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ANNUAL REPORT

I. Summary of objectives - To provide a bibliography of the
fishes of the Beaufort Sea. This will serve as a reference
base for further work.

II. Introduction

A. General nature and scope of study - This
bibliography covers the fishes of the Beaufort Sea and
adjacent areas. It includes all the references the
bibliographer was able to find.

B. Specific objectives - To prepare a bibliography of
the fishes of the Beaufort Sea.

C. Relevance to problems of petroleum development -
The bibliography will serve as a reference base for
further studies in the area.

III. Current state of knowledge - None.

IV. Study area - Beaufort Sea.

V. Sources, etc. - Libraries and data files were examined
as follows: University of Alaska, Fairbanks; University of
Washington, Seattle; Arctic Environmental and Data Center,
Anchorage; Alaska Department of Fish and Game, Fairbanks,
Anchorage, Juneau; National Marine Fisheries Service,
Juneau, Seattle.

Included in the bibliography are all discovered
references dealing with fishes of the Beaufort Sea and/or
immediately adjacent regions. Streams of the arctic coast
of North America were included, since these are important to
the anadromous fishes of the study area. A number of Rus-
sian references containing information on the distribution,
biology, utilization, etc., of Beaufort Sea species in Rus-
sian waters were also included.

VI. Results - The complete bibliography of 499 references
is appended.

VII. Liscussion - Not applicable.
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VIII. Conclusions - Not applicable.

IX. Summary of 4th quarter operations.

A. Ship or laboratory activities

1. Ship or field trip schedule - None.
2. Scientific party - Dr. James E. Morrow, Univer-
sity of Alaska, Principal Investigator; Mrs. Wilma
Pfeifer, University of Alaska, Bibliographer.
3. Methods - Not applicable.
4. Sample localities - Not applicable.
5. Data collected or analyzed - Not applicable.
6. Milestone chart - The bibliography was com-
pleted by mid-October, at which time the
bibliographer submitted same to the principal in-
vestigator in the form of file cards accompanied by
copious notes. Because the bibliographer was not
also a biologist, it was necessary for the prin-
cipal investigator to spend a good deal of time in
abstracting these notes. Physical preparation of
the finished product was delayed by a high turnover
of personnel in the Institute of Arctic Biology
typing pool; hiring difficulties caused by govern-
ment regulations; and numerous breakdowns of the
computerized typewriter.

B. Problems encountered - None, except for those
listed in paragraph IXA6.

C. Estimate of funds expended -
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Abrahamson, G. 1968. Tuktoyaktuk-Cape Parry, an Area
Economic Survey. A.E.S.R. no. 62-2. Department of In-
dian Affairs and Northern Development, Ottawa. 83 p.

Species:
Lake herring, Whitefish, Stenodus leucichthys, Esox
lucius, Catostomidae, Salvelinus namaycush, Clupea pal-
lasii, Salvelinus alpinus.

Places:
Toker Point, Atkinson Point, Kugaluk River, Point
Stevens, Tomcod Bay, Parry Peninsula, Hornaday River,
Darnely Bay, Baillie Islands.

Remarks:
Coregonids abundant summer and fall. Herring abundant
at Cape Parry; also charr.

Abs, Otto. 1959. Die Eskimoernahrung und ihre Gesund-
heitlichen aus Wirkungen. V. G. Thieme, Leipzig.

Alaska Department of Fish and Game. Division of Commercial
Fisheries. 1964. Annual Report. Arctic-Yukon-
Kuskokwim Area. Juneau. pp. 70-78, 106-110, 134-135.

Alaska Department of Fish and Game. Division of Commercial
Fisheries. 1973. Alaska's Wildlife and Habitat.

Alaska Department of Fish and Game. 1973. Catalog of
rivers, lakes and streams that are important for the
spawning or migration of anadromous fish. Revised Oc-
tober, 1973.

Alaska, Office of the Governor. Division of Policy Develop-
ment and Planning. 1975. Fish. Pages 174-194. In:
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Draft Envrionmental Assessments. Proposed Beaufort Sea
nearshore leasing.

Species:
Coregonus autumnalis, C. sardinella, C. nasus, C. pid-
schian, Salvelinus alpinus, Myoxocephalus quadricornis,
Liopsetta glacialis, Thymallus arcticus, Boreogadus
saida, Ammodytes hexapterus, Osmerus mordax, Oncorhyn-
chus keta, O. gorbuscha, Coregonus laurettae.

Remarks:
Life histories and distribution summarized. First
seven species abundant, others occasional inshore.

Alaska. University. Arctic Environmental Information and
Data Center. 1975. Aquatic animals. Pages 137, 144,
145, 147. In: Alaska Regional Profiles. Arctic
Center. Anchorage.

Species:
Mallotus villosus, Cottids, Gadidae, Ammodytes hexap-
terus, Oncorhynchus gorbuscha, 0. keta, Boreogadus
saida, Lota lota, Gasterosteidae, Thyumallus arcticus,
Esox lucius, Catostomedae, Salvelinus alpinus, Angayu-
kaKsurak char, Coregonus nasus, C. pidschian, C.
sardinella, C. autumnalis, Osmeridae species, Sal-
velinus namaycush, Pleuronectidae species.

Places:
Colville River Delta, Kavik River, Point Barrow, Point
Hope, Kaktovik, Wainwright, Anaktuvak River, Hulahula
River, John River.

Remarks:
Subsistence fishing emphasizes coregonids, charrs, os-
merids. Colville River Delta fishery takes 3,000 C.
nasus and 1,000 C. pidschian in summer; 20,000 C.
sardinella and 40,000 C. autumnalis in fall. Spawning
grounds in headwaters.

Alaska. University. Arctic Environmental Information and
Data Center. 1975. Alaska Regional Profiles: Arctic
Region. Anchorage. Pages 164, 167.

Remarks:
Fish taken for subsistence; Barrow - 61,550 lb., Kak-
tovik - 15,000 lb., Point Hope - 40,000 lb., Wainwright
- 2,840 lb. Colville River delta, 1971-1973, took
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2160-3815 lb. broad whitefish; 37,333-71,900 lb. Arctic
cisco; 13,283-25,108 lb. least cisco.

Alaskan Arctic Gas Pipeline Company. 1974. Description of
the environment. In: Environmental Report of Alaskan
Arctic Gas Pipeline Company. Pages 55-59.

Alexander, V., D. C. Burrell, J. Chang, T. R. Cooney, C.
Coulon, J. J. Crane and J. A. Dygus. 1973. Environ-
mental Studies of an Arctic Estuarine System. Final
Report. University of Alaska, Institute of Marine
Science, Fairbanks, Alaska. 539 p. (IMS Report 74-1).

Aller, Barbara B. 1958. Publications of the U.S. Bureau of
Fisheries, 1871-1940. U.S. Fish and Wildlife Special
Scientific Report. Fish 284. 202 p.

Alt, K. T. 1965. Food habits of inconnu in Alaska. Trans.
Am. Fish Soc. 94:272-274.

Alt, K. T. 1969. Taxonomy and ecology of the inconnu,
Stenodus leucichthys nelma, in Alaska. Biol. Pap.
Univ. Alaska no. 12.

Alt, K. T. 1971. A life history study of sheefish and
whitefish in Alaska. Alaska Department of Fish and
Game, Federal Aid in Fish Restoration, Annual Progress
Report, vol. 12. Project F-9-3, Study R-ll. Juneau.
31 p.

Species:
Salvelinus alpinus, Prosopium cylindraceum, Coregonus
nasus, C. pidschian, C. sardinella, C. autumnalis,
Stenodus, leucichthys.
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Places:
Sagavanirktok River.

Remarks:
First six species present in Sagavanirktok River.

Alt, K. T. 1974. A life history study of sheefish and
whitefish in Alaska; July 1, 1973 through June 30,
1974. Alaska Dep. Fish Game, Federal Aid Fish Restor.
Annual Progress Report, vol. 15. Project F-9-6, Study
no. R-11. Juneau.

Remarks:
Includes data on coregonids of Colville River.

Alt, K. T., and D. R. Kogl. 1973. Notes on the whitefish
of the Colville River, Alaska. J. Fish. Res. Bd.
Canada 30(4):554-556.

Species:
Coregonus sardinella, C. autumnalis, C. nasus, C. pid-
schian, Prosopium cylindraceum.

Places:
Colville River Delta, Umiat, Putu, Nanuk Lake,
Kachemach River, Kalubik Creek, Itkillik River, Clik-
tok, Miluveach River.

Remarks:
Describes seasonal variation in numbers of the several
species. 40,000 to 80,000 coregonids taken annually in
Colville River commercial fishery.

Alverson, D. L., N. J. Wilimovsky and F. Wilke. 1960.
Marine investigation of the Chukchi Sea. U.S. Atomic
Energy Comm. Springfield, Va. (Rep. PNE-479).

Alverson, D. L., N. J. Wilimovsky and F. Wilke. 1967. An-
nual Technical Report. Artic-Yukon-Kuskokwim
anadromous fish investigations, Alaska. Alaska Dep. of
Fish and Game. National Marine Fisheries Grant-in-aid
study. Alaska Project no. AFC-7. pp. 84-102.
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Alyeska Pipeline Service Company. 1974. Summary report.
Biological Documentation of the Trans-Alaska Pipeline:
Appendix B3-1014. Houston, Texas. 361 p.

Species:
Oncorhynchus gorbuscha, O. keta, Salvelinus alpinus,
Thymallus arcticus, Prosopium cylindraceum, Salvelinus
namaycusn, Coregonus nasus, C. pidschian, C. sardinel-
la, C. autumnalis, Osmerus mordax, Cottus cognatus,
Lota lota, Pungitius pungitius.

Prudhoe Bay, Colville River, Sagavanirktok River.

Movements of fish species, particularly Arctic char,
are outlined. Salvelinus alpinus, Thymallus arcticus,

and Prosopium are most numerous fish species in

Sagavanirktok River while Coregonus nasus, C. pid-
schian, and C. sardinella are rarely caught. O. keta
present in Prudhoe area; small runs of the latter occur
in the Colville River.

Anderson, R. M. 1917. Canadian Arctic Expedition, 1916.
Zool. Summary Report. Geological Survey Dep. of Mines,
Ottawa. (Govt. of Canada Sessional Paper 26:374-384).

Anderson, R . M . 19 1 7. Recent explorations on the Canadian
Arctic coast. The Geo. Rev. (New York) 4(4):241-266
(Oct.,1917).

Anderson, R. M. 1918. Eskimo food-how it tastes to a white
man. Ottawa Naturalist 32(4):59-65 (Oct., 1918).

Species:
Coregonus sp., Salvelinus (malma?), S. namaycush, Esox
lucius, Thymallus arcticus, Oncorhynchus sp., Os-
meridae, Lota lota, Stenodus leucichthys.

Places:
Bering Sea to Bathurst Inlet, Herschel Island.

Remarks:
Arctic fish few in species, many in numbers.
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Anderson, R. M. 1951. Report on the natural history col-
lections of the Expedition. Pages 450-455. In: V.
Stefanson, ed. My life with the Eskimo. Macmillan Com-
pany, New York.

Species:
Catostomus catostomus, Argyrosomus tullibee,
Leucichthys lucidus, Clupea pallasi, Stenodus macken-
zii, Salvelinus malma, Cristovomer namaycush, Thymallus
signifier, Osmerus dentex, Esox lucius, Platichthys
stellatus, Microgadus proximus, Oncocottus hexacornis,
and Lota maculosa.

Places:
Mackenzie River, Colville River, Langton Bay, Cape
Bathurst, Coronation Gulf. Herschel Island, Toker
Point, Shingle Point, Anderson River, Liverpool Bay.
Richards Island.

Remarks:
Catostomus, Argyrosomus, Stenodus, Esox, Oncocottus,
Leucichthys common in Mackenzie Delta. Clupea abundant
at Cape Bathurst in August. Microgadus common at
Liverpool Bay and Coronation Gulf.

Andriyashev, Anatoly P. 1935. Geographical distribution of
the marine food fishes of the Bering Sea and problems
connected therewith. Exploration of the seas of the
U.S.S.R. 22:135-145.

Andriyashev, Anatoly P. 1937. K poznaniyu ikhtiofauny
Beringova i Chukotskogo morei. Issled. Dal' nevostoch
morei 25:292-355. Leningrad. [A contribution to the
knowledge of the fishes from the Bering and Chukchi
Seas.] Explor. Mers Russes 25:292-255. Translated
from the Russian language by Lisa Lanz and Norman J.
Wilimovsky. Fish. Res. Bd. Canada, Spec. Scientific
Report 145. 81 p.

Species:
Lumpenus medius, Gymnelis viridis, Lycodes polaris, L.
knipowitsch, L. polaris arcticus, Triglops beani,
Icelus bicornis, Gymnocanthus tricuspis hudsonius,
Myoxocephalus verrucosus, Artediellus scaber
beringianus, Ulcina olriki, Hippoglossoides robustus.

Places:
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Chukchi Sea.

Andriyashev, Anatoly P. 1939. Outline of zoogeography and

origin of the fauna of fish in the Bering Sea and adja-
cent waters. Publication of the State University of
Leningrad.

Andriyashev, Anatoly P. 1952. Ryby Chukotskogo Morya i
Beringova Proliva. Kraimii Severo-Vostok Soyuza SSSR
II:311-322. Izdatel' stvo Nauk SSSR.

Species:
Lists more than 30 species.

Places:
Kotzebue Sound, Chukchi Sea, Point Barrow, Mackenzie
River, Herschel Island, Kobuk River.

Andriyashev, Anatoly P. 1952. Tikhookeanskiye kraby i ruby
na severe. Priroda, vol. 1952(5):116.

Andriyashev, Anatoly P. 1954. Fishes of the northern seas
of the U.S.S.R. Zool. Inst. Akad. Nauk SSR 53:566.
Translated from the Russian by D. E. McAllister,
Curator of Fishes, Nat. Mus. of Canada, Ottawa.

Andriyashev, Anatoly P. 1955. A contribution to the know-
ledge of the fishes from the Bering and Chukchi Seas
[K. poznaniyu ikhtiofauny Beringova 1 Chukotskogo
morei]. Issled. Dal'nevostoch Morei 25:292-355
(1937). Leningrad. Translated from the Russian
language by Lisa Lanz and Norman J. Wilimovsky, Can.
Fish. Res. Bd. Special Scientific Report 145 (May 1955)
81 p.
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Andriyashev, Anatoly P. 1964. Fishes of the northern seas
of the U.S.S.R. [Ryby severnykh morei SSSR]. Keys to
the fauna of the U.S.S.R. Published by Zoological In-
stitute of the U.S.S.R. Academy of Sciences no. 53.
Izdatel'stvo Akademii Nauk SSSR, Moskva-Leningrad ,
1954. Translated from the Russian by Israel Program
for Scientific Translations, Jerusalem, 617 p.

Remarks:
A comprehensive list, with descriptions, illustrations,
life histories and remarks on value, distribution etc.
Index of Russian names, bibiography. Many species also
present in Beaufort Sea.

Anonymous. 1959. North Pacific exploratory fishing program
-Chukchi Sea in Northwest Alaska, surveyed for Atomic
Energy Commission. M/V John N. Cobb cruise 43. Comm.
Fish. Rev. 21(11):42-44.

Arctic Environmental Information and Data Center. 1975.
Chukchi Sea, Bering Strait, Icy Cape; Physical and
biological character of Alaskan coastal zone. An-
chorage, University of Alaska. 64 p. 31 folded maps.
(Sea Grant no. 75-10).

Species:
Lists 41 species found in the northeastern Chukchi Sea.

Remarks:
In order of abundance, the ten most numerous:
Boreogadus saida, Clupea harengus pallasi, Gynnocanthus
tricuspis, Artedielus scaber, Mallotus villosus, Hip-
poglossoides robustus, Osmerus dentex, Myoxocephalus
scorpius, Triglops pingeli, Eleginus gracilis.

Armstrong, Alexander. 1857. A personal narrative of the
discovery of the Northwest Passage with numerous inci-
dents of travel and adventure during nearly five years'
continuous service in the Arctic while in search of the
Expedition under Sir John Franklin. Burst and
Blackett, London. 616p.

Places:
Prince of Wales Strait, Prince Albert Land, Banks Land,
Bay of Mercy.
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Remarks:
Includes notes on natural history.

Atkinson, C. E., h. J. Rose and T. O Duncan. 1967. Salmon
of the North Pacific Ocean. Pt. IV. Spawning popula-
tions of North Pacific salmon. Pages 43-223. In:

Pacific Salmon in the United States. U.S. Bureau of
Commerical Fisheries, Seattle, Wash. (Bulletin, Inter-
national North Pacific Fisheries Comm. No. 23).

Species:
Oncorhynchus keta, O. tshawytscha, O. kisutch, O. ner-

ka, O. gorbuscha.

Remarks:
O. keta numerous along Arctic coast. O. gorbuscha
occasional on north coast. Other spp. not recorded
north of Kotzebue Sound. Maps show geographic limits,
spawning areas.

Ayers, R. C. Jr., f. O. Jahns and J. L. Glaesner. 1974.
Oil spills in the Arctic Ocean: extent of spreading
and possibility of large scale thermal effects.
Science 186 (4166):843-846 (29 Nov., 1974).

Bain, Lawrence, h. 1974. Life histories and systematics of
the Arctic charr (Salvelinus alpinus L.) in the Babbage
River System, Yukon Territory. Canadian Arctic Gas
Study Ltd. Biol. Rep. Ser. 18(1):156 p.

Remarks:
Salvelinus alpinus distributed throughout Polar regions
of North America, Europe, and Asia; in northern
hemisphere, the anadromous species restricted to
coastal Arctic and subarctic areas. Literature dealing
with anadromous and non-anadromous varieties is sum-
marized. Life history aspects are presented as they
relate to the Yukon Territory Beaufort Sea Drainage.

Bain, Lawrence fi. Alternate life histories of Arctic charr
(Salvelinus alpinus) in the Babbage River system,
Beaufort Sea Drainage, Yukon Territory. M.S. disserta-
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tion, University of Calgary, Dep. of Biol. Calgary, Al-
berta. (In preparation).

Barsdate, R., V. Alexander and R. E. Benoit. 1972. Natural
oil seeps at Cape Simpson: aquatic effects. Proc. Ak.
Sci. Conf. 23:122 (Abstr.).

Bean, Tarleton H. 1879. Descriptions of some genera and
species of Alaskan fishes. Proc. U.S. Nat. Mus.
2:353-359.

Bean, Tarleton H. 1882. Description of new fishes from
Alaska and Siberia. Proc. U.S. Nat. Mus. 4:144-159.

Remarks:
Eighty new species described or mentioned, two from
Alaska. Stichaeus rothrocki from Plover Bay, Siberia,
and from Cape Lisburne. Coregonus laurettae from Point
Barrow and Port Clarence.

Bean, Tarleton H. 1883. List of fishes known to occur in
the Arctic Ocean north of Bering Strait. Pages
118-119. In: Cruise of the revenue steamer Corwin in
Alaska and the northwest Arctic Ocean in 1881. U.S.
Government Printing Office, Washington, D.C. 1883.

Species:
Lists 29 species.

Places:
Various coastal localities from Kotzebue Sound north
and east to the Anderson River, N.W.T.

Remarks:
Most of the scientific names are now considered
synonyms.

