears, respectively (Weymouth and
McMillan, 1925). However, Cook Inlet cléms appear to grow much faster,

reaching maturity in their third year (McMullen, 1967).

Mating
Spawning occurs in the spring or summer when rising water tem~
peratures reach 13°C (Nosho, 1972). 1In Alaska, this usually occurs

in July. Studies conducted in Prince William Sound indicate that

spawning timing can be computed by monitoring the cumulative maximum

390




daily water temperature (Personal communication with Richard Nickerson,
A.D.F.&G., Cordova, 1975). Razor clams spawning occurs when the
cumulative maximum daily wate? temperature reaches 1,350 temperature
units; with the cumulative total computed by suming the daily maximum
degree units above or below 32°F from January 1 on. The 507 spawning
level is generally reached when the cumulative total reaches 1,500
temperature units,

Spawning occurs for several weeks as eggs and sperm ripen and
are discharged through the excurrent siphon., Fertilization occurs

in the open water with surf action mixing the eggs and sperm.

Fecundity

The number of eggs carried by the female razor clam ranges

between six to ten million eggs annually (McMullen, 1967).

Eggs and Larvae

After fertiliza;ion occurs in the open water, the eggs hatch
into lafvae within a few hours to a few days. Development is de-
pendent upon water temperatures, with higher temperatures producing
faster growth rates. The larvae exists as free swimming veligers
(ciliated larvae) for five to sixteen weeks (Oregon Fish Commission,
1963). After the veliger stage, the young clams develop a shell
and settle to the bottom where they "set" into the top layer of sand
upon reaching an average shell length of 13 mm (Tegelberg, 1964).
In years of heavy setting, as many as 1,000 to 1,500 young clams
per square foot of beach may be found.

Mortality is extremely high during the larval stage. The pelagic
larvae are subjected to a high level of predation by planktonic
feeders. Unfavorable currents may also carry the larvae away from

desirable habitat.
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Juveniles -

After settling to the bottom, juveniié growth is slow throughout
the fall and winter. Growth accelerates during the spring and summer
with warmer waters and increased food supply. After the first winter,
young clams reach a length of about four-fifths of an inch in the
Cordova district. An average length of four and one-half inches is
attained in three and one-half years in the southern beds as compared
to six and one-half years in the Cordova region (Amos, 1966).

The growth rate varies with locality. In Alaska, initial growth
rate is slower than in the northwest stétes; however, after several
years, the relative growth rate is higher (Weymouth and McMillan, 1931).
Generally, razor clams have a larger final size and grow older in
the northern beds than in the southern beds.

Adults

The maximum age for razor clams is highly variable with clams
of the_northern beds living longer than those of the southern beds.
Clams collected at Pismo Beach, California, do not exceed five years
in age, while Washington clams grow up to niné years. In Alaska,
ages up to nineteen years have been recorded (Weymouth and McMillan,
1931).

Adult razor clams live in the intertidal zone where they lie
buried in the sand with their necks, or siphomns, protruding above
the surface. During the low water stages, when the clams are exposed,
their siphons are covered with a thin layer of saad which makes
detection of the clams difficult. The clams can move through the
sand very rapidly, averaging several feet per minute. Their unusual
ability to move so fast is due to their foot, which is an effective

burrowing organ. In digging, the foot of the clam is projected half
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the iength‘of the shell and pushed into the sand. Below the surface
the tip of the foot expands forming a strong anchor. Then the foot
muscles contract pulling the clam downwards. The clam can repeat
this movement in rapid succession. It has been observed that clams
laid on the top of the sand have buried themselves completely in less
than seven seconds (Loosanoff, 1947).

Razor clams are filter feeders, coﬂsuming bottom detritus and
drifting plankton. Food particles are brought in aiong with water
through the incurrent tube. Small hairlike structures (cilia) on the
gills filter the food particles out. The food particles are then
passed to the sensitive palps near the mouth for sorting, and are
then ingested.

Predation is often high on razor clams, with the major predators

including starfish, crabs, rays, octopus, and starry flounders.

Disease

As with all animals, razér clams are subject to disease. Marine
bacteria and fungi are often injurious to clam larvae. In addition,
razor clams are also subject to the problem of paralytic shellfish
poisoning (PSP), as are all bivalve mollusks. PSP is associated
with plankton blooms and is properly called Gonyaulax poisoning
(Hayes, 1967). The causative organisms are believed to be the

dinoflagellates Gonyaulax catenella and G. acatenella. The toxin

is accumulated as a direct result of feeding on these organisms.

PSP is extremely toxic and is one of the most potent materials known
to man. The poiéon is a metabolic product of the dinoflagellate.

It is believed that PSP directly affects the nerve and muscle membrane,
blocking the passage of nefvous impulses, and eventually resulting

in parélysis of the diaphragm and death by suffocation if enough

toxin is ingested. 333



Razor clams, unlike other mollusks, do not retain the toxin
over a long period of time. The toxin is rapidly eliminated from
the tissue by normal metabolic actiyity. In addition, the toxin
does not build up to high levels in the tissue, but is concentrated
in the digestive tract. Thorough cleaning and removal of the di-

gestive tract will remove most, if not all, of the toxin.

Migration and Local Movement

Little is known concerning the migrations and local movements
of razor clams. At the present, there is little evidence that razor
clams move horiéontally or migrate petween areas. However, heavy
surf action along exposed beaches is often responsible for the move-

ment of razor clams laterally along the beach as well as onshore-offshore

movements, .
Butter Clams

Taxonomy

The butter clam, Saxidomus giganteus, is a member of the
Lamellibranchia clams of the family Veneridae. Nosho (1972) described

its taxonomy as follows:

Phylum: Mollusca
Class: Lamellibranchia
Family: Veneridae
Genus: Saxidomus

Species: §. giganteus

Clams of the specles, S. giganteus, have been referred to as

Washington clam, quahog, Coney Island clam, beef-steak clam, butter clam,
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and great Oregon clam. At the present, butter clam is the accepted

common name.

