
TROPHIC IMPORTANCE OF SOME MARINE 

GADIDS IN NORTHERN ALASKA AND THEIR 


BODY-OTOLITH SIZE RELATIONSHIPS 


Natural marine ecosystems are being subjected to 
ever increasing human-induced stresses, includ­
ing expanding commercial fisheries and activities 
associated with the exploration and development 
of offshore petroleum resources. Numerous 
studies ofthe food habits and trophic }nteractions 
of marine vertebrate consumers have been un­
dertaken in Alaska during the last 5 yr in re­
sponse to increased demand for multispecies ap­
proaches in fishery management plans and the 
legal requirement for environmental assessments 
prior to petroleum development. Through these 
and other studies the importance of three 
species-walleye pollock, Theragra chalco­
gramma, saffron cod, E leginus gracilis, and Arctic 
cod, Boreogadus saida-in Arctic and subarctic 
ecosystems has become increasingly apparent 
(Klumov 1937; Andriyashev 1954; Lowry and 
Frost in press; Pereyra et aU). These species are 
widespread and locally abundant, are major sec­
ondary consumers, and are important prey of 
other species (Table 1). 

Walleye pollock are found throughout the North 
Pacific and in greatest abundance along the conti­
nental shelf break of the Bering Sea. Abundance 
decreases rapidly north ofSt. Matthew Island, and 
they are caught only rarely north ofBering Strait 
(Pereyra et al. footnote 1). The species supports a 
commercial fishery of almost 1 million t annually, 
one of the largest in the world. Walleye pollock 
form a major portion of the diet of all pinnipeds in 
the southern Bering Sea, except bearded seals and 
walruses, and are eaten by at least 4 species of 
cetaceans, 13 species of seabirds, and 10 species of 
fishes in that area. 

Saffron cod occur in the eastern Bering and 
Chukchi Seas and throughout the western Arctic 
Ocean (Andriyashev 1954). They are also present, 
but less abundant, in the Beaufort Sea. Saffron cod 
are utilized for food by coastal Eskimos. They 
make up a major portion of the diet of ringed and 
spotted seals and white whales in the northern 
Bering and southern Chukchi Seas. They are also 

1 Pereyra, W T., J. E. Reeves, and R. G. Bakkala. 1976. De­
mersal fish and shellfish resources of the eastern Bering Sea in 
the baseline year 1975. Processed rep., 619 p. Northwest and 
Alaska Fisheries Center, National Marine Fisheries Service, 
NOAA, 2725 Montlake Boulevard E., Seattle, WA 98112. 
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prey of other cetaceans and numerous birds and 
fishes. 

Arctic cod are circumpolar in Arctic waters ex­
tending south to at least lat. 60° Non the Alaska 
coast, typically in association with sea ice (An­
driyashev 1954). They are a species of key trophic 
importance upon which many other far northern 
marine consumers depend entirely for a major 
portion of their yearly nutritional requirements. 
They are eaten by at least 12 species of marine 
mammals, 20 species of birds, and 5 species of 
fishes. Arctic cod are especially important because 
in the areas and at the times when they are abun­
dant they are the only forage fishes present. 

Investigations of food habits of marine animals 
almost invariably involve analysis ofstomach con­
tents. Morrow (1979) published preliminary keys 
to otoliths of16 families of fishes found in Alaskan 
waters including the Gadidae, whereby fishes 
eaten by predators can be identified from otoliths 
even after soft parts and bones have been digested. 
In most instances the size of the fish or meal can 
also be determined from otoliths through back cal­
culation offish length and/or weight from various 
measurements of otolith size (Morrow 1951; Tem­
pleman and Squires 1956; Southward 1962; 
Gjosaeter 1973). 

In this paper we present relationships of otolith 
length to fish length and weight for pollock, saf­
fron cod, and Arctic cod of the Bering, Chukchi, 
and Beaufort Seas. 

Methods 

Samples of fishes were obtained by otter trawl­
ing in the Bering, Chukchi, and Beaufort Seas 
(Table 2). Soon after capture all fishes were iden­
tified, weighed to the nearest 0.1 g, and fork length 
measured to the nearest millimeter. The sagittal 
otoliths were removed and length and width mea­
sured to the nearest 0.1 mm with vernier calipers. 

