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ABSTRACT

Saffron cod, Eleginus gracilis, is a shallow water gadid that is found

in coastal regions of the U S.S.R and Alaska. This report investigates

t he abundance and availability of the saffron cod resource of western
Alaska. It incorporates life history information on El eginus stocks in

the western North Pacific Ocean and Soviet Arctic with data from U S
research trawl surveys of Norton Sound and adjacent waters of the Bering
Sea. Stock paraneters, such as biomass, length-at-age, growth maturity

and natural nortality, are derived fromthe U S survey data, and harvest
estimates in Norton Sound are determ ned through yield per recruit anal yses
on three fishing strategies. The analyses described in this report
indicate that the estinmated exploitable biomass of saffron cod may permt
sustai ned annual yields of 3,600 to 18,800 metric tons (t), but individua
fish size is insufficient to readily lend its substitution into nost
existing gadid fisheries and markets. A commercial potential, however,

may exi st in devel opment of a |ocal small boat fishery using vessels and
gear already available in western Alaska and in the devel opment of specific

foreign markets.
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I NTRODUCTI ON

The nost abundant fish species with commercial potential in Norton

Sound, according to a 1976 survey, is saffron cod, Eleginus gracilis.

This report evaluates that resource: its nature, condition, and potenti al
for exploitation. The conclusions suggest that if saffron cod becones a
hi gher valued fish, or yields a speciality product such as roe, it could
becone significant for the devel opnent of a small boat fishery in Norton
Sound or adjacent western Alaska regions, using vessels and gear currently
avail abl e.

Thi s eval uation of the saffron cod resource of Norton Sound and
adj acent western Al aska waters is somewhat unusual because very little
i nfornation has been published concerning the biology and popul ation
characteristics of this species in US waters. Since information on
Eurasian Arctic and western Pacific stocks of nenbers of the genus Eleginus
is found alnmost solely in Soviet literature, | have provided a summary of
these foreign sources, and have made translations as necessary for nmaterial
not previously available in English. The Soviet life history information
then serves as the basis for an analysis of saffron cod data gathered in
U S waters in 1976 and 1979 by the National Marine Fisheries Service's
Northwest and Al aska Fisheries Center (NVFS NWAFC).

The NVFS studies in Norton Sound were part of an intensified effort
to catalog all marine resources of the outer continental shelf in conjunction
w th extensive investigations of Al askan continental shelf oil and gas
reserves. One of the baseline biological studies involved identifying
fish and shellfish resources of Norton Sound. Prior to that study, only

Pacific salnon, genus Oncorhynchus, and Pacific herring, Cupea harengus

pallasi, were harvested commercially in this western A aska region



Subsequently, a small commercial fishery for red king crab, Paralithodes

cantschatica, started in 1977, pronpted by study information that |ocated

and defined little known crab stocks with potential for commercial harvest.

Crab harvests increased through 1979, when they approached 1,400 netric
tons (t).

The inception of this new comrercial venture spurred the region's
native Anerican corporations to investigate devel opnent of other new
fisheries, and it stimulated state and federal fisheries research in
western Alaska. One of the resources | ooked at as having commerci al
potential was saffron cod, the mpst abundant fish species encountered
during the 1976 survey.

Saffron cod is a cold-water gadid (menber of the fanily Gadi dae)
that has been fished comrercially for nearly a century in nearshore Sovi et
regions of the western North Pacific Ccean. The saffron cod resource in
Norton Sound is, by contrast, a virgin stock and prior to 1976 very
little data had been gathered on the biology and popul ation characteristics
of this species in A askan waters. Information gathered during the 1976
basel i ne study and a subsequent survey in 1979 provides the first detailed
data on this unfished stock. To analyze that data, this report does
three things: 1) integrates know edge concerning Soviet stocks with
infornmati on on Al askan stocks derived fromsurveys of Norton Sound and
adj acent western Al aska regions; 2) develops a conprehensive view of the
resource in northern U S. waters; and 3) derives estimates of harvest
yields for saffron cod in this region. The analysis of these data offers
a uni que opportunity to exam ne the harvest potential prior to initial
exploitation of the species

The primary objective of this report is to estimate the sustainable



harvest from the western Al aska saffron cod stocks and to better define

the magnitude of the fishery which mght be based upon this resource.

That potential is evaluated through various yield per recruit analyses to
determne exploitation rates and mninumsize linmts that nmaximze yield

per recruit. These analyses are based on various estimtes of natura
nortality and harvest strategies that take into account resource availability
and pronounced seasonal changes in the sub-Arctic environment of Norton

Sound.



LI TERATURE REVI EW

Interest in saffron cod in the Soviet Union has exceeded its somewhat
m nor commercial significance. According to Romanov (1959) over 50
reports concerning this fish had been published by Soviet scientists
unfortunately, very few are available in the United States in either the
translated or original form The available reports describe life history
and popul ation characteristics for saffron cod stocks of the northwestern

Pacific, as well as a very simlar species in the Siberian Arctic

Bi ol ogical Information

Saffron cod, Eleginus gracilis, is a shallow water gadid, and according
to Svetovidov (1948), is one of two species in the genus Eleginus. E._
gracilis and E. navaga are both nostly endenic to waters of the U S S R
Andriyashev (1954) noted the followi ng characteristics by which el eginids
can be distinguished from other gadids:

--size of barbel (equal to or shorter than diameter of pupil)

--location of anal opening relative to fins (ventral and positioned

bel ow posterior edge of first dorsal fin or under interspace

between first and second dorsals; and

--inflated tips of nost parapophyses, i.e., transverse processes

on the ribs.

Both El egi nus species are very simlar externally and according to
Svet ovi dov (1948) can be differentiated only by the follow ng nmorphometric

characteristics:



E. gracilis E. navaga
gill rakers 14- 23 24-28
inflated parapophyses tips begin at 9th begin at 6th
vertebra vertebra
vertebra parapophyses short- first 4 pairs first pair only

ened and without inflated tips

However, Walters (1955) exami ned a few speci mens of what he considered
E. navaga from Point Barrow, Alaska, and from Copperm ne and Bat hur st
Inlet in western Arctic Canada. He indicated a meristic variation for

those specimens that overlapped counts of both E. navaga and E. gracilis.

Since the distinguishing taxonom c characteristics between E. navaga
and E._ gracilis are not externally obvious, possibly those differences
are associated with geographic and environmental variability as well as
with genetic segregation.. Geographic distribution is the nost obvious

di fference between E. gracilis and E. navaga (Fig. 1). The fornmer has a

Pacific boreal distribution fromthe Korean Peninsula and sout heastern
Al aska northward al ong the Asian and North Anmerican coasts through Bering
Strait across the Arctic Circle and into the Chukchi Sea. The latter is
found in the European Arctic along the coast fromthe Kol a Peninsul a
eastward beyond the Yanmal Peninsula in Siberia, as well as apparently
along the Al askan coast of the Beaufort Sea eastward into the Coronation
Qulf in Arctic Canada (Walters 1955).

While there are marked life history differences between the two
species (e.g., growh, fecundity, and maturity), these differences are

substantially reduced when information for E. navaga is conmpared to data
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Figure 1. --Geographic distribution of Eleginus gracilis and
E. navaga.




gathered from northern portions of the range of E. gracilis (see Pokrovskaya
1960, for extensive comparisons). Some Soviet investigators have discussed
the two species as one when discussing biological characteristics.

Sovi et commercial catches are conbined in fishery statistics of the Food
and Agriculture O ganization (FAO of the United Nations, and the two
species are sonmetinmes referred to with the alnost identical comon nanes
("navaga" and"far eastern navaga"). Gven the confusion in the literature
regarding the taxonomc distinction of E. navaga and E. gracilis and gaps
in know edge for the latter species, | nust treat both species as forns

or varieties of saffron cod.

Wthin limts of their distribution in the Arctic and western Pacific,
saffron cods are usually found in relatively cold water areas to depths
of less than 60 m  One exception to shallow water distribution occurs
of f northern Japan where saffron cod have been found out to the continental
shelf edge (200 m) (Tanaka 1939). Although typically marine, these
gadi ds have been found infrequently in freshwater |akes (Gebnitskii
1897, Andriyashev 1954) and are often present in lower portions of coastal
rivers to the extent of tidal influence. Presence in brackish water can
occur for extended periods, especially for juveniles.

Seasonal mgrations are not extensive and differ by stage of maturity.
Juvenile saffron cod do not undertake seasonal nigrations. They apparently
can tolerate low salinity better than adults and remain in shall ow water
areas throughout the year (Pokrovskaya 1960).

Adults form relatively small, local, discrete concentrations whose
seasonal novenments are fairly restricted and associated with spawning,
feeding, and changes in water tenperature (Pokrovskaya 1960). According

to several Soviet authorities, seasonal distribution of adults can generally



be described as: winter-inshore; sunmer-offshore (or less inshore).
During autumm when water masses start to cool, saffron cod nove inshore
into silty, shallow water areas along the coast or in estuaries and
continue feeding. Mvenent into adjacent sandy-pebbly areas occurs at
the start of spawning activity in early winter when feeding stops. After
spawni ng, the fish return to silty bottom and/or estuarine areas and
resune limted foraging. Throughout late fall-winter, saffron cod are
primarily found under extensive ice cover. Seaward (offshore) novenents
occur during spring-early summer when nearshore waters warm and becone
diluted by ice breakup and the associated runoff of the thaw ng snowpack
from adjacent |and masses.  Pokrovskaya (1960) and others report that
fromlate spring until autumm, adult saffron cod distribution is primrily
associated with cold, highly saline waters of the open sea.

Most saffron cod mature during their second or third year (Table 1).
Spawni ng usual ly occurs during January but may vary from late Decenber
through early March, depending upon the region and severity of wnter
weat her (Pokrovskaya 1960). In relatively mld weather, peak spawning
occurs later and is often prolonged, while in cold years, spawning begins
earlier and the period of peak activity is shorter. Denmersal spawning
occurs under coastal sea ice in very shallow areas (2-10 m) w th sandy-pebbly
substrate and highly saline waters under strong tidal influence. Optinum
wat er tenperatures were reported by Pokrovskaya (1960) as less than |°C
in the laboratory; nobst spawning actually occurs at tenperatures between
-1.3° and -1.8°C.

Egg size and fecundity vary substantially by geographic region. Egg
di aneter increases and the nunber of eggs rel eased decreases from east to

west in the European Arctic and from south to north in western Pacific



in Arctic and Pacific

Table 1.--Age at sexual maturity for Eleginus spp.
regions of the U S S R (from Pokrovskaya 1960).
" Percent sexually mature by age
Sex of 1l 2 3 4 5
Area Year Fish (years)
Northern Arctic Ocean
(i.e. Barents Sea):
Onega Gulf 1951-52 Females —— 99 100 - 100 100
Males 30 100 -100 100 100
Upskaya Bay 1941-43 | Females - 90.2 94.5 90.1- 100
Males - 89.1 93.9 . 100 100
North Mouth 1941-42 | Females - . 5 5 5 -
(estuary) Dvina R. Males -- - 5 - -
Mezen - Kamenka 1941-42 Females - * 87 97.1 100
(mouth of Mezen R.) Males - 50%* 93.5 100 100
Pechora Sea:
Cheska Bay 1936-38 Females 1 42 100 100 ‘100
& Males
Pechora Gulf 1940-44 | Females | -- . 2.7  62.5  98.1 100
& Males’
Kara Sea 1945-46 Females C—— k% 92.5 98.5 100
& Males
Pacific Ocean:
Peter the Great Bay 1927-31 Females -- 70-78 100 100 100
‘ ‘ ‘ Males - 75-90 100 100 100
Terpenia Bay 1948-53 They had matured by 2nd year
Northern Part of 1944-54 They had matured by 3rd year
Tartar Strait ‘
Nagaeva Bay 1949 Females - 2.5 *
{Okhotsk Sea) Males 16.5 *
* Information for the age group was insufficient or absent.

** |n the Kara Sea 2-year-olds in the spawning stage made up an insignificant

part

of spawni ng popul ations.

In the years 1945-46,

immature 2-year-olds represented |less than 1% of all
catches during the spawning period.

sexual ly mature and
fish sampled from
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waters (Tables 2,3). For exanple, along the Pacific coast of the US S R,
egg size (before fertilization) ranges from0.84 nmmto 0.94 mmin Peter
the Great Bay off the Sea of Japan to sizes of 1.00-1.10 mmin Tatar
Strait (Table 2). Estimates of fecundity for 20-35 cm fish in these sane
regions are 30,000-188,000 and 29, 000-124,000 eggs, respectively (Table 3).
Saffron cod eggs swell after fertilization, are denersal (i.e., they
are found at or near the bottom), may only be slightly adhesive, and can
(continue to develop in sub-zero (°C) tenperatures. The incubation period
varies, although Mikhacheva (1957) determ ned the devel opment period
under normal environmental conditions in Pacific waters to be about 2 /2
nmonths.  Khal di nova (1936) indicated a normal incubation period of 4
months for Arctic waters. Egg developnent is arrested when tenperatures
fall below -3.8°C and resumes when anbient tenperatures increase to above
that tenperature (Mikhacheva 1957). Although the eggs can survive in a
wi de range of tenperatures (<-3.8° to 8°C), they cannot tolerate brackish
water and perish when salinity falls below 23.2 ppt (Pokrovskaya 1960).
Larvae hatch out in early spring, prior to the warnmng of coastal waters
inthe Arctic or northernnost portions of the western Pacific, and sonewhat
later (during warming) in waters farther south, such as the Sea of Japan.
A general tine is April-My. Enbryonic and post-enbryonic devel opnent of
saffron cod is very sinmilar throughout their Arctic and Pacific distributions.
Larvae differ only in size; an exanple of size differences for newy

hatched | arvae was described by Mikhacheva (1957) as foll ows:

Pacific waters Arctic waters
(E. gracilis) (E._navaga)
body length (nm 3.5-3.9 4.5-5.3
ant e-anal distance 36.4-39.8 37.2-44.0

(% of total body |ength)
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Table 2.--Dianeter of eggs of Eleginus spp. in Arctic and Pacific regions
of the US S R
Egg size Egg size
before fertilization after fertilization
Region (mm) (mm)
Arctic Waters
West Onega Bay? 0.99-1.11 1.45-2.08
Onega BayP 0.90-1.40 1.50-2.00
‘ Mezen Bay® 0.88-1,.21 -
East Kara Gulfd 1.00-1.60 -
Pacific Waters
South Peter the Great Bay® 0.84-0.94 0.97-1.30 .
Kunashir Island9 0.87-1.01 1.30-1.60
Tatar Straitf 1.00-1.10 -
North Paramushir Island9d 0.87-1.11 -
;Source: Kuldinova 1936
cSource: Nikolaev 1957
dSource: Lanshin 1929
e Source: Fridlyand 1948
£ Source: Kozlov 1951
g,Source: Mukhacheva 1957
Source: Pokrovskaya 1960