Distribution

The butter clam is found ffom Humboldt Bay, Califormnia, northward
to the Aleutian Islands. They are distributed from the lower levels
of exposed tide flats out to depths of over thirty fathoms in some
areas (Amos, 1966). Baxter (1971) indicated that the optimum habitat
for butter clams is narrowly defined by tidal levels; primarily between
mean low water and lowest low water. Butter clams appear to prefer
a mixed gravel-sand-mud substratum, although they occasionally occur
in sand bottoms. They generally occupy the upper twelve inches of

the substratum, most commonly six to ten inches beneath the surface.

Sexuality

The butter clam is heterosexual and sexually dimorphic. However,
only through examination of the gonads is it possible to determine
the sex of the clam. The female ova have a granular appearance, in

contrast to the viscous homogeneous mass in which the sperm is found.

Maturity

As are all clams, butter clams are aged from growth rings on the
shell. Although this method may not always provide the correct age,
especially with older clams, it gives a good estimate of age for
younger clams.

The growth rate for butter clams is extremely slow in Alaskan
waters. Baxter (1965) reported that butter clams may take from fifteen
to twenty years to reach sexual maturity at a size of two and one-half

inches in diameter.
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Mating

Spawning occurs in the spring or summer when rising water tem-
peratures reach 20°C (Breese and Phibbs, 1969). Unlike most clams,
butter clams require fairly warm water to successfully spawn. For
this reason, successful spawning and setting of butter clams is at
best sporadic in the cool Alaskan waters. Amos (1966) reported
certain British Columbia butter clam beds that have had only one
major spawning and setting in twenty years. This inability to
reproduce was attributed to low water temperatures.

When water temperature requirements are met, spawning will occur
over several weeks as eggs and sperm ripen and are discharged through
the excurrent siphon. Fertilization occurs externally in the open

water with surf action mixing the eggs and sperm.

Fecundity

Little information is available in the literature describing the
fecundity of butter clams. However, like all clams, the number of

eggs carried annually by the female is quite large.

Eges and Larvae

After fertilization occurs in the open water, the fertilized
eggs develop into free swimming larvae., The larvae exist as free
swimming veligers (ciliated larvae) for 20 to 30 days before devel-

"set" into the

oping a shell and settling to the bottom where they
top layer of the substrate. The rate of development is dependent

upon water temperatures with higher temperatures producing faster

growth rates.
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Mortality is extremely high for butter clams during the larval
stage. The pelagic larvae arelsubject to é‘high level of predation
by planktonic feeders. Adult butter clams, as well as other bivalve
mollusks, contribute heavily to the predation upon the pelagic larvae.
In addition to predation, unfavorable currents, generated by storms,

may carry the larvae away from desireable habitat.

Juveniles

Progressive growth for juvenile butter clams is extremely slow,
particularly in Alaska. Baxter (1965) indicates that butter clams
in Alaskan waters may take from fifteen to twenty years to reach a
size of two and one-half inches or sexual maturity.

Predation is often quite high on juvenile butter clams, parti-
cularly at the "setting'" stage. The young clams are concentrated
in the upper layer of the substrate and are vulnerable to predation

by crabs, starfish, and numerous demersal fishes.

Adults

Adult butter clams live in the intertidal zone where they lie
buried in the sand with their necks, or siphons, protruding above
the surface. Food particles, along with water, are brought into the
siphon through the incurrent tube. .The food particles are filtered
out by small hairlike structures (cilia) on the gills and are then
passed to the sensitive palps near the mouth for sorting and ingestion.
Butter clams are filter feeders, consuming primarily bottom detritus
and drifting plankton.

Adult butter clams, as are the other life stages, are also subject
to predation. Crabs, particularly dungeness crab, star fish, octopus,

and numerous other demersal fishes are the major predators,
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Disease

There is little documentation in the literature as to the
specific diseases of butter clams. - However, marine bacteria and
fungi are known to often be injurious to clam larvae in general.
In addition, butter clams are also subject to the problem of para-
lytic shellfish poisoning (PSP), as are all bivalve mollusks (refer
to razor clam life history - diseases for specifics on PSP poisoning).
Unlike razor clams, PSP toxin in butter clams is concentrated and
‘retained in primarily the siphon tissue. The toxin is eliminated
very slowly by metabolic activity. This retention is particularly
dangerous in the northern part of the butter clams' range, where’
colder waters slow down metabolic activity. Butter clams in these
localities may still retain lethal concentrations of the toxin one

year or more after the initial exposure to PSP.

Migration and Local Movement
Little is known concerning the migrations and local movements
of butter clams, At the present, there is little evidence that butter
clams move horizontally or migrate between areas. However, heavy
surf action along exposed beaches may be responsible for movement

laterally along the beach as well as onshore-offshore movements.

Cockles

Taxonomy

The cockle, Clinocardium nuttalli, is a member of the Lamelli-

branchia clams of the family Cardiidae. Nosho (1972) described its

taxonomy as follows:
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- Phylum: Mollusca
Class: Lamellibranchia
Family: Cardiidae
Genus: Clinocardium
Species: C. nuttalli

Clams of the species, C. nuttalli, have been referred to as heart
cockle, basket cockle, and cockerel. In common usage, the simple

use of the name cockle is primarily used.

Distribution

The cockle is found from San Diego,‘California, northward .to
the Bering Sea. It is most abundant in British Columbia and in
Puget Sound, Washington; although minor concentrations exist in the
Kodiak Island and Cordova regions (Nosho, 1972). Cockles are generally
found in both intertidal and deep‘water, one to three inches beneath
the surface of the bottom and are often only partially buried. They

appear to prefer a substratum of mixed sand and mud and are commonly

found on eel-grass flats (Quayle, 1970).

Sexuality

The cockle differs from razor and butter clams, as well as most
other clams, in that it is hermaphroditic (Amos, 1966). Individuals

produce both sperm and eggs during the same season.

Maturity

Cockles, as are other clams, are aged from growth rings on the
shell. Although this method may not always provide the correct age,
especially with older clams, it gives a good estimate of age for
younger clams. Amos (1966)'indicates that cockles reach sexual

maturity at the age of two years.
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Mating

The mating behavior of cockles is quite different from most
clams in that it is hermaphroditic, i.e., individuals produce both
sperm and eggs. Unlike pandalid shrimp, which mature first as males
and then later as females, cockles produce both sperm and eggs within
the same season., Usually, the eggs are discharged first and the sperm
later in the season, although both may be liberated simultaneously.
Spawning occurs in the summer with rising water temperatures
and continues for some time. Fertilization occurs externally in the

surrounding waters with surf and wave action mixing the eggs and sperm.