When otolith lengths and widths were plotted 
against fish lengths as scatter diagrams, the rela­
tionship between otolith length and fish length 
was found to be less variable than that of otolith 
width and fish length. For this reason otolith 
length was taken as the criterion for otolith size 
and used in subsequent calculations. Casteel 
(1976) discussed in detail the reasons for using 
length as the best measure of otolith size. 

We chose a double regression method for relat­
ing otolith size to fish size (Fitch and Brownell 
1968; Casteel1976). For each species the relation­
ships ofotolith length to fish length and fish length 
to fish weight were calculated. In cases where two 
equations were required to fit a single relation­
ship, the inflection point was determined by itera­
tion. The specified inflection point was varied 
by increments of 0.1 and the pair of equations 
which minimized the combined deviation was 
selected. 

Results and Discussion 

Regressions offish fork length on otolith length 
differed markedly among the three species. Those 
of walleye pollock and saffron cod formed two dis­
tinct straight-line sections each, with inflection 
points at otolith lengths of 10 mm in walleye pol­
lock (fish length 22 em) and 8.5 mm in saffron cod 
(fish length 15 em) (Figures 1, 2). The regression 
for Arctic cod was rectilinear over the range of 
samples (Figure 3). 

Several sources of error are possible when es­
timating the size of a fish from its otoliths, among 
which are normal variability in the ratio of fish 
length to otolith length and differences in lengths 
of left and right otoliths of the same fish. The 
calculated regression coefficients show that such 
variability is quite small. Deviation between ac­
tual measured and calculated fish lengths was 
usually <5%. Since food habits studies deal with 

TABLE 2.-Sources of Alaskan marine gadids measured to determine otolith length-fish size relationships. T = Theragra 
chalcogramma; E = Eleginus gracilis; B = Boreogadus saida. 

Vessel and cruise no. Date Area Depth range (m) Trawls (no.) Species 

NOAA' Ship Surveyor (RP·4·SU-76AI&II) Mar.·Apr. 1976 Bering 79·173 39 T 
NOAA Ship Discoverer (RP·4·DI·76BIII) Aug. 1976 Bering/Chukchi 18-55 18 B,E 
USCGC2 Glacier (AWS76) Aug. 1976 Beaufort 40·123 2 B 
NOAA Ship Miller Freeman (RD-4·MF-76BII) Oct. 1976 Bering 15·55 75 B,E 
NOAA Ship Surveyor (RD·4-SU-77AII, Ill) Mar.·Apr. 1977 Bering 28-150 45 T,E 
NOAA Ship Discoverer (RD-4·DI-77AVI) May-June 1977 Bering 30·150 36 B, T 
NOAA Ship Surveyor (RD-4-SU-77BII) June-July 1977 Bering/Chukchi 13·57 17 B,E 
USCGC Glacier (AWS77111) Aug.·Sept. 1977 Chukchi/Beaufort 31-400 33 B 
ADF&G 3 skiff (Shishmaref 78) Mar. 1978 Chukchi 5·10 5 E 
NOAA Ship Surveyor (RP-4·SU·78AV, VI) May-June 1978 Bering 17·210 78 T,E 

'National Oceanic and Atmospheric Administration. 3Aiaska Department of Fish and Game. 
'United States Coast Guard Cutter. 
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FIGURE 1.-Scatter diagram and regression lines and equations 
of otolith length against fish fork length for Theragra 
chalcogramma. 

mixed collections of otoliths, the cumulative im­
portance of these differences should be minimal. 

The relationships between fish lengths and 
weights of the three species were best fit by expo­
nential equations ofthe form: weight = a (length)b 
(Table 3). These relationships may vary somewhat 
with time of year, geographic location, sex, repro­
ductive status, or fullness of stomach. Variation is 
probably most pronounced in sexually mature in­
dividuals with mature reproductive products, a 
condition which persists for only a few months of 
the year. Since small (juvenile) fishes are eaten by 
most marine mammals (Frost and Lowry 1980), 
birds (Hunt et al. in press), and other fishes 

TABLE 3.-Length-weight relationships observed for walleye 
pollock, saffron cod, and Arctic cod in the Bering, Chukchi, and 
Beaufort Seas (weight = a(length) b). 