Bean, Tarleton H. 1888a. Distribution and some characters
of the Salmonidae. Amer. Nat. 22:306-314.
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Species:
Coregonus laurettae, C. nelsoni, Oncorhynchus gor-
buscha, Salvelinus malma, S. arcticus (S. alpinus).

Places:
Point Barrow, Colville River, 82 degrees 34' N.

Bean, Tarleton H. 1888b. Fishes determined from
photographs. In: G. M. Dawson, ed. Report on an ex-
ploration in the Yukon District, N.W.T. Rep. Geological
Survey. Canada, 1887-1888 (N.S.)3(app.4):231B.

Bean, Tarleton H. 1889. Description of Coregonus pusillus,
a new species of whitefish from Alaska. Proc. U.S.
Nat. Mus. 11:526.

Bean, Tarleton H. 1891. Report of the salmon and salmon
rivers of Alaska with notes on the conditions, methods,
and needs of the salmon fisheries. U.S. Government
Printing Office, Washington, D.C. (51st Cong. 1st ses-
sion, House of Representatives Misc. Doc't. No.11.) 50
p. Maps, plates.

Species:
Coregonus laurettae, Stenodus leucichthys, Thymallus
arcticus, Oncorhynchus keta, C. gorbuscha, Mallotus
villosus.

Places:
Hotham Inlet, Point Barrow, Mackenzie River.

Remarks:
Discusses distribution and abundance of listed species.

Belcher, Edward. 1855. The last of the Arctic voyages:
being a narrative of the expedition in H.M.S. As-
sistance under the command of Captain Sir Edward
Belcher, C.B., in search of Sir John Franklin during
the years 1852, 1853, 1854. With notes on the natural
history by Sir John Richardson, Professor Owen, Thomas
Bell, J. W. Salter, and Lovell Reeve, 2v. London.
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Remarks:
Appendix, vol. II, pp. 263-419, includes reports on
fishes and other natural history subjects.

Bendock, Terence M. 1976. Beaufort Sea estuarine fishery
study. Annual Report, July 1975-March 1976, Sport Fish
Division, Alaska Department Fish Game. Pages 243-261.
In: Fish, plankton, benthos, littoral: environmental
assessment of the outer continental shelf. VII. En-
vironmental Research Laboratories, Boulder, Colorado.

Specices
Salvelinus alpinus, Coregonus sardinella, C. autum-
nalis, C. nasus, C. pidschian, Thymallus arcticus, Os-
merus mordax, Mallotus villosus, Boreogadus saida,
Eleginus gracilis, Myoxocephalus quadricornis, Liopset-
ta glacialis, Liparis sp.

Places:
Point Sorenson to Brownlow Point.

Remarks:
C. sardinella the most abundant species; M.
quadricornis common throughout area. B. saida
seasonally abundant. Salmonids wide spread along
coast. Larvae and young of B. saida, M. villosus and
Liparis spp. dominated offshore trawl catches.

Berg, Leo S. 1931. A review of the lampreys of the nor-

thern hemisphere. Erzheg. Zool. Muz. (Akad. Nauk
SSSR)32:87-116.

Berg, Leo S. 1934. Ob amfiboreal' nom prery vistom
rasprostranenu morskoi fauna v svernom POLUSHARII [On
the amphiboreal (discontinuous) distribution of marine
fauna in the northern hemisphere]. Isvestiya
Geograficheskogo obshchestva 66(1):69-78.

Berg, L. S., and A. Popov. 1932. A review of the forms of
Myoxocephalus quadricornis (L.). C. R. Acad. Sci.
U.S.S.R. 1932-33 6:152-160.
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Bergstrand, J. 1973. Fisheries resources in Alaska. In-
ventory. Arctic Region. Resource Planning Team, Joint
Federal-State Land Use Planning Comm. for Alaska, An-
chorage. 8 p.

Bernier, J. E. l910. Report on the Dominion of Canada
Government Expedition to the Arctic Islands and Hudson
Strait on board the D.G.S. "Arctic". Ottawa. 529 p.

Berry, Frank B. et al. 1959. An appraisal of the health
and nutritional status of the Eskimo. Report of the
Internat. Comm. on Nutrition for National Defense,
Dep. of Defense, Washington, D.C.

Bird, J. B., and M. B. Bird. 1961. Bathurst Inlet,
Northwest Territories, Canada. Dep. of Mines and Tech.
Surv., Ottawa. (Memoir 7)pp. 9, 10, 50.

Species:
Coregonus sp., Salvelinus alpinus, S. namaycush, Tom-
cod.

Places:
Bathurst Inlet.

Remarks:
Tomcod common in winter, other spp. more important at
other times. S. alpinus particularly numerous June-
August.

Bishop, Yvonne, Real M. Carter et al. 1957. Index and list
of titles, publications of the Fisheries Research Board
of Canada, 1901-1954. Bull. Fish. Res. Bd. Canada
ll0:209 p.

Boulva, J. 1972. Morphometrics of three sympatric arctic
codfishes from the genera Arctogadus and Gadus. J.
Fisn. Res. Bd. Canada 29:243-249.
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Species:
Arctogadus, Gadus.

Places:
Cambridge Bay.

Bray, J. R. 1975. Marine fish surveys in the Mackenzie Del-
ta area. Fish. Res. Bd. Canada, MS Report 1326, 10 p.

Species:
Clupea harengus, Osmerus eperlanus, Myoxocephalus
quadricornis, Coregonus autumnalis, C. sardinella.

Remarks:
Groundfish biomass estimated at 10,000 lb/mi² in 1961
at Tuktoyaktuk. Declined to 3,000lb/mi² at 2 mi off-
shore.

Brazhmikov, V. K. 1900-04. Rybnye .Promysl' Dal'nego
Vostoko [Fishery in the Far East] No. 1(1900) and 2
(1904).

Brazhmikov, V. K. 1907. Materialy po fauna russikh Vostoch-
nych morei [Data on the fauna of the far Eastern seas].
Zapiski Akademii Niauk 20(6).

Brunskill, G. J., D. M. Rosenberg, N.B. Snow, G. L. Vascotto
and R. Wagemann. 1973. Ecological studies of aquatic
systems in the Mackenzie-Porcupine drainage in relation
to proposed pipeline and highway developments. A
preliminary report for the Environmental-Social Commit-
tee, Northern Pipelines, Dep. of the Environment.
Fish. Res. Bd., Fresh Water Inst., Winnipeg, Manitoba.
129 p. 15 Appendices.

Brunskill, G. J., D. M. Rosenberg, N.B. Snow and R.
Wagemann. 1973. Ecological studies of aquatic systems
in the Mackenzie-Porcupine Drainages in relation to
proposed pipeline and highway developments. Vol. II.
Environmental Soc. Comm., Northern Pipelines, Winnipeg,
Manitoba . 345 p. Tables, appendices (Task Force on
Northern Oil Development Rep. 73-41).
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Bryan, J. E. 1973. The influence of pipeline development on
freshwater fishery resources of northern Yukon Ter-
ritory. Aspects of research conducted in 1971 and
1972. Northern Operations Branch, Fisheries Service,
Dep. of the Environment, Ottawa. 56 p. (Task Force on
Northern Oil Development. Rep. 73-6).

Bryan, J. E., C. E. Walker, R. E. Kendel and M. S. Elson.
1971. The influence of pipeline development on fresh-
water aquatic ecology in northern Yukon Territory.
Progress Report on research conducted in 1971. En-
vironment Canada, Fisheries Service. 45 p.

Bryan, J. E., C. E. Walker, R. E. Kendel and M. S. Elson.
1973. Freshwater ecology in the northern Yukon ter-
ritory. Fisheries Service, Pacific region, Dep. of the
Environment, for the Environmental Social program, Nor-
thern Pipelines, Vancouver, British Columbia, 64 p.
Tables, figures, maps.(Task Force on Northern Oil
Development. Rep. 73-21).

Species:
Discusses 18 species, mostly freshwater.

Places:
Blow River, Mackenzie Delta, Herschel Island.

Remarks:
Discusses distribution, commercial harvests. Tables
show bio-statistics of more prevalent species.

Butorin, D. A. 1965. Areas of concentrations of Polar cod
in the Arctic. Ryb. Khoz. 10(8).

Cameron, Thomas W. M. 1938. The feeding of dogs in the
Canadian Arctic. Can. J. of Comp. Med. 2(7):181-185
(July, 1938).
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Canada, Department of the Environment. 1973. Impact of a
northern gas pipeline. Vol. 5. Impact of pipelines on
traditional activities of hunter-trappers in the Ter-
ritories. Fisheries Service for the Environmental-
Social Program, Northern Pipelines, Ottawa.

Canada, Department of Indian Affairs and Northern Develop-
ment. 1973a. Regional impact of a northern gas
pipeline. Vol. 1: Summary Report. Economic Staff
group, Northern Economic Development Branch for the
Environmental-Social Program, Northern Pipelines. Ot-
tawa. 187 p.

Canada, Department of Indian Affairs and Northern Develop-
ment. 1973b. Atlas of wildlife habitat inventory maps
for Environmental-Social program, Northern pipelines.
Part of a wildlife habitat inventory of the Mackenzie
Valley and northern Yukon. Set of 7 atlases. Tech-
nical and graphic design by Bryan Chubb. Ottawa. Ring
binder, paper cover.

Canada, Department of Indian Affairs and Northern Develop-
ment. 1975. Mackenzie Valley pipeline assessment:
Environmental and socio-economic effects of the
proposed Canadian Arctic gas pipeline of the Northwest
Territories and Yukon. Environmental Social Program,
Northern Pipelines. Ottawa. 442 p.

Canada, Environment Protection Board, 1974. Environmental
impact assessment of the portion of the Mackenzie Gas
Pipeline from Alaska to Alberta, Vol. III. Environmen-
tal atlas. Prepared by Interdisciplinary Systems Ltd.
and Templeton Eng. Co.

Species:
Coreganus autumnalis, C. nasus, C. pidschian, C.
sardinella, Prosopium cylindraceum, Thymallus arcticus,
Salvelinus alpinus, Esox lucius, Catostomus catostomus.

Places:
Mackenzie Delta, Richards Island, Tieda River, Blow
River, Peel River.
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Remarks:
Text ans maps include important fish migration, over-
wintering, spawning and rearing areas.

Canada, Fisheries, Research Board. 1947. Northwest Canadian
Fisheries Survey in 1944-45. Fish. Res. Bd. Can.
Bull. 72:94.

Canada, Fishieries Research Board. 1959. List of articles
in the "Translation Series" no. 1-166 with indexes to
authhors and tranrslators (1959 .... continuing supple-

ments) . 32 p.

Canada, Northern Economic Development Branch. 1973.
Regional impact of a Northern Gas pipeline. Pages
34,43-45, l18, 125-127. (Task Force on Northern Cil
Development Report 73-32)

Species:
Clupea sp., Coregonus Sp p ., Salvelinus alpinus, Esox
lucius, Catostomus catostomus, Stenodus leucichthys,
Salmonidae (trout)

Places:
Mackenzie River Delta, Mackenzie River tributaries,
Tuktoyaktuk, Herschel Island, Shoalwater Bay, Aklavik.

Remarks:
Discusses distribution and value of fish catches in
Mackenzie drainage.

Canadian Government. 1888. Report of the Select Committee
of the Senate appointed to inquire into the resources
of the Great Mackenzie Basin. 3rd Report of the Select
Comm. of the Senate ... appointed to inquire into the
resources that part of the Dominion... comprising the
Great Mackenzie Basin... its fisheries, forests, and
mines and to report upon its possible commercial and
agricultural value. Ottawa.
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Canadian Wildlife Service. 1969. Arctic ecology map series
(maps and descriptive booklets) Ottawa.

Canadian Wildlife Service. 1972. Arctic ecology map
series. Descriptive reports. 2nd ed. Data added.
Environment Canada, Ottawa.

Carter, Neal M. 1965. Index and list of titles, Fisheries
Research Board of Canada and associated publications,
1900-64. Bull. Fish. Res. Bd. Canada 164:649 p.

Carter, Neal M. 1968. Index and list of titles, Fisheries
Research Board of Canada, and associated publications,
1900-1964. Bull. Fish. Res. Bd. Canada 164:649 p.

Carter, Neal M. 1969. Index and list of manuscript reports
(Biological no. 1-900; Experimental no. 1-61;
Oceanographic and Limnological no. 1-229) to their con-
clusion as three separate series in 1966. Fish. Res.
Bd., Canada, M. S. Report Ser. (Biol.) 900:255 p.

Carter, Neal M. 1973. Index and list of titles, Fisheries
Research Board of Canada, and associated publications
1965-1972. Misc. Spec. Publ. Fish. Res. Bd., Canada
18:588 p.

Caulkin, T. B. 1937. Fish. Pages 123-129. In: W. C.
Bethune, ed. Canada's western northland: its history,
resources, population, and administrations. Canada,
Dep. of Mines and Resources, Ottawa.

Species;
Lists 26 marine, freshwater and anadromous species.

Remarks:
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S. alpinus the most abundant food fish along coast
from Keewatin to MacKenzie. Most important commercial
species Gadus ogac, Boreogadus saida, Clupea pallasii,
Osmerus dentex, Platichthys stellatus especially abun-
dant in Cape Pathurst area. Seasonal variations are
discussed.

Chance, Norman A. 1967. The eskimo of north Alaska. Holt,
Rinehart, and Winston, New York.

Chitwood, Philip E. 1969. Japanese, Soviet, and South
Korean fisheries off Alaska. Development and history
through 1966. Natl. Marine Fish. Service, Washington,
D.C. 34 p. (Circular 310).

Remarks:
By close of 1966, fisheries of Japan and U.S.S.R.
utilized most of 550,000 sq. nautical miles of the Con-
tinental Shelf of Alaska from Dixon Entrance in south
and east, west beyond Attu Island, and north to Arctic
Ocean.

Cohen, Daniel M. 1954. Age and growth studies on two
species of whitefish from Point Barrow, Alaska. Stan-
ford Ichthyological Bull. 4(3):168-186.

Species:
Coregonus nasus, C. sardinella.

Places:
Point Barrow.

Collinson, Richard. 1889. Journal of H.M.S. Enterprise on
the expedition in search of Sir John Franklin's ships
by Bering Strait, 1850-1855. S. Low, Marston, Searle
and Rivington Ltd., London. 531 p.

Cooney, R. T., and James Crane. 1972. Nearshore Marine
Biology, Colville. Pages 217-230. In: Baseline data
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study of the Alaskan Arctic aquatic environment, no.
R72-3. University of Alaska, Inst. of Marine Sci.

* Fairbanks.

Remarks:
Discusses spatial distribution and abundance of
dominant epibenthic species.

Craig, P. C. 1970. Interoffice memorandum of Trans-Alaska
Pipeline System concerning spawning habitat in the area
of vehicular crossings of the Sagavanirktok River,
dated October 1, 1970.

Craig, P. C. 1973. Preliminary report on winter fisheries
between Prudhoe Bay and the Mackenzie River by Aquatic
Environments for Northern Eng. Services, Ltd.

Craig, P. C. Fisheries investigations in the Canning River.
Canadian Arctic Gas Study Ltd. Calgary, Canada Biol.
Rep. Ser. (In preparation).

Remarks:
Indicates most commonly eaten fish in region were
Boreogadus saida. Sex ratio of juvenile arctic charr
in Sagavanirktok and Canning Rivers 9.2 males:7.2
females.

Craig, P. C., and G. J. Mann. 1974. Life history and
distribution of the Arctic cisco (Coregonus autumnalis)
along the Beaufort Sea coastline in Alaska and the Yu-
kon Territory. In: P. J. McCart, ed. Life histories
of anadromous and fresh water fish in the western Arc-
tic. Canadian Arctic Gas Study, Ltd., Biol. Rep. Ser.
20(4):33.

Species:
Coregonus autumnalis, C. sardinella, C. clupeaformis,
C. nasus, Prosopium cylindraceum, Stenodus
leucichytnys, Myoxocephalus quadricornis, Liopsetta
glacialis, Osmerus eperlanus, Borcogdus saida, Sal-
velinus alpinus, Thymallus arcticus.
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Remarks:
C. autumnalis in brackish water. Both C. autumnalis
and C. sardinella spawn in Colville and Mackenzie
Rivers, probably overwinter in delta.

Craig, P. C., and P. J. McCart. 1974a. Fall spawning and
overwintering areas of fish populations along routes
proposed pipeline between Prudhoe Bay and the Mackenzie
Delta, 1972-1973. In P. J. McCart, ed. Fisheries
research associated with proposed gas pipeline routes
in Alaska, Yukon, and Northwest Territories. Canadian
Arctic Gas Study, Ltd., Biol. Rep. Ser. 15(3):36.

Species:
Salvelinus alpinus, Thymallus arcticus, Prosopium
cylindraceum, Catestomus catostomus.

Remarks:
Known overwintering sites identified. Sizes of charr
populations indicated. Previous studies summarized.

Craig, P. C., and P. J. McCart. 1974b. Classification of
stream types in Beaufort Sea drainages between Prudhoe
Bay, Alaska, and the Mackenzie Delta. Canadian Arctic
Gas Study, Ltd., Calgary. Biol. Rep. Ser. 17:1-47.

Species:
Salvelinus alpinus, Thymallus arcticus, Prosopium
cylindraceum, Cottus cognatus, Pungitius pungitius.

Places:
Fifty seven locations in 17 drainages from Kuparuk
River east to Mackenzie delta.

Remarks:
Streams are described on basis of physical, chemical
and biological characteristics.

Craig, P. C., and P. J. McCart. 1975. Fish utilization of
nearshore coastal waters between the Colville and
Mackenzie Rivers with an emphasis on anadromous
species. Report presented at the 3rd Internat. Conf.
on Port and Ocean Engineering under Arctic conditions,
held at the University of Alaska, College, Alaska, Aug.
11-15, 1975. Appendix. In: P. C. Craig, ed. Fisheries
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investigations in a coastal region of the Beaufort Sea.
Canadian Arctic Gas Study, Ltd., Calgary. Biol. Rep.
Ser. 34(2):172-219.

Remarks:
Distribution of 28 species of marine and freshwater
fishes examined, with emphasis on life histories and
migrations of S. alpinus and C. autumnalis.

Craig, P. C., and V. A. Poulin. 1974. Life history and
movement of grayling (Thymallus arcticus) and juvenile
Arctic charr (Salvelinus Alpinus) in a small tundra
stream tributary of the Kavik River, Alaska. In: P.

J. McCart, ed. Life histories of anadromous and fresh water fishes in the Western Arctic. Canadian Arctic
Gas Study, Ltd., Calgary. Biol. Rep. Ser. 20(2):53.

Craig, P., and V. A. Poulin. 1975. Movements and growth of
grayling (Thymallus arcticus) and of juvenile Arctic
charr (Salvelinus alpinus) in a small Arctic stream,
Alaska, J. Fish. Res. Bd. Canada 32:689-697.

Currie, R. 1964. The Yukon Territory Littoral, an economic
development program report. Industrial Div. Dep. of
Northern Affairs and Natl. Res. Ottawa. 32 p. (Area
Econ. Surv. Rep. 6 3/3) Restricted.

Species:
Salvelinus alpinus, Stenodus leucichthys, Mallotus vil-
losus, Blue herring, Cisco herring, Coregonus spp.

Places:
Clarence Lagoon, Shingle Point, Herschel Island, Blow
River, Ptarmigan Bay.