Fecundity

Little information is available in the literature concerning the
fecundity of cockles. However, like all clams, the number of eggs

discharged annually is quite large.

Eggs and Larvae

After fertilization occurs in the open water, the eggs develop
into free swimming larvae, or veligers. The veligers remain planktonic
until they develop a shell and settle to the botﬁom. The rate of
development is dependent upon water temperature with warmer temperatures
producing faster growth rates.

Mortality is extremely high for the pelagic larvae. Predation
by other mollusks, including adult cockles, and mmmerous plankton
feeding fishes is quite high. In addition, mortality may result from
the movement of the larvae to undesireable habitat by unfavorable

currents generated by storms,
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Juveriles

Similar to razor clams, the progressi&é growth of juveniles
cockles is faster in its southern range than it is in the northern
portion of its range (Amos, 1966). Gréwth is slow during the fall
and winter, but accelerates rapidly during the spring and summer
with warmer waters and an increased food supply.

Cockles are particularly vulnerable at the "setting" stage to
predation by crabs, particularly dungeness crab, starfish, starry
flounder, and other demersal fishes. Tidal movements or heavy storm
driven wave activity may relocate the young juveniles into undesire=-

able habitat which will slow or stop the growth rate.

Adults

The maximum age for cockles.is somewhat variable, with some
indications that cocklés in the northern beds grow older tﬂan those
in the southern beds., However, generally, they live to be about
eight years old; although Amos (1966) reports a cockle which was ten
years old, The average size of commercially marketed cockles is
usually three to four inches. Amos (1966) reéorted one specimen
as four and three~fourth inches from hinge to edge and weighing
26 ounces.

Cockles are filter feeders, consuming bottom detritus and drifting
plankton. Free swimming planktonic cockle larvae should also be
included as a food item, for these are ingesteq along with other

planktons.

Disease
There is little documentation in the literature as to the specific

diseases of cockles. Most bivalve mollusks, however, are subject
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to infestation by marine bacteria and fungi.. In addition, cockles
are subject to the problem of paralytic shellfish poisoning (refer

to razor claﬁs life history - diseases for specifics on paralytic
shellfish poisoning). The toxin isnconcentrated in the muscle tissue
of cockles and is only slowly released by normal metabolic activity.
Consequently, the clams may remain toxic year-round following a
paralytic shellfish poisoning outbreak. This is particularly true

in the northern range where cooler waters slow down the metabolic rate.

Migration and Local Movement

Tﬁe migrations and local movements of cockles are poorly docu-
mented. At the present, there is little evidence éhat cockles méve
horizontally or migrate between areas. Baxter (1971), however,
indicates ;hat the cockle is the-only species of hard-shell clam
in Prince William Sound, Alaska, that is capable of changing postion
in the adult stage. However, their movement appears to be limited
and rarely exceeds twenty feet. Heavy surf and wave action along
exposed beaches may be responsible for movement laterally along the

beach as well as onshore—offshore movements.
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LIFE HISTORY - RAINBOW TROUT

Taxonomy

Rainbow trout, Salmo gairdneri, belong to the family Salmonidae.

Anadromous rainbow are known as steelhead and are discussed separately.

Distribution

Rainbow’trout are native to western North America, occuring from
northwest Mexico to the Kuskokwim River. 1In Alaska, rainbows are found
throughout southeast Alaska west to the Alaska Peninsula and as far up
the Kuskokwim as the Stony River. Clear water lakes and streams in
Bristol Bay drainages provide prime habitat. They occur naturally in

the Susitna and the Copper River drainages and have been transplanted to

several interior areas, mostly around Fairbanks.

Spawnin

Rainbows reach sexual matﬁrity at 3-5 yeafs, with males often
maturing a year younger than females. They spawn in the spring and
exhibit a high degree of homing instinct for a specific spawning area.
They generally spawn in smaller tributaries of the parent stream or the
inlet or outlet streams of lakes. Spawning usually occurs in temperatures
between 50°-60°F,

The feméle choses the spawning site and digs a redd, approximately
4-12 inches deep and 15 inches in diameter. Preferred site is a bed of
fine gravel in a riffle above a pool. The eggs are deposited in the

redd, fertilized, and covered with gravel. Total eggs range from 200-
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8,000, depending on size of female. The eggs develop several weeks to
four months depending on temperature. Rainbows may spawn up to five
years consecutively, but survival is low and only 10% of a population

may spawn more than once.

Habitat and Migration

Rainbow prefer cool clear streams and lakes. In stream populations,
the young fry move into riffle areas of the spawning streams to rear for
up to two years. Preferred adult habitat is found in areas of gravel
bottoms, moderate flow, and pool-riffle configuration in rivers of small
to moderate size, They remain in riffles in the summer, but move into
deep pools in the fall to overwinter.. In lake-dwelling populations, fry
usually move into the lake immediately after hatching, but may stay to
rear 1-3 years in the spawning streams. Lake residents are usually
found in moderately d;;p to deep, cool lakes with adequate shallows and
vegetation for good food production. Fér the lake populations to be

self-sustaining, there must be a river with good gravel bottom for

spawning. They are most successful in waters with temperatures less

than 70°F.
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LIFE HISTORY ~ STEELHEAD TROUT

Taxonomy

Steelhead trout, Salmo gairdmeri, are the anadromous form of the

rainbow trout. They are covered separately since their 1life history is

markedly different from that of rainbow. -

Distribution

Steelhead originally occurred from southern California to Alaska,
but the southern end of the range has been reduced somewhat. In Alaska,
steelhead occur throughout the southeast region, im the lower Copper
River drainages, and on the lower Kenai Peninsula as far up as the

Ninilchik River. *

Spawnin

Steelhead becomg sexually mature in 3~5 years, with males often
maturing at a younger age than females. Spawning may occur jin the fall,
winter, or spring, depending on run timing. In Alaska, steelhead spawn
in the spring between March and May. Steelhead spawn in small to medium-
sized streams or in suitable sections of mainstem rivers. Suitable redd
sites have gravel bottoms and moderate stream flow. Depth preference
varies from 16 to 35 cm deep and redd sites are chosen in areas that
would rarely be exposed by lowering stream levels (Jones, 1975). The
female prepares the redd in riffle areas or the tail end of pools, and
spawning occurs as for rainbow trout, except that redds are generally

larger. Fecundity varies from 3,000 to 12,000 eggs.
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After spawning, the spent fish move downstream and return to the
ocean. Steelhead may spawn more than once, but initial spawning mortality
is usually high. Egg incubation time varies with temperature but averages

50 days at 50°F.