Range in Regression 
Number fork length coefficient 

Species sampled (em) a b (r) 

Walleye pollock 109 6·57 0.0077 2.906 0.998 
Saffron cod 104 6·29 .0050 3.095 .991 
Arctic cod 118 7·21 .0018 3.500 .987 
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FIGURE 2.-Scatter diagram and regression lines and equations 
of otolith length against fish fork length forE leginus gracilis. 

(Frost and Lowry unpubl. data), this is probably a 
small source of error. Significant differences in 
weight-at-length by sex and geographic area were 
found for Arctic and saffron cods by Wolotira et al.2

• 

but they justified use of a single regression equa­
tion since the differences were small ( 3 · 7%). Simi­
lar differences have been noted for walleye pollock 
(Bakkala and Smith3 

). 

Otoliths are valuable indicators of the diet of 
piscivorous marine consumers. Published keys 
such as Morrow (1979) allow determination of the 
species and numbers of fishes represented by 
otoliths in stomachs, intestines, or scats. By using 
the relationships between otolith size and body 

2 Wolotira, R. J., Jr. 1977. Demersal fish and shellfish re­
sources of Norton Sound, the southeastern Chukchi Sea and 
adjacent waters in the baseline year 1976. Processed rep., 292 
p. Northwest and Alaska Fisheries Center, National Marine 
Fisheries Service, NOAA, 2725 Montlake Boulevard E., Seattle, 
WA98112. 

3Bakkala, R. G., and G. B. Smith. 1978. Demersal fish re· 
sources of the eastem Bering Sea: Spring 1976. Processed rep., 
233 p. Northwest and Alaska Fisheries Center, National Marine 
Fisheries Service, NOAA, 2725 Montlake Boulevard E., Seattle, 
WA 98112. 

190 



.. 


.; 
N 

.. 
N 
N 

.. 

.,; 
N 

.. 
Y 
N 
R 

2. 198X+1. 588 
202 
0.981 

...... .· 
~ 

5 .. 
~~ 

! .. 
"""' u:.­

... 
•I 

.. 
~ 

.. 

.. 
~ 

.. 
ai .. 

.. .. ....... 
.:=••::" ,.. 
I • 

.. 
uj 

2.0 3.0 4.0 5. 0 7. 0 9.0 
O+.ol!+.h Long+.h - "'" 

FIGURE 3.-Scatter diagram and regression lines and equations 
of otolith length against fish fork length for Boreogadus saida. 

size it is possible to obtain additional information 
such as sizes and quantities of fishes eaten by 
consumers (Frost and Lowry 1980). 

Acknowledgments 

Many people assisted us in the collection of 
samples, especially Larry M. Shults who spent 
many long hours sorting through trawls and 
measuring fish with us, and the officers and crew 
of the NOAA Ship Surveyor who gave unstint­
ingly oftheir time and energy to make our project 
a success. Lawrence R. Miller provided invaluable 
assistance in the computer analysis ofour data. We 
thank J. E. Morrow and anonymous reviewers for 
their careful review of the manuscript. We are 
especially indebted to John Fitch for his many 
helpful suggestions and the moral support he lent 
throughout preparation of this manuscript. Fi­
nancial support was provided by the U.S. Bureau 
of Land Management Outer Continental Shelf 
Environmental Assessment Program and Federal 
Aid in Wildlife Restoration Project W-17-9. 

Literature Cited 

ANDRIYASHEV, A. P. 
1954. Ryby severnykh morei SSSR (Fishes of the northern 

seas of the USSR). lzd. Akad. Nauk SSSR, Keys to the 
fauna of the USSR 53. (Translated from Russ. by Isr. 
Program Sci. Trans!., 1964, 617 p.; available Nat!. Tech . 
lnf. Serv., Springfield, Va., as OTS 63-11160.) 

BERGMAN, R. D., AND D. V. DERKSEN . 
1977. Observations on arctic and red-throated loons at 

Storkersen Point, Alaska. Arctic 30:41-51. 
CASTEEL, R. W 

1976. Fish remains in archaeology and paleo­
environmental studies. Acad. Press, Lond., 180 p. 

DIVOKY, G. J. 
1976. The pelagic feeding habits of Ivory and Ross' Gulls. 

Condor 78:85-90 . 
In press. Birds and ice relations. In D. W Hood (editor), 

The Eastern Bering Sea Shelf: Oceanography and re­
sources, Sect. 13. 