Remarks:

Blue herring most abundant August, cisco herring July,
Herschel Island to Blow River. Estimated potential
yields of various species are given.

Dall, William H. 1870. Alaska and its resources. Lee and
Shepherd, Boston
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Dall, William H. and Marcus Baker. 1879. Partial list of
books, pamphlets, papers in Serial Journals and other
publications on Alaska and adjacent regions. Pages
225-374. In: U.S. Coast and Geodetic Survey. Pacific
Coast Pilot, Coast and Islands of Alaska (2nd ser.) Ap-
pendix 1.

Day, D., and C. R. Forrester. 1971. A preliminary
bibliography on the trawl fishery and groundfish of the
Pacific coast of North America. Fish. Res. Bd. Canada.
Technical Rep. 246. 91 p.

Dean, B. 1923. A bibliography of fishes. 3 vols. Amer.
Mus. Nat. Hist., New York.

de Bruyn, M., and P. J. McCart. 1974. Life history of the
grayling (Thymallus arcticus) in Beaufort Sea
drainages. In: P. J. McCart, ed. Fisheries research
associated with proposed gas pipeline routes in Alaska,
Yukon and Northwest Territories. Canadian Arctic
Study, Ltd., Calgary. Biol. Rept. Ser. 15(2):396.

Dees, L. T. 1963. Index of fishery biological papers by
U.S. Fish and Wildlife service authors appearing in
non-government publications, 1940-1956. U.S. Fish
Wildl. Serv. Fish. Circ. 151:138.

De Vries, A. L. 1971. Freezing resistance in fishes.
Pages 157-190. In: Hoar and Randall, eds. Fish
physiology. Vol. 6 Academic Press, New York and Lon-
don.

Doran, L. D. 1974. Fishes and aquatic systems. Pages
205-268. In: Canada, Environmental Protection Board,
Research Report Environmental impact assessment of the
portion of the Mackenzie gas pipeline from Alaska to
Alberta. Winnipeg, Manitoba.
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Dryden, R. L., and J. N. Stein. 1975. Guidlines for the
protection of fish resources of the Northwest Ter-
ritories during highway construction and operation.
Fisheries and Marine Service, Environment Canada, Win-
nipeg, Manitoba. 32 p. Tables, figures, maps. (Tech-
nical Rep. Ser. CEN/T-75-1)

Species:
Salvelinus alpinus, Coregonus nasus, C. autumnalis, C.
sardinella, C. pidschian, Stenodus leucichthys,
Catostomus catostomus, C. commersoni, Thymallus arc-
ticus, Esox lucius, Lota lota, Stizostedion vitreum, 22
additional species not abundant.

Places:
Mackenzie River, from Great Slave Lake to the delta.

Remarks:
Concern with effects of stream crossings. Distribution
and ages at maturity are tabulated.

Dryden, R. L., B. G. Sutherland and J. N. Stein. 1973. An
evaluation of fish resources of Mackenzie River Valley
as related to pipeline development. Vol. II.
Fisheries Serv. Dept. of the Environment, Ottawa. 176
p.(Task Force on Northern oil Development 73-2)

Species:
34 species noted.

Places:
Mackenzie River valley and delta.

Remarks:
Detailed descriptions of physical conditions. Migra-
tion routes, spawning areas, nursery and over-wintering
areas noted for 50 streams. Stages of maturity of
fishes indicated.

Dunbar, M. J. 1947. Marine young fish from the Canadian
eastern Arctic. Fish. Res. Bd. Can., Bull. 73:1-11.

Species:
Boreogadus saida, Triglops pingeli, Gymnocathus
galeatus, Agonus decagonus, Aspidophoroides olriki,
Lumpenus lampetraformis, Stichaeus punctatus, Myox-
ocephalus quadricornis.
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Places:
Arctic Ocean. Point Barrow, Alaskan Coast, Aleutian
Islands, Pribilof Islands, Hudson Bay.

Remarks:
Discusses distribution of listed species.

Dunbar, M. J. 1951. Resources of arctic and subarctic
seas. Transactions, Roy. Soc. of Canada 45: (Series
III), Sec. V:61-67.

Species:
Salvelinus alpinus. Mallotus villosus, Boreogadus
saida, Clupeidae.

Dunbar, M. J. 1953. Arctic and subarctic marine ecology:
immediate problems. Arctic 6:75-90.

Dunbar, J. 1968. Ecological development in polar regions,
a study in evolution. Prentice-Hall, Englewood Cliffs,
New Jersey.

Dunbar, M. J. 1970. On the fishery potential of the sea
waters of the Canadian north. Arctic 23(3):150-174.

Species:
Gadus ogac, Eleginus gracilis, Clupea harengus, Sal-
velinus alpinus, Anarrhichas denticulatus.

Places:
Point Barrow, Coronation Gulf, Liverpool Bay, Darnley
Bay, Prince Patrick Island, Greenland.

Remarks:
Emphasis on distribution in eastern Arctic.

Dunbar, M. J. 1973. The arctic and sub-arctic marine en-
vironment. Pages 244-288. In: D. H. Pimlott, K. M.
Vincent, and C. E. McKnight, eds. Arctic Alternatives.
Mail O-Matic Printing, Ottawa.
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Remarks:
At present little exploitation of fish in Southern

Beaufort Sea but potential exists.

Dupere and Associates Inc. for the North Slope Borough.
1973. North Slope Borough reconnaissance study: an

inventory of the borough and its communities.

Durrer, J. L., and J. P Hannon. 1961. Seasonal variations

in the caloric intake of dogs living in an Arctic en-

vironment. Arctic Aeromed. Lab., Ft. Wainwright

TR-61-33, Fairbanks, Alaska.

Remarks:
Mentions caloric value of some fishes.

Dymond, J. R. 1940. Pacific salmon in the Arctic Ocean.

Proc. Pacific Sci. Cong. 6, vol. 3, 435 p.

Remarks:
Treats occurrences in Mackenzie and Arctic Red Rivers.

Dymond, J. R. 1943. The coregonine fishes of northwestern

Canada. Contrib. Royal Ontario Mus., Zool. no.

124:171-232 (reprinted from Trans. Royal Canadian Inst.

24(2):171-231).

Species:
Coregonus nelsoni, C. kennicotti, C. o'donoghuei, C.

atikameg, C. nasus, C. clupeaformis, C. pidschian,

Prosopium quadrilaterale, P. cylindraceum, P. preblei,

Leucichthys pusillus, L. sardinella, L. autumnalis, L.

lauretta, L. lucidus, L. artedii, Stenodus leucichthys,

S. mackenzii, Salmo (Coregonus) lucidus, Esox lucius.

Places:
Tuktoyaktuk, Mackenzie East Branch, Coppermine River,

Arctic Red River, Peel River, Mackenzie River, Fort

MacPherson, Great Slave Lake, Yukon River, Anderson

River, Cape Bathurst, Herschel Island, Rat River,

Richards Island, Kidluit.

Remarks:
Taxonomy, biology, fisheries utilization. Distribution

and abundance.
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Dymond, J. R. 1944. Notes on specimens, localities in the
Northwest Territories of fish other than Coregonidae,
in the collections of the Royal Ontario Mus. of Zool.

(Unpublished).

Dymond, J. R., and V. D. Vladykov. 1934. The distribution
and relationships of the Salmonoids of North America
and North Asia. Proc. of the Pacific Sci. Cong.,
Canaoa, 1933, vol. 5:3741-3750. Univ. of Toronto
Press, Toronto.

Species:
Salmo (Oncorhynchus), Cristivomor, Salvelinus, Hucho,
Brachymystax, Stenodus, Coregonus, Thymallus,
Phylogephyra.

Efimov, A. V. 1964. Otkrytiia Ameriki so storony Azii.
Voprosy istorii 39(12):139-144.

Ekblau, Walter E. 1926. The material response of the Polar
Eskimo to their far Arctic environment. Annals of the
Assoc. of Amer. Geographers 18:(4).

Ellis, D. V. 1962. Observations on the distribution and
ecology of some Arctic fish. Arctic 15:179-190.

Species:
Salvelinus alpinus, S. namaycush, Coregonus spp., C.
clupeaformis, C. artedii, C. sardinella, Prosopium
cylindraceum, Thymallus arcticus, Mallotus villosus,
Esox lucius, Catostomus catostomus, Lota lota, Gadus
ogac, Eleginus gracilis, Coryphaenoides rupestris,
Pungitius pungitius, Myoxocephalus cuadricornis, M.
scorpius, Liopsetta glacialis, Platichthys stellatus.

Places:
Coppermine River, Bathurst Inlet, Cambridge Bay,
Coronation Gulf, Spence Bay, Baffin Island, Banks Is-
land, Eclipse Sound.
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Ellis, William. 1782. An authentic narrative of a voyage
performed by Captain Cook and Captain Clarke. 2 v., G.
Robinson, London.

Esakov, V. A. et al. 1964. Russkie okeanicheskie i mor-
skie issledoraniia v XIX-nachale XXV [Russian oceanic
and marine investigations in the 19th to beginning of
20th century]. Moskva, Izd-vo. Nauka, 1964. 160 p.

Evermann, B. W., and E. L. Coldsborough. 1907. The fishes
of Alaska. Bull. U.S. Bur. Fish. 26:219-3GO.

Evermann, B. W., and H. M. Smith. 1896. The whitefishes of
North America. Rep. U.S. Comm. Fish. for l894, pt
20:283-324.

Faas, R. 1968. Inshore arctic ecosystems with ice stress.
Pages 987-1003. In: H. Odom and J. Copeland, eds.
Coastal ecological systems of the United States: a
source book for estuarine planning. University of N.C.
Inst. of Marine Sci. Chapel Hill (Rep 68-128).

Federal Field Committee for Development Planning in Alaska.
1968. Alaska natives and the land. Anchorage.

Ferguson, J. D. 1961. The human ecology and social
economic change in the community of Tuktoyaktuk, N.W.T.
Northern Coordination and Research Center, Dep. of Nor-
thern Aff. and Natl. Res. Ottawa. 80 p. (NCRC 61-1).

Species:
Clupeidae, Coregonidae, Coregonus artedii, Stenodus
leucichthys, Salvelinus alpinus, Osmerus sp., Eleginus
gracilis, Lota lota, Pungitius pungitius.

31



Places:
Mackenzie River Delta, Tuktoyaktuk, Aklavik, Whitefish
Station, Firth River, King Point Harbor, Back River,
Berschel Island, Baillie Island.

Remarks:
Average annual harvest Clupeidae at Tuktoyaktuk and
abundance of fishes in the area.

Fisher, A. 1820. A journal of a voyage to the Arctic re-
gions in H. M. Ships Hecla and Griper in the years 1819
and 1820. 2nd ed. London. 320 p.

Fisher, H. D. 1958. Arctic investigations by the Fisheries
Research Board of Canada, 1956-1957. Arctic
10(4):244-245.

Food and Agriculture Organization of the United Nations.
1972. Atlas of the living resources of the sea.

Foote, D. C. 1959. The economic base and seasonal ac-
tivities of some northwest Alaskan villages: a
preliminary study. Bioenvironmental Studies, Project
Chariot, USAEC Con. No. AT(04-3)-315.

Foote, D. C. 1960a. The Eskimo hunter at Point Hope,
Alaska: September, 1959 to May, 1960. Bioenvironmen-
tal Studies, Project Chariot, USAEC Con. No.
AT (04-3) -315.

Foote, D. C. 196Ob. The Eskimo hunter at Point Hope,
Alaska. Part II, May to September, 1960. Bioenviron-
mental Studies, Project Charlot, USAEC Con. No.
AT (04-3) -315.
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Foote, D. C. 1964. Changing resource utilization by
Eskimos in northwestern Arctic Alaska, 1850-1952.
Paper read Arctic and Sub-arctic Sec. VII Internat.
Cong. Anthro. and Ethn. Moscow. 5th August, 1964.

Foote, D. C. 1965. Exploration and resource utilization in
northwestern Alaska before 1855. Ph.D. Dissertation
McGill University, Dep. of Geog., Montreal. 400 p.

Species:
Coregonidae, Oncorhynchus keta, Oncorhynchus spp., Sal-
velinus sp., Thymallus arcticus, Arctogadus glacialis.

Places:
Noatak, Point Lay, Point Hope, Point Barrow, Kukpuk
River, Colville River, Ikpikpuk River.

Remarks:
Estimates of past and present caloric intake of people
and dogs. Annual harvest data on fishes.

Foote, L. C., and H. A. Williamson. 1966. A human
geographical study. Pages 1041-l108. In: N. J.
Wilimovsky and J. N. Wolfe, eds. Environment of the
Cape Thompson Region, Alaska. Div. of Technical Infor-
mation, U.S. Atomic Energy Comm. Springfield, Va.

Species:
Salvelinus alpinus, Oncorhynchus spp., Coregonidae,
Thymallus arcticus, Boreogadus saida, Pleuronectidae.

Places:
Point Hope, Kukpuk River, Wulik River, Noatak River.

Remarks:
Fishing methods, catch and utilization data.

Fowler, R. W. 1905. Notes on some Arctic fishes with a
description of a new Oncocottus. Proc. Acad. Nat.
Sci., Philadelphia 57:362-370.

Species:
Coregonus kennicotti, C. nelsoni, Argyrosomus pusillus,
Thymallus signifer, Oncocottus hexacornis, O. hexacor-
nis gilberti, Loreogadus saida, Lota maculosa.
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Places:
Point Barrow, Meade River.

Franklin, John. 1828. Narrative of a second expedition to
the shores of the Polar Sea in the years 1825, 1826,
1827. J. Murray, London.

Species:
Coregonus artedii, Coregonus sp., "Trout", Thymallus
arcticus, Stenodus leucichthys, Mallotus villosus,
Couesius plumbeus.

Places:
Point warren, Richards Island, Herschel Island, Kay
Point, Point Sabine, Point King, Simpson Island,
Mackenzie River mouth, Bear Lake River, Fort Franklin,
Point Toker.

Remarks:
General information on distribution and abundance of
fish and Eskimo fisheries.

Franklin, John. 1829. Journey to the shores of the Polar
Sea, in 1825, 26, 27. London.

Furniss, R. A. [n.d.] Unpublished fisheries investigations
at Prudhoe Bay, Alaska, 1974. Alaska Dep. of Fish
Game, Fairbanks.

Remarks:
Arctic charr second most abundant species in Prudhoe
Bay. Preferred inshore areas. Majority of Beaufort
sea charr produced in Sagavanirktok, Canning, Kongakut
rivers. Spawning areas primarily in springs in
foothills.

Furniss, R. A. [n.d.] Prudhoe Bay Study. Alaska Dep. of
Fish Game. (Unpublished).

Remarks:
Gives length, weight, sex, location of capture for 897
fish specimens.
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Furniss, R. A. [n.d.] Lake and stream catalog. North
slope I. Alaska Dep. of Fish Game. (Unpublished).

Remarks:
Includes fish sampling - Beaufort Sea coast 1970,
mainly Canning River drainages. Descriptions of lake
habitats in Arctic National Wildlife Range.

Furniss, R. A. [n.d.] Lake and stream catalog. North Slope
2. Alaska Dep. of Fish Game. (Unpublished)

Remarks:
Summary reports of Colville River, Canning River
Springs, Sagavanirktok River drainage.

Furniss, R. A. 1974a. Fisheries investigations at Prudhoe
Bay, Alaska. Alaska Dep. of Fish Game. 16 p.

Remarks:
Studies in July-August indicate Salvelinus alpinus
second most abundant Prudhoe species. Prefer nearshore
Beaufort Sea area. Most spawning areas in inland areas
Sagavanirktok, Canning and Kongakut River drainages,
especially in springs of Brooks Range foothills.

Furniss, R. A. 1974b. Inventory and cataloging of Arctic
area waters. Alaska Dep. of Fish and Game annual per-
formance report for inventory and cataloging of Arctic
area waters, Project F-9-6, Study no. G-1. Vol. 15:45.

Species:
Coregonus autumnalis, C. sardinella, C. pidschian, C.
nasus, Prosopium cylindraceum, Salvelinus alpinus, S.

namaycush, Thymallus arcticus, Boreogadus saida, Lota
lota, Ammodytes sp., Pungitius pungitius, Cottidae.

Places:
Colville River, Barter Island, Sagavanirktok River,
Chandler Lake, Shainin Lake, Itkillik Lake, Elusive
Lake.

Remarks:
Data on movements, age, length, weight, sex, maturity.
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Furniss, R. A. 1975. Inventory and cataloging of the Arc-
tic area waters. Alaska Dep. of Fish and Game, Federal
Aid in Fish Restoration. Annual Report of Performance,
July 1, 1974 through June 30, 1975. Project F-9-7.
Study G-l-1. Vol. 16:47 p.

Species:Coregonus sardinella, O. autumnalis, C nasus, C. pid

schian, Salvelinus alpinus, Thymallus arcticus, Myox-
ocephalus quadricornis, Liopsetta glacialis.

Places:
Prudhoe Bay.

Remarks:

Data on movements, age, length, weight, sex, maturity.

Fyodorov, E. 1939. Scientific works of our polar expedi-
tion, January, 1929. Foreign Language Publishing

House, Moscow.

Galbraith, D. F., and D. C. Fraser. 1974. Distribution and
food habits of fish in eastern coastal Beaufort Sea.
Beaufort Sea Project, Dep. of the Environment, Vic-
toria, B.C. 48 p. (Interim Rep. of Beaufort Sea Project
Study B l , Eastern, Dec., 1974).

Places:
Southeast Beaufort Sea, Kugmallit Bay, Tuktoyaktuk.

Remarks:

Seasonal distribution, food habits of major species
described. Current state of knowledge reviewed.

Galbraith, D. F., and J. G. Hunter. 1976. Fisheries of
offshore waters and Tuktoyaktuk Peninsula. Beaufort
Sea Project. Dep. of the Environment, Victoria B.C.
(Beaufort Sea Project Technical Rep. 7).

Species:
Coregonus autumnalis, C. sardinella, Osmerus eperlanus,
Polar cod, Myoxocephalus quadricornis.

Places:
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Tuktoyaktuk Peninsula, Southern Beaufort Sea, Herschel
Island.

Remarks:
Results of gill netting and trawling. In gill nets,
smelt and ciscoes ca. 90% of catch, cod dominated off-

shore trawls. Larval smelt are important forage fish
offshore.

Gavin, A. 1969. Wildlife studies, central area, North
Slope, Alaska, a report to the Atlantic Richfield Co.
Ten typewritten pages and appendix.

Species:
Coregonus spp., Salvelinus alpinus, Oncorhynchus sp.,
Thymallus arcticus.

Places:
Prudhoe Bay, Colville River, Canning River.

Remarks:
Notes paucity of information. Fishes found in rivers
on seasonal basis, major runs in spring and fall.

Gavin, A. 1971. Ecological survey of Alaska's north slope,
summer 1969 and l970. Unpubl. brochure, Atlantic Rich-
field Corp. 13 p.

Gavin, A. 1973. Wildlife of the North Slope, a five year
study, 1969-1973. Atlantic Richfield Co., 61 p.

Species:
Coregonus nasus, C. sardinella, C. pidschian, Prosopium
cylindraceum, Thymallus arcticus, Salvelinus alpinus,
Osmerus mordax, Catostomus catostomus, Myoxocephalus
quadricornis.