Habitat and Timing

After emerging from the gravel, the fry remain in shallow gravel
areas to feed. They move out into deeper waters as they grow older and
establish territories among rocky areas. Young steelhead rear 2-4 years
before migrating out to sea as smolts. Growth and size appears to
determine time of smoltification. Most outmigration occurs in'April
through June.

Immature steelhead migrate out into the ocean to feed for several
years. Tagging studies indicate lhat steelhead ocean migration is
similar to salmon as fhey apparently circuiate around the Gulf of
Alaska before returning to their home stream to spawn. Steelhead may
remain at sea 1-3 years. After their ocean stage, steelhead return to
their home stream, exhibiting a very strong homing ability. Maximum age

reported for steelhead has been eight years,
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LIFE HISTORY - CUTTHROAT TROUT

Taxonomy

The cutthroat trout, Salmo clarki, is a member of the family
Salmonidae. Two forms of the trout are recognized, the coastal
form (coastal cutthroat) and the interior form (Yellowstone trout),
which are separated on basis of location and external appearance.

The Alaska cutthroat are of the former variety.

Distribution

Cutthroat trout occur in fresh, brackish and saltwater areas
of western North America, from northern Califronia to Alaska. In
Alaska, cutthroat are found throughout southeast Alaska up into

Prince William Sound.

Spawnin

Sexual maturity is reached by males as eafly as two years of age
and as late as 5-6 years for females. The average age of spawners
is 2-4 years. Spawning usually occurs between February and May.
Spawning takes place in small, gravelly streams, and the female
digs one or more redds about a foot in diameter and 4-5 inches deep.
The epgs are deposited in the redd,.fertilized, and covered with
6-8 inches of gravel. Fecﬁndity of the female ranges from 400 to
4,000 eggs (females 8 to 17 inches long) and the average is 1,500 eggs.
Spawning occurs primarily at night. Cutthroat may spawn more than
once, but mortality is usually high.

After spawning, anadromous spawners will return to saltwater,

but non-anadromous fish may remain in the tributary or else drop
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down to a larger stream or lake. The eggs usually hatch in 6-7 weeks,

with the alevins remaining in the gravel several additional weeks.

Habitat and Migration

Cutthroat may be anadromous or non-anadromous. Adult habitat
may be coastal streams and lowland lakes, inland alpine lakes, or
inshore coastal areas. In British Columbia, Hartman and Gill (1968)
described cutthroat habitat in British Columbia in relationship to
that of steelh;éd trout. Cutthroat predominated in small, short
drainages (less than 13 km2). In drainages less than 120 km2,.cutthroat
were found in streams that coﬁtained sloughs in lower sections., 1In
large streams where both steelhead and cutthroat occurred, cutthroat
usually predominated in small tributaries and headwaters.

Non-anadromous populations may remain.in their parent streams all
their life, remaining in a territory as small as 20 yards (Miller, 1957).
Others may rear several years in small tributaries before moving
into larger streams or into a lake.

Anadromous young fish rear in the spawning stream or connected
lake two to four years before migrating to sea. Tmmature fish at
sea may wander from stream to stream, feeding during the summer months;
usually remaining fairly close to the stream of outmigratiom. Over;
wintering at sea is uncommon and in the fall both mature and immatﬁre
cutthroat return to freshwater to overwinter in lakes or streams
with deep holding areas. The fish may or may not overwinter in the
same system every year (Armstrong, 1971, Jones, 1974).

Many cutthroat live only a few years and spawm only once. For

others, spawning may be non-consecutive. Ten years is probably maximum

life expectancy with 4-7 years being more common.
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Critical Habitat

Critical habitat for cutthroat consists of spawning, rearing
and overwintering areas. Sloughs, side channels, deep pools, and

beaver pond areas constitute important rearing areas.
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LIFE HISTORY - DOLLY VARDEN

Taxonom

The Dolly Varden char (Salvelinus malma) belongs to the family

Salmonidae.

Distribution

Dolly Varden occur in eastern Asia and in western Nofth America
from northern California to Alaska. In Alaska, Dolly Varden
distribution extends from southeast Alaska westward to the Aleutian
Islands and into Bristol Bay. Occurrence of Dolly Varden has been
reported in the Yukon River drainage, on thg Seward Peninsula, and
as far north as the Noatak River,"but cogfusion exists as to whether

these fish are Dolly Verden or Arctic char.

Spawnin,

Mosﬁ Dolly Varden mature at age five or six. Mature fish migrate
into their parent streams beginning in July and spawn from Seﬁtember
to November. The female digs a nest (redd) in relatively uniform
substrate of small to coarse gravel. The re&d measures 12-24 inches
in diameter and 6-8 inches deep. Blackett (1968) reported water
velocities of 3-4 feet per second (fps) over the redd during construction,
with water temperatures between 42-44°F. Females, depending on size,
~may deposit 600 to 6,000 eggs in the redd. The eggs are deposited
in several pockets and each pocket is coveréd with gravel.

The eggs take about four to five months to hatch afteg fertilization,
usually hatching in March. The alevins reméin in the gravel until

their yolk sacs are absorbed. Emergence usually occurs in April

or May. 41 l



Habitat and Migration

Dolly Varden may be either anadromous or non-anadromous. Most
life history information available en Dolly Varden pertains to the
sea-run variety. Little is known concerning the habits on non-migratory
Dolly Varden.

Yéung Dolly Varden rear in qlear water streams from two to four
years before their first migration to sea (anadromous form). The
young fry keep to slow-moving waters, remaining hidden on the bottom
in pools, undercut banks and sloughs. They continue to reﬁain bottom
dwellers during'their rearing stage, although the 1argér juveniles
move out into riffles and faster moving areas in the stream. Small
feeder tributariéé, side-channels and high water overflow areas also
constitute important fearing haﬁitat.