* Calculated from sanples containing less than 5 individuals

Table 3.--Fecundity of Eleginus spp. in Arctic and Pacific regions of the U S . S.R (from
Pokrovskaya 1960).
Number of eqggs (x1000) in ovaries by region
Arctic Waters (West to East) Pacific Waters (South to North)

Length(cm) Onega Ray?@ Mezen Bay® Off W. Yamal Pen.C Peter the Great Bayd Tatar Strait®
15.5-17.5 - 7.5 - - -
17.6-20.0 11.8 12.7 - - -
20.1-22.5 19.0 21.0 16.7 30.3 28.9
22.6-25.0 24.9 29.8* 21.0 47.0 41.3
25.1-27.5 34,2 ? 29.4 66.9 56.1
27.6-30.0 45.1 50.6 : 36.1 91.4 75.0
30.1-32,5 67.8 62.6 48.9 135.1 96.8
32.6-35.0 77.1 64.7 55.8 188.5 123.8
35.1-37.5 95.5%* 71.6% ©66.5 - 154.1
37.6-40.0 162.5 - 77.2 - 190.7

% Source:  Nikolaev 1957

" Source: Lanshin 1929

° Source:  Pokrovskaya 1960

Y Source:  Dubrovskaya 1953

® Source: Calculated fromdata provided by B. M Kozl ov in Pokrovskaya 1960

BN

AN
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The 2-3 month larval stage (Andriyashev 1954) is planktonic. By
m d-summer the |arvae reach 3.9-5.6 cm (Pacific) or 5.5-6.0 cm (Arctic)
(Table 4) and descend to the bottom

Pl anktoni ¢ feeding occurs only during the larval period; thereafter,
saffron cod juveniles and adults are opportunistic epibenthic feeders.
Primary food types throughout their range include: crustaceans, worms,
and small or juvenile forms of several fish species (Fig. 2). Juvenile
fishes are the principal prey item of Arctic stocks, primarily because of
their increased availability relative to invertebrates. Saffron cod
al ong the western Pacific coast usually feed on crustaceans, nostly
anmphi pods.  The high proportion of invertebrates in the diet of western
Pacific fish (Fig. 2) is probably due to a much higher benthos biomass
in that region as conpared with the Arctic (Table 5). I ntensive feeding
in both nmajor geographic regions starts during sumer and continues until
just prior to winter spawning. Feeding is then abruptly reduced and
resumes somewhat in md-winter after the period of sexual reproduction,

Despite resuned feeding in md-winter, the growth of saffron cod is
almost entirely arrested at this tine because the fishes are in an extremely
stressed physiological condition after intense spawning activity. Pokrovskaya
(1957) studied Arctic (Kara Sea) stocks through the winter and found that
annual growth nearly ceased after Cctober and did not resune until late
the following spring. This may seen to- contradict an earlier reference
by the sane authority indicating feeding until wnter spawning; however,
late fall-early winter feeding appears associated with a rapid increase
in gonadal material. | assune that intensive gonad devel opment occurs in
both sexes, but unfortunately, the available foreign literature only

describes changes in females. (This '"interpretation of the translated



Table 4.--Average size (mm) by nonth for young El eginus spp

for 14 nonths after hatching in Arctic and

Pacific regions of the U S S R (from Pokrovskaya 1960)
Months

Region/Year
of Study v v VI VII | VIII IX X XTI XII I IT III v v
Onega Bay, ,
1951/52 - 4.6 - 57% 60.0 | 90.0 109.0 - 126.0 {128.0 | 125.0 | 131.0 (119.0 |132.0
Yugorski Region
and
Baydaratsk Gulf,
1945-46 - 5.3 6.1 8.0 -— 58-64** 84.5 |6l.1 85.8 88.0 81.5 94.6 91.6"| --
Peter the Great Bay,
1927, 1928, 1953 3.8 ]15,3 ] 28.7 | 64.1 | 92.0 118.0 136.2 - - -- 140.6 - 150.0 | 161.0

* Judging fromdata by Timakova (1957), young navaga measuring 50-60 nm were obtained in the final days of

July in 1951

Consequent |y,

sizes identified for adjacent nmonths and the 57 mm neasurenent nay be too high

** Three juveniles measured during Septenber

from work by Sol datov (1923).

this should be taken into account in the above table and in conparison to

PT
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Figure 2. --Conposition of food items for Eleginus spp.
from various regions of the Arctic and Pacific
coasts of the U S S R (from Pokrovskaya 1960).



Table 5.--Benthos bhiomass in Arctic and Pacific coastal

regions of the U S S R

(from Pokrovskaya 1960).

Biomass by group in g/m2

Southern Kuril I.

about 500

Other Combined
Region Molluscs Worms | Crustaceans | Echinoderms | Animals | Biomass g/m2 Authority
Cheska Gulf 90.50 10.00 24.00 10.00 19.30 153.80 Zenkevh 1947 :
. Baydaratsk Gulf 62.33 0.12 - 7.62 4.32 . 74.38 Grishina and Filatova 1948
(southwest coast)
Baydaratsk Gulf 131.16 2.64 0.20 0.44 2.08 136.52 Grishina and Filatova 1948
(northeast coast)
Anadyr Bay 121.03 53.68 17.06 32.75 3.33 227.50 Makarov (from Moiseev 1953)
Northwest Coast
Kamchatka: -
Northern Part 213.25 275.40 78.20 14.71 76.89 668.50 Gordeeva (from Moiseev 1953)
Central Part 166.02 90. 36 17.11 22.93 45.86 342,30
Southern Part 240.97 74.15 97.87 18.80 43.30 675.00
Tauyskaya Gulf 8.33 - 7.54 . 61.90 3.43 33.00 114.20 Usakov (from Moiseev 1953)
Central Region of 2.57 14.03 0.30 15.03 21.57 53.50 Ivénov, Volk
northwestern part . (from Moiseev 1953)
of Sea of Okhotsk
Peter the Great Bay:
10-15 m interval 35.20 38.40 7.70 12.10 6.60 264.00 Derugin and Somova
50-80 m interval 27.10 25.60 45.70 1.60 -—- 340.10 (from Moiseev 1953)

91
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material was verified by Dr. V. Pachenko of the Pacific Scientific Research
Institute of Marine Fisheries and Oceanography (TINRO) during discussions
at Kodi ak, Alaska, on 20 April 1983.) Very intensive gonad devel opnent,
especially ovaries, occurs during late fall (Table 6) and results in

i ncreased gonad weight as well as a much higher ratio of gonad to total
body weight. In an Arctic (Kara Sea) popul ation, Pokrovskaya (1960)

i ndi cated that ovaries for various sizes of fish averaged nearly 25% of
body weight (Table 7).

Both nale and femal e saffron cod are very enaciated after spawning
(Table 8) with weight |osses reported to average 15% of total body wei ght
for Arctic (Wite Sea) popul ations (Mantiefel 1944); weight renains
reduced throughout winter and early spring (Table 9). Limted data by
Dubr ovskaya (1953) from Pacific coast waters (Peter the Great Bay) suggest
that weight loss after spawning is not so significant. Regardless of
geographi c location, changes in body size appear substantially influenced
by winter spawning and food availability. It also seens likely that the
physi ol ogi cal denmands of winter spawning could result in spawning stress
mortality, but this was not stated in the reviewed literature.

Saffron cod growth rates differ between the Arctic and western Pacific,
and within each major geographic region (Tables 10,11). According to
Pokrovskaya (1960), greater amunts of forage are generally available in
the western Pacific than in nost areas of the Arctic. This usually
results in faster growh for Pacific stocks; however, this relation is
not always true.

Saffron cod growth in certain northwestern Pacific areas (e.g.,
portions of the Sea of Okhotsk) is slow in conparison to sonme Arctic

stocks. A general ranking of growth rates by area, fromfastest to
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Table 6. --Stages of ovarian devel opnent (in percent of total females) by nonth for Eleginus spp. in
various regions of the U S.S.R (from Pokrovskaya 1960). Pacific regions are marked with
asteri sks.

Region and
year of Stage of .

investigation Development? | Feb. | March April_ May June | July | Aug. | Sept. | Oct. | Nov. { Dec.

Southern 11, II-III - - -— - - 99.6| 92.0 9.7112.2 0.3]15.3

portion of III, III-IV - - -- - - 0.3 8.0 81.9| 85.4 | 48,2 1.5

White Sea IV, IV-v - -- -- -- -- -- -- 17.0| 2.4 51.5 | 40.1

1941-43 v, V-VI - -- - -- -- -- -~ -~ -- -- 135.9

vl . - - - - - 0.1 - - - - 7.2

Mezen-Kanin {11, II-III -- -- -- -~ | -- - -- 63.0| 36.0| 9.5 --

1941-42 III, III-IV -- -- -- -- - -- - 36.2 | 51.6 | 64.4 | 15.2

v, IV-v - -- - - - -- - 0.8]11.6| 26,0 | 81.4
v, V-VI - -- -- -~ -- -- - - - 0.1 2.8
Vi - -- - - - - - - — - 0.6
Cheska Gulf II, II-III -- -- -- -- -- -- | 96.5 -~ -- 9.5( -~
1936-38 III, III-IV - - -- -~ -- -- 3.5 -— -- 1.0 1.2
v, IV-V -~ | -- e -- -- - - -- -- | 89.5°| 93.0
v, V-v1 -- -- -- -- -- -- -- -- - -- 5.8
v1 - -- -- - -- - - - -- - -

Pechora Sea I1, II-III - - - - - 98.8 ( 72.3° | 27.9 - 1.6 -

1942-43 111, III-IV - -- -- - - -- | 24.6} 48.2| 56.8| 73.9| --

v, IV-V - -- -~ -- -- | 1.2 o0.6] 23.0] 43.2| 24.5 | 66.1
vV, V-vI -- - -- -- - -- 0.6 - -- -- 33,9

VI - -- - -- - - -- - -- - -

Kara Gulf II, II-ITI 1.5| 26.7 | 32,2 | 12,4{16.6{ 92.1| 84.0| 53.9| -- -- -
1945-46 111, IIT-IV - 2.2 0.3 0.2 -- 7.9(16.0 | .45.4]| 90.5| 28.0 | 3.1
v, IV-v 0.9| 1.0 0.5 0.6 | -- - 0.7| 9.5|69.5]96.9

v, V-vI 42.0| 7.4 5.2 7.7 -- - - 2.5 | --

VI 55.6 | 57.2 | 30.4 | 65.0|10.8| -- -- -- -- -- -

VI-II - 5.6 | 23.4 | 14.3]72.6| -- - -- - - -

Ob Gulf II, II-III -- -- -- - - | 81.5 54.6 -- - --
1946 III, III-IV - -- -- -- -- - 9.1 - -- --
v, IV-v - -- -- - -- - -- 9.1 -- -~ -

v, v-vI - -- -- - -- | 10.6 18.2 _ - -~

vI -- - -- - -- 3.9 9.0 -- -- --

Southern Kuril I. II, II-IXI - + + + + + + + - -~ -—
1949, 1951, 1953 | III, III-IV -- -- -~ -- -~ | -- - - + - | --
v, 1v-v -- - - - -- -- -- - -- - +

Northern part of II, II-I1Ir | -- -- -- o+ + + | 78.5 + + - | --

Tatar Straitt III, III-IV -- -- - - -- -- | 22.5 Predominant - --

1944-49

Nagaeva Bay?* II, II-IIX - -- - - -- - - 61.5 - - --

1949 III, III-IV -- - - -- - -- - 38.5| =~ -- -

Korfa Bay* 11, II-III ~-- -- -- -- - -- -- - - - --

1950 III, III-IV - - -- - - -— -~ 1100.0| -- -- -

Shantar I.* I1, II-III -- -- -~ + -- -~ -- -~ - - -

vI -- -- -- + -- -- -- - - -- -

* The synbol "+" is placed in those cases where individuals with that stage of ripeness were

present, rather than percentages.

1 - Immture; |1 - Adult or adult maturi ng; 11l - Adult mature; IV - Adult spawning, inmnent

or free flowing; V - Adult ripe; VI - Spent; and VIl - Resting.



Table 7.--Ovary weight for Eleginus navaga fromthe Kara Sea,

Pokrovskaya 1960).

in percent with relation

to body weight (from

Length of fish, cm

Mean
%
Time of Number ovary wt/
investigation 21 22 23 24 25 26 27 28 29 31 33 34 38 examined body wt
January 1945 24.6 - - 22.6 | 24.2 - 23,2 - - 25.0| 21.6| 29.8 -— 8 24.50
December 1945 - 11.0] l6.8} 13.3| 13.4 | 14.5] 14.6| 13.1| 15.5 - 15.8 - 11.0 26 13,25

61



Table 8.--Average body weight (gm at length for Eleginus navaga in the Kara Sea (from Pokrovskaya 1960).

Iength of fish, cm

Time caught 22 23 24 25 26 | 27 28 29 30 Coefficient of fatness?@
January 1945 70.0 82.7 92.0 | 117.5 | 120 | 140 | 150 | 170 210 0.68
December 1945 | 95.0 | 110 118 138.8 | 150 | 170 | 190 | 203.3| 223.3 0.85

®Rati o between the body weight in grams x 100 and the cube of

body length in cm

ie. wilam 00

014
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Table 9.--Average body weight for Eleginus navaga from the Kara Sea in the
winter period 1945-46 (in gm (from Pokrovskaya 1960)

c Reduction of weight in % over
Weight in grams L fish weight in December

Size ‘

(cm) 16 Dec,2 7 Feb. March Aapril May 7 Feb. March April May
22 79.2  76.8 77.2 69.7  63.7 3.0 2.5 12.0 719.5
23 86.2 91.9 86.0 79.1 73.0 0 0.5 8.1 15.5
24 104.3 101.2 92.5 87.7 80.3 3.0 11.6 l6.1 23.2
26 128.8 131.2 115.0 102.4 105.0 0 l0.6 21.2 18.5
27 141.0 136.6 128,7 120.5 117.2 3.4 8.6 14.6 17.8
28 172.4 - ' 15003 13505 122o5 - 1209 21.5 2900
Average. - - - - - ‘ 1.5 8.8 1l6.4 21.7

®The wei ght of navaga cod in Decenber is less or mnus the weight of the
ovari es.



Table 10.--Average size (cm) at-age for Eleginus navaga in Arctic waters of the US. S R (Data is from
numer ous sources and is sumarized in Pokrovskaya 1960).