Places:
Colville River, Kuparuk River, Sagavanirktok River,
Prudhoe Bay, Ivishak River, Ribdon River, Accomplish-
ment Creek, Canning River, Kavik River, Ugnuravik
River.

Remarks:
Describes characteristics of streams, distribution of
fishes, importance of streams in life history of
fishes.
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Gilbert, C. H. 1895. Notes on fishes from the basin of the
Mackenzie River in British America. Bull. U.S. Fish.
Comm. 14:23-25.

Species:
Coregonus kennicotti, C. lucidus, Stenodus mackenzii,
Thymallus signifier.

Places:
Mackenzie River delta, Fort Good Hope, Fort Simpson,
Great Bear Lake.

Remarks:
Descriptive notes.

Glove, G., and P. J., McCart. 1974. Life history of Arctic
charr (Salvelinus alpinus) in the Firth River, Yukon
Territory. In: P. J. McCart, ed. Life histories of
anadromous and freshwater fish in the Western Arctic.
Canadian Arctic Gas Study, Ltd., Calgary. Biol. Rep.
Ser. 20(3).

Species:
Salvelinus alpinus, Thymallus arcticus.

Places:
Firth River.

Remarks:
Population estimated at 32,OUU charr on basis of aerial
surveys. Maps show distribution, spawning, nursery,
wintering areas. Life history, length, weight of
anadromous charr compared with resident fish. Tagging
experiments analyzed.

Grainger, E. H. 1953. On the age, growth, migration,
reproductive potential and feeding habits of the Arctic
charr (Salvelinus alpinus) of Frobisher Bay, Baffin
Island. J. Fish. Res. Bd. Canada 10(6):326-370.

Species:
Salvelinus alpinus.

Places:
Baffin Island, Frobisher Bay, Herschel Island, Aklavik.

Remarks:
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Includes age, growth, fecundity, food habits data.

Grainger, E. H., and J. G. Hunter. 1959. Station list of
the 1955-1958 field investigations of the Arctic unit
of the Fisheries Research Board, Canada. J. Fish. Res.
Bd. Canada 16(4):403-420.

Great Britain, Admiralty. 1854. Papers relative to the
recent Arctic expedition in search of Sir John Franklin
and the crews of H. M. Ships Erebus and Terror. Lon-
don. XLII:102.

Grekov, V. I. 1960. Ochrki iz Istorii Russkith
Geograficheskith Issledovanii V 1725-1765 gg. Isdatel'
stvo Akademiia Nauk SSSR, Moskva.

Griffiths, W., P. Craig, G. Walder and G. Mann. 1975.
Fisheries investigations in a coastal region of the
Beaufort Sea (Nunaluk Lagoon, Yukon Territory).
Canadian Arctic Gas Study Ltd., Calgary. Biol Rep. Ser.
34(2) :519.

Species:
Coregonus autumnalis, C. sardinella, Stenodus
leucichthys, Salvelinus alpinus, Thymallus arcticus,
Pungitius pungitius, Myoxocephalus quadricornis, Liop-
setta glacialis.

Places:
Nunaluk Lagoon, Firth River, Malcolm River, Herschel
Island, Mackenzie River.

Remarks:
Abundance, age, growth, size, sex ratios, life
histories of major species.

Griffiths, W., A. Sekerak and M. Jones. 1974. Distribution
of fish species along alternative gas pipeline cor-
ridors in Alaska and the Yukon Territory. In: P. J.
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McCart, ed. Classification of streams in Beaufort Sea
Drainages and distribution of fish in Arctic and
subarctic drainages. Canadian Arctic Gas Study Ltd.,
Calgary. Biol. Rep. Ser. 17(2):176 p.

Species:
Lists 48 species.

Remarks:
Species and locations listed with supporting data.
Maps show major drainages, locations of pipeline cor-
ridors, distribution patterns of fish species. Exten-
sive references.

Cunn, W. W., Ed. 1973. Bibliography of the Naval Arctic
Research Laboratory. Technical Paper. Arctic Inst.
of N. A. 24:176.

Remarks: Bibliography of oceanic and terrestrial aspects
of Arctic Regions. Includes relevant publications on
Arctic Marine biology and oceanography.

Halkett, A. 1913. Checklist of fishes of the Dominion of
Canada and Newfoundland. King's Printer, Ottawa. 138

p.

Hall , Mark. 1971. A proposal for regional development of
Arctic Alaska. Prepared for Human Population and

Natural Resources. Harvard University, Cambridge, Mass.

Hanbury, David T. 1904. Sport and travel in the Northland
of Canada. Macmillan, New York.

Hanson, W. C., and i .E. Palmer. [n.d.] The accumulation
of fallout cesium-137 in northern Alaska natives. Work
performed under contract no. AT(45-1)-135!, between the
Atomic Energy Commission and General Electric Co. Nan-

ford Lab., Gen. Electric Co., Richland, Wa.
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Species:
Salvelinus alpinus, Thymallus arcticus, Coregonidae,
Boreogadus saida.

Places:
Barrow, Anaktuvuk Pass, Kotzebue, Point Hope, Noatak,
Kobuk, Yukon River.

Remarks:
Coregonids and grayling most important species at Bar-
row.

Hanson, W. C., H. E. Palmer and B. I. Griffin. 1966.
Radioactivity in northern Alaskan Eskimos and their
foods summer, 1962. Pages 1151-1164. In: N. J.
Wilimovsky and John N. Wolfe, eds. Environment of the
Cape Thompson Region Alaska. Division of Technical In-
formation, U.S. Atomic Energy Comm. Springfield, Va.

Species:
Salvelinus alpinus, Coregonus spp., Prosopium cylin-
draceum, Stenodus leucichthys, Oncorhynchus gorbuscha,
O. keta, Boreogadus saida, Leptocottus armatus, Cot-

Places:
Anaktuvuk Pass, Barrow, Point Hope, Kotzebue, Little
D 1omede.

Remarks:
Discusses contributions of various species to native
diets.

Hatfield, C. J., J. N. Stein, M. R. Falk and C. S. Jessop.
1972. Fish resources of the Mackenzie River Valley.
Interim Report, vol. 1. Fisheries Service, Environment
Canada, Winnipeg. 247 p.

Remarks:

Pre.lim inary ata on distribution, relative abundance,
j . tr., igr rti o, enceral life history of anadromous
species in outer ilackenzi: De lttoa.

.iatield, C. i<., J I. !Stein, . R. Fclk, C. S. Jessop and
D. -?I. i i, . 1-?. i isr' : sources of the 'ackenzie
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River Valley. Interim Report, vol. 2. Fisheries Ser-
vice, Environment Canada, Winnipeg. 289 p.

Species:
Coregonus autumnalis, C. pidschian, C. nasus, Stenodus
leucichthys, Lota lota.

Places:
Colville River, Mackenzie River, Barter Island.

Remarks:
Details of survey methods, results. Stream catalog.
Fisheries and biological data.

Hattersley-Smith, G. F. 1952. Beaufort Sea Expedition
1951. Arctic Circular 5:13-17. (Mimeo).

Healy, M. A. 1889. Report of the cruise of the Revenue
Marine Steamer Corwin in the Arctic Ocean in the year
1884. U.S. Government Printing Office, Washington,
D.C. (50th Cong., 1st sess., House of Rep. Misc. Sect.
602.)

Hearne, Samuel. 1968. Journals of Samuel Hearne and Philip
Turnor between the years 1774 and 1792. Originally
published by the Champlain Society, Toronto, 1934
(Champlain Publication XXI). Facsimile edition. Green-
wood Press, New York. 611 p.

Helmericks, C., and H. Helmericks. 1948. Our summer with
the Eskimos. Little, Brown and Co., Boston. 239 p.

Hennessey, Frank. 1910. Report of Mr. Frank Hennessey on
the birds, animals, crustacea and fauna collected on
the expedition of the Arctic in 1908-09. Pages
502-513. In: J. E. Bernier, ed. Report of the
Dominion of Canada Expedition to the Arctic Islands and
Hudson Strait on board the D.G.S. Arctic. Dep. of
Marine and Fishery, Ottawa.
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ertlininveaux, R. F. 197U. Icepack 8/68 - oceanographicel
and biological observations. Fi sh. .es . of Canada,
Nanaima, E. C. 69 p. (Technical kep. no. 159).

iewcs, C. V. 17. Aboriginal use of fishery resources in
Northwest North Amrerica. Ph.D. Thesis. University of
California, Berkeley, Ca.

Hickok, D. f.. f97/u. Developmental trends in Arctic Alaska.
Alaska Sea Grant program, Anchorage. 11 p. (Un-
published).)

Hlickok, D. !. 197u-1971. Development of Alaska's un-
derutilized arctic marine resources: a coherent area
project. University of Alaska, Inst. of >Marine Sci.
.May, 197i-1971.

Hildebrand, :1. 194O. Mlarine fish of Arctic Canada. F,.S.
Thesis. M'cGill University, Montreal. 123 p.

Holilbergc, f:. G. 195G. Ethnograrhische Skizzen uber die
Volker des Russischen Amerika. Act. Soc. Sci. l'enn. 4

Hooper, C. L. 18l1. Report of the cruise of the U.S.
Revenue Steamer Corwin in the Arctic Ocean, 13J6. U.S.
Governnient Printing Office, 18c1.

looper, C. L. 1684. Report of the cruise of the U.C.
Revenue Steamer Corwin in the Arctic Ocean 1G31. U.S.
Government Printing Office, sashington, D.C.
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hoo'pDer, V,. L. 16o5. Ien ,icnths among the tents of the
'luski with incidents of an Arctic boat expedition in
search of Sir John Franklin as far as i ackenzie [iver
and Cape Sat turst. London.

rHoward, pi .L. 1974. Aquatic invertebrate-waterbird
relationships on AIlaska's Arctic coastal plain. M.S.
'Inesis. Iowa State University, Ames, ia. 43 p.

Sp -ecizs:
Pun itius pungitius, Myoxocephalus quadricornis.

P1 ac, s:
Prudhoe Eay.

lowara, W. L. iiary of the Point Barrow Ex-peition 12th
April to 9th August, 1686. 5o; -180 (1) 6 'IS Amr 146,).
'Ihe -ioughton Library. Harvard Univtrsity, Cambridge,
[ilass. (Unpublislhed) .

Howard, !,. L. Sleaging Expedition to the "No-talk" River,
1st Dectember lc;85 to 5th April 18S5. 565'.(2) 6 MS TiS
145o. I'he Hou(hton Library, Harvard University, Cam-
bridge, ,,ass. (Unpublished).

liubbs, Carl L. 1925. A revision of the os.nerid fishes of
thle North Pacific. Proc. Piol. Soc. 'ashin t on
36:49-55.

Rle. clir ks:
Five species native to BPring and Eeaufort seas. 'lax-
onoinic emphasis.

Lubbs, C. L., and NI. J. Viliinovsky. 19u4. Distribution and
synonymy in che Pac ific Ccean, and variation of the
Creeniand halibut, Reinh *rdtius nippog lossoid s (liCal-
baum) . J. Fish. ikes. Bd:. Canada 21(5) :123-1154.
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Lufford, G. L. 1S71. The biological response to oil in the
marine environment. Re ort to U.S. Coast Cuard of
Project no. 714141/003. Washington, D.C.

Hunt, A. O., G. i'. 1iacNabb and J. S. Tener. 1974. Macken-
zie Valley-Northern Yukon pipelines, socio-economic and
environmental aspects. Environment Canada, Ottawa.
Photographs, maps. (Report to Task Force on Northern
Oil. evelopment 74-17)

Species:
Herring, Coregonidae, Stenodus leucichthys, Salvelinus
alpinus, S. namaycush, TIhyinallus arcticus, Esox lucius,
Catostomidae, Lota lota.

Places:
Aackenzie River Celta and Valley, Herschel Islancd,
Firth Piver, iabbage River, Bllow River, Richards Is-
land, Xugliallit i3ay, Tuktoyaktuk, Eskimro Lakes.

Rel;;ar ks:
Main commercial, subsistence and sport fishing sites
indicated. Coregonids, salvelinids, grayling, pike are
most important species.

hunter, J. C. 1957. Fishery resources survey of the
western Arctic. Arctic Eiol. Station, Fish. Res. Ed.
Ste. Anne ce Eell2svue, Cuebec.

Sp ecies:
Coregonus autumnalis, C. sardiinella, C. clupeaforrmis,
C. nasus, Stenodus leucichthys, Salvelinus alpinus,
Gacidae, Osmeridae, Cottidae, Plcuronectidae.

£I aces:
Shoalwater Bay, Herschel Island.

enmar ks:
Fish concentrate in Shoalwater Bay in sumrmer.

Hunter, J. C. 1966a. The Arctic charr: Fisheries fact
sheet. Arctic EPol. Station, Canada Fish. Res. Bd. 3

.45
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Hunter, J. G. 196b. The Arctic charr fish. Canada
19(3) :17-1.

Hunter, J. G. 1967. [ilc aectivities of the Fisheries
1 esearch Board in the Arctic in ]9u5. Arctic Circ.
17(1) :14-16.

Hunter, J. G. 1971. Fis-heries Research Doard studies in
Canada's Arctic. Can. Geogr. J. 82(5):100-1U7.

Hunter, J. G. 1975. Fishery resources of the western Arc-
tic. Manuscript Rep. Ser. Fish. Res. Ed. Canada, no.
1335. 33 p.

Species:
Clupea harengus, Coregonus autumnalis, C. sardinella,
C. nasus, C. clupeaformiis, Stenodus leucichthys, !.ial-
lotus villosus, Csmerus ;nordax, Doreogadus saida.

Places:
iMackenzie River Delta, V ;itefish Station East, Tuk-
toyaktuk Peninsula, Cape Bathurst, Arctic Rec Iiver,
Beaufort Sea.

Remar ks:
W;hitefishes most comiTmnoi, species. Herring fished at
Cape Bathurst. Large numbers larvae at 'luktoyaktuk
Peninsula. Distribution of all species patchy.

Isakson, J. S., J. [1. Stonie, J. Vagners ct al. 1975. Off-
shore Prudhoe Eay, inshore Prucdhoe lay. Pages E2u4 to
D213. In: Comparison cf ecolcgic3] i, acts of
postulated oil spills at selccted Alaskr. locations.
Introduction, surmmary, rie-.thouology, e valutiocn, and Cp-
pendices, June, 1975. Final -eport. Vol. 1,
Mathematical Sci. Uorthiiwst, Inc. Pellcvue, ia.

Species:
Herring, Coregonids, Miellotus villosus, Osceridce,
"Navaga cod," Eleginus gracilis, DoreogaJus sai a,
Tiheragra chaicog ramr a , Cottidac, lycxoceh:i, i us
quadricornis, rl ilos pin-eli, Am.riocdytes hex-opt.rL s,
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Liparids, Liopsetta glacialis, Platichthys stellatus,
Limranda aspera, Pleuronectes quadrituberculatus.

P !LZ'CE:
Prudhoe Fay, Point EarLow, Umiat, Cclville River.

cmar ks:
Important species tabulated, together with sensitivity
to oil spills; coimmercial, subsistance, sport fisiery
importance; spawning period; depth range; life history;
food habits.

Isakson, J. S., J. t. Storie, J. Vagners et al. 1975. Corn-
pcrison of ecological impacts of postulated oil spills
at selected Alaska locations. Final Report. Vol. II.
Results, aiathematical Sci. [lorthwest, Inc., ellevue,
ta .

Species:
Lists more than 3u species.

Places:
Kotzebue Sound, Cape Llosso.m, Prudhoe Pay, Colville
1iver Lelta, Umiat, Sagavanirktok River.

Reni r k s:
Summarizes information on fishes of . rc as tre-.t d.
Discusses vulnerability of various species to different
types of oil spills, and to spiills in different.
n-aitats.

Jackson, t. r]. r , i. i1. Charters, q. J. Duvsll end f'. f il-
debrand. 1j49. Literature on the natural history cf
the arctic region with special reference to f/ laska anr
Canacia. a ildl.ife Leaflet, U.S. Fish and .3il3llife Ser-
vice 31 :1 -4 .

J-nness, L. 1922a. Focu. Pages I/7-13. In: lh 2 L:i f of
the: Copper Eskimo. Report of the Cana ;ian frct.ic Ex-
pedition, 113-118 . Vol. 12.
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Jenness, D. 1922b. Fishing. Pages 152-157. In: The life
of Copper Eskimo. Report of the Canadian Arctic Ex-
pedition, 1913-1918. Vol. 12.

Jenness, D. 1957. Dawn in Arctic Alaska. University of
Minnesota, Minneapolis, Mn. 22 p.

Johansen, Frits. On arctic fishes of North America in the
Division of Zoology. Natl. Mus. of Canada. (Un-
published).

Jones, M., and R. Kendel. 1973. The Beaufort Sea gill-
netting program in the vicinity of King Point, Yukon.
Memo. Rept. Fish. and Marine Service, Dep. of the En-
vironment, Whitehorse, Yukon Territory.

Species:
Stenodus leucichthys, Myoxocephalus quadricornis.

Places:
Beaufort Sea, Shingle Point.

Jcngcar, P. 'i. 1Y-/. l ne cape lin (lMallotus villosus) :
0 iology istribution, ex'loittio., utilization and
comilnposition. Cull. Fisri. <es. id. Canada 1Oj: 7 0 .

i-R i r ks:
Sum;rnrizes existing knowledg(, of distribution, abun-
oance, life .history, fisheries.

Jessop, C. S. , iK. a'. J. Cicnj3- ue, J. ,. Lilley n.J K. J.
I -Prcy .l furtlher evaluaticn of fish resources

of i 'kenzIe i, iv r Valley as rel 'te to pipeline
dev iop;i n t .F:ih. and . r in Fritn ie V .' Li r nlretnt
Cc.ndP, :innipcg. rF5 p. (' iask Force on 5'or cLhrn
Pl ell nes, h . no. 7 - i).
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Coregonus nasus, C. pidschian, Stenodus leucichthys,

Salvelinus alpinus, Thymallus arcticus, Esox lucius.

Places:
Mackenzie River Delta, Beaufort Sea coast, Aklavik,
Fort McPherson, Arctic Red River, Horseshoe Bend, Big
Fish River.

Remarks:
Study of freshwater migration and ecology of species
common in Mackenzie River delta.

Jessop, C. S., T. R. Porter, M. Blouew and R. Sopuck. 1973.
Fish resources of the Mackenzie River Valley. Special
Report: an intensive study of the fish resources of 2

mainstem tributaries. Fish. Service, Dep. of the En-

vironment, Winnipeg. 148 p.

Species:
Coregonus autumnalis, C. nasus, C. pidschian, C.
sardinelia, Prosopium cylindraceum, P. williamsoni,
Stenodus leucichthys, Salvelinus alpinus, Thymallus
arcticus, Catostomus catostomus, C. commersoni,
Couesius plumbeus, Notropis hudsonicus, N.

atherinoides, Lota lota, Pungitius pungitius, Cottus
cognatus.

Places:
Rat River, Rabbitskin River.

Jessop, C. S., and J. W. Lilley. 1975. An evaluation of
the fish resources of the Mackenzie River Valley based
on 1974 data. Fish. and Marine Service, Environment
Canada, Winnipeg. (Technical Rep. Ser. no CEN/T-75-6)

Species:
Lists 21 species plus "others".