During the fall, rearing fish apparently seek out areas in the
stream to overwinter. Studies on Dolly Varden rearing ecology by
Elliott and other workers in southeaét Alaska have noted an upstream
migration of Dolly Varden into spriﬁg—fed areas in the fall
(Elliott and Armstrong 1972, Elliott and Reed 1974, Dinneford and
Elliott, 1975). vTheAfish oﬁerwinter there unﬁil late spring when
they_agéin re-distribute themselves throughout the stream. The fall
ﬁigration ceases when stream temperature d:ops below 4°C, and the
spring migration begins Qhen temperature increases ébove 4°C.

Anadromous Dolly Varden migrate to sea primarily as three and
four~year-old fish, though some fish from lake éystems migrate as
two-year~olds. At this time they are about five inches long and are
called smolts. This migra;ion usually begins in March, peaks in May
and June, with significant but smaller numbers migrating to sea in

September and October. Once at sea, they begin a fascinating pattern

of migration.
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After their first seaward migration, Dolly Varden usually spend
the rest of théir life wintering in and migrating to and from lakes.
Those hatched and reared in a iake system carry on annual feeding
migrations to sea, in the spring and summer, returning to the lake
each year for the winﬁer. However, Dolly Varden originating from
non-lake systems must seék a lake in which to winter. Recent research
indicates that they find lakeé by random seafching, migrating from
one stream system to another until they find ohe with a lake
(Armstrong, 1974). Once a lake is found these fish may also conduct
annual seaward migrations in the spring, sometimes entering other
sfream systems in their search fof food.

At maturity, Dolly Varden reﬁurn to theif parent stream to spawn.
The fish poésess the ability to find their "home" stream without
randomly searching as was the éasg in their afiginal search for a
lake. Those that surﬁive the rigors of épawning return to thé lake
shortly thereafter, it is doubtful that much more than 50% of the
Dolly Varden live to spéwn a second tiﬁé. A small number of them
live to spawn more than twice. Soﬁe fish appareﬁtly sbawn non-
consecutively (Armstrong, 1974). Few Dolly Varden appéar to live

longer than eight years.,

Critical Habitat

Crifical habitat for Dolly Varden consist of rearing, overwintering
and spawning areas. Blackett (1968) and A;métrong (1974) have
discussed the importance of critical habitats in relationship to
successful management. Non~lake systems are‘of primary importance
for spawning and rearing while anadromous lake systems and large

rivers are important for overwintering. For five to nine months

413



a year, each éverwintering lake harbors fish from many streams over
a wide area. Depletion of theée fish could severely reduce populations
from many systems.

Migrations between streams and lakes also complicates management.
Heavy fishing on one system or one area ﬁay éeveféiy affect populations
in other areas, when these fish migrate into heavily fished areas.
Spawners also remain in streams for much longer periods and would
‘be more susceptible to the fishery. Spawning sites are qﬁite specific
and need to be identified and prdfected during spawning and egg
incubation periods. Fishery closures may be used to protect spawning
fish on the spawning grounds and on their migfation to overwintering
areas (October.and November) .

Rearing areas are often overlooked.but are very critical. Side
channels, undercut baqys, sloﬁghs, isolaéed pobls and small tributaries
provide critical rearing habitét. Land'uses which d}srupt or destroy
these areas must be avoided. Overwintering fearing areas such as

springs or open water areas are also critical.
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LIFE HISTORY - ARCTIC CHAR

Taxonomy

The Arctic char (Sélvélinus alpinus) ié'a member of the Salmonidae

family.

Distribution

Arctic‘char are circumpolar in its distfibtuion and are found in
inshore marine waters, 1akeé and streams of the northern hemisphere. In
Alaska, they are found north of the Brooks Range and extend southeast
along the Bering Sea to include the Aieutianilslands and the Alaska
Peninsula. Angdromous populations extend up the Yukon River into the
Anvik drainage. In the Kuskokwim_and Yukon systems scattered non-
anadromous populationg_are found in lakeé and clear rivers. A few non-
anadromous Arctic char populations are also found in Cook Inlet on the

Kenai Peninsula.

Spawning

Arctic char mature between their fifth and twelfth years of age.
Mature char begin their spawning migration in late July and spawn between
late August and mid-November. Spawning takéé‘ﬁlace,over gravel bedé in
lakes, pools below rapids in rivers, and in sbring areas.

The redd is constructed in small gravel in depths from 0.2 to 4.5

meters (m). A redd measured by Yoshihare (1973) was 1.2 m wide, 3.5 m

long with eggs deposited 10 centimeters (cm) deep. Water depth was 0.2

- m and water velocity over the redd was 0.6 meters per second {(mps).

Spawning takes place during the day in water temperatures around 4°C.
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Anadromous females usually contain between 3,000-5,000 eggs. The eggs
are buried'after depositidn. —

The eggs remain in the gfavel overwinter and hatch in April. The
eggs are exposed to temperatures of 0.0°—2.2°C: Théy are killed by
temperatures above 7.8°C., The alevins are thought t6 remain in the

gravel until after ice break—up in June or July, before emerging.

Habitat and Migration

Arctic char may be either anadfomous or non—anadromoué. Little is
known about the juveﬁile life stage of Arctic char. Anadfomous chaf
migrate to sea for the first time at two to ééven yearsbof agé. Downstream
migration occurs in June and early Juiy. The fiéh‘usually remaih near
the estuary to feed, although tagged fish have been capfured as far as
80 miles from its ofigin stream..

Anadromous char return to streams in July throﬁgh éeptember. Arctic
char do.not spéwn évery year (non—conseéutive'spawners) but ma& wait one
or more yearé before spawning again. Both noh—spawning char and spawning
char enter the rivers at the same time during the fali migration.
Spawnérs will later segregate out on the spawning grounds. The fish
overwinter in lakes, deep rivef pools, or spring areas in streams.