Age group (years)
Region Time of study 1 2 3 4 5 6 7 8 9 10
Pechora Sea
Cheska Gulf Winter 1936-37 - l6.06 20.70 24.10 26.30 - - - -~ -
Winter 1937-38 - 17.10 20.80 24.50 -— - - - - --
Winter 1941-42 - 15.00 16.58 18.22 20.40 24.80 27.06 31.30 29.00 ==
Winter 1942-43 - 15.10 16.50 20.70 23.10 24.70 26.20 30.00 - -—
Pechora Bay Winter 1940 - - 17.90 20.00 21.60 23.80 27,00 - -~ -
Winter 1941-42 - 14.00 17.30 19.60 20.90 22.60 23.10 29.00 —-— -
Winter 1942-43 | -~ 14.40 18.80 20.10 21.50 22.10 24.00 26.00 - -
Winter 1943-44 [11.70 16.20 18.60 21.80 23.40 24,30 . 26.10 29.00 —-— -
Winter 1955 - - 17.73 19.47 - - e - — -
White Sea
Pomorski Coast | January 1926 - 18.50 22.50 - - - - —_— - --
Jan.-Feb. 1933 |13.40 19.00 22.00 24.60 26.00 27.70 - - —-— -
Winter 1942-43 - 15.00 17.20 19.70 22.60 - - - - -
January 1950 - 19.60 23.10 26.30 - - - - ~— -
Winter 1950-51 -— 21.12 23.61 24.08 27.80 - -~ - - -
January 1952 12.80 20.40 24.15 27.00 29.10 35.80 -— - - -
January 1953 - 20.51 26.00 28.25 30.20 - - - - -
February 1954 -~ 19.51 24.33 28,00 -— 36.40*  -- - - -
Unskaya Gulf January 1926 - 18.30 21.60 31.40%* - -- - - - -
Winter 1941-42 - 14.30 16.60 18.40 23.10 26.00 28.00 - - -
Winter 1942-43 - - 17.60 19.80 22,10 25.40 - - - -
Pertominsk Winter 1950-51 - 21.57 25.18 29,78 31.38 - - - - -
Dvina Bay Winter 1941-42 - 13.70 15.30 16.30 16.40 -— - - ~— -
Mezen Bay Winter 1925 9.50 15.26 16.98 19.57 23.02 26.35 28.41 31.77 34.84 -~
Winter 1941-42 8.30 13.70 16.90 19.80 23.00 25.40 28.90 33.20 - -
Winter 1942-43 -~ - - - 23.60 26.60 28.90 31.20 - -
Chizha R. Winter 1950-51 - 18.70 22.60 24.49 28.69 30.87 35.00 - - -
Shoina R. Winter 1950-51 - 19.48 22.72 26.85 30.47 34.55 - - -— -
Semzha R. Winter 1953-54 - 16.21 21.55 26.18 - - 34.85* - - -
Ness R, June 1955 - - 22.40 23.80* - - - - - -

* Nunber exam ned is |ess than 5.

44



Table 11.--Average size (cm at-age for Eleginus gracilis in regions of the Pacific coast of the
US SR (Date is fromseveral sources and summarized in Pokrovskaya 1960.)
Age groups (years)
'Time of . :
Region study 1 2 3 4 5 6 7
Sea of Japan . )
Amur Bay 1928-32 14.40 25.40 30.50 35.40 40.50 - -
Tatar Strait-Sakhalin . , , )
De-Kastri Bay 1928, 1932 14.10 24.20 30.20 33.40 36.10 37.30 -
Northwest part of Sakhalin Coast ? - 23.80 28.70 32.60 36.20 38.50 40.50
Terpenia Bay ' ? . -— 21.20 23.40 26 .80 31.70 35.10 37.80
0-V Polonskaya 1955 14.20 -— -- - - - -
Sea of Okhotsk .
Western Kamchatkd 1927-32 16.90 28.40 35.40 39.90 42.80 46.90 52.00
Nagaev Bay ) 1949 13.30 17.44 - - - -= --
Northeast part Sea of Okhotsk 1935 - 16.23 18.75 - 26.47 - --
Western Bering Sea '
Anadyr Bay 1938 16.80 21.80 24.90 28.10 32.30 35.60 -

€7
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sl owest, follows:

1. Western Kanthatka Peninsula coast

2. Northwest Sea of Japan

3. Sakhalin Island-Tatar Strait

4. @lf of Anadyr

5. Kara Sea

6. Wite Sea

7. Northwest Sea of Okhotsk

8. Pechora (Barents) Sea.

As an exanmple of size at age, average size at age 3 years in the
Barents and Kara Seas ranges between 16.5 and 20.7 cm (Table 10) while
Paci fic coast popul ations display an average size at the same age of from
18.8-35.4 cm mostly 29-35 c¢cm (Table 11). Maximum sizes also differ.
According to Andriyashev (1954) the largest specinen found in Arctic
waters was 44 cm (weight - nore than 700 g) while the |argest specinens
found in Pacific waters were about 53 cm (weight - 1,000 to 1,100 g).

Maxi mum age in Arctic waters is 12 years (Pokrovskaya 1957) and apparently
8-9 years along the Pacific coast (Lestev et al. 1956). In other words,

the Pacific form grows |arger and dies younger than the Arctic form

Foreign Catch Summaries and Methods
Saffron cod are taken, commercially in numerous areas (Fig. 3) and
have been harvested for alnpst 100 years. Summaries of early catch
statistics are unavailable; however, several authorities have nentioned
historic catch levels for specific regions. Mantiefel (1945) stated that
catches from the Wite Sea-Pechora Sea region of northwestern Russia
ranged from0.2 to 2,400 t between 1894 and 1944, and were perhaps as

high as 4,000 t before that time. On the western Pacific coast of the
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[US S R early harvests from Peter the G eat Ray ranged between 13 and
1,630 t from 1910 to 1930 (Svetovidov 1948). In other western Pacific
coast regions harvests prior to the md-1950s included 5,000t in the
Maritime Territory, primarily Tatar Strait and around Sakhalin Island
(Lestev et al. 1956), and up to 15,000 t off the Kanthatka Peninsul a,
apparently off both the Okhotsk and Bering Sea coasts (Andriyashev 1954).

Annual catch statistics after 1955 are available through the FAO
Total catches (all areas conbined) until 1973 fluctuated between 6,600
and 22,300 t and have risen alnost continuously into the nost recent
periods reported (Table 12). Harvests for the latest 4 years available,
1977-80, have averaged over 39,000 t. Mst of these recent harvests have
come from the "northwest Pacific" reporting region and have averaged
nearly 90% of the total annual |andings since 1974 (Source: FAO Statistical
Yearbooks). Different regional fisheries appeared to target on different
age groups: e.g., 2- to 3-year-olds in Peter the Geat Bay and other areas
near M adivostok (Svetovidov 1948; Berg 1949); 2- to 5-year-olds in the
Sakhalin region (Lestev et al. 1956); and 3- to 4-year-olds in the Sea of
khotsk and Kanthatka waters (Berg 1949; Senenenko 1973).

Saffron cod are usually fished in the Soviet Union during late fall-
winter. Product quality may influence timng of harvests since feeding
and pre-spawni ng fish have good flesh characteristics while spent individuals
contain very low fat content and their flesh is very watery until several
months after spawning (Lestev et al. 1956). The magnitude of recent
harvests suggests a greater interest in harvesting these gadids, but
current available information fromthe U S. S.R does not shed Iight on
whet her the saffron cod fishery is not a prime activity or nerely an

of f season venture.
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Table 12.--Annual harvests (t) of saffron cod by area in the U S S R

AREAS

U.S.S.R. inland waters  Northeast At

lantic Norfhwest Pacific

Year (FAO area 7) (FRO area 27)b (FRO area 61)€C TOTAL
1965 a 2,500 19,600 22,100
1966 a 2,500 7,000 9,590
1967 a . 2,100 11,200 13,300
1968 a 3,400 18,900 22,300
19269 a . - 2,000 18,500 = 20,500
1976 a o | 2,500 19,500 22,000
1971 a . . 2,860 .14,100 16,900
1972 a . ‘ 2,100 19,900 22,000
1973 a 4,400 22,090 26,400
1974 a - ‘ . 6,649 26,700 33,349
1975 a . 3,624 29,594 33,218
1976 a , - " NR 27,500 27,500
1977 a ‘ 4,140 36,885 41,025
1978 6,127 - 35,;87 41,314
1979 86 2,866 35,183 38,135
1980 360 ‘ 2,641 33,300 36,301

% Apparently included in FAO area 27

Sour ce:

1965-73 -- FAO, 1974 Yearbhook of
1974-77 -- FAQ, 1977 Yearbook of
1978-80 -- FAO 1980 Yearbook of

b Marine Atlantic waters north of lat. 36° N.

c

Marine Pacific waters north fromlat. 20°
west of

long. 175° W

Fishery Statistics Vol. 36
Fishery Statistics Vol. 44
Fishery Statistics Vol. 51
from68°30" E. to 42°00" W

N to the Gulf of Anadyr and
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Resi dents of each fishing region generally conduct the harvest since
saffron cod do not form massive aggregations that would interest |arge
fishing fleets. These "cottage industry" operations are not highly
nechani zed and fishing gear includes hook and line, traws, beach and
Dani sh seines, gillnets, hoop-nets, and fyke nets (Andriyashev 1954
Lestev et al. 1956; Andreev 1962; and Fridman 1969)

Stationary gear (i.e., fyke, hoop, and pound nets) is usually used for
fishing, and is well suited to catch saffron cod which are often nearshore
and in shallow water. The gear is set at nearshore l|ocations before
winter ice formation and the position of the catch bag or inpoundnent
section is marked by a buoy. These nets are located in areas covered by
shorefast ice so that the moverment of adjacent ice floes will not danage
the trap or distort it. Once ice fornms, fishermen cut a hole over the
i mpoundnent section and periodically lift this part of the trap to the
surface to renove the catch. Lestev et al. (1956) stated that fyke nets
fished in the Sakhalin region could achieve average catches of 1.5-2.0t
per season. An exanple of stationary fishing devices used specifically
for catching saffron cod is illustrated in Figure 4. Al though several
sources nention that trawls are used in saffron cod fisheries, the extent

of trawling is not well docunented
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MATERI ALS AND METHODS

Information Sources Other Than Foreign Literature

Aside from a few historic accounts regarding distribution (i.e.,
Turner 1886; Alverson and WIinovsky 1966), the main body of information
on saffron cod in western A aska waters cones from three sources:

1) an intensive NWS trawl survey of Norton Sound and the northern

Bering Sea that was part of the 1976 Bureau of Land Managenent/

Quter Continental Shelf (BLM OCS) baseline survey of western

Al aska;

2) an extensive series of 1979 traw surveys performed by NWS

as part of an annual assessnment of king crab popul ations in the

eastern Bering Sea; and

3) a brief tram survey by NVFS in Norton Sound during 1982 to

obtain biological information on marine resources of that region.

All 3 years of NMFS trawl surveys were initially designed to estinate
the spatial distribution, abundance, and popul ation characteristics of
fish and shellfish of current or potential economc inportance in western
Al aska. Unfortunately, other marine resource priorities resulted in
alterations to some of the surveys. The 1976 and 1979 studies were
conpl eted as anticipated but the 1982 work was substantially altered
because of an urgent need for additional information on king crab in the
eastern Bering Sea. Consequently, nost data used in this paper were

obtained from the 1976 and 1979 surveys.

Area Surveyed
The total area investigated during each of the yearly surveys differed

substantially and ranged throughout the eastern Bering Sea and al ong the
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coast of western Alaska fromBristol Bay northward into the southeastern
Chukchi Sea (Fig. 5). Portions of those survey areas selected for these
anal yses focused on Norton Sound and adjacent waters where saffron cod
concentrations were assumed to occur. Specifically, the selected areas
wer e:

1) Norton Sound and the northern Bering Sea including waters north

of a line fromthe nouth of the Yukon River to St. Lawence Island,

east of the U S.-US S R Convention Line of 1867, and south of

Bering Strait; and

2) the northeastern Bering Sea including waters north of lat 58°N

(approxi nately Cape Newenham), shoreward from about the 50 m

i sobath and/or the Convention Line, and south of St. Lawence

Island (Fig. 6).

The shoreward limt of the survey area was the 9 misobath, the
shal | owest depth possible for safe survey vessel operations. The greatest

depth found in any of the above mentioned areas was 65 m

Survey Approach and Rationale

For sanpling and anal ytical purposes, the survey areas were subdivided
into subareas (Fig. 7). Denersal trawing stations were arranged in a
systematic pattern within each subarea or stratum  Station density
wi thin each stratumwas based on prior know edge of distribution patterns
of principal fish and shellfish species of the region (Table 13).

Because of the extensive anount of planned sanpling and limted
vessel tine, it was necessary to deviate from usual daytine-only trawing
prot ocol when the size of vessel crews and scientific field parties
warranted. \Wen possible, trawing operations were conducted on an

around-the-clock schedule. Since 24-hour operations were often used,
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Table 13 .--Station sanpling density by subarea during the 1976 and 1979 Nati onal

tram surveys of Norton Sound and adjacent areas of western Al aska.

Mari ne Fisheries Service

. Planned
. : Stations planned sampling density , Stations
Year Subarea Subarea description for sampling . " (sg km/sta) successfully trawled
1976 Ia Norton Sound 90 : 343 75
Ib Northern Bering Sea 64 772 46
1979 Ia Norton Sound 90 343 79
Ib Northern Bering Sea 40 ) ‘ 772 39
IIa Northeastern Bering Sea, 20 5,488 14
: ) Nunivak I. to St. Lawrence I.
ITb Northeastern Bering Sea, 69 1,372 63

Cape Newenham to Nunivak I.

St
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catches of saffron cod fromnighttinme trawing were adjusted accordi ng
to day-night fishing power experiments conducted during the 1976 Norton

Sound traw survey.

Vessel s and Fishing Cear

The two vessels used during the surveys were the NOAA research ship

MIler Freeman and the fishing vessel Paragon Il. The MIller Freeman is
a 1500 gross ton, 2200 horsepower stern trawer with an overall length of
65.5 m equipped with a variable pitch propeller. The Paragon Il is a 196

gross ton, 1125 horsepower conbination traw er/crabber with an overall

length of 33.8 m The MIler Freeman was used during all surveys associ ated

with these anal yses while the Paragon Il was used only during a portion
of the 1979 surveys (Table 14).

A nodified eastern demersal trawl was the fishing gear used during all
surveys (Fig. 8). It was fished with 2.1 mx 3.0 m steel V-design traw
doors and its codend was lined with 31.8 mm (1.25 in) mesh web for retention
of small fish. A set of four 45.7 mdandylines were fished with the

denersal trawl, two connected to each w ng.

Sanpling Procedures
Prior to actual denersal fishing operations, some stations were

first surveyed by echosounder to establish the condition of the bottom

At inshore stations where highly uneven or nuddy bottom m ght be encountered,
a 4 km echosounder transect was run over the station to determne both

its trawability and a course that woul d provide a uniform depth throughout

the length of the tow If the echosounder trace indicated rough bottom

the vessel would proceed to the next station rather than spending additional

time searching for a trawlable area. |If the echosounder trace indicated
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Table 14 .--Nunbers of stations surveyed by vessel in those portions
of National Marine Fisheries Service surveys used in the
analysis of the saffron cod resource off the coast of
western Al aska.

Stations

Vessel Year Dates vessel used trawled
Miller Freeman 1976 ~ Sept. 2-0ct. 10 ‘ 121
Miller Freeman 1979 July 15-Aug. 5 118

Paragon II - 1979 July 25-Aug, 21 77




50 60 50 - 60
int, int. int. CODEND
na NO. 84 NO. 84 NO. 84 NO, 96
102 mm 102mm 89 mm 89mm

Figure 8. --Diagram and description of the denersal
Marine Fisheries Service.