Places:
Aklavik, Norman Wells, Fort Simpson, Mackenzie River
Delta.

Remarks:
Retines and supplements earlier data, especially
relating to fry and juveniles.
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Josephson, Karla. 1974. The use of the sea by Alaska na-
tives, a historical perspective. University of Alaska,
Arctic Environmental Information and Data Center, An-
chorage 95 p. (Alaska Sea Grant Rept. no. 73-11)

Species:
Herring, Salmon, Whitefisn, Tomcod, Sculpin.

Places:
Point Barrow, Cape Smythe, Icy Cape, Wainwright.

Remarks:
Discusses seasonal availability of fishes for food.

Johnson, M. L., C. H. Fiscus, B. T. Ostenson and M. L. Bar-
bour. 1966. Marine Mammals. Pages 877-926. In: N.
J. Wilimovsky and J. N. Wolfe, eds. Environment of the
Cape Thompson Region Alaska. Division of Technical In-
formation, U.S. Atomic Energy Comm. Springfield, Va.

Remarks:
Lists 18 species fishes utilized by ringed and bearded
seals at Point Hope.

Kemp, V. A. M. 1928. Report on the fisheries of the
Mackenzie River Delta. Appendix no. 11. Pages
209-210. In: Canada, Department of Marine and
Fisheries, Annual Report for 1927-1928. Ottawa.

Species:
Salmon trout, Herring, Whitefish, Jackfish, Conie.

Places:
Mackenzie River Delta, Shingle Point, Kittagaruit.

Kendel, R., and M. Jones. 1973. Report on gillnetting in
the Beaufort Sea near Shingle Point and King Point,
April, 1973. Fish. Service Manuscript, Canadian Fish.
Res. Bd. 6 p.

Kendel, R. E., R. A. C. Johnston, U. Lobsiger and M. D.
Kozak. 1974. Movements, distribution, populations,
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and food habits of fish in the western coastal Peaufort
Sea, Dec., I'74i. Eeaufort Sea Project, Victoria P.C.
(Interimi Rep. of Beauffort Sea Proj. Study P1).

CSpecies:
Lainpetr a japorica, Clupea harengus, Coregonus
clupeaformis, C. autumnal is, C. sardinella, C. nasus,
StenoGus leucichthys, Salvelinus alpinus, s-necrus eper-
lanus, hailotus viliosus, Coucsius plur'eus, Esox:
lucius, Coreogadus saida, :lejinus navaga, L:. gracilis,
Ylyoxocephcilus cued.ricornis, Liopscrtta .1 acil i 3
Platichthys stellatus.

Places:
Phillips Eay, Trent Bay, ShingLe Point, Kin! Point.

Re!mar ks:
Largest concentrations of fish found near shore, espe-
cizally Shingrle Point, irent Lay cast to iir'.j Foint. C.
sar Jinella the most frequently caught species.

Kenuel, R. L., R. A. C. Johnston, C. Lobsiger and: MI. E.
Kozak. 1975. Fish of the Yukon coast. Beaufort Sea
Project, Dcp. of the Environment, Victoria, P.C. 114 p.
(Beaufort eca 'echnical Rep. no. 6).

Specie.s:
Lamipetra japonica, Clupea narcngus, Coregonus
ci uptaforimnis, C. autumnalis, C. sardinella, C. ncisus,
Stenodus leucichthys, Salvelinus alpinus, Osierus cper-
lanus, Pallotus villosus, Couesius plunmbus, Esox
lucius, Boreogadus saida, Eleginus navaga, E. gracilis,
Nyoxocephalus quadricornis, Liopsetta 9lacialis,
Piatichthys steilaitus,

Places:
Phillips Day, Stokes Lagoon, Herschel Island, Shingle
Point, Stokes Point, Kay Point, King Point, Ftation

Rem r ks:
Examines aqua:tic environment of western Eeaufort Sea.c
Dlstribution, tage-mrturity, food habits, migrations of
major species ciscussed.

Kerswill, C. J. 195'J. Surveys, dcvelopilent, and Ianagemlctt
of rencwal le Lcsources, arctic fishe-riecs .and sealing.
Report on l[an in Cold L.'ater Conr., [ay 12-]3, l,69.

[I'on tr l .
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KeLrsill, C. J., and J. G. Hunter. 197C. Fishes. Pages
9-10. In: Fisheries Research Eoard studies in
Canada's Arctic. Misc. Spec. Publ. Fish. Res. Pd.
Canada 13.

Species:
1Cupe La ha reng.us, Salvelinus alpinus, S. namaycush,
Coregonidae, Nallotus villosus, Gadidae, Pleuronec-

Mackenzie River beltc, Yukon coast, Peaufort Sea, Banks
Island.

Remar aks:
. al.nus st abundsnt coastal and island species.

1Total production froni dielt; region estimated at 2.5
iraillion pouncs annually. Potential for arctic Canada 5

million pouncds. larine potential 20 million pounds.

Klumov, S. K. 1937. Polar cod and their importance for
certain life processes in the Arctic. Izvost. Akad.
Nauk. SS i (biol.) no.1.

Kogi, 1,. 1. 1971. fionitoring and evaluation of Arctic
waters with emphasis on the North Slope Drainages:
Colville River study. Annual ReIeort of Erogress.
Fe'deral Aid in Fish Restoration. Alaska lep. of Fish
and Game 12:23-u1 (1976-1971). Job C-ill-A, Project

S tcC ki s :

Coregonus autuimnalis, C. nasus, C. pidschian, C.
sardinella , Prosopiur. cylind3raceum, Salvelinus alpinus,
S. namaycush, Thymnallus arcticus, Csmnerus mordax,
Catostornidae, Lot. lota.

RemTarks:
Preliminary findings on rclative abundance, distribu-
tion, age, growth, sexual rrmturity, spawning areas.

Kogi, D. R., and D. i1. Sclhell. 1975. Colville River Delta
fishe.ries research. Pa3ges 4'3-504. In: V. Alexander,
L. C. :urrell, j. Ching, eds. Environmental studies of
Carn. Arctic estuar ne S ysteii. Final R:eport. U.S. En-
vironme-ntal Protection Agency, Corvallis, Or.
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Species:
Lampetra japonica, Acipenser sp., Coregonus autumnalis,
C. sardinella, C. nasus, C. pidschian, Prosopium. cylin-
draceuiT., Stcnocus leucichthys, Salvelinus alpinus, Cn-
corhynchus keta, 0. gorbuscha, Osmerus mr.ordax,
Catostomus catostomus, Lota lota, Pungjitius pungitius,
iyvoxocepralus cuadricornis, Cottus cognatus, LLopsetta
3lacialis

Places:
Colville .iver Delta.

renmar ks:

Describes nistory of regional fishery utilization.
Liscusses life iistories and movelaelt patterns of major
species. Suggests burbot coulc support small fishery.

Lantis, r'. 153d. The Alaskan whale cult and its af-
finities. Amer. Anthropol. 4u:43o-464.

Lantis, M,. 1954. Problems in the human ecology in the
NIorth Ameirican Arctic. Arctic 7(3) and (4).

Larsen, H., and F. Rainey. 194o. Ipiutak and the Arctic
whale hunting culture. Anthropoligical Papers of the
Amer. M!us. of ijatur. Hist. vol. 42.

Leffingwell, E. 119. The Canning River, Northern Alaska.
U.S. Government Printin-g Office, ;iashington, D.C. 251
p. (U.S. Geological Survey Professional Paper 109).

Species:
Grayling, Salmon trout, W;hitefish, I.umpback salmon.

Places:
Oliktok, Seechey Point, Brownlow Point, Earrison Bay,
Shaviovik River.

Re lla r k s :
Describes coastal fishing.
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Lindberg, G. U. 1936. Materialy po rybam primor' ya [Data
on the fishes of the Maritime Territory]. Trudy
Zoologicheskogo Instituta. Akademiia Nauk SSSR
III:393-407.

Lindberg, G. U. 1937. On the classification and distribu-
tion of sandlances genus Ammodytes (Pisces). East
Pranch Acad. Sci. U.S.S.R. Bull. 27:85-93.

Lotz, J. R. 1964. Yukon Bibliography. Northern Coordina-
tion and Res. Center, Dep. of Northern Affairs and
Natural Resources, Ottawa. 155 p.

McAllister, D. E. 1960a. Keys to the marine fishes of Arc-
tic Canada. Natural History Papers, Nat. Mus. of
Canada 5:1-21.

McAllister D. E. 1960b. List of marine fishes of Canada.
Nat. Mus. of Canada Bull. 168:1-76.

Remarks:
Includes 107 arctic spp., 36 endemic arctic spp., 5
spp. common to Arctic and Pacific.

McAllister D. E. 1960c. The origin and status of deepwater
sculpin, Myoxocephalus thompsonii, a neartic glacial
relict. Nat. Mus. of Canada Bull. 171:44-64.

Remarks:
Discussion of taxonomy and evolutionary relationships.

McAllister D. E. 1961. Revised keys to the marine fishes
of Arctic Canada. Natural History Paper, Nat. Mus. of
Canada 5:17 p.
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EcAllister B. E. 1963a. Fishes of the 196u Salvlinus
program from western Canada. Nat. :us. of Canada Bull.
185:17-39.

Species:
Total of 36 spp. listed.

Places:
,iackenzie River and delta, Aklavik, lierschel Island,
Pauline Cove, Peel Channel.

keirarks:
Thirty spp. from Herschel Island, 14 from! Akiavik.
Three spp. were new to Arctic Canadian fauns. Faunal
relationships between Herschel Island and other are:as
discussed.

icAllister D. E. 19'G3b. A revision of the sinelt family,
Osmner idae. .Nuat .s. of Canada Dull. no. 1".1
(Biological Ser. 71).

McAllister D. c. 1966. Bibliography of the marine fishc-s
oL Arctic Canada. University of Eritish Colum1biE, In-
stitute of Fisheries, Vancouver. lo p. (buseu.ii Con-
triLution no. a).

rcCart, P. 1974a-. I-relriinary asssessrent of the iiip.cct on
aquatic habitats of proposed "Ou-er tackenzic Celta"
alternative. A report to borthern Engcin eerin ervices
Co., Ltu., for Canacian Arctic Ga S-tudy Ltd. 13 p.

[~cCare, P. 1974b. Late winter surveys of lakes anc stream.s
in Canada and a ,lask along gas pipeline routes un er
consirCera-tion by Carnaiarn Arctic Gas Study l.i mit e i ',
1l72-73. Canacian Arctic Cas Etudy Ltc. Calgary.
iDiologiccal Pep. Sei . ] (1).

h'pecies:
Arctic chidtrr, Grayling.
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Coastal rivers from Prudhoe Lay to ,iackenzie River Del-
t3.

Rem ark.s:
hiotes wLnter inTg and spawnini g areas.

'IcCart, P. ]7d'c ClcsEifi ctio n of streans in Eeaufort
Sea dralna:.es and distribution of fish in rrcLtic a nd
sub- a rctic rainagi s. Canad3ian Arctic Gas Stuldy, L t:.

uicl. Lop. .er. 17:223 r:-

ilcCart, P., P. Cr aii an I:. E l;i. ! 72. Rel1ort on
fisti rics investic gtiCons in the Sgavani r ktok LRiver and
neigyhoori g draina -es. Alyeska Pipline Servicie Co.
Bellevue, ashington. loo p.

Species:
Coreronus autumnalis, C. clupteafonr..is, C. nasus, C.
sardinella, Prosopiurn cylindracc'uri, Saciv.irnus alpinus,

-S. inanraycush, Thy:iiallus arcticus, Oncorhynchus keta, 0.
kisu chE, Lota lota, Cottus. cognatus, Iunq i t i us
punglitLus.

ihemar ks:
cStrears categorizted as perennial, mountain, spring or

footnil. Life history data given for i. aopiln , t.c
na__raycush, P. cylindraceum and T. arcticus.

;rcCart, P., i;. Criffiths, C. Gossen, H. Cair. an D. "ripp.
Catlo;g of lakes and stLreams in Cana-d'a along

routes of the preoosled rctic Gas fipelin fro; the
Alaskan Can-aian oracr to the utJL paraIel. Caad Liar n
, rctic l Cs Study, Ltd. Calgary . iological :,ep. aer.
_1:1 -2i.

S [;pee i es:
Lists i3 sap. of r a ri r-, arnadronous a.n1c: fr eshwc,i ter
flsri s s.

i ,, , il L r; S:

An xte trsive co. mp llaion of ata orn str (afs a1 nog
poplose Arctic C, as pirpeline rou'Ces. inclu;di fisies,
*.;tter clhemistry: , bLlthiic irnvertebtL.ates, winter condii-
t ions.
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-i'Clure, R. J. lab5. The discovery of the Northwest Pas-
sage by i.;.:.S. Investigator, ]b50-54. Edited by
Sherard COsborn. Longar.ns, London. 40U5 ,. [isc
p1 ates s.

NcCorn.ick, R. ld44. Voyages of discovery in the Prctic and
Antarctic Seas, and round the world: being personal
narratives of attempts to reach the North and South
Poles, arnd of an open boat expedition up the Wellington
Cnannel in search of Sir John Franklin and INer
1iajesty's Ships Erebus and Tcrror, in H.:I.S. Forlorn
Hope. 2 vol. London.

_e ora r ks:
Includes notes on natural history at Leechey Island.

LacDonald, S. D. 1954. Report on biological investigations
at l'ould Bay, Prince Patrick Island, r .W.T. in 1952.
Ann. Rep. Nat. I;us. of Canada 1952-53. Eull. no.
132:214-238.

Species:
'alvelinus alpinus, Lycodes pallidus, Icelus bicornis,
!<ycxoccphalus quadricornis, Polar tomcod, Eilue catfish,
Lulip sucker.

i'acGliiltie, G. E. 1l55. Class Pisces. Pages 163-185. In:
Listribution and ecology of the marine invertebrates of
Point Earrow, Alaska. Smithsonian :isc. Collections
123(9) :1-201.

pecie es:
Nallotus villosus, Eoreogadus saida, Nyoxocephalus
quai ricornis.

Placess:
Point EBarrow, Elson Lagoon.

telnar ks :
Notes on abundance and econoiic value.
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MacIntyre, R. L. 1961. List of titles of publications of
Fisheries Research Board of Canada, 1955-1960. Cir-
cular, Fish. Res. Bd. Canada, Nanaimo Biol. Sta. 58:94

P.

Mackay, R. 1963. The Mackenzie Delta Area, Northwest Ter-
ritory. Dep. of Mines and Tech. Surveys, Ottawa. 202
p. (Geographical Branch, Memoir 8).

Mackenzie, Alexander. 1801. Voyages from Montreal on the
River St. Lawrence, through the continent of North
America to the Frozen and Pacific Oceans; in the years
1789 and 1793. With a preliminary account of the rise,
progress, and present state of the fur trade of that
country. London. 412 p.

Mackenzie, Alexander. 1803. Voyages from Montreal on the
River St. Lawrence, through the continent of North
America to the Frozen and Pacific Oceans in the years
1789 and 1793. Evert Duyckinck, New York.

Mackenzie, G. P. 1927. Canada's Arctic Islands-Canadian
Expeditions, 1922 and 1923. Northwest Territories and
Yukon Branch, Dep. of the Interior. King's Printer,
Ottawa.

McLaren, I. A. 1959. Aquatic biology. Pages 70-73. In:
G. Hattersley-Smith. Operation Hazen. Narrative and
preliminary reports, 1957-58. Defence Research Board,
Ottawa.

McMillan, J. G. 1910. Animal life on Melville Island.
Pages 473-479. In: J. E. Bernier, ed. Report of the
Dominion of Canada Government Expedition to the Arctic
Islands and Hudson Strait on board the D.G.S. Arctic.
Ottawa.
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Macoun, J. 1888. List of fishes known to occur in the
Mackenzie Basin. Pages 264-265. In: Report of the
Select Committee appointed to enquire into the
resources of the Great Mackenzie Basin. Appendix I.
Canadian Parliament Session, 1888, Senate Journals 22.

McPhail, J. D. 1960. Annotated bibliography on Arctic
North American fresh water fishes. University of

British Columbia, Institute of Fisheries, Vancouver.
24 p. (Museum Contribution no. 6).

McPhail, J. D. 1961. A systematic study of the Salvelinus
alpinus complex in North America. Fish. Res. Bd.
Canada 18(5):793-8l6.

Species:
Salvelinus malma, S. alpinus.

Places:
Seventy-seven localities from Kodiak north and east
through the Canadian Arctic Archipelago.

Remarks:
A taxonomic analysis.

McPhail, J. D. 1963. Geographic variation in North
American Ninespine Sticklebacks, Pungitius pungitius.
J. Fish. Res. Bd. Canada 20(1):27-44.

Species:
Pungitius pungitius.

Places:
Meade River, Ikroavik River, Singakit River, Itkillik
River, Colville River, Herschel Island, Kikiukroik
River, Horton River, Aklavik River, Anderson River,
Bernard Harbor, Cambridge Bay.

Remarks:
A taxonomic study.
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I Phail J. . . 196 . 'I'hl- Coregonus autumnalis complex in
1Alaska and Northwestern Canada. J. Fish. Res. Bd.
Canada 23(1):141-146.

Lpecies:
Coregonus autumnalis, C. laurettae, Argyroso.us
alascanus.

Places:
Point a rrow, Elson Lagoon, Oliktok, lerschel Islane,

ieauLort S ec, Tuktcyaktuk, Akilavik, Peel River, Liver-
pool Eay, Eaillie Island, Victoria Island, Eathurst In-
let, Escnoltz Bay, Port Clarence.

Remiar ks:
';axonornic study of the C. autumnalis group.

[;cPhail, J. D., and C. C. Lindsey. '1,7U. Freshw\.ater fishes
of torthwestern Canada eand Alaska. Fish. Res. Gd.
Canada, Bull. 173:381 p.

Remar.r k s :
Contains descriptions, sulmmraries of zoogeography,
biology, utilization.

rlMcPhcrson, E. i:. et al. 1-72. Potential effects on social
values in wildlife anJ fisghe ies resources. Pages
'9-ba. In: i K. G. Leggett andi I. C. MacFarlane, eds.
Canauian Pipeline Research Conference, Ottawa, 1972.
Proc. National Research Council of Canada, Ottawa.
(N`ational Research Council. rech. 'nemo. no. 1J4).

.icRoy, C. P., C. J. :ueller, J. Crane and S. Vi. Stoker.
'1971. a earshore Marine Ciological results-ColvilIe

.River. Pt. 5, no. 3, unnumbered paging. In: P. Kin-
ney, et al. eds. Baseline data study of Alskan Arctic
acuatic environments: eight Tonths progress 1970.
University of Alaska, Institute of Farine Scierice,
Fairbanks, Alaska (Ii:S Rep. 71-4).

S'H. ciLes:
30oreogacdus saida, M'yoAocephalus sp. , Lurpenrus fabricii,
Lip.ris liparis, Liopsetta glacialis, unkncwn larvae.
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IP 1 a Ct c S:
Simpson Lagoon and barrier islands, Iliktok Point.

Remar ks:
Results of experimental otter trawl samp ling.

iaguire, K. 1654. Proceeings of Commiander M'cguire, H.P.
Discovery Ship Plover. London, 1 54. (Parliamentary
Reports, XLII:165-165. 1854.).