Growth is generally slow. The oldest reporied char was.24 years

old.
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LIFE HIS?ORY - LAKE TROUT

Taxonomy

Lake trout Salvelinus namaycush are not true trout (genus Salmo)

but are classed as char (genus Salvelinus). They are the largest of the

chars and are also Alaska's largest freshwater fish.

Distribution

Lake trout are found only in North America and almost entirely
within the limits of Pleistocene glaciation. In Alaska, they are foupd
in the Brooks Range, but are not found in lowland lakes on the North
Slope. In the Kobuk drainage, they are not found closer than 400 miles
from the Bering Sea. Lake trout ‘are alsp found in Bristol Bay, the

upper Susitna, and the Copper River drainages.

Spawnin

Lake trout generally mature in 5-7 years and spawn in late summer
and early autumn. Most lake trout are lake spawners, but rifer—spawning
populations also exist., Lake trout may be non-consecutive spawners.

The male selects a spawning site over large boulders or rubblé
substrate in shoal areas. Suitable lake sites are often associated with
windy areas. Unlike most salmonids, no nest is dug but the site is
cleaned of silt and mud by brushing and fanning motions. The eggs are
fertilized and broadcast over the bottom to settle into crevices in the
rocks. Large females may contain up to 18,000 eggs. Depth of spawning

ranges from six inches to 200 feet, but spawning typically occurs in
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depths less than 40 feet. Optimum spawning temperature is about 48°-
50°F. Spawning almost always occurs at night. The eggs remain in the

rocks overwinter and hatch in the spring.

Habitat

Lake trout are entirely freshwater dwellers and prefer large, cold,
deep lakes, although some are found in shallow lakes or in rivers associated
with lakes.

The young fish stay under cover until their yolk sacs are absorbed
and remain on the bottom hiding from predators and feeding on plankton
and bits of plant material. After growing to about six to eight inchés,
they leave the bottom and begin solitary wandering, which continues,
except for spawning periods, throughout life.

Lake trout are found near the surfaée.in the spring at the time of
ice break-up. As the water warms up in summer, the fish move deeper to
remain below the thermaline in the cold‘bottom waters, preferring
temperatures between 40° and 50°F. In the autumn mature fish move into
the shallows to prepare for spawning, returning to the same site in
successive spawnings., After spawning, the fish disperse and wander
throughout the system. Lake trout may be found at every level in the
winter. |

Growth is generally slow. Lake trout are long-lived, with one fish

~
reportedly attaining 40 years of life.
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LIFE HISTORY - EASTERN BROOK TROUT

Taxonomy

The eastern brook trout (Salvelinus fontinalis) is a char in the

family Salmonidae.

Distribution

Brook trout are native to the eastern part of North America from
the mountain streams in Georgia north to Hudson Bay. They have been
widely introduced around the world, however, including Alaska. Numeroﬁs
introductions were made in southeast Alaska in the 1920's and 1930's,
but viable populations have survived only in a few lake and stream

systems near Juneau, Ketchikan and Sitka.

3

Spawning

Sexual maturity is usually attained by age three, but some individuals
may mature by age two. Brook trout are fall spawmers, with spawning
occurring between September and December in Canada. Spawning time occurs
earlier with increased latitude. Spawning occurs primarily in shallow
headwaters of streams, but fish will spawn in lakes in gravel areasvwith
upwelling groundwater. The usual site is a riffle area with a substrate
of small gravel. Spawning takes place in the daytime. Females, depending
on size, deposit from 100 to 5,000 eggs. The eggs are covered within
the redd.

Egg incubation depends on temperature. At 4L°F eggs hatch in 100
days, at 50°F in 50 days. Young fry remain in the gravel until the yolk

sac is absorbed.
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Habitat

Brook trout are found in cool, clear, well-oxygenated lakes and
streams. Anadromous populations may occur, but none are known in Alaska.
Brook trout tend to mature early and can quickly over¥popu1ate a stream
or small lake. Stunting of individuals is quite prevalent under these
conditions. The brook trout is relatively short-lived, rarely living

beyond five years and never beyond eight years,
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LIFE HISTORY - WHITEFISH

Taxonomy

Whitefish will be dealt wiﬁh as a gfoup because of their overlapping

rénges and biology. Whitefish belong to the subfamily Coregoninae of

the family Salmonidae. Three genera with eigﬁt species are kno&n in
Aléska. The genera Stenodus is represented byvthe sheefish S. leucichthys,
which is covered in another section. Genus Pr;sogium is represented by

two species: P. cylindraceum (round whitefish) and P. coultari (pygmy
whitefish). Genus Corogonus is represented by the following: C. clupeaformis
(humpback whitefish), C. nasus (broad whitefish), C. sardinella (least

cisco), C. autumnalis (Arctic cisco) and C. laurettae (Bering cisco).

Distributioq

Whitefish are widespread in the cooier parts of the northern
hemisphere. In-Alaska, ranges and characteristics of‘these fiéh sometimes
overlap. They are found in the large rivers in southeast Alaska which
drain interior British Comumbia, in the Copper and Susitna River drainages
and are widely distributed from Bristol Bay to the Arctic Ocean. They
are also abundant in interior streams and lakes. The humpback whitefish
is most widely distributed in Alaska, but broéd and round whitefish are
" very common in the interior. Ciscos are very abundant along the Bering

Sea and Arctic Ocean coast drainages.
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Spawnin

Whitefish are generally fall spawners in Alaska. Spawning migrations
begin as early as mid-July and run as late as December. Spawning areas
vary with the habitat of the population, but in general whitefish prefef
the shallows of small rivers, tributaries, or-river mouths, but may also
use the shallows or shoals of lakes. Spawning takes place over sand,
gravel or hard substrates. Stream temperatures during spawning vary from
42° to 32°F, and some fall spawning populations may spawn'under ice. No
nest or redd is built, so the eggs are dispersed more or less randomly
to drift with the current.

After spawning, the adults leave_the spawning grounds for feediné
or wintering grounds. The eggs incubate during the fall and winter and
hatch in March and April. By Jung the fry are dispersed to pools to
rear, . ‘

Habitat
Further discussion of distribution, habits and habitat will be

discussed separately by species.