Nat i onal

102 48

Netting: Dacron pol yester body
and wings, nylon internediate
and codend.

Headr ope: 25.3 m 13 mm diam, 6x19
galv. wire rope wapped with 8 nm
pol ypropyl ene rope.

Footrope: 34.2 m 16 mm diam, 6x19
galv. wire rope wapped with 8 nm

pol ypropyl ene rope.

Breast| i nes: 13 nm di am brai ded

nylon, 5.5 m Long.
Riblines: 13 mm diam braided
nylon, extending length of first

intermediate (webbing hung-in).

Fl ot ati on: 31-20.3 cmand 3-25.4 cm
al um num f | oat s.

Dandylines: Single - 20 m 19 mm
diam, double - 455 m one 19 mMm
one 14 mm

O t er boar ds: 2.1 x 3.1 m Vee.

trawm used during the trawl surveys of the
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muddy bottom a test set of 5-10 minutes was attenpted. |f extensive
muddi ng of the trawl resulted fromthe test set, the station was abandoned.
Station positioning was by Loran C with radar fixes used at nearshore

| ocations. The direction of the trawl tows varied depending on prevailing
wind and sea conditions. Tows generally were made into the wind. The

trawml was set prior to reaching the station so that the actual station
position was reached about mdway through the trawl tow.  Towi ng speed
averaged about 6.5 kmhr. Denersal tow duration was 30 minutes. Timing

of the tow was started after the vessel was slowed to allowthe traw to
settle to the bottom and as the trawl winch brake was set. The average

bottom di stance trawled was 1.65 km (range: 0.7-3.2 knj.

Initial Handling of Trawl Catches

The nethod of processing trawl catches depended on catch size. If
the catch did not exceed the 1,150 kg capacity of the sorting table, it
was dumped directly onto the table and conpletely processed. For |arger
catches, only a subsanple of the catch was processed. The subsanpling
met hod used was based on a system devel oped by Hughes (1976). This

system is described bel ow

Sorting and Weighing the Traw Catch

After the catch was on the sorting table, it was sorted by species
into bushel baskets and snaller plastic containers. For catches having a
single donminant species, two or three baskets were filled simultaneously
with that species and the baskets were removed from the table in a set,
wei ghed, and placed on deck as a group. \Wile the dom nant species was
being sorted, other species were sorted into single baskets or other

containers. The procedure of filling single baskets or sets of baskets
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was repeated until the entire catch or subsanple of the catch was sorted
and wei ghed

Baskets were placed on deck in processing sequence in order to identify
baskets of fish that came fromthe top, middle, and bottom of the traw
sanple. Baskets of fish were weighed to the nearest 0.5 kg on a 141 kg
capacity platformscale or to the nearest 0.1 kg on a hand held spring
scal e when snall catches occurred. Nunbers of individuals by taxonomc
group were determned by direct count or from subsanple counts which were

expanded to the total catch

Subsanpling for Biological Data

Catches of saffron cod were further processed for |ength conposition
| engt h-wei ght relationships, and sanples of age structures. A random
sampl e of from 200 to 300 individuals was taken for length frequency from
each catch. The procedure used to obtain a random sanple was. as follows:
as the baskets were taken fromthe sorting table and wei ghed, they were
aligned on the deck in the order by which they were filled. Wen two or
more baskets were filled simultaneously, they were kept together as
parallel rows. To arrive at the desired nunber of fish for the subsanple
one row was picked at randomto represent the catch. If there were still
too many fish, the sample was further reduced by picking baskets from the
front, middle, and end of the row This procedure provided a subsanple
that woul d not be affected by any size stratification that m ght have
existed on the sorting table. |f an entire catch resulted in nunerous
baskets of very small individuals (400-1000 fish/basket), the sanple was
obtai ned by taking random portions of the picked baskets from the front
mddle, and end of the row \Wen catches were equal to or less than the

desired subsanmple size, all individuals were neasured
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Lengt h-frequencies were recorded onplastic |ength-frequency strips.
The fish were first examned to determine their sex, then measured to the
nearest centineter fromthe tip of the snout to the nmiddl e of the cauda
rays. The sex of small juvenile fish was not always determni ned because
i mmat ure individuals could not be easily sexed by a cursory exam nation
Sanpl es for obtaining age structures and | ength-weight infornation were
selected so as to obtain representative length classes of fish for each
sex. At times, otoliths or length and wei ght neasurenents were coll ected
in conjunction with |ength-frequency sanples, but at other times the
aforenentioned data were selected independently. Unfortunately, otoliths
and | engt h-wei ght data were not always collected on the same individual

Separate sanmples for age and | engt h-wei ght were obtained fromspecific
geographic areas. Two areas were identified for the 1976 and 1979 surveys.
The boundary between the two areas in 1976 was Bering Strait since that
[ ocation was thought to be a point of separation between fish popul ations
in the Norton Sound-northern Bering Sea region and in the southeastern
Chukchi Sea. In 1979 the boundary between the two areas was St. Law ence
sl and and the region between the island and the nouth of the Yukon
River.

Qoliths were used for determning age of saffron cod. In 1976 up
to six otoliths were obtained for each 1 cmsize group by sex and geographic
area (e.g., for 10 cmfish, otoliths were obtained fromas many as six
mal es and six fenmales in each geographic area; for 11 cmfish, otoliths
fromsix males and six females, etc.) In 1979 up to 20 otoliths were
obtained for each 1 cm size group, without regard to sex. Al otoliths

were stored in 50% ethanol in glass vials. Qolith sanples were obtained
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fromboth the southeastern Chukchi Sea and Norton Sound in 1976 but only
fromthe Norton Sound area in 1979.

Length and correspondi ng wei ght was neasured for six individual fish
for each sex-centimeter group per area in both 1976 and 1979. | ndi vi dual
fish were weighed to the nearest gram on a triplebeam bal ance. In addition
to observations of length to total weight, measurenents of gonad weight
were al so obtained for all individuals in the six fish per sex-centineter
groups in 1979. The conparison of gonad weight to length was used as a

measure of sexual maturity.
Anal ytical Procedures

St andar di zati on of Catches

Catches were standardized to a trawing distance of 1 km  These
standardi zed catches were calcul ated-as foll ows:
CPUE, ., = Cijkt X 9k ,

jk
Djit.

where CPUE . refers to the catch per unit of effort (kg/km for species k

h h

at the j'" station in the i'" subarea and the t'" tine of day. Catch
(kg) is designated by G, Dj;. equals the distance traw ed (km conputed
from begi nning and ending Loran C readings at each station, and Q, is
the relative fishing power correction factor for time-of sanpling (day or
night) t in respect to species k.

The relative fishing power correction factor, Q was obtained from
results of conparative day-night fishing trials performed during the 1976
survey. The conparative experiments were designed so an anal ysis of

variance (ANOVA) with a bal anced factorial design of five fishing areas

by two tine intervals with four replicates for each factor could be
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conducted on catch-per-kiloneter data for saffron cod in two size groups
<15 cmand >15 cm  Since neither weights nor numbers caught per kil onmeter
were normally distributed when untransformed, all anal yses were carried
out on the variable In (catch in kg/km+ 1). Robson (1966) concl uded

that a logarithmic transformation of plaice, H ppoglossoides platessoides

catch rates tended to nornmalize distributions and equalize variances
Results of the experinment indicated a significant catch rate difference
by tine of day for both size groups (Table 15), with no area x tinmne
interaction (i.e., regardless of area, catches of both sizes of saffron
cod were greater during the day than during the night). The relative
fishing power was then calculated fromthe ratio of the neans of the
transformed catch rates. Since Qfor saffron cod <15 cmwas nearly
identical to that for fish >15 ¢cm (1.52 and 1.50, respectively), the
value for the latter size group was used for the entire nighttine catch
(i.e., all saffron cod catches were nmultiplied by 1.50). A Kol onpgrov-
Smi rnov nonparanetric tw-sanple test as described by Seigel (1956) was
used to conpare size frequency data fromday and night catches. This
test failed to detect differences in sizes of saffron cod caught during

the day and night at a = 0.001

Catch Per Unit Effort (CPUE) by Stratum and Total Survey Area
The mean CPUE by stratum (or subarea) was conputed as follows:

nj
.Z CPUEi‘j
CPUE; = j= 1
‘ng




44

Table 15.--Analysis of variance and f-ratios for catch rates of saffron

cod in day-night
(random vari abl e,

fishing experiments during the 1976 survey
In (kg/km + 1)).

Design Degrees of Mean
Species variable freedom square 'F
Saffron cod Area 4 5.55 24,77*
< 15 cm Time 1 1.75 7.79*
Area X Time 4 0.32 1l.44
Error. 30 0.22
Saffron cod Area 4 16.68 73.68%
> 15 cm ‘Time 1 1.65 7.30*
Area X Time 4 0.45 1.98
Error 30 0.23

*Si gni ficant

at

a = 0.05
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where n; equals the nunber of successfully trawl ed stations in the it
stratum
The variance of this estimte was:
2 TmTT 2
z (CPUE; ;) n(CPUEi)

VAR(CPUE;) = j J
: Ni(ni—1) .

The overall nean CPUE for the entire survey area (CPUE) was deternm ned
as a weighted sum of the mean CPUE val ues by stratum

y (CPUE; x Aj)

CPUE; = i

Ag ’

" stratumand A equals the area of all

where A equals the area of the i
strata conbi ned.
The variance of this estimate was determ ned as a wei ghted sum of the

i ndi vidual variances by strata:

VAR(CPUEt) = F ((Ai/At)2 X VAR(CPUEi)).
1

Standing Stock Estimates

Popul ati on wei ght--Biomass estimates by stratum followed the methods

described by Alverson and Pereyra (1969):

PN

B; = CPUE; /g,

h

where B, equals the estimated standing stock by weight in the i'" stratum
and g is a coefficient of catchability:

q = C(W/A;),
where w is the average effective trawl width and Cis the coefficient of

vul nerability for those fish of sufficient size to be retained by the

trawm during a standard tow. The coefficient of vulnerability consists

of two components: 1) G, the vulnerability of those fish that actually

cone within the influence of the traw; and 2) C,, the proportion of the
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total fish in the volune of water above the seabed area swept by the
tram which would come within the traw's influence. A coefficient of
vul nerability for saffron cod is not known, but has been assuned to be
constant and equal to 1.0. The estimated area covered by the trawl when
towed 1 km(i.e., a)is equal to 0.017 knf, based on an estimated 17 m
hori zontal opening of the trawl while fishing. Therefore, the biomass

within stratumi can be estinmated

~
B. =

Aj
1 w

CPUE, ,
having a variance of
A B _2 ——
VAR B; = (A,/a)® x VAR(CPUE;),
where 3 is the mean bottom area sanpled in 1 kmtraw distance (knf).

Ni nety-five percent confidence intervals of the estinated bionass are

t hen conputed

Bj + t(0.5)(ne) \/ VAR Bj .

The biomass estimate for saffron cod for a total survey area was

obtained by summing the subarea biomasses and variances, respectively:

~

Bp = 1§ Bij

A
VAR Bp

]

o
<
>
2
o >
H

b} ((Ai/E)2 X VAR(CPUE;)) .
i=1

Ef fective degrees of freedom (n,) for the calculation of confidence
limts for bionass estinmates for a total survey area were deternined
according to Cochran (1963)
Copre. 12
(.Z £, x VAR(CPUE;))
Ng = 1-1

T £.° x (VAR(CPUE,))“
i=1 nj -1 o
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wher e
£ - Nj(Nj-ny)
1 n.
1
and N equals the total nunber of sanpling units in the i '" stratum

(A;/a) and n; equals the nunmber of stations in subarea i.

Popul ati on nunbers--Estinates of population nunmbers within strata and

for a total survey area were determned in the sane nanner as popul ation
wei ght, sinply substituting nunbers for weight in all calculations
Fi shing power coefficients used to standardi ze catch rate by nunber and
between day and nighttine trawling were identical to those used for

catch rate by weight

Si ze Conposition
Si ze conposition by nunbers in the popul ation was estinated for
those strata where sufficient length-frequency data were collected
Lengt h-frequency data for individual stations were expanded by a wei ghting
factor to give an estimate of the total standard catch in nunbers by size

and sex:
. L
Nijim = Pijim X Pij/ I Nijlm s
=1

M ow

m=1 1
where N/, equals the estimted nunber of individuals of size category 1 and
sex mat the jIh station of stratum i where length infornmation was collected
and L is the total number of size categories. The independent variable
Nij1mis the nunber of fish in this category actually neasured, and the

wei ghting factor is the ratio of the total nunber of individuals per

standard tow (P;) to the nunber of individuals measured in the length
frequency sanple. The nunber of fish by size-sex category for individua

strata (P,,,) was obtained by summing the size-sex categories for those

stations where this information was avail abl e and expanding this sumto
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the total standing stock in each subarea:

- 5w Nijim
Piim = J=1 x Py,

An overall estimate of the standing stock size conposition for a total

survey area (P) was obtained by summ ng the popul ati on nunbers by size-sex

category (P, for all strata.

Length and Wi ght
For nost species of fish, the relationship between | ength and wei ght
takes the form
weight = a x (Iength)b.
A | east-squares |inear regression procedure was used to fit saffron
cod | engt h-wei ght observations grouped by sex to the logarithm ¢ transformation
of this equation:
| og(weight) = log a + b x log(length).
Esti mates of the coefficients a and b, and a coefficient of correlation

r were determ ned.

Age and Growth

Age-length tables were constructed by sex for the 1976 survey.
These tabl es show the number of actual observations in each size-age
class and estimates of mean length-at-age. These tables were used as
keys to represent the age-length relationships for the entire survey
area. The age-length table constructed fromthe 1979 survey data was not
separated by sex.

From the above keys, expanded age-length tables were constructed by

sex and area using the method of K R Alen (1966). This nmethod applies
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the age-length relationship for a region to population estinates in
nunbers at length, resulting in a table of nunbers at-age for each Iength
for the area. To make this conversion, the proportion of ages within any
length interval were calculated fromthe keys (e.g., 10% were age 2 and
90% were age 3) and then applied to the corresponding nunbers in the
l ength-frequency distribution data. The result is an age-length table in
whi ch actual observations have been expanded to estinmates of total nunbers
of individuals in the population at age and length. Estimates of the age
conposition (nunbers of fish in each age class) for the popul ati on were
obtai ned by summing the values in the expanded age-length table over al
| engths by age. (I'n applying size composition data to the age-length
key, lengths outside the length range of the key were not assigned ages.
This sonetinmes resulted in mnor discrepancies between popul ation estinates
(nunmbers) for sonme strata and the sum total of nunbers of individuals-at-age
in those strata.)