Maguire, Hi. 1855. Proceedings of Cormmander Maguire, Ii. 4.
Discovery Ship Plover. Further papers relative to the
recent Arctic expedition in search of Sir John Frank-
lin, etc., p. 905 (second year). Presented to both
Houses of Parliament, January, 1855. Loncon.

Maguire, R. 1656. Account of the Plover, 1052-53. In:
Sherard Osborn, ed. 'he discovery of the Ntorthwest Pas-
sage by H.5.S. Investigator, Captain R. ?:'Clure. Long-
man, Erown, Green, Longmens and Roberts, London.

MaiL, C., and R. V[acFarlane. 19u3. Through the Packenzie
Delta. VWilliam rriqgs, Toronto. 494 p.

ue;i;, L ks
Inquiry into resources of Mackenzie Easin. Passing
reference to fish.

LManchester, L. 1954. Fish and Fishing. Page 96. In:
Clitford V.ilson, ed. North of 55 degrees. Ryerson,
'foronto.

Species:
Herring, i;hitefish, Stenodus leucicht;ys, Salvelinus
alpinus.

Places:
Plackenzie River Vall ey and Lelta.

61



Remarks: Details cuartities of fish used for humanr and
dog food.

f;ankn, G. J. 1974a. Life history types of the least cisco
(Core(onus sardinell a Valenciennes) in Beaufort Sea
drainages in the Yukon Territory, North Slopt, and in
the eastern Mackenzie River Delta drainages. ].S.
fThlesis. University of Alberta, Dep. of Zoology. 157

U.

Mann, C. J. 1974b. Alternate life histories of the least
cisco (Coregonus sardinella Valenciennes) in the Yukon
Territory, N orth Slope, and c stern NMacken rzie River
drainages. Carnadin A rctic CGa Study Ltd. Calgary,
Alberta. Liological Leo. Ser. 1(3):132 p.

I Mann, G. J. 1935. iinter fisheries survey across the
Mackenzie Delta. Canadian Arctic Gas Study Ltd. Cal-
'ary. Biological Rep. Ser. 34(3): 54. (CctoLber, l 375)

Species:
Clupea harengus, Coregonus clupeaformis, C. nasus, C.
sardinella, Stenodus leucichtnys, Thymallus arcticus,
Osmerus eperianus, Esox lucius, Lota lota, Catc-torfus
catotoonIus, Pungitius pungitius, "SculpDins"

Places:
Lower MackAenzie Delta.

Reinar ks:
Results of three winter surveys, 1974-75. [Iackenzie
Delta imLortant migration path for anadrrrous spp.
Lakes and small channels vital to survival of 23 sp.

M iann, C. V. et al. 19o2. The health and nutritional
status of Alaskan Lskimos. :A. J. of Clinical Iut-i-
tion 11(1):31-i6. (July, l9b2) .

Mianning, T. I. 1953. Niotcs on the fish of Eanks Island.
'Arctic 6(4):27o-27/.
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Spec ies:
Corugonus sardinellc, Coregonus spp., Salve]inus cl-
pinus, S. nanaycush, "Scuipln".

i-laces:
Banks Island, Sachs River, Ie Salis River, Castel Fay,
Kaddci Lake, rfolasston Lake, Victori;i Islaind.

hRemar ks:
Surrrary of the fishes caught or seen. Eskimoes
reported no fish around Banks Island except at mouths
of Sacis and Do Sails rivers.

nnin,, i. h. 1S.4. Defence Research Eoai 3 d's 1953 lan s
Islandc Ex:ex;ed tion. Arctic Circular 7:31-15.

Parntecuffl, 1.P.P. 1943. The Polar cod and its fis-hery.
Ar khangelsk.

.artin, Wi. R 1. 39. The Arctic char of Nort h America.
.. ,. Th-sis. lnivtcsity of Toronto, "oront:o, Ontaric.
64 -.

tiatnews, D. 1i73. A baseline for Ecaufort. Exxon U.L. S.
12(1) :2-7.

ReaL Cks:
Z.-aufort ae, aescried as a cold, Liolocical desert
k.Cccuse cf nutcrlIe:nt-poor vWater, year-rounr, prcsence of
Ice .nii lont wintc'r dar krncs.

ch ;,L, C. F. 1,o5. South!-Irn and western Neldville is1land.
f.tjes 49u-540.S In: Crat ritiri. A'iiira ty. Furtherl

cpiEr s L-a'c tivte to the r -cn!!t Arct LC expedition i
scrZ-cn of .i Joh:i Fraic1kin. Pre snted to both ilouLss
of PI rLliaLe.it, Janu ry, l]b 5. Lonori r..
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.clv ile, J. C. D. 1P-14. Lotcs on the distribution and
econromic ir mortance of "Inconnu" (Stenodus I ac knzie)
in the iack i nzie iliver Va I ey. An. .n Re D. f
L irinn and F'i siLr rics, Canada. 47:23.-2-3.

SPC i e s :
StencOuIS flraC:3c:lZ1i.

Pi ac s $:
i ack enzie Rkiver VaClley and Deltg, It c' V River, KIivievr-
di RocietCrs, Ston y ]sl cin, Luffalo River, Gre-at Sz-ve
Lcake, S ans Sault 'aspis, Fort S'itl, An ierson Iivecr,
C]ur chill, Co-'r, ij' ir - i' lr i ve .

Ier.il, T. RI. Jr. 1971. U Lnder ice observations, 'with

scub:., of i.::rinoe crgcini sns, Ec .ufort Se', north coast
of .Alaska , Fcb. 1 i-, pr i l'9i71. ioclocic,?l Lab., lat.

. rrin Fisheris S: rvici, Au:'e Ray, Alaska.

l.i r;lr, F. A. Y5 L. C sc rvations on the contemporary Eskimo
of I. nw' i ht, Alsk. le. c . c . 57-14. trct i

'l.rO!iie . L..b. , Laci .. . Gase, Fa rirbci:nks, Alaska.

['ii-£l, F. ;. ]u4. hle a;ccultur ti ion of the contenrtor ary
:)Eskimo of i,,£iLwriihLt, A 'ic k,. A n tnr opologlcal 1-ap -rs,

1 iv; 1s i v 1 of c s k a. 1 (, ) .

iln. , . ... K., aiiy . L. . (Offshore drilliig
fcr oil in tih Lcau'-ort Se<: a pr: 1miniary erv L ronrEr:-
tj l c-ss-Si tl. Ivi i.' r t.y 2 , 1' i . J L Jfor t

cu }rcj] ct, i:e,. of nLvi ronn'enct, Victoria, C.
(Sc~;utort 'e 'c .. he ,. no. 3!) .

r- ;p c i cs:

sctixn, "I hr,.ef ish-", ;tn r-o Uls 1eucicCthiy o:, t ' 2l1vcll nu
l aiflnu-s, 'ih ' Lc. -UL aIrcticus, a:lilotus villosus,

L"¥, I'ts", Ca 'us W Z o; c, 1 L. l ini s gLaciJ is, ArctO c a, J us
.jlaciclis, i'orLtoaids Sc iL:a, Loti lot:, IsOX lucius,

1 p in ", " a ti ", .rv 1 c r roun fi s
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,iackenzie Delta, T'uktoyaktuk Peninsula, Miackenzie Pay,
Liverpool Bay, Richards Island, Atkinson Point, Ak-i
lavik, Inuvik, ilason Eay, fMallik ay, Paulatuk, Holrnes
Cr ee !c.

er-,ar Ks:
Lcscribes volume of subsistence and commercial
fisherie s; amounts consum ed by people and dogs.
Possible effects of blow-outs on food chain and
fishneries.

,iohr, J. L., 1s. J. WYili9fovsky and E. Y. Dawson. 1957. An
Arctic ,laskan kelp bed. Arctic 1(l):45-52.

Species:
Boreogadus saida, Cyminelis viridis, Myoxocephalus scor-
pius, Arteciella scaber, Enophrys diceraus.

Discussicn of fauna of a kelp bed 5W miles soutihwest of
La ro w, Als ka.

oiseev, P. A. 1952. Some characteristics of the distribu-
tion of bottom and demersal fishes of the far-eastern
seas. Izvestiia Tikhookeanskojo no. I. Instituta Ryb-
novo Klhoz Rhoziaistva i Ckeanocrafii 37:129-137.
Vladivostok. Available in English as Fish. Res. Ed.
Canard translatLon '4.

oiseev, P. A. ls53a. Some characteristics of the
distribution of bottom and demersal fishes of the far-
eastern seas. Ivestiia Tikhookean. N-I. Instituta lyb.
Khoz. i Ckeanografii 37:12 9-137 (1952), Vladivostok.
Available cs Fish. Tes. Ed. Canada Trans. 94. 10 p.

Ploi5aeV, P. A. I 53b. Coo and flounders of the far-eastern
s e. Ivestlla 'Tikhookeanskogo. 1-. I. Inst. Rybnogo
Khoziastva i Okeanografii 4J:1-2o7. Available in
Jnjlish as F'ish . Ees . Canada, Trans. no. 119.
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Moiseev, P. A. 1954. Izuchenie morskikh i presnovodnykh
bogatstv Dal'nego Vostoko [Study of marine and fresh-
water reserves of the Far East]. Izvestiya Tikhookean-
skogo Instituta Rybnogo Khozyaistva i Okeanografii 39.

Moiseev, P. A. 1956. Peculiarities in the population

dynamics of the commercial fauna in the northeastern
part of the Pacific Ocean and its causes. Zool. Zh.
35(11):1601-1607.

Montgomery, D. T., and L. A. Boughton. 1974. Preliminary
biological data for outer continental shelf resources
reports on Alaska. Fish and Wildlife Service, U.S.
Dep. of the Interior. 23 p.

Moskalenko, B. K. 1964. On the biology of Arctic cod,
Boreogadus saida (Lepechin). Voprosy Ikhtiologii

4(3):32, 433-443.

Mueller, G. J. 1971. Species analysis of Oliktok-Colville
Project, 61-A, 19-27 August, 1970. University of
Alaska, Fairbanks. (Unpublished memo.).

Species:
Boreogadus saida, Lumpenus fabricii, Myoxocephalus
quadricornis, Liparis liparis, Liopsetta glacialis,
unknown larval spp.

Places:
Oliktok, Colville River, Thetis Island.

Remarks:
Results of experimental otter trawl sampling.

Murdoch, J. l884. Fish and fishing at Point Barrow, Arctic
Alaska. Trans. Amer. Fish Cultural Assoc. 13:111-115.

Species:
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Coregonus ker;nicottl, C. ilurettae, C. nlrsoni, Sal-
velinus G Iac , Cnrcorhynchus gorbuscha, ':callotus vil-
losus, Usimerus identex, -oreogadus saicaU, Lota mr.ailosa.,

P1 acc s
Point narrow, El son Lay, iainwriqht Inlet, Colvilli
i iver , Perg inc .

e;hiaL zs:
Describes relative abundance of fishes; Eslinmo fishin;
rmetl.ods.

Miurc'ocn, J. 16U5. Fishes. Pages 129-132. in: P. il. hkay,
ed. Report of the International Polcr Expedition to
Poin- Barrow, Alaska, 1832-1'383. Pt IV. Sec. 3. U.S.
Governmirint Printing Office, iashington, D.C.

Species:
Coiegonus kennicotti, C. laurettac, C. nelsoni, Sal-
velinus nmaliia, Cncorhynchus gorbuscha, Oncorhynchus
sp., ici1lotus villosus, Osn;merus d.ntex, Loreoqcadus
saida, Lota macuiosa, Gy.mnelis viridis, Lycodes tur-
neri, L. coccineus, Gasterosteus punqitius, Cottus
cuaciricornis, C. Jecastrensis, Liparis qibbus.

Places:
Polnt EBarrow, LeaJe RI:ver, Ku-.ru Ri ver, Ca pe Smythie,
Elson Bay, Pergniak, Wainwright Inlet.

ikem. r ks:
A list of species taken, with notes on methods, abun-
dance, distribution.

Murdocli, J. 18Y2. Fishes. Page 53. In: Ethnologic-al
results of the Point Earrow ExpeJdition, International
Polar Expedition to Point Darrow, Alaska, IJlS-l'3 3.
Ann. Rep. Bur. Ethnol. 9.

Species:
Coregonus laurettae, C. kennicotti, C. nelson , Sal-
velinus ialmaln, Cncor hynchus gorbuscha, Oncorhynchus
sp., Thymallus signifer, Osn;erus ientex, "allotus vil-
losus, loreoad us saida, Cottus cuadricorni s, C.
UC a S t r ensi s.

P'l cc¢:
Point farrow, Elson Lay, Colville iviver mouth, KuLar
livver, Kulugrua River, Ku River.
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Reamar s:
B. saida plentiful all year, i. villosus in summrer.
Greatest quantities of fish from rivers.

iMurdoch, J. 189-. The animals known to the Eskimos of
northwestern Alaska. Amer. Naturalist 32(382):719-734.

.iKusienko, R. P. 1957. Young flatfishes (Pleuronectidae) of
the Far Eastern seas. Distribution, age and growth.
Pages 7b-98. In: G. N. Nikitin, ed. Faarine biology.
" rans. Inst. Oceanology, U.S.S.R. Academy of Science
Press, Moscow.

Muth, K. 19. - 1 . agc and grcw.th of the broad whitefish
(Coregonus nasus) in the Mackenzie and Copperrmine
ivers, N. .T. J. Fish. ie. de . Canada

26 (8):2252-2256.

Namtvedt, , S. Parrish, N. Friese and W. Q uirk. 1974.
Fish. Pages 252- 268. In: Alaskan arctic coast-a
background study of available knowledge. Prepared for
Lep. Army, Alaska District, Corps of Engjineers. Alaska
Office, Arctic Institute of North America.

Specles:
Clupea harengus, lMallotus villosus, Osmerus mordax,
Borcogadus saida, Eleginus g£rcilis, Ar teciellus
scciber, Gymnocanthus tricuspis, ilyoxocephalus scorpius,
'riglops pingeli . Total of o .mairine and 23 freshwater

spp. discussed briefly.

Placs:
Kotzebue Sound to Cape Lisburne; Point liope to Dermarka-
tion Point.

Henzar ks:
Outlines cvailable knowiledge of factors determining
cistribution and abundance of fishes in Beaufort and
Chukchi seas. Anadromous fish strcarrs from Point IHope
to LDemarkation Point indicated. Spawnino seasons and
areas tabulatel.
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Nelson, Edward W. 1886. Field notes on Alaskan fishes with
additional notes by Tarleton H. Bean. Pages 295-322.
In: L. M. Turner, ed. Contributions to the natural
history of Alaska. Results of expeditions made chiefly
in the Yukon District and the Aleutian Islands. Con-
ducted under the auspices of the Signal Service, U.S.
Army, extending from May, 1874 to August, 1881. U.S.
Government Printing Office, Washington, D.C.

Species:
Stenodus mackenzii, Thymallus signifer, Osmerus dentex,
Pleuronectes glacialis.

Places:
Bering Sea, Yukon River upstream to Fort Yukon, Kuskok-
wim River to Point Barrow.

Remarks:
Descriptions, brief general notes on various spp.

Nelson, R. K. 1965. Alaskan Eskimo exploitation of the sea
ice environment. Prepared for the Arctic Aeromed. Lab.
University of Wisconsin, Madison. 354 p.

Nelson, R. K. 1966. Literature review of Eskimo knowledge
of sea ice environment. Arctic Aeromed. Lab.
(AAL-TR-65-7).

Nelson, R. K. 1969. Hunters of the northern ice. Univer-
sity of Chicago Press, Chicago.

Nikolskii, C. V. 1947. On biological peculiarities of
faunistic complexes and on the value of their analysis
for zoogeography. Zool. Zhur. 26(3).

Nikolskii, G. V., and D. V. Radakov. 1968. Food interrela-
tions of pelagic fish in the northern seas. Rapp.
Proc. Verb. Cons. Int. Explor. Mer. 153:143-146.
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Noerenberg, W. H. 1974. Fish and wildlife information and
recommendations. Appendix E-3, 1025. July 20, 1974.
Fish and Wildlife Consultant, Trans-Alaska Pipeline.

Nordenskiold, N. A. E. 1882. The voyage of the Vega round
Asia and Europe with a historical review of previous
journeys along the north coast of the Old World.
Translated by Alexander Leslie. MacMillan Company, New
York.

Nordenskiold, N. A. E. 1882-1887. Vega-expeditionens
vetenskapliga iaktagelser bearbetade af Heltagare i
resan och andra forskare. Volumes 1-5. F. and G.
Beijers, Stocknolm.

Northwest Alaska Native Association. 1973. Survey of
resources harvested in the NANA region.

Nursall, J. R., and D. Buchwald. 1972. Life history and
distribution of arctic lamprey, Lethenteron japonicum
(Martens) of Great Slave Lake, N.W.T. Fish. Res. Bd.
Can. Tech. Rep. no. 304.

Orcutt, H. G., 1950. The life history of the Starry
flounder, Platichthys stellatus (Pallas). Calif. Fish.
Bull. 78:1-64.

Osborn, Sherard. 1856. The discovery of the Northwest Pas-
sage by H.M.S. Investigator, Captain R. M'Clure, 1850,
1851, 1852, 1853, 1854. Edited by Commander Sherard
Osborn from the logs and journals of Captain Robert
M'Clure. London.

Remarks:
Describes fauna of Prince Albert Land, Banks Island,
Prince of Wales Strait and Mercy Bay.
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Oswalt, W. H. 1967. Alaskan Eskimos. Chandler Publishing
Company, San Francisco.

Pallas, P. 1811. Zoographia Rosso-asiatica, sistens omnium
animalium in extenso Imperio rossico, et adjacentibus
maribus observatorium recensionem, domicilia, mores, et
descriptiones, anatomen, atgue icones plurimorum. Auc-
tore Petro Pallas ... Petropoli, in officina caes,
academiae scientiarum impress, Petropoli.

Parker, W., D. Swanson, V. Fischer and J. Christian. 1972.
Northwest Alaska economic and transportation prospects,
a survey report prepared by the Institute of Social,
Economic, and Government Research, University of
Alaska, Fairbanks, for Alaska District, U.S. Army Corps
of Engineers.

Parry, W. E. 1824. Journal of a second voyage for the
discovery of a Northwest Passage to the Pacific Ocean
performed in the years 1821, 22, 23 in H.M.S. Fury and
Hiecla. London.

Patterson, A. 1974. Subsistence harvests in five native
regions. Resource Planning Team, Joint Federal-State
Land Use Planning Comm. for Alaska, Anchorage. 48 p.

Pearse, G. A. 1969. A partial bibliography of Arctic fish.
Available from University of Alaska, Dep. of Wildlife
Management. (Unpublished).

Pearse, G., R. Peckham, N. Kramer and K. Alt. 1976. Creel
census in Prudhoe Bay. Pages 129-149. In: Inventory
and cataloging of North Slope waters. Alaska Dep. Fish
Game, Fed. Aid Fish Restor. Ann. Rep. Vol. 7.
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Species:
Salvelinus alpinus, S. namaycush, Thymallus arcticus.

Places:
Prudhoe Bay, Sagavanirktok River and tributaries.

Remarks:
Limited angling in Prudhoe Bay in July and August.
Mentions overwintering areas.

Pedersen, S. 1971. Status and trends of subsistence
resource use at Point Hope. In: Point Hope Project
Report. University of Alaska, Fairbanks.