Round Whitefish

Round whitefish primarily dwell in streams and lakes and are not
foupd in estuaries. In rivers they may be found throughout the river
but they seem to.prefer swift currents in the clear headwater regions.
They are most abundant in gravel-bottom streams throughout the interior'
and arctic regions, but are found down to the Taku River drainage in

southeast Alaska.
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Pygmy Whitefish

Pygmy whitefish have been reported in the clear rivers and lakes of
Bristol Bay and the Alaska Peninsula. Their growth is slow and maximum

size is seldom more than 7-9 inches. Little is known of their biology.

Broad Whitefish

Broad whitefish are_widely distributed in Arctic Alaska, western
Alaska, and in the Yukon and Kuskokwim drainages. They afe not found in
the Copper River or Susitna River drainages. They may be found in
estuaries, rivers, and lakes, but are most common in large rivers. They
are not found above rapids in the tributaries of large rivers, but
prefer slower moving waters. They may have mid-winter downstream migrationms,

and they overwinter in main river- channels and in large lakes.

Humpback Whitefish

Humpback whitefish (lake whitefish) are the most widely distributed
whitefish in Alaska, ranging from the arctic coast down to the Alsek
River near Yakutat. This includes the entire Yukon—Kuskokwim'drainages,
Bristol Bay, Susitna River and Copper River drainages. They are found
in rivers, lakes, and brackish areas and have both anadromous and n@n——
anadromous forms. Like the broad whitefish, they do not venture up past
rapids into headwater streams. In lakes, the fish move into deep, cool
waters in the summer,but come back into the shallows in the fall to

spawn.
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Arctic Ciséo

In Alaska, arctic cisco occur in the coastal areas from Demarcation
Point through-the Beaufort, Chuckchi and Bering Seas to the Bristol Bay .
area. Arctic cisco are anadromous and reside primariiy in nearshore
areas or estuaries. They leave this area in the spring and sum@er,
ascend coastal rivers to spawn, and then return to the sea again. They

seldom are found very far inland from their home estuary. They overwinter

in estuary or delta areas.

Least Cisco
Least cisco have the same general distribution as arctic cisco but
are found throughout interior Alaska also. Both anadromous and non-

anadromous populations are found. The amadromous populations behave

] . v"
similarly to arctic cisco.

Bering Cisco
Bering cisco are known to occur only in Alaska, from Cook Inlet
north to the mouth of the Colville River. Very little is known about

their biology but they are coastal and are probably anadromous.
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LIFE HISTORY - SHEEFISH

Taxonomy

The sheefish, Stenodus leucichthys, is the only member of the

genus Stenodus in the whitefish family, Corigonidae.

Distribution

Sheefish occur in northwestern North America and the arctic
drainages of northern Asia to the White Sea. Sheefish in Alaska
have been separated into five major populations: Minto Flats, upper
Yukon, the lower Yukon, Kuskokwim and Selawik—-Kobuk groups. Life

history information differs greatly among these different groups.

Spawnin
Sheefish age at first spawning varies with population, but
males mature at ages 5-8 and females at ages 7-11. Spawning occurs
in late Septembér and early October in water temperatures near>40°F
(Alt, 1971). Suitable spawning sites are critical ana apparently
must meet stringent criteria. Water depth is four to eight feet deep,
current is fast, and the bottom is composed of differentially-sized
gravel. Few spawning grounds are available and entire populations
may use one spawning area,
Sheefish do not build a redd but broadcast eggs over the bottom. -
A 12-pound female may contain 100,000 eggé while a 50-pound female
"may have up to 400,000 eggs. The slightly adhesive, fertilized eggs
fall to the stream bottom and lodge in the gravel. Spawning occurs
at dusk and at night. Development of the eggs is slow, taking up

to six months.
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Habitat

Sheefish primarily reside;in the mainstem and estuarine areas
of the large rivers mentioned above.

After hatching, the fry drift downstream to begin feeding in
the extensive delta areas of the large rivers. Young fish feed
throughout the summer and fall months. The Minto Flats and upper
Yukon populations overwinter in the mainstem Yukon in the central
Yukon area while the Kuskokwim, lower Yukon and Kobuk—-Selawik
populations overwinter in the respective estuarine delta areas
of these rivers.

After ice break-up, the sheefish begin moving upstream, feeding
in the main rivers and tributaries. The feeders generally do not
venture far awar from the main rivers. The migrations continue
upstream through the summer months, but feeding slacks off and ends
as the mature fish reach the spawaing grpunds. Sheefish may travel
as far as a thousand miles to spawn. The post-spawning migrattion
is rapid and the spent fish begin to feed as they reach their
overwintering areas.

Sheefish appear capablg of consecutive spawning, but Russian

scientists believe that spawning everly two or three years is the

rule. Sheefish on the Selawik-Kobuk area may live up to 21 years

of age.
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LIFE HISTORY - ARCTIC GRAYLING

Taxonomy

The arctic grayling, Thymallus arcticus, is a member of the

subfamily Thymallinae of the Salmonidae family. Arctic grayling

are commonly called grayling.

Distribution

Arctic grayling distribution is circumpolar.in North America
and Asia. In Alaska they are found north of the Chugach Mountains to
the Arctic Ocean and west to Port Moller on the Alaska Peninsula.
Grayling have been introduced to lakes in southeast Alaska and Kodiak
Island. In general, these introchtions have produced good sport fishing.
Spawnin

Grayling occasionally become sexually mature at four years of age,
but all are mature bj their si#th year. Grayling spawn about ice
breakup time on small streams, usually between April and June in
Alaska. As the ice goes out in the small streams, adults migrate
from ice-covered lakes and from larger rivers to small gravel or
rock-bottom tributaries. Where no suitable small streams are available,
spawning takes place in gravelly to.rocky parts of the main rivers.
Grayling maybtravel over 100 miles to reach their spawning grdunds and
will home to a pafticular stream (Reed, 1969).

On the spawning ground, the male establishes a territory in a
riffle, usually 6-8 feet wide and 8-10 feet long. No redd is dug,
but small depressions sometimes result from sp#wning activity.

The egpgs are fertilized and extruded over the gravel, where they settle
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and adhere, The female carries an average of 4,000-7,000 eggs.

Grayling seem to prefer clear,jmoderately—flowing waters about 15 inches
deep with temperature between 40-43°F for spawning. The eggs hatch

in 8-25 days depending on stream temperatures. After spawning, the

adults may migrate out to feed in another stream.