Mean | engths-at-age fromthe expanded age-length tables were used to
fit growth curves in the form

1, = L, (1-ek (£-tg)

where |, equals length in centineters at time t (years), L_ is an asynptotic
length (cm, k (per year) is a growth conpletion rate, and t, (years) is
the intercept of the curve with the t axis. Three methods were used that
differ only in the data used for fitting the curve: 1) curves were fit to
all mean lengths-at-age as cal culated fromthe expanded age-length table
by area; 2) nean lengths which night have been biased because the conplete
size range for an age was not fully recruited (vulnerable) to the fishing

gear were deleted as were nean lengths derived froma relatively smal

nunber of observations at-age in the age-length key; and 3) the origin
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(0,0) was added as a data point to the above selected data set (i.e., set
NO 2) in order to conpensate for missing data points for young ages
which were not fully vulnerable to the survey sanpling gear. Age at
"conplete" recruitment or vulnerability was estinmated using logarithnic
catch curve analysis (Ricker 1975, p. 34). The parameters k, Ly and t,

were estimated by the iterative method of Fabens (1965).

Natural Mortality

The saffron cod population in Norton Sound offers an ideal situation
for estimating natural nortality since there is no fishing or other
man-i nduced impacts upon the stock.

Estinmates of natural nortality were derived fromdeclining relative
abundance of cohorts over tinme and from single season age frequency
analysis. The data used were the estimted nunmbers in the popul ation by
age fromthe 1976 and 1979 surveys. Age groups older than 4 years were
not used because their sanple sizes were too snall

Chapman and Robson (1960) showed that unbi ased estimates of annua
survival and nortality rates could be derived fromage class catch curves
for a single season with the assunptions of constant year-class strength
and survival rates. Furthernore, all fish beyond sonme mininmal age had to
be fully vulnerable to the sanpling gear. Mninum age of full vulnerability
to the sanpling gear was determ ned through a chi-square test described
by Robson and Chapman (1961). This test conpares observed nunbers-at-age
with expected age group population sizes, using expected val ues detern ned
by back calculation fromthe ol dest tested age group in the popul ation
(i.e., age 4 years) with two estimtes of survival rates. The estinmated
survival rates were: Chapman and Robson's (1960) estimate, T/n+T-1; and

Hei ncke's (1913) estimate, n-NJ N, where n equals the total population
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size (e.g., N, + N, +. ...+ oldest age group), T denotes an arithnetic
progression without the youngest age group (i.e., IN, + 2N, + 3N; +...),
and N, equals the population size of the youngest age group tested. A
chi-square test statistic was then determined by the formula

[ T (n—N)]2
n+T-1 n

Chi-squarege_q = T(T-1)(n-1)
n(n+T-1)¢ (n+T-2) .

Age groups 0-4 years, |-4 years, and 2-4 years were tested to
determine if the mininmmage group fully "recruited" was young of the
year, 1l-year-olds or 2-year-olds, respectively. |If the test statistic
value for the tested age group was |ess than 3.84 (chi-square val ue at
a = 0.05 with 1 degree of freedom, then that group was assuned to include
all ages of fish fully vulnerable to the sanpling gear. Once the age
group set was determned, a linear regression of the natural |og of
popul ation size by age group over time (years) was used to estinate
mortality (Z) with the equation

In Nt = -2t + 1n Ng,
where N is the nunber of an age group alive at time t (years) and Nyis
t he nunber present in the youngest age group fully vulnerable to the
sanpling gear. In addition to performng these analyses on popul ations
present during each survey year, other estimates of Z were derived by a
i near regression of nean age-group sizes using a conbination of the

1976 and 1979 data
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RESULTS

Thi s section describes what is known about the saffron cod resource
in Norton Sound and adjacent western Alaska regions. In addition to data
fromthe NVFS trawl surveys, information presented here will draw material
fromthe foreign literature treated previously to aid in describing
specific aspects of saffron cod life history and distribution in these

North Anerican waters.

Di stribution

Saffron cod occur along the coast of Al aska as far south as Sitka
(Schultz and DelLacy 1936) but, wth an exception of northern Cook Inlet
(Bl ackburn et al. 1980), there is no nention of concentrations of this
speci es anywhere in the northeast Pacific. Their presence becomes notable
in areas of the eastern Bering Sea near the Kuskokwi m River Delta and
nort hwar d.

The 1979 NWFS trawl surveys resulted in the nost extensive coverage
ever of the eastern Bering Sea shelf and thoroughly delineated the main
region of saffron cod distribution. Trawl catches from these surveys
i ndi cated a continuous presence of saffron cod along the western Al askan
coast from Cape Newenham north to the northernnost sites sanpl ed near
Port Clarence on the southwestern coast of the Seward Peninsula (Fig. 9).
The earlier (1976) BLM CCS baseline study sanpled into the southeastern
Chukchi Sea as well and noted the presence of this species continued as
far north as Cape Seppings between Kotzebue Sound and Point Hope.

The 1976 and 1979 surveys were perforned during Septenber-Cctober and
Jul y- August, respectively. Fromthis information, the sumer distribution

of saffron cod appears ubiquitous in shallow water areas of western
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Alaska. Nearly all fish of this species were found at depths |ess than
50 mthroughout the northeastern Bering Sea and Norton Sound, and npst
occurred at less than 40 m As with Soviet accounts for the western
Pacific and Arctic, smaller individuals were found shallower and in nore
nearshore locations than larger fish. Mst small fish (<19 cm) were in
depths less than 30 m along the coast from Cape Newenham past the nouth
of the Yukon River and into Norton Sound to Golovin Bay (Fig. 10). Large
saffron cod, i.e., individuals 19-35 cm were found in patches sonmewhat
nore of fshore in areas off Nunivak Island and in Norton Sound (Figs.
11,12). The 1976 study al so found hi gh concentrations of these |arger
fish in areas along the southern coast of the Seward Peninsula and in
Port Clarence (Fig. 13). The size groups of <19 cm and 19-35 cm were
chosen to describe saffron cod distribution because size-at-age data
indicate that the forner size group includes fish that are nostly |ess
than 2 years old, while the latter represents individuals that are about
2 years old and ol der.

Near shore assessnent around the Yukon River Delta was not attenpted
during any of the survey-s because the Delta is very shallow with an

extrenely nuddy bottom  These conditions precluded trawing

Popul ation Estinmates
The NMFS trawl surveys identified a relatively large saffron cod popu-
lation for western Alaska. In 1976 the Norton Sound region al one contained
an estimated 750 million fish with an associ ated bi omass of about 16,500 t
(Table 16). This amunt conprised over 90% of the total saffron cod
bi onass estinmated for the entire 1976 survey region that included Norton
Sound, the northern Bering Sea, Kotzebue Sound, and the southeastern

Chukchi Sea. A 1979 survey reexam ned Norton Sound and identified a
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Table 16 .--Estimated bi omass and popul ation size of the saffron cod resource in Norton
Sound an adjacent regions of western Alaska. Information derived from 1977
and 1979 trawl surveys of the National Marine Fisheries Service.

Estimated biomass Estimated population
) Area (95% confidence . size (95% confidence
Year of Region surveyed interval) interval)
survey(s) surveyed {sq km) (t) (x106)
1976 Norton Sound f 41,444 16}570 . _ 757.71
(12,393 - 20,747) (578.91 - 936.51)
1979 ~ Norton Sound 57,471 50,621 632.99
) (35,825 - 65,417) (507.94 - 758.03)
1979 - Nearshore from ~ 168,575 58,291 1,460.3
Kuskokwim Delta (38,378 - 78,204) (753.58 - 2,167.08)

to Norton Sound

6%
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sonewhat snaller population than that observed in 1976. Al though the
estimated popul ation size of 630 mllion fish was slightly smaller than
that present 3 years earlier, a substantially greater biomass of over
50,000 t was associated with the snaller population. This difference in
popul ation size related to biomass ratio fromthe two surveys results
from substantially nore snmall fish in Norton Sound in 1976 than in 1979

A large popul ation of saffron cod was also identified south of
Norton Sound in a region sanpled only during 1979. That portion of the
nort heastern Bering Sea shallower than 50 m and between Cape Newenham and
the mouth of the Yukon River was estinmated to contain nearly 1.5 billion
fish with a bionass approaching 60,000 t (Table 16). For 1979, the
entire western Al aska region had an estinated popul ation of over 2 billion

saffron cod and a biomass of about 110, 000 t.

Size and Age Conposition

The saffron cod popul ation in Norton Sound and adjacent waters of
western Alaska is conmposed of fish ranging in length from5 to 35 cm

The 1976 study encountered a stock that contained an exceptionally
| arge proportion of very small individuals (Figs. 14a,b). The size group
at about 7-10 cm conprised nore than one-half of the entire estinated
popul ati on and the numeric dom nance of small-sized fish occurred in both
maj or geographi ¢ areas surveyed that year. Two additional size groups
were present in Norton Sound in 1976, at 14-17 cm and at about 19-24 cm
Al though individuals as large as 35 cmwere encountered, the sanples
contained very few large fish. For the 1976 survey, less than 2% of the
saffron cod in the Norton Sound regi on exceeded 25 cm

Lengt h-frequency sanpl es obtained during the 1979 traw surveys of

Norton Sound and adjacent waters to the south showed a substantially
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different size conposition than in 1976. Fish that year averaged |arger
than in 1976 and there were two predoninant size groups, at 14-17 cm and
20-26 cm (Figs. 14c,d). The nost obvious difference between size distributions
of 1976 and 1979 was the alnost total absence of small saffron cod in 1979
Less than 5% of the estimated population in Norton Sound in 1979 were
smal ler than 13 cmwhereas in 1976, two-thirds of all fish neasured were
less than that size. It is not known whether a sinilar situation occurred
in the southeastern Chukchi Sea since that area was surveyed only in
1976. However, the adjacent area south of Norton Sound was sanpled in
1979, and this area, i.e., Cape Newenham to St. Lawence Island, also
appeared to contain relatively few small fish (Fig. 14d)

Age- |l ength keys derived fromotolith sanples indicate nmost saffron
cod in waters off western Alaska are less than 5 years old and maxi mum
age is about 9 years (Table 17). The 7-10 cmsize group in sanmples from
the 1976 survey were young-of-the-year, while fish in the 14-17 c¢m and
19-24 cm size groups were l-year-olds and nostly 2-year-olds, respectively.
In 1979 the domi nant size group at 14-17 cmagain was 1-year-olds, and
20-26 cm fish were predoninantly 2- and 3-year-old saffron cod

Estimates of saffron cod nunbers by age in Norton Sound were derived
by applying the age-length keys to length-frequency information. These
estimates indicate differences in age conposition within the popul ation
between 1976 and 1979 and strongly suggest highly variabl e year-class
strength as a cause for the differences. O particular note is the 1976
year-class. This year-class was nunerically domnant in 1976, and as
3-year-olds in 1979 it still conprised a sizable proportion of the popu-
lation (Fig. 15). Indeed, 3-year-old fish in 1979 were nearly five tines

more abundant than that age group 3 years earlier. An additional indication
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Table 17. --Age-length keys for saffron cod derived fromotolith sanples
gathered during the 1976 and 1979 National Marine Fisheries
Service traw surveys of Norton Sound and adjacent regions.
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Table 17. --(Conti nued).
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of variable year-class strength is the absence of measurabl e anounts of
young- of -t he-year in sanpl es obtained fromNorton Sound (and the north-

eastern Bering Sea) in 1979.

Length-at-age and G owh

Age and length data collected for saffron cod were as follows:

Number of Range Range in
readable in age length
Year Region Sex otoliths (yrs) (cm)
1976 Chukchi male 130 0-9 6-35
Sea female 134 0-7 6-34
1976 Norton male 136 0-6 8-34
Sound female 160 0-6 7-34
1979 . Norton ‘ unsexed 343 1-5 10-33

Since Wlotira et al. (1977) deternined that saffron cod growth
differs by sex, growth rates presented here are derived solely fromthe
1976 sex-segregated data.

Mean | engths-at-age fromthe expanded age-length data were plotted
against time (years) to estinmate the growh paraneters Lg, k, and t,. The
inclusion of young of the year (age group 0) in the data sets required an
adj ustment to the independent variable of time since these fish (as well
as all other age groups) had already achieved a portion of their annual
growh at the tinme the sanples were collected. A time adjustment of 0.5
years was used since it appears that annual growth comrences in the
spring, and on the basis of seasonal growth information from other saffron
cod stocks (Andriyashev 1954; Pokrovskaya 1957) it is reasonable to
assume that half of a year's growth had been conpleted by the tine the

1976 survey had comrenced.
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In determining estimates of the various paraneters of the growth
there was a substantial reduction in residual variation when nmean |engths-
at-age for age groups not fully vulnerable to the survey gear were elimnnated
fromthe data sets (i.e., the "selected data" in Table 18) and when the
curve was fitted through the origin (i.e., 0,0; shown as "selected data
with origin'). Using the selected data sets also inproved fits for the
Norton Sound data where meaningl ess val ues of some paraneters (k<0 and L, <0)
were estimated before data set selection (Table 18)

Anal ysis of the 1976 age-growth information indicates that saffron
cod in Norton Sound grow differently than individuals to the north in the
Chukchi Sea. Populations of both sexes in Norton Sound average | arger
sizes at ages up to about 4 years than populations further north (Fig. 16)
However, this difference in size at age decreases with time. After age 4
years, a reversed trend is noted: Chukchi Sea fish average |arger than
equal -aged individuals in Norton sound. As a result, saffron cod in
Norton Sound attain a snaller maxinumsize (L_) than nenbers of the same
species found further north. This is apparent for both males and fenales
Asynptotic length is achieved at a nore rapid rate by fish in Norton
Sound.

This exanmination of saffron cod growh, conbined with a regression
anal ysis of length and weight (see next section) suggests that separate
stocks may occur in Norton Sound and the sout heastern Chukchi Sea. This
stock separation may sinply be the result of geographic influence since
the Seward and Chukotsk Peninsulas substantially restrict novement, between

the regions.

A simlar analysis of growth differences in Norton Sound and the

northeastern Bering Sea was not made because age sanples fromthe latter



Table 18. --Parameters for von Bertalanffy growth curves for saffron cod in Norton Sound and the southeastern Chukchi
Sea (fromWlotira et al. 197%.

Range in age
and length of

analyzed data original data set Selected data Selected data with origin
age length
Areas Sex (yr) (cm) § > K to [ L= K to [ L K to
Chukchi Males 0.5-9.5 2.08 35.83 -0.27 -0.35(0.87 30.35 -0.42 0.18 ) 0.79 31.57 -0.36 -0.01
Sea (1.5-5.5) (10-32) :

Females 0. 1.51 37.32 -0.26 -0.32]0.99 36.26 =-0.36 0.34 ] 0.95 43.61 -0.23 -0.01
1 . .

7.5
-4.5) (10-32)

Norton Males 0.5-5.5
Sound (0.5-4.5) (8-30) 2.35 -618.18 0.01 -1.13 |0.15 30.86 =-0.34 =-0.47 {1.27 25.76 <-0.63 =-0,02

Females 0.5-6.5 -
(1.5-4.5) (11-33) 1.10 46.18 -0.14 -1.58 |0.77 102.93 -0.05 =-1.71 |1.29 32.16 -0.42 0.02
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region are not available. However, the 1979 surveys identified a near
continuous presence of relatively sizable nunbers of fish from Nuni vak
Island into Norton Sound and there are no geographic factors that separate
these two regions. This inplies that saffron cod within the northeastern
Bering Sea and Norton Sound could conprise a single popul ation.