Species:
Clupea harengus, Coregonus spp., Salvelinus alpinus, S.
malma, Oncorhynchus gorbuscha, Thymallus arcticus, Os-
merus dentex, Boreogadus saida.

Places:
Point Hope, Kukpuk River, Itublarak River.

Remarks:
Describes annual cycles of utilization of fishes.

Penhale, P. 1972. Food requirements of the ninespine
stickleback, Pungitius pungitius, in an Arctic tundra
lake of Alaska. M.S. Thesis. University of North
Carolina, Chapel Hill.

Pennant, Thomas. 1784-1787. Arctic Zoology. 2 vol. II.
Hughes, London.

Pennoyer, S. 1965. Arctic-Yukon-Kuskokwim area: salmon
fishing history. Informational Leaflet, Alaska Dep.
Fish Game 70:51 p.

Percy, R. 1975. Fishes of the outer Mackenzie Delta.
Beaufort Sea Project, Dep. of the Environment, Vic-
toria, B.C. 114 p. (Beaufort Sea Tech. Rep. 8).
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SpcC ies: 1H
Larcpetr- japonice, Cluea harengus, Coreconus autuT-
nalis, C. clupeaforris, C. nasus, C. sr( ine lla,
Froso ulu i cyilindraceuTm, Stenodus leuc chthys, Sal-
v linus ai-inus, S. namaycush, Thymcllus arcticus, Os-
nmrus eperlanus, Hypomesus olidus, CatostoLi.us
cato sortus, Couesius plumbeus, Esox lucius, Eleginus
yracilis, LoLa lota, Percopsis omiscomaycus, Pungitius
pLuniitius, Cottus ricei, tMyoxocephal us lquc:ricornis,
Liopsetta glacialis, Platichthys stellatus.

Nl(:ckr;nzie River Delta, Beaufort Sea.

lea ;cr ks:
Review of existing knowledge of migration routes ard]
tinmng, food habits, life histories.

Percy, <. , '1. Ldovy ndc C. ?iunro. 1974. Anadrom cus and'
freshater fish of the outer Mackenzie Delta. Fish.
an0t [larine Service, Environment Canada. (Intecim RP ep.
of thie Beaufort Sea Project Study B2)

Spece s:
Laila.petra japonica, Clupea harengus, Coregonus spp.,
Coregonus autumnLlis, C. clupeaformis, C. nasus, C.
sar d.nlla, Prosopium cylindraceum, Stenodus
leucichthys, Salvelinus namaycush, Thymallus arcticus,
i;yporLesus olidus, Osmerus eperlanus, Catostoius
catostomus, Couesius plumbeus, Esox lucius, Lota lota,
Eleirnus 3racilis, Persopsis omiscomaycus, Pungitius
pungitius, 4yoxocephalus quadricornis, Cottus ricei,
Liopsetta glacialis, Platichthys stellatus.

Places:
Mackenzie River Delta, Richards Island, lason Eay, I;al-
lik Bay, Kugmallit Bay, Shallow Bay, Swan Channel, East
Channel, Tuktoyaktuk, Kendall Island, Pullen Island,
Rae Island, liolmes Creek, Tununuk.

Remarks:
Summary of abundance, summer and winter distribution,
nursery areas, food habits, migrations, age-length
relationships.

Pototr 'n, /.. 1-2. ,lotes cn tne cdiCtribu tion of aniFals
avzil:,;hle .s fooJ in t}e £rcz-ic regions. ..oy. Gec.
Soc. Loiidon 2U:11-127/.
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Peterson, ;.. [. 19j74. Ecology of the Cana'din Arrctic Ar-
chipelaoo: selected references. 3 vol. Annotated by
l erle Peterson. Western Ecological Services, Ltc. EL-
rlonton, Alberta.

Petroff, I. .182. Report on the population, industries,
and resources of Alaska, 180G. Cersus Office, U.S.
Dep. of the Interior, iashington, E.C.

S pci es:
Oncorhynchus sp., Coxegonus sp., "Salmon trout", Torn'cod
(Pleurogadus navaga).

Nemarks:
Very little information relating to arctic fishes.

Poromarenko, V. P. 1968a. Some data on the distribution
and ilygrations of polar cod in the seas of the Scviet
Arctic. Rapp. Proc. Verb. Cons. Int. Explor. er.
156:131-135.

Ponomarenko, V. P. 19iU8b. '<igratsii sayki v Sovetskomi sek-
tore Artiki [iigration of the Polar cod in the Soviet
Arctic]. iurmiansk, Polyarnyy n-issl. inst. morskogo
rybnogo Khozyaystva i Okeanografii. Iru'.y I93j, no.
23:500-512. [In Russian, English summary].

Ponomarenko, V. P., ih. ,I. INatenzon and V. Fl. Naumlov. 19O2.
Experiniental cruise on Folar cod fishing. Ryb. iKhoz.
12:36-40.

Popov, A. [i. 1933. To the knowledge of the ichthyofcuna of
the Siberian Sea. Arcticc 1:157-1 S.

Spec ie s:
Eroreogaous saiJa, Artediellus scaber, Cyrinocanthus
tricuspis, Icelus bicornis.
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Places:
Chukchi Sea.

Forsild, A. E. 1950. A biological exploration of Banks and
Victoria Island. Arctic 3:45-54.

Porter, R. P. 1893. Population and resources of Alaska at
the eleventh census, 1890. Census Office, Dep. of the
Interior, Washington, D.C. 232 p.

Potapova, G. A. 1965. Bibliography on fishery investiga-
tions in the Northwest Pacific Ocean. Pages 297-373.
In: Soviet fisheries investigations in the Northeast
Pacific. Pt. IV. Translated from Russian by Israel
Program for Scientific Translation, Jerusalem.

Preble, E. A. 1908. Fishes of the Athabaska-Mackenzie re-
gion. Pages 502-515. In: A biological investigation
of the Athabaska-Mackenzie region. Bureau of
Biological Survey, U.S. Dep. of Agriculture, Washing-
ton, D.C. (North American fauna 27).

Species:
Lampetra aurea, Coregonus spp., Argyrosomus tullibee,
A. lucidus, Stenodus mackenzii, Oncorhynchus nerka,
Salvelinus malma, Osmerus dentex, Pygosteus pungitius,
Cottus cognatus, Oncocottus hexacornis, Lota maculosa.

Remarks:
Deals chiefly with inland areas, but includes some data
relating to the Mackenzie River Delta.

Quast, J. C. 1972. Preliminary report of fish collected on
WEBSEC-70. Oceanographic Unit, U.S. Coast Guard.
Washington, D.C. (U.S. Coast Guard Oceanographic Rep.
50).

Remarks:

75



Lists 26 spp. Gives localities, depths, collection
methods, temperature, life history stages. Species oc-
currence highest in Cape Lisburne area, lowest in NE
Chukchi Sea.

Quast, J. C. 1974. Density distribution of juvenile Arctic
cod, Boreogadus saida (Lepechin), in the eastern Chuk-
chi Sea in the fall of 1970. Fish. Bull.
72(4):1094-1104.

Quast, J. C., and E. L. Hall. 1972. List of fishes of
Alaska and adjacent waters with a guide to some of
their literature. U.S. Dep. of Commerce, 1972. (,NOAA

Tech. Rep. NMFS. SSRF-858).

Rae, J. 1852. Journey from Great Bear Lake to Wollaston
Land and explorations along the south and east coast of
Victoria Land. Roy. Geog. Soc. 22.

Rainey, G. G. 1941. Native economy and survival in Arctic
Alaska. Appl. Anthropol. 1(1).

Rainey, F. G., and R. B. Larsen. 1948. Ipiutak and the
Arctic whale hunting culture. Anthro. Pap. Amer. Mus.
Nat. Hist. 42:276 p.

Species:
Oncorhynchus spp., Coregonus spp., Thymallus arcticus,
" Tomcod" .

Remarks:
Occasional mention of fishes and fishing implements.

Rass, T. S. 1955. New regions and resources open to
commercial fishing in far eastern waters. Vop. Ik-
htiol. 4:71-81. Available as Trans. 143, Fish. Res. Bd.
Canada. 24 p.
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Rass, T. S. 1956. The possibilities of substantially in-
creasing catches in the Far East. Ryb. Khoz. 9:57-60.
[In Russian].

Rass, T. S. 1958. Ichthyological investigations of the In-
stitute of Oceanology of the Academy of Sciences of the
U.S.S.R. in the far eastern seas. Trud. Okeanogr. Kom.
Acad. Nauk SSSR 3:118-121. [In Russian].

Ray, P.B. 1885. Fishes. Pages 129-132. In: J. A.

Murdoch, ed. Report of the International Polar Expedi-
tion to Point Barrow, Alaska, 1882-1883. U.S. Govern-
ment Printing Office, Washington, D.C.

Redburn, D. R. 1974. The ecology of the inshore marine
zooplankton of the Chukchi Sea near Point Barrow,
Alaska. M.S. Thesis. University of Alaska, Fairbanks.

Rendahl, H. 1931. Fische aus dem ostlichen Sibirischen
Eismeer und dem Nordpazific. Arkiv Zool. 22A(10):81 p.

Remarks:
Discusses marine species of Bering Strait-Chukchi Sea.

Ricciardelli, A. F. 1953. The causes which led to the
abandonment of the Arctic Slope of Alaska. M.A.
Thesis. University of Pennsylvania, Philadelphia.

Richards, B. G. 1950. Postglacial marine submergence of

Arctic North America with special reference to the
Mackenzie Delta. Proc. Am. Phil. Soc. 94:31-34.
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Richardson, J. 1823. Notices of the fishes. Pages
705-728. In: John Franklin, ed. Narrative of a jour-

ney to shores of the Polar Sea in the years 1819, 1820,
1821, and 1822. Appendix no. 6. John Murray, London.

Richardson, J. 1824. Account of some fishes observed
during Captain Franklin and Dr. Richardson's journey to
the Polar Seas. Memoirs Wernerian Nat. Hist. Soc.
Edinburgh 5, pt. 1:509-522.

Species:
Coregonus albus, C. artedi, Hiodon clodalis.

Remarks:
Taxonomic descriptions, of historical interest only.

Richardson, J. 1835. Salmones. Pages 55-58. In: J. C.

Ross, ed. Appendix to the narrative of a second voyage
in search of a Northwest Passage, and of a residence in
the Arctic regions during the years 1829, 1830, 1831,

1832, and 1833. A. W. Webster, London.

Richardson, J. 1836. The Fish. Part 3. In: Fauna
Boreali-Americana; or the Zoology of the northern parts
of British America. Richard Bentley, London. 327 p.,
24 pl.

Remarks:
Detailed descriptions of 140 spp. Notes on distribu-
tion, biology.

Richardson, J. 1837. Report on North American Zoology.
Pages 121-224. In: Report. 6th meeting British As-
sociation for the Advancement of Science, 1836, pt. v.

Remarks:
Many species described from Mackenzie River region.
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Richardson, J. 1851. Arctic searching expedition, a jour-
nal of a boat voyage through Rupert's land and the Arc-
tic Sea in search of the discovery ships under command
of Sir John Franklin with an appendix on the physical
geography of North America. 2 vol. Longman, Brown,
Green, and Longman, London.

Species:
Coregonus spp., Salmo mackenzii, "Trout", Oncorhynchus
sp.

Remarks:
Numerous references to fishes, native methods of
catching and preserving.

Richardson, J. 1861. Zoology. Pages 274-284. In: The
Polar regions. Edinburgh.

Remarks:
Contains brief remarks on distribution and general
characteristics of more common birds, mammals, fishes.

Richardson, J. 1870. Fish. Pages 518-522, appendix. In:
George Back, ed. Narrative of the Arctic Land Expedi-
tion to the mouth of the Great Fish River and along the
shores of the Arctic Ocean in the years 1833, 1834, and
18 3 5. Charles F. Tuttle, Rutland, Vermont. 663 p.

Species:
Coregonus spp., Salmo mackenzii, S. namaycush,
Catostomus sp., Esox lucius, Lota maculosa.

Remarks:
Deals chiefly with inland spp., little information on
marine forms.

Richardson, J. , N. A. Vigors, G. T. Lay et al. 1839.
Fishes. Pages 41-75. In: Zoology of Captain
Beechey's voyages compiled from collections and notes
made by Captain Beechey, the officers and naturalists
of the expedition during a voyage to the Pacific and

Behring 's trts :tric perfoirlir itn . i ;.S. '-lossom under tIle
con.r.ian. of Captain F. ,J. LCecl'. y ... in the years 1 .2,
i2 u, 127/, and rl2 . !enry vG. ,ohn, London.
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Riske, M . E. 1960. A comprehensive study of north Pacific
and Canadian arctic herring, Clupea. M.S. Thesis.
University of Alberta, Edmonton.

Remarks:
Provides life history and distribution date of species
in Mackenzie Delta-Beaufort Sea area.

Rock, H. 1964. Arctic Survival. Tundra Times. Vol. 3, No.
2, 26 October, 1964.

Rockwel1, J. 1972. Critical times in streams. Data sup-
plied by H. T. Yoshihara , N. F. Netsch and K. Robert-
son. Interagency Fish and Wildlife Team, Anchorage ,
Alaska. 76 p.

Roguski, E. A., and E. Romarek, Jr. 1971. Monitoring and
evaluation of Arctic waters with emphasis on North

Slope drainages. Artic Wldlife Range Study. Rep.
no. F-9-3. Alaska Dep. Fish Game 38 p.

Species:
Coregonus autumnalis, Coregonus spp ., Salvelinus al-
pinus, Thymallus arcticus, Myoxocephalus quadricornis.

Places:
Demarkation Point, Siku Point, Pokuk Bay, Barter Is-

land, Simpson Cove, Brownlow Point, Aicailik River,
Jago River, Kaktovik, Griffin Point, Anderson Point,
Canning River.

Remarks:
A study of water conditions and fish species in the

Arctic National Wildlife Range. Contains data on age,
growth, length frequencies, sexual maturity, distribu-

tion.

Roguski, L. A. , E. Romarek, Jr. and D. R. Kogl. 1971. An-
nual Progress Report for monitoring and evaluation of
Arctic waters with emphasis on North Slope drainages

July 1, 1970 to June 30, 1971. Div. of Scort Fish,
Alaska Dep. Fish Game. Job G-111-A.Vol. 12:61 p.
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Species:
Coregonus autumnalis, C. nasus, C. pidschian , C.
sardinella, Prosopium cylindraceum, Salvelinus alpinus,
S. namaycush, Thymallus arcticus, Osmerus mordax,
Catostomus catostomus, Esox lucius, Lota lota,
Pungitius pungitius, Cottus cognatus, Myoxocephalus
quadricornis, Liopsetta glacialis.

Places:

Arctic coast and north slope of Alaska from Demarkation
Point to Colville River and south to Anaktuvuk Pass.

Remarks:
Data on ice conditions, depths, bottom type, currents,
salinities at river mouths and lagoons in Arctic Wild-
life Range. Age , growth, length frequencies, sexual
maturity, distribution of fishes.

Romanov, N. S. 1959.Annotated bibliography on far eastern
aquatic fauna, flora, and fisheries [Ukazatel'
literatury po rybnomu Khazyaistvu da] ' nego Vostoko
1923-1956/gg.Izdatel ' stvo Akademiya Nauk SSSR. Otod-

clenie Biologicheskikh Nauk, Ikhtiologicheskaya Kom-
misiya, Moskva. Translated by Israel Program for
Scientific Translations, 1966. 391 p. Available from
Nat. Marine Fish. Service, Trans. 64-11101.

Ross, C. 1835. Fish. Pages 46-54. In: John Ross, ed.
Appendix to the narrative of a second voyage in search
of the Northwest Passage. A. W. Webster, London.

Rostlund, E. 1952. Freshwater fish and fishing in native
North America. University of California, Publ. Geog.
9:313 p.

Remarks:
Atctic charr the only fish of real economic importance
to polar and central Eskimos.

Royal Northwest Mounted Police. 1919. Report of Bathurst
Inlet Patrol, 1917-18. Ottawa.
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Sabine, E. 1821. An account of the animals seen by the
late northern expedition whilst within the Arctic
Circle. Pages 33-36. In: William Parry, ed. Journal
of a voyage for the discovery of a Northwest Passage
from the Atlantic to the Pacific performed in the years
1819-20 in H.M.S. Becla and Griper. 2nd ed. Appendix
no. 10. John Murray, London.

Sabine, E. 1826. Fishes. Pages 109-111. In: Captain
William Parry ed. Journal of a third voyage for the
discovery of the Northwest Passage from the Atlantic to
the Pacific performed in the years 1824-25 in H.M.S.
Fury and Hecla under orders of Captain William Edward
Parry. John Murray, London.

Schallock, Eldor. 1971. Sagavanirktok River Basin Study.
Angling and observations. Alaska Water Lab. Environ-
mental Protection Agency, College, Alaska. 6 p.

Schmidt, P. J., and A. P. Andriyashev. 1935. A Greenland
fish in the Oknotsk Sea. Copeia 1935 (2):57-650.

Species:
Eumesogrammus praecisus.

Places:
Beaufort Sea, Bering Sea, Sea of Okhotsk.

Schmidt, W. T. 1970. A field survey of bird use at
Beaufort Lagoon. Prepared for the Bur. Sport Fish.
Wildl. Arctic Nat. Wild1. Range, June-September, 1970.

Remarks:
Discusses utilization of fishes by birds.

Schrader, F. C. 1904. A reconnaissance in northern Alaska
across the Rocky Mountains, along Koyakuk, John, Anak-
tuvak, and Colville Rivers and the Arctic coast to Cape
Lisburne in 1901. U.S. Government Printing Office,
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Washington, D.C. (U.S. Geological Survey Prof. Pap. no.
20).

Schultz, L. P., and A. D. Welander. 1935. A review of the
cods of Northeastern Pacific with comparative notes on
related species. Copeia 1935(3):127-139.

Scofield, N. B. 1899. List of fishes obtained in Arctic
Alaska. Pages 493-509. In: David Starr Jordan, ed.
The fur seals and fur seal islands of the North Pacific
Ocean. Report of the fur seal investigations, 1896-97,
pt. 3. U.S. Treasury Dep. Washington, D.C.

Species:
Clupea harengus, Coregonus kennicotti, Argyrosomus
pusillus, A. lucidus, A. alascanus, Stenodus mackenzii,
Salvelinus malma, Boreogadus saida, Oncocottus hexacor-
nis, Cottus quadricornis, Gymnocanthus galeatus,
Liparis herschelinus, Lycodalepis turneri.

Places:
Herschel Island, Mackenzie River mouth, Barter Island,
Point Barrow, Point Hope, Port Clarence.

Scoresby, W. 1820. An account of the Arctic regions with a
history and description of the northern whale fishery.
2 vol. A. Constable, Edinburgh.

Scott, W. B., and E. J. Crossman. 1973. Freshwater fishes
of Canada. Fish. Res. Bd. Canada, Bull. 184:966 p.

Seeman, B. 1853. Narrative of the voyage of the H.M.S.
Herald during the years 1845-1851. 2 vol. Keeve, Lon-
don.
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Sergeant, D. E. 1962. Biology and hunting of beluga and
white whales in the Canadian Arctic. Arctic Unit,
Fish. Res. Bd. Canada, Circular no. 8:13 p.

Species:
Arctic charr, Capelin, Cod, Sculpin.