FEDOSEEV, G. A., AND YU. A. BUKHTIYAROV. 
1972. Pitanie tulenei okotskogo more (The diet of seals of 

the Okhotsk Sea). [Abstr.] In V. A. Arsen'ev, V. 
Bel'kovich, V. A. Zemskii, B. A. Zenkovich, V. E. Sokolov, 
and K. K. Chapskii (editors), Theses of Works Fifth All­
Union Conference on Studies of Marine Mammals, 
Makhachkala, USSR, Part 1, p. 110-112 . 

FISCUS, C. H., AND G. A. BAINES . 
1966. Food and feeding behavior of Steller and California 

sea lions. J. Mammal. 47:195-200. 
FISCUS, C. H., G. A. BAINES, AND F. WILKE. 

1964. Pelagic fur seal investigations Alaska Waters, 
1962. U.S. Fish Wild!. Serv., Spec. Sci. Rep. Fish. 475, 
59p. 

FITCH, J. E., AND R. L. BROWNELL, JR. 
1968. Fish otoliths in cetacean stomachs and their impor­

tance in interpreting feeding habits. J. Fish. Res. Board 
Can. 25:2561-2574. 

FROST, K. J., AND L. F. LOWRY. 
1980. Feeding of ribbon seals (Phoca fasciata) in the 

Bering Sea in spring. Can. J. Zoo!. 58:1601-1607. 
In press. Foods and trophic relationships of cetaceans in 

the Bering Sea. In D. W Hood (editor), The Eastern Be­
ring Sea Shelf: Oceanography and resources, Sect. 10. 

GJOSAETER, J. 
1973. Preliminary results of Norwegian polar cod investi­

gations 1970-1972. Int. Counc. Explor. Sea Rep., 23 p. 
HUNT, G. L.,JR.,B. BURGESON,AND G. SANGER. 

In press. Feeding ecology of seabirds of the eastern Bering 
Sea. In D. W Hood (editor), The Eastern Bering Sea 
Shelf: Oceanography and resources, Sect. 11. 

JOHNSON, M. L., C. H. FISCUS, B. T. OSTENSON, AND M. L. 
BARBOUR. 

1966. Marine mammals. InN. J. Wilimovsky and J. N. 
Wolfe (editors), Environment of the Cape Thompson re­
gion, Alaska, p. 897-924. U.S. At. Energy Comm., 
Wash., D.C. 

KENYON,K.W 
1962. Notes on the phocid seals at Little Diomede Island, 

Alaska. J. Wild!. Manage. 26:380-387. 
KLUMOV, S. K. 

1937. Saika (Boreogadus saida (Lepech.)) i ee znachenie 
dlja nekotorik zhiznennik protzesov arktiki (Morue 
polaire (Boreogadus saida) et son importance pour cer­

191 



tains proces vitaux de !'Arctique.) [In Russ., Fr. ab­
str.] Izv. Akad. Nauk SSSR No.1, p. 175-181. 

LOWRY, L. F., AND K. J. FROST. 
In press. Feeding and trophic relationships ofphocid seals 

and walruses in the eastern Bering Sea. In D. W Hood 
(editor), The Eastern Bering Sea Shelf: Oceanography 
and resources, Sect. 10. 

MANSFIELD, A. W, T. G. SMITH, AND B. BECK. 
1975. The narwhal, Monodon monoceros, in eastern Cana­

dian waters. J. Fish. Res. Board Can. 32:1041-1046. 
MCLAREN, I. A. 

1958. The biology of the ringed seal (Phoca hispida 
Schreber) in the eastern Canadian arctic. Fish. Res. 
Board Can., Bull. 118, 97 p. 

MORROW, J. E., JR. 
1951. Studies on the marine resources of southern New 

England. VIII. The biology of the longhorn sculpin, 
Myoxocephalus octodecimspinosus Mitchill, with a discus­
sion of the southern New England "trash" fishery. Bull. 
Bingham Oceanogr. Collect., Yale Univ. 13(2), 89 p. 

1979. Preliminary keys to otoliths of some adult fishes of 
the Gulf of Alaska, Bering Sea, and Beaufort Sea. U.S. 
Dep. Commer., NOAA Tech. Rep. NMFS CIRC-420, 32 p. 