Ot her conparisons can be nade between Norton Sound | ength-at-age data
and information from several El eginus stocks in waters off the US S R
A conparison with nean | engths-at-age (sexes conbined) for E. gracilis
popul ations from four selected areas of the western Pacific suggests that
saffron cod in Norton Sound are snamller at age than fish in popul ations
t hroughout the western Pacific (Fig. 17). Differences are nost pronounced
at young ages. Norton Sound fish are roughly 30-50% snaller in length
than western Pacific fish at 1 year, but the size difference is somewhat
less than this by age 4. It is interesting to note that two conparative
areas geographically closest to Norton Sound (i.e., the Sea of Ckhotsk
and Gulf of Anadyr) represent extrenmes in the ranges of size at age.
Fish fromthe Qulf of Anadyr in the northwest Bering Sea seemto have the
smal | est sizes at age of any western Pacific stocks and, consequently,
are the nmost simlar in size to saffron cod in Norton Sound.

Al though El eginus representatives in Arctic Ccean regions are considered
a different species, their sizes-at-age appear to nore closely resenble
Norton Sound fish than any western Pacific stocks. A conparison wth
representative data fromArctic Ccean populations (Fig. 17) indicates that
after age 1 year, saffron cod (E. gracilis) in Norton Sound are only slightly
smal ler or the same length as equal aged fish in the Kara and Wite Seas.
Fish from Norton Sound are actually 10-20% larger than simlar aged E.

navaga in the Pechora Qulf region of the Barents Sea after age 2 years.
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Lengt h-wei ght  Rel ati onshi ps

The rel ationship of body weight to total length of saffron cod in
Norton Sound and the sout heastern Chukchi Sea was examined from | ength-
wei ght data obtained during the 1976 and 1979 surveys. On the basis of
wei ghts predicted by the regression coefficients determined from regression
analysis of the 1976 data (Table 19), males generally weighed nore at
given lengths than females. Saffron cod of either sex in the southeastern
Chukchi Sea were heavier at given |engths than fish of corresponding
length and sex in Norton Sound. Differences in weight at I|ength, however
were only 3-5% thus, an overall |ength-weight relationship could be
described by the equation

w = 0.0043113.1926,
where w equal s the prédicted weight in grans for a fish 1 cmin length

(Fig. 18).

Sexual Maturity

There are no sanpl es avail able fromwhich to devel op a precise
rel ati onship between size or age and sexual maturity for saffron cod in
Al askan waters. Such a relationship can be inferred, however, by the
conparison of gonad weight to body length and | ength-age from data
obtained during the 1979 surveys. Unfortunately, data on these two
rel ationships were obtained concurrently, but from different fish

Drawi ng concl usi ons about sexual maturity froma conparison of
gonad weight to body length (or age) requires the follow ng assunptions
1) growth varies between individual fish; 2) not all individuals mature
at the same exact body length (or age): and 3) gonad wei ght does not
begin to substantially increase until the onset of sexual maturity. If

these assunptions are correct, then the relationship between gonad weight



Table 19.--Parameters for the length-weight relationship (weight (gnm = a x Iengthb) for
Sea and results from
the anal ysis of covariance for between-area and between-sex differences in this

saffron cod from Norton Sound and the sout heastern Chukch

cannot be rejected on the basis of the values of F obtained.
2/ I ncludes unsexed fish.

relationship (from Wlotira et al. 1977)
Number Range in
Otolith of fish length Parameters
Sex area measured (cm) a b

Males " Chukchi Sea 122 10-35 .0033 3.3018

Norton Sound 128 8-30 .0045 3.1765
Females Chukchi Sea - 141 10-34 .0041 3.2071

Norton Sound 151 9-32 .0032 3.2750

- Pooled
F slope F intercept 1/ 1/ regression

Differences between darf F ar F Hy Hy a b
Areas for males 1;246 5.20* - 1:247 '6.18%* + + .0038 3.2425
Areas for females . 1;288 2.91 1;289 11.50%** - + .0036 3.2478
‘Areas for sexes combined 2/ 1;561 17.10%%* 1:;562 6.52% + + .0043 3.1926
Sexes for Norton Sound 1;275 4.11 1;276 7.69** + + .0039 3.2218
Sexes for the Chukchi Sea 1;259 4.58* 1;260 T 10.10%* + + .0038 3.2399
Sexes for areas combined 1;538 .03 1;539 17.50%%* - + .0038 3.2355
* Significant at the .05 |evel
** Significant at the .0l |evel
1/ Plus (+) indicates that the common slope (H,) hypothesis or comon intercept (H,) hypothesis

vL



300

250t

200t

WEIGHT (gms)

100t

501

75

CHUKCHI SEA

male v
female X

NORTON SOUND

male <

female [
unsexed +

W=.0043 93193
(FOR SEXES COMBINED)

LENGTH (cm)

Figure 18. --Wight-at-length observations by sex for saffron cod

in Norton Sound and the southeastern Chukchi

Wlotira et al. 1977).

Sea (from



76

and body length should be fairly uniformfor individuals of equal length
at small sizes. As fish grow older and larger and sone begin to mature

t he gonad wei ghts for these maturing individuals should becone relatively
heavi er than those of fish of the sanme |ength that have not yet started
to mature. At this point the variability in body |ength-gonad wei ght
should increase for fish of equal length but different stages of maturity.
In other words, fish of identical length nay have a wide variance in
gonad wei ghts brought on by varying stages of naturation.

A conparison by sex of the nean, range, and variation (represented
by + 2 standard deviations) of gonad wei ghts for equal -sized saffron cod
shows that variability increases noticeably at lengths starting at about
19-20 cmin both sexes (Fig. 19). This length primarily corresponds to
fish in the 1979 age-length key that are 2+ years old (i.e., in the third
year of life). M conclusion is that saffron cod in Norton Sound begin
to mature during their third year. This is corroborated by observations
on western Pacific saffron cod populations in northern Tatar Strait (Kozlov

1949) and the northern Sea of Okhotsk (Pokrovskaya 1960; Senenenko 1973).

Estimates of Natural Mortality

Chi -square anal yses of age groups within the 1976 and 1979
popul ations and a test of mean age group values for the 2 years conbi ned
suggest that Z-year-old saffron cod were the youngest age group fully
vul nerable to the sanpling gear (Table 20). Because of this, age groups
2-4 years were used for estimating nortality rates. The resulting estimates
of Z ranged from0.82 to 1.59 (Table 21) and suggest that in the Norton
Sound region about 20-44% of a year-class of saffron cod survives each year

Simlar estimtes were made on Sea of Ckhotsk saffron cod data

presented by Senmenenko (1973) for conparison with the Norton Sound
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Table 20. --Sunmary of information used to estimate mininumage of full recruitment (i.
vulnerability) for saffron cod to traw
Fisheries Service in 1976 and 1979.

78

sanpling gear of the National

Marine

Survey year 1976 1979 Mean of 1976 and 1979
Age tested for full Young’ l-yr 2-yr Young l-yr 2-yr Youna 1-yr 2-yr
recruitment of yr old olad of yr old old of yr old old
Age groups used in tgst 0-4 1-4 2-4; 0-4 1-4 2=4 0-4 1—4 2-4
N, 118.922 27.24 29.38 bb 40.53 35.65 59.46° 33.88 32.00
N4 27.24 29.38 5.77 40,53 35.65 26.66 33.88 3?.00 16.20
Ny 29.38 5.77 1.21 35.65 26.66 7.06 - 32.00 16.20 4.14
Ny 5.77 1.21 -- 2.66  7.06 -~ | 16.20 4.14 --
Ng 1.21 - - 7.06 -- -- 4.14 - -
d 108.17 44.58 8.20 219.95 110.02 40.75 [163.04 76.81 24.47
n® 182.53 63.61 36.3§ 109.86 109.86 69.34 |145.68 86.22 59.34
Chapman and Robson's 0.37 0.42 0.19 0.87 0.50 0.37 0.53 0.47 0.32
estimate of survivalf
Heinke's estimate 0.35 0.57 0.19 l.00 0.63 0.49 0.59 0.63 0.39
of survival9
‘Chi-square valuel 1.30* 15.51 0.02* 8l.41 ‘ 14.46 10.16 4.26 17.60 3.30*

® Estimated nunber/hectare based on the 1976 survey area of 41,444 sq km

b

c

TT=N + 2N+ 3N,
nEN NN
"Tn+T-1

9n = N/n

h"zf=1

_ {Chapman & Robson est - Heinke est)? /

T (T-1)(n-1)

* Significant at a = 0.05

Estimated number/hectare,, + estimted nunber/hectareg, - 2

n(n+T=1)2(n+T-2)

Estimated nunber/hectare based on the 1979 survey area of 57,471 sq km
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Table 21 .--Estimates of the natural nortality rate M for saffron cod
in the Norton Sound region based on catch curve anal yses
on age-groups 2-4 years from the 1976 and 1979 traw surveys.

Correlation

Trawl survey Estimate of M . coefficient
1976 1.59 : 0.99
1979 0.82 ' 0.88

1976 & 1979 1.02 0.96
combined? -

1979

a Number /hectare /2

age i = j=1976 number /hectare

age i

where 1 = ages 2, 3, and 4 years; and j = 1976 and 1979
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information. This sea of Okhotsk data was froma winter fishery where
substantial numbers of fish up to age 7 years were caught. A chi-square
anal ysis of age groups indicated that saffron cod 4 years old and ol der
were fully vulnerable to the Soviet fishing gear and a regression anal ysis
on catch rate data for ages 4-7 years resulted in an estimate of Z = 1.08.
Since the age group data presented by Senenenko were froma comrerci al
fishery, the resulting estimate of Z included both natural (M and fishing

nortality (F).
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YIELD PER RECRUI T ANALYSI S

The previous section of this report described various popul ation
characteristics of the saffron cod resource in Norton Sound and adj acent
waters. This section will use this information to investigate the potenti al
harvest that could be expected froma comercial fishery on saffron-cod
under various fishing regimes. Harvest potential will be exam ned through
yield per recruit analysis

Yield per recruit is the level of catch (in weight) that can theoretically
be obtained under sone particular fishery managenment regime froma year-class
or cohort over its lifespan, divided by the initial number in the cohort.
Typically, it is calculated using a yield nodel (Ricker 1975; Beverton
and Holt 1957) that incorporates intrinsic features of the popul ation
such as growth and nortality with extrinsic factors such as age or size
at recruitment, harvest rates, and fishing seasons. By varying the
extrinsic factors, a manager may determine an optimal management regine
to maximze the yield per individual recruited into the exploitable

popul ati on.

Model Selection and Paraneters

Several factors influenced ny selection of an appropriate yield
model .  These included seasonal differences in saffron cod growth, the
climate of Norton Sound, and potential fishing strategies

The growth rate of saffron cod apparently varies seasonally. Pokrovskaya
(1957) studied the growth of saffron cod in Soviet waters and found that
nearly all annual growth occurred during ice-free periods when active
feeding took place. This information excludes the possible use of the

Beverton and Holt yield nodel because that yield analysis requires the
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assunption of constant growth throughout a year.

Climatol ogi cal features of the Norton Sound regi on necessitated use
of a nmodel which allowed for varying extrinsic population factors.

Norton Sound and adjacent nearshore regions of western Alaska are ice
covered during a large portion of each year. Ice typically starts forning
during Cctober-Novenber and remains present until late spring, usually
early June (Ahlnas and Wendler 1979; Pease et al. 1982; and others).
Therefore, it is highly likely that ice cover would dictate seasonally
restricted fishing that would vary substantially from season to season,
resulting in variable fishing nortality.

Variable growh and fishing nortality factors resulted in selection
of the Ricker nodel for mny yield analyses. Estimates of yield per recruit
were determned foll owing procedures described by Ricker (1975) using
the model :

t=ty

g o tteg
et {

Yield = Wo
where t, and t, are the initial and final tines (dates) included in the
yield period; i is sonme finite tinme increment in which growh and nortality
remai n approxinmately constant; GZ is a stock "change factor" based on
the growth in weight (G of an individual during a tinme increnent (i) and
arate of all nortality (Z2) during the sane time; and W is the initial
stock weight derived from the equation:

Wy = Ny x a[L, (1-eK{T"E))] P,

Paraneters used in this equation include an arbitrary initial stock
size (N,); asynptotic length (L,) growth conpletion rate (k) and theoretical
time at zero length (t,) fromthe von Bertalanffy growth equation; and

the paraneters a and b fromthe allometric growh equation where wei ght =

a x Iengthb.
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values for all the above-nentioned paraneters (including the natura
mortality conponent of Z) were obtained fromanal yses presented in the
previous section of this report. Since growh of-saffron cod was noticeably
different by sex (See Fig. 16. p.70) yield estimtes were derived separately
for an identical nunber of males and fenal es (500) and then conbined for
a final estimate of yield per recruit froma cohort. A list of al
val ues used in these analyses is presented in Table 22. Total yield was
actual ly deternmined by a stepwi se cal culation of changes in weight of a
cohort during the finite tine intervals (i) when Z included either natura
and fishing nortality or only natural nortality. The latter occurred
prior to initial fishing effort or during those time periods between
fishing seasons. Yield to the fishery was then determned by nultiplying
the average cohort weight during a tine increnent by the fishing nortality
exerted on the cohort during that tinme. An exanple of these calcul ations
will follow

Yield estimates fromthe R cker nodel were obtained through an
interactive conputer program devel oped on a Hewett-Packard 97 portable
conput er-cal cul ator. The program RICKER YIELD, pernits the segnmentation
of a yearly cycle into as many as three parts. Each segnment can vary
fromO to 1 full year and requires the input of percentage of annua
growth, natural nortality, and fishing nortality during the time segnent.

Different values of M and F were used for conparative purposes
Two estinmates of natural nortality were used: M= 1.02, the value derived
fromthe catch curve analysis of age groups 2-4 years fromthe conbined

1976-79 popul ation data; and M= 0.82, the value derived from age groups
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Table 22 .--Values for various parameters used in the yield per recruit
anal yses of saffron cod in the Norton Sound region.

‘ Values for Values for

Parameter - males females

L, 30.86 32.16

to 0. 0.02

k ‘ | -0.47 » -0.42

a | 4.5 x 1073 3.2 x 1073

B | . ‘ 3.1765 3.2750

t 7 years | 7 years

Ng 500 500
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2-4 years in 1979. The latter rate was used, despite failure of the
chi-square test for full recruitment to the fishing gear for 2-year-olds
in the 1979 data, to provide a range of nortality values to theoretically
exam ne changes in yield.