Habitat and Migration

Grayling are found in clear, cold waters of large rivers, rocky
creeks, and lakes.

Downstream migration of mature fish to the tributary mouth begins
in mid-June and coincides with the upstream movement of immature
grayling to rearing areas in the tributary. These fish will migrate
upstream into headwater areas until early September, when they then
drift downstream out of the small tributaries into the main river or

lake. All age classes overwinter in larger rivers and lakes.
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LIFE HISTORY - SMELT

Taxonomy

" Five species of smelt are significant in Alaska: Mallotus villosus

(capelin), Hypomesus olidus (pond smelt), Spirinchus thaleichthys

(longfin smelt), Osmerus eperlanus (boreal smelt) and Thaleichthys
pacificus (eulachon). Eulachon or "hooligan'" are the most often used as

a sport species and are taken with hand-held and fine mesh gill nets.

Distribution

Smelt are found on the west coast of North America from San Francisco
Bay, California to the Bering Sea. Eulachon are commonly taken in
southeastern Alaska around Haines, in the Chilkat River, upper and lower

Cook Inlet, and the estuary areas of BriStql Bay.
Spawnin

Eulachon reach sexual maturity at 2-3 years of age. They‘spawn in
the spring (May-June), and a few survive spawning and may return to
spawn in a subsequent year. The anadromous run usually spawns in the
lower few miles of coastal rivers.

The female produces about 25,000 eggs which are shed over sand or
gravel. The larvae hatch in two-three weeks and are carried out to sea

shortly after emergence.
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Habitét and Migration

After entering the sea, eulachon spend the majority of their
life in the inshore marine waters. They form part of the food of
salmon and seals, and during spawning runs may be taken in great
quantities by sturgeon. In fresh water they are taken in large
numbers for human and animal consumption.

Arctic records of pond smelt are all from fresh water but littoral
spawners exist further south. They are abundant in some of the large
Alaskan salmon lakes.

Boreal smelt exist in both the anadromous and landlocked form
in Alaska.

The longfin smelt is anadromous, with runs from October through
December. It is recorded only fr?m the Bristol Bay region. |

The capelin is a beach spawner and is neither anadromous or

resident., Spawning occurs in the late fall and early winter.

430



LIFE HISTORY - NORTHERN PIKE

Taxonomy

The northern pike, Esox lucius, is a member of the family Esocidae,

and is often refereed to as pike or jackfish.

Distribution

Northern pike are circumpolar in distribution in the freshwaters
of Eurasia and America. In Alaska, the pike ranges from the Alaska
Peninsula streams that feed into Bristol Bay northward to the Arctic
Coast and throughout the interior. An isolated population is found
in the Ahrlin River, southeast of Yakﬁtat, as well as in ponds in

that area.

Spawnin
Pike in southern Canada have been known to mature as early as

age two. Maturity is delayed to age five and six in areas further
north. Pike spawn in the spring, sometimes before ice breakup.

They migrate under the ice from their wintering areas into shallow
bays and sloughs along rivers or in lakes or ponds. They prefer
quiet, shallow areas with mud bottoms and dense aquatic vegetation.-
Depth of spawning ranges from three inéhes to two feet. No spawnihg
territory is established nor is a nest bui}t. Pike spawn by swimming '
through the vegetation and randomly dispersing eggs. The eggs are
-very adhesive and cling to the vegetation. The number of eggs deposited
. is high (average of 32,000 per female), but egg to fry survival is
usually less than 1%. After spawning, the adults disperse to summer

feeding areas.
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Hatching takes place in 10-12 days at 50°F. The eggs can develop

in temperatures from 35° to 73°F.

Habitat

Pike generally prefer clear or brown-stained slo&, vegetated
rivers or warm, weedy bays of lakes. The young remain in the spawning
area for several weeks after hatching. They then move out to establish
territories where adequate food and cover exists. 1In general, pike
are found in shallow water in spring and fall, but move into deeper
water in summer., Their winter movements are largely unknown. Many
of the summer areas dry up, freeze to the bottom, or become ox&gen
depleted. Pike are assumed to move into the large river systems
and lakes to overwinter. Extensive movements have been suspected
but not documented for some pbpul;tions.- Generally, movement from
overwintering areas t; spawning areas is quite short.

Pike are known as voracious feeders, but ae slow-growing in

northern areas. Some fish have been reported to be up to 26 yéars old.
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LIFE HISTORY - BURBOT

Taxonomy

The burbot Lota lota, is the only member of the family Gadidae
(cods) to live in freshwater. The burbot is also known as freshwater

ling, lawyer and lush.

Distribution

Burbot occur in Siberia, northern Europe and northern North
America from the Great Lakes basin and the northern Rocky Mountains
to Alaska. 1In Alaska, they occur in the Copper River drainage north

and west to the Arctic Ocean and the Bering Sea.

Spawnin
Burbot mature in four to seven years of age. In Alaska, spawning

occurs under the ice from February throuéh April. Burbot are primarily

lake spawners, though some do move into rivers to spawn. The spawning

site is usually in one to four feet of water on a sand or gravel

bottom or in gravel shoals five to ten feet deep in quiet waters.

No nest is made so the spawning fish broadcast eggs over the bottom.

Spawning occurs at night. Number of eggs vary greatly depending on

size of the female. A 343 millimeter (mm) female may have about

45,000 eggs while a 643 mm fish may have 1,362,000 eggs. The eggs

remain on the bottom until they hatch, usually after about 30 days.

Habitat
Burbot generally prefer the cook deep waters of lakes and have
been found to depths of 700 feet. In Alaska, they are common in many

streams and in lakes of all sizes.,
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Little ié known about the early life histbry of burbot. Burbot
tend to move into shallow watér in the summer to feed. Adults and
young are often found in river channels, weedy areas of tributary
streams and rocky lake shores. After spring spawning, burbot may
move into tributary rivers. All movement seems to cease in July
after the large fish head for deep water. 1In the winter burbot are
mainly found in shallow areas under 20 feet deep.

After a four year spurt of early growth, burbot grow slowly.

Fish over 16 years of age have been recoded in Alaska.
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