NEMOTO,T. 
1970. Feeding pattern ofbaleen whales in the ocean. In J. 

H. Steele (editor), Marine food chains, p. 241-252. Univ. 
Calif. Press, Berkeley. 

OGI, H., AND T. TSUJITA. 
1973. Preliminary examination of stomach contents of 

murres (Uria spp.) from the eastern Bering Sea and Bris­
tol Bay, June-August, 1970 and 1971. Jpn. J. Ecol. 
23:201-209. 

PITCHER, K. W 
1980. Food of the harbor seal, Phoca vitulina richardsi, in 

the Gulf of Alaska. Fish. Bull., U.S. 78:544-549. 
SOUTHWARD, G. M. 

1962. Photographing halibut otoliths for measuring 
growth zones. J. Fish. Res. Board Can. 19:335-338. 

SWARTZ, L. G. 
1966. Sea-cliffbirds. InN. J. Wilimovsky and J. N. Wolfe 

(editors), Environment of the Cape Thompson region, 
Alaska, p. 611-678. U.S. At. Energy Comm., Wash., D.C. 

TEMPLEMAN, W, AND H. J. SQillRES. 
1956. Relationship of otolith lengths and weights in the 

haddock, Melanogrammus aeglefinus (L.) to the rate of 
growth ofthefish. J. Fish. Res. Board Can. 13:467-487. 

TOMILIN, A. G. 
1957. 	 Kitoobraznye (Cetacea). In V. G. Heptner (editor), 

Zveri vostochnoi Evropy i severnoi Azii (Mammals of the 
USSR and adjacent countries), Vol. IX. (Translated by Isr. 
Program Sci. Trans!., 1967, 717 p.; available Nat!. Tech. 
Inf. Serv., Springfield, Va., as TT-65-50086.) 

TUCK,L.M. 
1960. The murres; their distribution, populations and biol­

ogy; a study of the genus U ria. Can. Wild!. Serv. Rep., 
Ser. 1, 260 p. 

VIBE, C. 
1950. The marine mammals and the marine fauna in the 

Thule district (northwest Greenland) with observations 
on ice conditions in 1939-41. Medd. Gr!'lnl. 150(6), 115 p. 

WATSON, G. E., AND G. J. DIVOKY. 
1972. Pelagic bird and mammal observations in the east­

ern Chukchi Sea, early fall 1970. U.S. Coast Guard 
Oceanogr. Rep. 50:111-172. 

WILKE, F., AND K. W KENYON. 
1952. Notes on the food of the fur seal, sea-lion and harbor 

porpoise. J. Wild!. Manage. 16:396-397. 

KATHRYN J. FROST 
LLOYD F. LOWRY 

Alaska Department ofFish and Game 
1300 College Road 
Fairbanks, AK 99701 

192 



Fishery Bulletin 

CONTENTS 

Vol. 79, No. 1 January 1981 

HOBSON, EDMUND S., WILLIAM N. McFARLAND, and JAMES R. CHESS. 
Crepuscular and nocturnal activities of Californian nearshore fishes·, with con­
sideration of their scotopic visual pigments and the photic environment . . . . . . . . . 

GOODING, REGINALD M., WILLIAM H. NEILL, and ANDREW E. DIZON. Res­
piration rates and low-oxygen tolerance limits in skipjack tuna, Katsuwonus 
pelamis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

BEARDSLEY, GRANT L., and RAMON J. CONSER. An analysis of catch and 
effort data from the U.S. recreational fishery for billfishes (Istiophoridae) in the 
western North Atlantic Ocean and Gulf of Mexico, 1971-78 . . . . . . . . . . . . . . . . . . . . . 

FERNHOLM, Bb, and CARL L. HUBBS. Western Atlantic hagfishes of the genus 
Eptatretus (Myxinidae) with description of two new species..................... 

BLACKBURN, MAURICE, and D. L. SERVENTY. Observations on distribution 
and life history of skipjack tuna, Katsuwonus pelamis, in Australian waters . . . . . 