In addition to using two levels of natural nortality, three harvest
strategies (i.e., fishing nortalities) were exam ned: 1) an intensive
fishery only during ice-free months (i.e., June-Cctober); 2) variable
effort year-round fisheries including intensive ice-free season effort
and a casual (low effort). winter fishery; and 3) an intensive winter
fishery only (i.e., Novenber-May). Based upon information from Sovi et
references, the yield analyses for all these strategies used the follow ng
assunptions:  90% of annual growth occurs during ice-free nonths; natural
nortality renmains constant throughout the year; and the start of life in
adult (postlarval) form occurs about June 1. Also for these analyses,

t, was assumed to be 7 years.

Results of Yield Per Recruit Anal yses

The yield equation was nurerically evaluated over a grid of age at
recruitnent (t,) and F values for both |levels of Mand the three harvest
strategies. The manner in which yield per recruit varied with fishing
nortality rate and age at recruitnent for M= 0.82 and 1.02 with each
harvest strategy is shown as foll ows:

--variable year-round fishery (Figs. 20a, b)

--winter fishery only (Figs. 2la, b)

--ice-free or "summer only" fishery (Figs. 22a, b).

Yield isopleth diagrams (Figs. 20-22) portray yield the way that

t opographi ¢ maps portray elevations, where solid lines represent different
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into fishery . (yeors)

at enl‘ry

Age

Fi gure 20.

[} I
OR ) 0.3 0.5 037 0.9 oo

Levels of fishing mortality

--Yield per recruit (gm as a function of age at

entry into the fishery and rates of instantaneous
fishing nortality for saffron cod froma fishing
strategy conbining an intensive fishery during

ice-free nmonths (June-Cctober) and a less intensive
fishery (i.e., one-half the ice-free level) during
nonths of ice cover (Novenber-May). The eumetric
fishing curve is shown as the dotted line in the figure
using M= 0. 82
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Figure 21. --Yield per recruit (gnm) as a function of age at entry
into the fishery and rates of instantaneous fishing
nmortality for saffron cod froma fishery that only
occurs during the tine of ice cover (i.e., "winter
fishery", Novenber- My).
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Figure 22. --Yield per recruit (gm as a function of age at entry
into the fishery and rates of instantaneous fishing
nortality for saffron cod froma fishery that only
occurs during the time that is ice free (i.e., sunmmrer
fishery", June-Cctober).
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| evel s of -constant yield within the grid of fishing nmortalities and age

at recruitment values. Yield values used to construct the yield isopleths
are presented in tabular formto indicate yield per recruit per nortality
and fishing strategies (Tables 23-25). | should note that the values of

F used with the "summer only" strategy had a sonewhat |arger range than
those used for the other fisheries (i.e., 0.25-2.25 vs. 0.10-0.90). This
was done to examine yields at slightly higher levels of fishing effort.

In yield per recruit analyses, the eumetric fishing curve or eunetric
fishing line represents points in a yield isopleth diagramwhere yield at
an age (or size) at recruitment is the maxi num at each level of F. In
anal yses where year-class or cohort growth (in weight), and nortality are
constant the eumetric fishing line forms a snmooth curve which ascends to
an asynptotic value at some infinite level of fishing nortality. The age
or size which maximzes yield per recruit can be considered the critica
age (or size) of individuals in the cohort and corresponds to the maxi mum
bi onass of the cohort. Ricker (1975) defined critical size as the average
size of a fish in a year-class at the time when instantaneous rate of
natural nortality equals the instantaneous rate of growth in weight for
the year-class as a whole

The various fishing strategies examned in this paper incorporate
variable growh and fishing nortality and the eunetric fishing line
deternmined from these anal yses does not form a smooth curve. Rather,
it forns line segnents with very little positive slope that are connected
by vertical I|ines.

An exanple of an eunetric fishing line formed fromthe fishing
strategi es discussed here is shown in Figure 20 in the yield isopleth

diagram for variable effort sumrer and winter fisheries with M = 0.82.
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Table 23 .--Yield per recruit (gm by age at recruitment into the fishery
and levels of fishing nortality for saffron cod in Norton Sound.
Yields are from a fishing strategy that cormbines an intensive
fishery during ice-free nmonths (June-Cctober) and a |ess
intensive one (i.e., one-half the ice-free level) during
months with ice cover (Novenber-Miy) with M = 0.82 and 1.02.

M=0.82
Age at Time Levels of Fishing Mortalicy
Recruitment (Dace)
(years) 0.1 0.3 0.5 0.7 0.9
0.0 (June 1) 1.84 4,35 5.60 5.94 .96
0.1 (July 6) 1.85 4.69 5.95 6.38 6.55
0.2 (Aug. 12) 1.85 4.75 6.10 6.69 6.92
0.3 (Sept. 18) 1.82 4.85 6.13 6.82 7.17
0.4 (Oct. 24) 1.79 4.73 6.14 6.88 7.27
0.5. (Nov. 30) 1.77 4.70 6.12 6.88 7.29
0.6 (Jan. 5) 1.75 4.68 6.12 6.90 7.34
0.7 (Feb. 11) 1.73 4.566 6.13 6.94 7.41
0.8 (Mar. 19) 1.72 4.66 6.16 7.02 7.52
0.9 (Apr. 26) 1.70 4.65 6.16 7.07 7.65
1.0 1.69 4.65 6.18 7.16 7.77
1.1 1.67 4.61 6.21 7.39 8.14
1.2 1.63 4.55 6.20 7.44 8§.27
1.3 1.55 4.40 6.11 7.25 8.11
1.4 1.49 4.21 5.83 6.94 7.79
2.0 1.25 .64 5.12 6.15 6.94
3.0 0.76 2,31 3.33 4.10 4.73
4.0 0.40 1.25 1.85 2.32 2.71
5.0 0.18 0.58 0.89 1.14 1.36
6.0 0.13 0.21 0.33 0.464 0.54

M=1.02
Age at Time Levels of Fishing Mortality
Recruiltment (Date)
(years) 0.1 0.3 0.5 0.7 0.9
0.0 (June 1) 1.36 3.04 3.89 4.28 4.42
0.1 (July 6) 1.19 3.13 4.09 4.60 4.87
0.2 (Aug. 12) 1.36 3.15 4,18 4.77 5.11
0.3 (Sepc. 18) 1.33 3.12 4.18 4.81 5.19
0.4 (Oct. 24) 1.29 3.04 4.10 4.75 5.16
0.5 (Nov. 30) 1.26 2.99 4.05 4.69 5.10
0.6 (Jan. 5) 1.24 2.95 4 .00 4.66 5.08
0.7 (Feb. 11) 1.22 2.92 3.98 4.64 5.06
0.8 Mar. 19) 1.20 2.89 3.96 4,64 5.08
0.9 (Apr. 26) 1.19 2.87 3.95 4.65 5.12
1.0 1.17 2.86 3.96 4,84 5.18
1.1 1.15 2.85 4.00 4,80 5.38
1.2 1.11 2.76 3.91 4.74 5.36
1.3 1.04 2.61 3.72 4,35 5.15
1.4 0.96 2.43 3.47 4.23 4.88
2.0 0.66 1.96 2.82 3.47 3.96
2.4 -- -- -- -- --
3.0 0.33 1.06 1.56 1.95 2.26
3.4 -- -- -- -- --
4.0 0.18 0.48 0.72 0.92 1.08
4.4 -- -- -- -- --
5.0 0.07 0.18 0.296.0 0.38 0.45
5.4 -- -- -- -- --
6.0 0.02 0.06 0.09 0:13 0.15
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Table 24 .--Yield per recruit (gnm) by age at recruitment into the fishery
and levels of fishing nortality for saffron cod in Norton Sound/
Yields are froma fishery that occurs only during the time of
ice cover (i.e., "winter. fishery", Novenber-Muy) with M= 0.82

and 1.02.

"'M=0.82
Age at Time Levels of Fishing Mortality
Recruitment (Date)
(years) 0.1 0.3 0.5 0.7 0.9
0.0 (June 1) -- -- -- -~ --
0.4 (Oct. 24) 1.93 4.48 5.95 6.81 7.34
0.5 (Nov. 30) 1.85 4.41 5.90 6.79 7.38
0.6 (Jan. 5) 1.84 4.35 5.87 6.81 7.41
0.7 (Feb. 11) 1.80 4.31 5.87 6.88 7.54
0.3 (Mar. 19) 1.76 4.28 5.91 7.00 7.75
-0.9 (Apr. 26) 1.73 4.25 5.94 7.13 7.99
1.0 (June 1) 1.70 4,264 6.01 7.31 8.31
1.4 . 1.70 4,24 6.01 7.31 8.31
1.5 - 1.60 3.99 5.67 6.89 7.82
1.6 1.50 3.76 5.36 6.53 7.42
1.7 1,40 3.56 5.09 6.23 7.09
1.8 1.33 3.38 4.86 5.98 €.84
1.9 1.25 3.13 .64 5.75 6.62
2.0 .18 3.04 4,45 5.56 6.46
2.4 1.18 3.04 4,45 5.56 6.46
3.0 0.79 1.81 2.70 3.42 4.02
-3.4 0.79 1.81 2.70 3.42 4.02
4.0 0.35 0.94 1.42 1.83 2.18
4.4 0.35 0.94 1.42 1.83 2.18
5.0 0.15 0.43 0.66 0.87 1.05
5.4 0.15 0.43 0.66 0.87 1.05
6.0 0.05 0.15 0.24 0.32 0.40

M=1.02
Age at Time Levels of Fishing Mortality
Recruitment - (Dacte)
(years) - 0.1 0.3 0.5 0.7 0.9
0.0 (June 1) -- -- -- - .-
0.4 (Oce. 24) 1.51 2.95 . 4.08 4.84 5.7
0.5 (Nov.. 30) 1.43 2.85 3.95 4,70 . .5.23
0.6 (Jan. 5) 1.37 2.76 3.86 4.61 5.15
0.7 (Feb. 11) 1.31 2.69 3.79 4.57 5.13
0.8 (Mar. 19) 1.26 2.63 3.74 4,56 5.17
0.9 (Apr. 26) 1.22 2.56 3.72 4,58 5.25
1.0 (June 1) 1.17 2.54 - 3.71 4.63 5.28
1.4 1.17 2.54 3.71 4.63 5.38
1.5 - .- - 4,24 4.92
1.6 -- -- - -- -
1.7 -- - - - --
1.8 -- -- - - -
1.9 -- == -~ -- -
2.0 0.68 1.57 2.35 2.99 3.54
2.4 0.68 1.57 2.35 2.99 3.54
3.0 0.32 0.79 1.19 1.53 1.83
3.4 0.32 0.79 1.19 1.53 1.83
4.0 0.13 0.34 0.53 0.68 0.82
4.4 0.13 0.34 0.53 0.68 0.82
5.0 0.05 0.13 0.24 0.27 0.33
5.4 0.05 0.13 - 0.24 0.27 0.33
6.0 0.01 0.04 . 0.06 0.09 0.11
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Table 25.--Yield per recruit (gm by age at recruitnent into the fishery
and levels of fishing nortality for saffron cod in Norton Sound.
Yields are froma fishery that occurs only during the tine that

is ice-free (i.e., “summer fishery", June-Cctober) with M = 0.82
and 1.02.

M= 0.82
Age at Time Levels of Fishing Mortality
Recruitment (Date)
(years) ' 0.25 0.75 1.25 1.75 2.25
0.0 (June- 1) 2.76 4.94 5.23 4.91 4.40
0.1 (July 6) 2.82 5.34 5.76 5.98 5.76
0.2 (Aug. 12) 2.84 5.58 '6.51 6.73 6.67
0.3 (Sept. 18) 2.80 5.65 6.76 7.14 7.23
0.4 (Oct. 264) 2.70 5.62 6.86 7.36 7.54
1.0 (June 1) 2.70 5.62 6.86 7.36 7.54
1.1 (July 6) 2,50 5.75 7.28 8.10 8.57
1.2 (Aug. 12) 2,50 5.66 7.34 8.33 8.98
1.3 (Sept. 18) 2.36 5.26 6.96 8.05 3.78
1.4 (Occ. 24) 2.13 4.85 6.42 7.41 8.11
2.0 (June 1) 2.13 4,85 6.62 7.41 8.11
2.4 (Qct. 24) 1.36 3.26 4.50 5.39 6.07
3.0 (June 1) 1.36 3.26 4.50 5.39 6.07
3.4 (Oct. 24) 0.74 1.84 2.62 3.70 3.87
4.0 (June 1) 0.74 1.84 2.62 3.70 3.87
4.4 (Oct. 24) 0.41 0.89 1.31 1.65 1.93
5.0 (June 1) 0.41 0.89 1.31 1.65 1.93
5.4 (Oct. 24) 0.12 0.33 0.51 0.67 0.82
6.0 (June 1) 0.12 0.33 0.51 0.67 0.82

M=1.02
Age at Levels of Fishing Mortality
Recruitment
(years) ’ 0.25 0.75 1.25 1.75 2.25
0.0 1.77 3.38 3.77 3.68 3.41
0.1 1.85 - 3.67 4.36 4.55 4.53
0.2 1.80 3.77 4.64 5.01 5.15
0.3 . 1.74 3.73 4.69 5.16 5.39
0.6 1.64 3.59 4,57 5.07 5.34
1.0 1.64 3.59 4,57 5.07 5.34
1.1 -- -- : 4.79 5.51 5.98
1.2 -- -- 4.68 5.49 6.06
1.3 -- -- -- 5.10 5.69
1.4 1.15 2.72 3.72 4.41 4.93
2.0 1.15 2.72 3.72 4.41 4.93
2.4 0.64 1.55 2.20 2.69 3.08
3.0 0.64 1.55 2.20 2.69 3.08
3.4 0.29 0.74 1.07 1.33 1.55
4.0 0.29 0.76 1.07 1.33 1.55
4.4 0.11 0.31 0.45 0.57 0.68
5.0 0.11 0.31 0.45 0.57 0.68
5.4 0.03 0.10 0.15 0.20 0.24
6.0 0.03 0.10 0.15 0.20 0.24
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The conbined efforts of high natural nortality and | ow | evel s of fishing
effort (fishing nortality) result in relatively slight changes in a,
(i.e., the age at maxinmum yield or eunmetric yield at age) up to F = 0.35.
Between F = 0.35 and 0.40, however, a, junps from 0.4 years up to about
1.1 years. For any increases in effort over F = 0.4, a, again increases
very slightly, only about 25%to 1.4 years by F= o . This very young
age at maximumyield per recruit even at F = ¢ results from very high
natural nortality. According to Ricker (1975, Appendix |, pages 337-338)
M = 0.82 corresponds to an annual die-off of about 56% of a cohort and
M = 1.02 equals an annual natural nortality of nearly 64% The rapid
change in a, between F = 0.35 and 0.40 is caused by very slow winter
growth (defined in these analyses) and a constant high M  These factors
result in declining weight of a cohort during winter that is followed by
a spurt of increased weight fromthe onset of rapid growth the follow ng
sumrer (Fig. 23).

Qobviously, for each fishing strategy higher yields per recruit were
achieved in analyses using the |ower natural nortality rate. Yield
di fferences between anal yses using M= 0.82 and 1.02 were least at low F
I evel s and increased as fishing nortality increased (Figs. 24-26). A
conparison of yields by fishing strategies indicates that at either |evel
of Mand at various ages at recruitment, differences between the fisheries
were least at low levels of fishing nortality.

In general, greatest yield per recruit with either value of M was
achieved with the fishing strategy what conbi ned summer and winter fisheries
(Figs. 27,28). At very young ages at recruitnent (i.e., <2 years),
however, the "winter only" fishing strategy produced yields sinmlar or

| arger than those obtained in the year-round conbination. In most instances,
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Figure 23. --Weight-at-age for a cohort of saffron cod with an
initial population size of 1,000 fish (500 males
and 500 fenales).



95

10 -
8 -
6
4 -

" maeximum

2 -

84
6 -

4 -

(gm)

2 <

6 -

4 4

Yield per recruit

] 1 I T L
0.1 03 05 0.7 09 1.1

Levels of fishing mortality

Figure 24. --Conparisons of yields per recruit for saffron
cod at various levels of fishing nortality and
ages at entry by two rates of natural nortality
in a fishery that occurs year-round
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Figure 25. --Conparisons of yields per recruit for saffron cod
at various levels of fishing nortality and ages at
entry by two rates of natural nortality in a fishery

that occurs during time periods with ice cover (i.e.,
"winter fishery").
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Figure 26. --Conparisons of yields per recruit for saffron
cod at various levels of fishing nortality and
ages at entry by two rates of natural nortality
in a fishery that occurs during time periods
that are ice-free (i.e., "sunmmer fishery").
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Figure 27. --Conparisons of yields per recruit for saffron
cod by various levels of fishing nortality and
ages at entry into "winter", "summer", and
year-round fisheries with M = 0.82.
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Figure 28. --Conparisons of yields per recruit for saffron
cod by various levels of fishing nortality and
ages at entry into "winter", "sumer", and
year-round fisheries with M = 1.02.
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yields per recruit for the "sumrer only" fishing strategy were noticeably
| ower than the other strategies analyzed. The few instances where sinilar
yields were produced by all three strategies were at the ol der ages of
recruitnent.

It appears, then, that the year-round conbination fishery was the
optimum strategy exam ned, regardless of which value of M was used. However,
within this strategy the different rates of natural nmortality changed
expected yields. As stated previously, yields per recruit at M= 0.82 were
greater than at M= 1.02 for equal F values, but the differences changed
with increased fishing effort. At F =0.1, yield per recruit with the
| oner value of M was about 35% greater than with the higher value. At F =
0.3, the difference had increased to about 50% (i.e., yield with M= 0.82
was 1.5 times that at M= 1.02) and it renmined at about 50-54% with any
further increases in F. In other words, differences were least at low F
| evel s, increased substantially between F = 0.1 and 0.3, and then remmined
relatively constant for any further increases in F. Another notable dif-
ference between yields at the two levels of nortality was that at the |ower
value, age at recruitnment could be substantially raised yet the fishery
woul d still produce yields that were greater than anounts fromthe hi gher M
with a younger t,. For exanple, if t, with M= 0.82 was at age 3 years
yi el ds produced throughout the range of F values would be 15-19% hi gher
than those attained at equal F levels witht, = 2 years at M= 1.02.

It is very inportant to note that for both levels of Mand in al
fishing strategies analyzed, maxinum yield per recruit was always obtained
with t, at very young ages, never older than age 1.4 years. The maturity

data examined earlier suggest that both sexes of saffron cod start to
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mature during their third year (age 2+). Thus, if any of the fisheries
exami ned in this paper were nanaged to naximze yield per recruit, a
substantial harvest of a cohort or year class could occur before the age
of sexual maturity, inpacting the reproductive potential of the stock.
Conversely, if the age at recruitment is set at sone time after sexual
maturity, vyield per recruit could be substantially reduced from maxi mum

| evel s deternmined in the analyses.
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DI SCUSSI ON

Federal trawl surveys during the late 1970s identified a popul ation
of saffron cod in sub-Arctic western Alaska waters that is estimated to
be about 2 billion fish and conprises a standing stock of approxi mately
110,000 t. The size of this resource is only a fraction of the magnitude
of gadid populations in the eastern Bering Sea. Yet, a comercial potential
could exist for this resource

There are problens associated with a commercial harvest of saffron
cod. Their apparent high rate of natural nortality, small individua
size, variable year-class strength, yield constraints, and other factors
nmust be carefully considered before a fishery is attenpted;

Anal yses presented in this paper indicate that in western Al askan
waters saffron cod have a high rate of natural nortality. Apparently
60- 80% of the population dies annually and | ess than 1% of the stock
survives past the age of 5 years. This fact, coupled with a relatively
slow growth rate, neans that a very small portion of the population is
larger than 25 cm (in length) or 125 gm (in weight). Mst of the popul ation
then is conposed of young and small sized individuals. It should be
nmentioned that saffron cod in Soviet waters appear to have a |lower nortality.
Senenenko (1973) provides the only known reference in the literature and
states that about 5% of a year-class survives to an age of 6+ years in
the Yanmsk Bay region of the Sea of Ckhotsk.

Yield anal yses prefornmed in the previous section inply that even at
very high levels of fishing effort, maximum yield per recruit is achieved
at a very young age (with the critical age of a year-class at about 1.4
years). This corresponds to a fish that is only about 17 cmin length

and wei ghs about 36-37 gm
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Delaying age at entry into a fishery would result in a substanti al
reduction in yield per recruit. Wth high natural nortality, delaying
entry until an age of 3 years results in about a 45-80% decrease in yield
per recruit depending on which fishery (and F level) is used. Age 3
years is mentioned because sexual maturity of saffron cod of f western
Al aska does not apparently begin until their third summer (age 2+).

Del aying a harvest until a fish was 3 years old would then allow for one
mating season, which, while it would |ower yield per recruit dramatically
bel ow maxi mum | evels, would be desirable until data relating stock size
to recruitment were available. A number of fishing seasons m ght be
needed to gain such information

Gt her problens associated with devel oping a comrercial harvest of
saffron cod are the apparent variability of year-class strength and
changes in condition of flesh during the year. Soviet literature suggests
up to a sevenfold difference between weak and strong year classes in
western Pacific waters (Senenenko 1973) and up to lo-fold differences in
El egi nus popul ations in the Soviet Arctic (Anukina 1968). The Norton
Sound data analyzed in this paper suggests even greater differences since
over 400 nmillion age O fish were estimated present in 1976 but no young
of the year were found during the surveys in 1979. Such indicated variability
in recruitment certainly needs consideration in managenment of the resource

Sovi et sources also indicate that the flesh of saffron cod is of very
low quality after spawning in early winter and its condition does not
i nprove until intensive feeding resunes the following late spring. If
this is so for present stocks, it may preclude a winter fishery.

It should be mentioned, however, that the U S. S R has mintained a

fishery for saffron cod in the face of year-class fluctuations and changes
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in flesh quality.

Yet another set of problens lies in product forms and-marketing.
Saffron cod are too small to be extensively used as an alternate or
suppl enmental source of fillets and fish blocks to walleye pollock and
Pacific cod fromthe Bering Sea and northeast Pacific Ccean. Also, using
saffron cod as a substitute protein source in pet food does not seem
likely. A Norwegian fisheries consultant group investigated the potential

for using Al askan saffron cod as an alternate to blue whiting, M cronesistius

pout asssou, in the European pet food industry (Barlindhaug 1980). This
anal ysi s concluded that transportation expenses, coupled with processing
costs, would be excessive; and the Alaskan fish would not be conpetitive
with the existing European product.

Lastly, there could be problems with certain fishing strategies. In
my yield analyses, the fishing strategy which resulted in the best yields
per recruit included summer and winter fisheries. Using stationary
fishing gear under the ice is a somewhat novel technique in U S waters.
Sone types of gear are fished during the winter in freshwater |akes in
the midwestern United States (Dunont and Sundstrom 1961), but there are no
apparent simlar narine applications. This, coupled with an unfamliarity
of locations for safe and effective areas to set these nets, could inmpede
devel opment of a winter fishery.

Successful devel opment of a major saffron cod fishery is therefore
questi onabl e. However, a potential exists for a |l ess extensive fishery
if the resource is considered in a proper perspective. The saffron cod
popul ation of Norton Sound (or western Alaska as a whole) is not sufficiently
large to be targeted by a large distant-water fleet. Rather, a potential

lies in a local small volume fishery with |ow overhead. This type of
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operation could be conpatible with and suppl enmental to existing comrercial
fisheries.

Consider, for exanple, the coastal gill-net fishery by the loca
smal | boat fleet. There are approxi mately 175-200 commercial fishermen
in coastal villages fromNunivak Island to Bering Strait (Al aska Depart nent
of Fish and Game 1982). They currently engage in gill-net and/or beach
seine fisheries for Pacific herring in early to md-June and a gill-net
fishery for salnon from June through mid-August. Vessels used in these
operations are small (4.5-6-0 m) open skiffs powered by outboard notors
A fishery for saffron cod that occurred after salnon fishing would not
interfere with existing operations and would provide supplenental use of
the fishing vessels and, probably, sone herring fishing gear.

The western Alaska herring fishery uses snall mesh (50-63.5 nm
stretched mesh measure) gill nets and fine nesh (32 m) beach seines
These web sizes are simlar to those used for saffron cod fisheries in
the US.SSR  Information provided by Andreev (1962) suggests that herring
gill nets currently used in western Al aska woul d be effective for catching
25 cmor larger saffron cod. This is based upon the fornula provided by
Baranov (1960) for optimal gill-net size, a = kl, where a is the optimm
mesh size (bar neasure) in millineters, 1 is the average length (mm of
the fish for which the net is designed, and k is an enpirically determ ned
coefficient, specific for a fish species (0.10 for El eginus spp. according
to Andreev).

While fishing gear for a summer or ice-free fishery is probably
available, winter fishing through the ice with pound or fyke nets is not
currently performed in the region. However, another type of stationary

gear is used in Norton Sound during winter so ice fishing is not totally
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foreign to the area. Residents of Nome annually participate in a subsist-
ence fishery for red king crab. This operation ranges out several mles
of fshore and continues throughout the winter until the sea ice deteriorates
inthe spring. Additionally, residents along the western Al aska coast
al ready fish for saffron cod through the ice with hook and line for sub-
sistence purposes. As a result, local residents are faniliar with sone
forms of ice fishing and already have sone idea where saffron cod are found
during winter. This faniliarity enhances prospects for a winter fishery,
and the use of snowmbiles to tend fyke nets woul d provide fishernen an
extensive range of fishing locations along nost of the coastline

A problemstill to be considered is resource availability associated
with variable year-class strength and high natural nortality. \Wile
there appears to be substantial variation in year-class strength for the
saffron cod population in the region, the 2 years' surveys indicate that
so&ol der, larger fish are always present. The 1976 and 1979 data
suggest that there are 40-172 million fish in Norton Sound 3 years old or
older. A substantial portion of the popul ati on appears to occur south of
Norton Sound but it is not certain whether the proportion of these ol der
fish region-wide remains constant from year to year. If it remains
relatively constant, then the total 3 years old and ol der segnment of the
saffron cod population for western Alaska would be about 73 to 300 nmillion
fish. (Note: this is based on the 1979 data which indicated that about
45% of the 3 years old and ol der fish in western Al aska were found south
of Norton Sound.)

Seventy-three mllion fish seens adequate for a commercial fishery.
Thi s anount-corresponds to a standi ng biomass of about 7,000 t for the

entire western Alaska region in 1976. The 1979 bi onass woul d be nearly
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36,000 t. While data for 1976 and 1979 may represent popul ation extremnes
they are the only nunbers available

Consequent |y, follow ng procedures described by Al verson and Pereyra
(1969), approximtions of maximum sustainable yield (MSY) for harvest
of 3 years old and ol der saffron cod would be about 3,600 t based on the
1976 population estimate and about 18,800 t using the 1979 data. These
figures are derived fromthe fornmula determning a rough approxi mati on of
MBY:  MBY = 0.5 MB,), where M= 1.02 and the virgin biomss B, is ny
estimate of the standing biomass of fish 3 years old and older. Fishing
mortality F is assumed to equal natural nortality M Since the value of
M determined in ny analysis is quite high, for the formula to be correct
the corresponding F would |ikewi se be very high

The harvest levels are relevant only if the catches can be sold.
Wil e marketing requires know edge beyond the scope in this paper, there
may be sone provocative possibilities. As nentioned earlier, the individua
size of saffron cod does not readily lend to its substitution into existing
Pacific cod and wal |l eye pollock markets and transportation costs would
not permt this species to be profitably used in the pet food industry.
A viable market option, however, mght exist in the US S R That country
apparently has utilized 30,000-40,000 t of saffron cod for human consunption
during recent years. Fish from western Alaska could possibly be exported
to the U S S. R, especially since ports on the Kanthatka Peninsula are
closer to western Alaska than any port on the west coast of the United
States. For exanple, the distances from Norton Sound to Petropavl osk and
Seattle are about 3,000 km and 3,900 km respectively. M assunptions
regarding this potential narket include favorable international trade

condi ti ons.
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Anot her potential market option might be saffron cod roe if its
quality is conparable to that of other gadids. There presently exists a
Japanese market for roe of Pacific cod and walleye pollock. The wholesale
price for pollock roe from Al aska has been as high as $4.40 per kil ogram
in past years and the nobst recent export (1983) brought a price of $2.27
per kilogram (NMFS Fishery Market News 1983). M study of saffron cod in
Norton Sound did not identify roe content at the tine of spawning, but an
approxi mati on can be determnined fromanounts identified for Arctic stocks
in Soviet waters. Pokrovskaya (1960) indicated roe weight for E. navaga
can be 22.6-24.6% of total body weight for fish 21-27 cmlong. Using the
val ue of 23% of total body weight of fenales, the estinated vol une of roe
present in the western Al aska saffron cod population is between about 700
t and 3,300 t for 3 years old and older females. A rough approximtion
of its value at $2.27/kg is $1.9 to $9.2 nillion. Even at an estinated
ex-vessel price of $110 per netric ton for saffron cod in the round, the
MSY coul d produce between $396,000 and $2 million. An MSY divided between
flesh and roe products woul d substantially exceed the entire current
value of this region's coastal comercial fisheries. The total value of
commerci al harvests by Norton Sound-western Al aska residents in 1982 was
$2 million ($1 million, herring; $1 nmillion, salnon) and for 1981 was
about $2.3 mllion (source: Al aska Department of Fish and Game 1983)

It appears then, that the saffron cod resource along the coast of
western Alaska has sone commercial potential. The estimated exploitable
bi omass may pernit sustained yields of 3,600-18,6000 t per year. Harvesting
of this resource can be done by local comrmunities w thout major nodifications

of conventional fishing equipnent and methodol ogies, or interference with
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existing herring and salnmon fisheries. The devel opment of a saffron cod
fishery will, however, depend on econom c considerations that go beyond

the scope of this paper, which assesses only resource abundance and
availability. Potential markets for western Al aska saffron cod, particularly

in Japanese roe or Soviet frozen fish markets, should be investigated.
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