KAPPENMAN, RUSSELL F. A method for growth curve comparisons . . . . . . . . . . . 
RICHARDSON, SALLY L. Current knowledge of larvae of sculpins (Pisces: 

Cottidae and allies) in northeast Pacific genera with notes on intergeneric 
relationships . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

TOWNSEND, DAVID W, and JOSEPH J. GRAHAM. Growth and age structure 
of larval Atlantic herring, Clupea harengus harengus, in the Sheepscot River 
estuary, Maine, as determined by daily growth increments in otoliths . . . . . . . . . . . 

KOSLOW, J. ANTHONY. Feeding selectivity of schools of northern anchovy, 
Engraulis mordax, in the Southern California Bight..................... . . . . . . 

WEBB, P. W, and R. T. COROLLA. Burst swimming performance of northern 
anchovy, Engraulis mordax, larvae........................................... 

UCHIYAMA, JAMES H., and PAUL STRUHSAKER. Age and growth of skipjack 
tuna, Katsuwonus pelamis, and yellowfin tuna, Thunnus albacares, as indicated 
by daily growth increments of sagittae . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

RICHARDSON, SALLY L. Pelagic eggs and larve of the deepsea sole, Embas­
sichthys bathybius (Pisces: Pleuronectidae), with comments on generic affinities 

1 

31 

49 

69 

85 
95 

103 

123 

131 

143 

151 

163 

Notes 

WEIHS, DANIEL. Effects of swimming path curvature on the energetics of fish 
motion..................................................................... 171 

(Continued on next page) 

Seattle, Washington 

1981 

For sale by the Superintendent ofDocuments, U.S. Government Printing Office, Washington, 
DC 20402-Subscription price per year: $14.00 domestic and $17.50 foreign. Cost per single 
issue: $4.00 domestic and $5.00 foreign. 



Contents-continued 

HAYNES, EVAN. Description of Stage II zoeae of snow crab, Chionoecetes bairdi, 
(Oxyrhyncha, Majidae) from plankton of lower Cook Inlet, Alaska . . . . . . . . . . . . . . 177 

SPOTTE, STEPHEN, and GARY ADAMS. Feeding rate of captive adult female 
northern fur seals, Callorhinus ursinus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 

KAYA, CALVIN M., ANDREW E. DIZON, and SHARON D. HENDRIX. Induced 
spawning of a tuna, Euthynnus affinus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 185 

FROST, KATHRYN J., and LLOYD F. LOWRY. Trophic importance of some ma­
rine gadids in northern Alaska and their body-otolith size relationships . . . . . . . . . 187 

WILLIAMS, AUSTIN B., and DAVID MeN. WILLIAMS. Carolinian records for 
American lobster, Homarus american us, and tropical swimming crab, Callinectes 
bocourti. Postulated means of dispersal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192 

BARKER, SETH L., DAVID W. TOWNSEND, and JOHN S. HACUNDA. Mortal­
ities of Atlantic herring, Clupea h. harengus, smooth flounder, Liopsetta putnami, 
and rainbow smelt, Osmerus mordax, larvae exposed to acute thermal shock . . . . 198 

BOWMAN, RAY E. Food of 10 species of northwest Atlantic juvenile groundfish . . 200 
LIBBY, DAVID A. Difference in sex ratios of the anadromous alewife, Alosa 

pseudoharengus, between the top and bottom of a fish way at Damariscotta Lake, 
Maine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207 

AL-JUDAIMI, MANAL M., A. K. JAFRI, and K. A. GEORGE. Proximate compo­
sition and nutritive value of some important food fishes from the Arabian Gulf 211 

Notices 

NOAA Technical Reports NMFS published during the last 6 months of1980 . . . . . . . 213 

Vol. 78, No. 4 was published on 28 April 1981. 

The National Marine Fisheries Service (NMFS) does not approve, rec­
ommend or endorse any proprietary product or proprietary material 
mentioned in this publication. No reference shall be made to NMFS, or 
to this publication furnished by NMFS, in any advertising or sales pro­
motion which would indicate or imply that NMFS approves, recommends 
or endorses any proprietary product or proprietary material mentioned 
herein, or which has as its purpose an intent to cause directly or indirectly 
the advertised product to be used or purchased because of this NMFS 
publication. 


	TROPHIC IMPORTANCE OF SOME MARINE GADIDS IN NORTHERN ALASKA AND THEIR BODY-OTOLITH SIZE RELATIONSHIPS
	Methods
	Results and Discussion
	Acknowledgments
	Literature Cited