Places:
Beaufort Sea, Amundsen Gulf, M'Clure Strait.

Sergejeff, K. 1960. Salmon species new to the Arctic
Ocean. Suomen Kalastuslehti 67 (6) :219-221. Transla-
tion available as Trans. Ser. Fish Res. Bd. Canada 427.

Shmidt, P. Yu. l904a. Pisces marium orientalium. Imperii
Rossici. Ed. Soc. Geogr. Russ. St. Petersburg. [In
Russian.]

Shmidt, P. Yu. 1904b. Ryby vostochnych morei Rosiiskoi Im-
perii [Fishes of the Eastern Seas of the Russian Em-
pire]. In: Nauchnye Re zult'taty Koreiska-
Sakhalinskoi Ekspeditsii Imperatorskogo Rossiiskogo
Geograficheskogo Obshchestva. 466 p.

Shmidt, P. Yu. 1934. On the zoogeographical distribution
of the main commercial fishes in the western part of
the North Pacific. Bull. Pacific Comm. Acad. Sci.
U.S.S.R. 3. [In Russian.]

Shmidt, P. Yu. 1948. The division of the fauna of the tem-
perate zone. Its origin and the formation of the Arc-
tic of the Arctic fish fauna. In: Fish of the Pacific
Ocean. Pishchepromizdat. 1948. 54 p. [In Russian.]

Shotton, R. T. 1971. Fish survey base data report. Appen-
dix II. In: Towards an environmental impact assess-
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ment of a gas pipeline from Prudhoe Bay, Alaska to Al-
berta. Report for the Environmental Protection Bd. by
Inter-Disciplinary Systems, Ltd. Winnipeg, Manitoba.
(Interim Rep. no. 1). 251 p. Diagrams, tables.

Remarks:
Lists 21 fish spp. S. alpinus and T. arcticus the most
abundant spp. along coastal route. Some notes on
spawning.

Shotton, R. T. 1973. Fish Survey 1972. Base Data Report
for Environment Protection Board sponsored by Canadian
Arctic Gas Study Limited. Appendix II. Towards an en-
vironmental impact assessment of the portion of the
Mackenzie Gas Pipeline from Alaska to Alberta. Win-
nipeg, Manitoba. 199 p.

Remarks:
Notes location and frequency of occurrence of 16 spp.,
mostly freshwater. Most of the survey well inland.

Simpson, J. 1875. Observations on the western Eskimo and
the country they inhabit, from notes taken during two
years at Point Barrow. Pages 233-275. In: A selec-
tion of papers on Arctic geography and ethnology.
Reprinted and presented to the Arctic Expedition of
1875 by the Roy. Geog. Soc. (Arctic Blue Book). London,
1875.

Simpson, T. 1843. Narrative of discoveries on the north
coast of America effected by the officers of the Hud-
son's Bay Company during the years 1836-39. R. Bentley,
London. 419 p.

Remarks:
Mentions 14 fishes by common names. Red River settle-
ment to mouth of Mackenzie. Coastal explorations Cop-
permine River to Point Barrow.

Sinclair, S., et al. 1967. Physical and economic organiza-
tion of the fisheries of the Mackenzie District, N.W.T.
Fish. Res. Bd. Canada, Ottawa.
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Slaney, F. F. 1973a. Environmental field program, Taglu-
Richards Island. Mackenzie Delta Interim report for
Imperial Oil, Ltd. Calgary, Alberta.

Slaney, F. F. 1973b. Environmental effects assessment-
voyageur air cushion vehicle, Mackenzie Delta, N.W.T.
Vol. 2, Field Studies. Environmental Protection Bd. Ot-
tawa.

Slaney, F. F. 1973c. Environmental impact assessment, Im-
merk artificial island construction. Vol. 3, F. F.
Slaney and Co. Ltd. Vancouver, B.C. 58 p.

Slaney, F. F. 1973d. Aquatic resources of Tuktoyaktuk Har-
bour. F. F. Slaney and Co. Ltd. Vancouver, B.C.

Slaney, F. F. 1973e. Fishes. Pages 17-19. In: Environmen-
tal impact assessment, Immerk artificial island con-
struction, Mackenzie Bay, N.W.T. Vol. 1. Environmental
Statement. Vancouver, Canada. 28 p.

Remarks:
Fishes conspicuous in the ecosystem. Study area
utilized by larval fishes of unknown number of spp.

Slanney. F. F. 1973f. Fishes. Pages 28-32, app. 9-14. In:
Environmental impact assessment Immerk artificial is-
land construction Mackenzie Bay, N.W.T. Vol. 2. En-
vironmental studies. F. F. Slaney and Co. Ltd. Van-
couver. 59 p.

Species:
Lists 18 spp. fishes.

Places:
East Mackenzie Bay.

Remarks:
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Data on distribution, abundance, population structure,
food habits, utilization of fishes.

Slaney, F. F. 1974. 1973-74 winter benthic and
oceanographic surveys, offshore Mackenzie Delta, N.W.T.
F. F. Slaney and Co. Ltd. for Imperial Oil Co. Ltd.
Calgary. 25 p. and appendix.

Slaney, F. F. 1975. Summer environmental program-Mackenzie
River Estuary. Vol. 3. F. F. Slaney and Co. Ltd. Van-
couver, B.C. 49 p.

Species:
Osmerus eperlanus, Eleginus navaga.

Slavenwhite, D. D. 1967. Arctic style charr. North
14(3):1-7.

Smith, D. G. 1969. The Mackenzie Delta, domestic economy
of the native peoples. A preliminary study. Northern
Coordination and Res. Center, Dep. of Indian Affairs
and Northern Development, Ottawa. (Mackenzie Delta Res.
Project 3).

Remarks:
Describes subsistence fisheries.

Sonnenfeld, J. 1955. Changes in subsistence among Barrow
Eskimos. Terminal report, Field work, 1954. Arctic
Institute of N.A. Project no. ONR-140. 589 p. (Un-
published).

Sonnenfeld, J. 1957. Changes in subsistence among the Bar-
row Eskimos. Ph.D. Dissertation. Johns Hopkins Univer-
sity, Baltimore.
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Spencer, R. 1959. The North Alaskan Eskimo: a study in
ecology and society. Bur. Amer. Ethnol. Bull. 171.

Sprague, J. B. 1973. Aquatic resources in the Canadian
North, knowledge, dangers and research needs. Pages
169-189. In: D. H. Pimlott, K. M. Vincent and C. E.
McKnight, eds. Arctic Alternatives. Mail-O-Matic
Printing, Ottawa.

Stefanich, F. 1973a. Resource inventory, Northwest region.
Resource Planning Team, Joint Federal-State Land Use
Planning Comm. for Alaska, Anchorage. 13 p.

Stefanich, F. 1973b. Fisheries resources. 6 vol. Joint
Federal-State Land Use Planning Team. Anchorage,
Alaska.

Stefansson, V. 19l9. The Stefansson-Anderson Expedition of
the American Museum. Anthropol. Pap. Amer. Mus. Nat.
Hist. 14 (1-2).

Stefansson, V. 1937. Food of the ancient and modern Stone
Age Man. J. Amer. Dietetic Assoc. 13 (2):102-119.

Stefansson, V. 1944.Fishes. Pages 118-124 In: Arctic
Manual. Prepared under the direction of the Chief of
the Air Corps, U.S. Army, with a special introduction
and index. Macmillan. Co. New York.

S p e c i e s :Clup e a  pallasi, A r g y r o s o m u s  tullibee, Leucichthys
lucidus, Stenodus mackenzii , Salvelinus m alma,
Cristivomer namaycush, Thymallus signifer, Osmerus den-
tex, Catostomus catostomus, Esox lucius, Lota maculosa,
Microgadus proximus, "Rock cod", Oncocottus hexacornis,
Platichthys stellatus.
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Places:
Mackenzie River Delta, Coronation Gulf, Cape Bathurst,
Herschel Island, Langton Bay, Baillie Islands, Hulahula
River, Chandler River, Horton River, Dease River, Toker
Point, Liverpool Bay, Kittagaryuit.

Remarks:
Species, distribution, rough estimates of relative
abundance based on fishing expeditions 1908-1912.

Stefansson, V. 1957. The fat of the land. Macmillan, New
York.

Stefansson, V. 1960. Food and food habits in Alaska and
northern Canada. Reprinted from Human Nutrition,
Historic and Scientific Monograph 3:23-60. Inter-
national Universities Press, New York.

Remarks:
Discusses fishing methods and use of fish as food at
Mackenzie River Delta and Coppermine River.

Steigenberger,L. W., G. G. Burch, P. G. Bruce and R. A.
Robertson. 1974.Northern Yukon freshwater fishery
studies, 1973. Fish. and Marine Serv. Environment
Canada, Ottawa. 51 p. Tables, maps. (Task Force on
Northern Oil Development Rep. 74-20).

Species:
Records 25 spp. marine, anadromous and freshwater
fishes.

Coastal Yukon Territory from Alaska to N.W.T. Shingle
Point, Thetis Bay, Herschel Island, Komakuk Beach,
Firth River, Malcolm River, Shoalwater Bay, Clarence
Lagoon, Babbage River.

Remarks:
Catch data. Overwintering and spanwing areas pin-
pointed . Emphasizes importance of estuaries and
springs.
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Steigenberger, L. W., M. E. Elson and R. T. Delury. 1975.
Northern Yukon fisheries studies 1971-74. Vol. 1. Nor-
thern Operations Branch, Fish. and Marine Serv. Van-
couver. PAC/T 75-19.

Remarks:
Discusses past and current utilization levels of fish
at Herschel Island, Shingle Point, Shoalwater Bay.

Steigenberger, L. W., R. A. Robertson, K. Johansen and M. S.
Elson. 1975. Biological engineering evaluation of the
proposed pipeline crossing sites in Northern Yukon Ter-
ritory. Pacific region, Fish. and Marine Serv. Van-
couver. PAC/T 75-11.

Species:
Salvelinus alpinus, Coregonus sardinella.

Places:
Beaufort Sea, Firth River, Babbage River, Fish Creek,
Shingle Point.

Remarks:
Estimates contribution of each stream to arctic charr
population of Beaufort Sea.

Stein, J. N., C. S. Jessop, T. R. Porter and K. T. J. Chang-
Kue. 1973a. Fish resources of the Mackenzie River
Valley. Interim Rep. II. Fish. Serv. Dep. of the En-
vironment for the Environmental-Social Program, Nor-
thern Pipelines. 260 p.

Stein, J. N., C. S. Jessop, T. R. Porter and K. T. J. Chang-
Kue. 1973b. An evaluation of the fish resources of the
Mackenzie River Valley as related to pipeline develop-
ment. Vol. 1. Fish. Serv. Dep. of the Environment, for
the Environmental-Social Program, Northern Pipelines.
Ottawa. 121 p. Maps, tables, photos. (Task Force on
Northern Oil Development Rep. 73-1).

Species:
Lists 34 spp. marine, anadromous and freshwater fishes.

Remarks:
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Emphasis on upstream portions of Mackenzie River
drainage. Data on migration routes and spawning
habits.

Stein, J. N., C. S. Jessop, T. R. Porter and K. T. J. Chang-
Kue. 1973c. An evaluation of fish resources of the
Mackenzie River Valley. Vol. 2. Fish. Serv. Dep. of
the Environment for the Environmental-Social Program,
Northern Pipelines. Ottawa.

Stonehouse, B. 1971. Animals of the Arctic, the ecology of
the far north. Holt, Rinehart, Winston, San Francisco.
172 p.

Stoney, G. M. 1899. Explorations in Alaska. Proc. U.S.
Naval Inst. 25:533-584, 799-849.

Stuck, H. 1920. A winter circuit of our Arctic coast: a
narrative of a journey with dog sleds around the entire
Arctic coast of Alaska. Charles Scribner's Sons, New
York. 347 p.

Sutherland, P. C. 1852. Journal of a voyage in Baffin's
Bay and Barrow Straits, in the years 1850-51, performed
by H.M.S. Lady Franklin and Sophia under the commmand of
Mr. William Penny in search of the missing crews of
H.M.S. Erebus and Terror: with a narrative of sledge
excursions on the ice of Wellington Channel and obser-
vations on the natural history and physical features of
the countries and frozen seas visited. 2 vol. Longman,
Brown, London. Maps, plates, wood engravings.

Svetovidov, A. N. 1948. Fishes. Codlike fish. Fauna
U.S.S.R. 9(4):1-222. [In Russian.]
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Svetovidov, A. N. 1952. Fishes. Herrings (Clupeidae).
Fauna U.S.S.R. 2, pt. 2(48):1-331. [In Russian.]

Swaine, C. 1749. An account of a voyage for the discovery
of a Northwest Passage by Hudson's Straits to the
Western and Southern ocean of America, performed in the
year 1746 and 1747, in the ship California, Captain
Francis Smith, Commander. 2 vol. Printed and sold by
Mr. Jolliffe in St. James Street ... London.

Taranets, A. Ya. 1937. Kratkii opredelitel' ryb Sovetskogo
Dal'nego vostoka i prilezhashchikh vod [ A short guide
to the fishes of the Soviet Far East and adjacent
waters]. Izvestiya Tikhookeanskogo Instituta. Rybnogo
Khozyaistva i Okeanografii (Vladivostok)11:200 p.

Thayer, A. S. (ed.) 1971. Environmental influences of oil
and gas development in Arctic Slope and Beaufort Sea.
U.S Dep. of Interior, Washington, D.C. (Fish and Wild-
life Resource Publ. 96).

Thayer, A .S. 1966. Surveillance in Arctic National Wild-
life Range, July, 1966. U.S. Fish and Wildlife Ser-
vice, Anchorage.

Thayer, A. S. 1970. Arctic National Wildlife Range, annual
narrative report. U.S. Bureau of Sport Fisheries and
Wildlife, Anchorage, Alaska. (Unpublished).

Thayer, A. S. (ed.). 1971. Environmental influences of oil
and gas development in Arctic Slope and Beaufort Sea.
U.S. Fish Wildl. Serv. Resource Publ. 96.

Species:
Gadidae, Osmeridae.
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Places:
Point Barrow.

Thibault, E. 1975. Regional socio-economic overview study,
Yukon Territory. Indian Affairs and Northern Develop-
ment, Environment Canada for Environmental Social
Program, Northern Pepelines, Ottawa. 78 p.

Troyer, W. 1973. Along the Arctic Coast. National Parks
and Conservation Magazine, October, 1973. Pages 12-15.

Tuck, L. M. 1960. The murres-their distribution, popula-
tion, and biology, a study of the genus Uria. Canadian
Wildl. Serv. Ottawa. 260 p. (Canadian Wildl. Ser. no.
1).

Species:
Polar cod, Cod, Herring, Smelt, Greenland halibut, Arc-
tic charr.

Places:
Beaufort Sea, Banks Island, Melville Sound.

Remarks:
Explores arctic marine ecosystems.

Uhl, E. 1962. Food in the Arctic Region, its availability,
nutritive value and utilization. Conf. on Med. and
Pub. Health in the Arctic and Antarctic. World Health
Organization, Geneva. (Conf. Doc. no. 13).

U.S. Bureau of Indian Affairs. 1963. Anaktuvuk Pass and
Wainwright in village surveys.

U.S. Bureau of Land Management. 1973a. Proposed Trans-
Alaska pipeline system: environmental assessment atlas.
Dep. of the Interior.
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U.S. Bureau of Land Management. 1973b. Staff report on
Northeastern Alaska utility corridor alternatives, June
25, 1973. Pipeline Div. Alaska State Office, U.S. Dep.
of the Interior.

U.S. Bureau of Sport Fisheries and Wildlife. 1960-72.
Unassembled field data and numerous unpublished
reports. Files of Arctic Nat. Wildl. Range. Fairbanks,
Alaska.

U.S. Bureau of Sport Fisheries and Wildlife. 1972. Arctic
National Wildlife Range wilderness study report. An-
chorage, Alaska. 94 p. (Unpublished).

Species:
Coregonus autumnalis, Coregonus spp., Salvelinus al-
pinus, Oncorhynchus keta, Thymallus arcticus, Lota
lota, Gasterosteidae, Cottidae, Pleuronectidae.

Places:
Covers Arctic coast from Canadian border to Canning
River and 150 miles south.

Remarks:
Distribution and relative abundance of fishes in the
area.

U.S. Department of the Interior. 1970. A reconnaissance
report of the impact on fish and wildlife of the North
Slope oil development, Trans-Alaska Pipeline System,
and marine terminal sites. U.S. Fish and Wildl. Serv.
Juneau, Alaska.

Species:
Coregonus spp., Salvelinus alpinus, S. namaycush,
Thymallus arcticus, Mallotus villosus, Lota lota, "Tom-
cod".

Places:
Point Barrow, Beaufort Sea coast, Sagavanirktok River.
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U.S. Department of the Interior. 1971a. Arctic National
Wildlife Range Master Plan. Portland, Oregon.

U.S. Department of the Interior. 1971b. Fish and wildlife
resources, fishery resources. Pages 53, 54, 117-119.
In: Draft Environmental Impact Statement for the
Trans-Alaska Pipeline. Section 102(2)c. of the
National Environmental Policy Act of 1969.

Remarks:
Beaufort Sea and Sagavanirktok River habitats
discussed. Subsistence fishing for cod (Gadidae sp.)
and smelt (Osmerid sp.) at Point Barrow. Small fishery
for Salvelinus alpinus and whitefish (Coregonus sp.) at
Colville River mouth. Salvelinus alpinus and Thymallus
arcticus primary species in Sagavanirktok River system
with whitefish (Coregonus sp.) and Lota lota also
present.

U.S. Department of the Interior. 1972. Fish and wildlife.
Pages 150-158. In: Final Environnmental Impact State-
ment. Proposed Trans-Alaska Pipeline. Vol 2. Environ-
mental setting of the proposed Trans-Alaska Pipeline
System. Prepared by a Special Interagency Task Force
for the Federal Task Force on Alaskan Oil Development,
Washington, D.C.

Species:
Salvelinus alpinus, S. namaycush, Oncorhynchus gor-
buscha, O. keta, Thymallus arcticus, Mallotus villosus,
Osmerid spp., Lota lota, Boreogadus saida, Eleginus
gracilis, Tomcod, Liopsetta glacialis.

Places:
Arctic coast from Point Barrow to Banks Island and
Prince Patrick Island . Sagavanirktok River.

Remarks:
Discusses oceanographic and environmental factors im-
portant to fishes, birds, marine mammals. Remarks on
subsistence and sport fishing potentials. Some life
history information.

U.S. Department of the Interior. Library Services Office.
1974. Trans-Alaska Pipeline and environment,
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bibliography. Compiled by Richard W. Schoepf. U.S.
Government Printing Office, Washington, D.C. (Bibliog.
Ser. 30).

U.S. Department of the Interior. 1975a. Alaska Natural Gas
Transportation System. Draft Environmental Impact
Statement. Part II. Alaska. Vol. 1 of 3, June, 1975.
Washington, D.C.

Coregonus autumnalis, C. nasus, C. pidschian, C.
sardinella, Prosopium cylindraceum, Salvelinus alpinus,
S. namaycush, Oncorhynchus keta, Thymallus arcticus,
Lota lota, Pungitius pungitius, Myoxocephalus
quadricornis, Cottus cognatus, Liopsetta glacialis.

Places:
Arctic coastal plain of Alaska.

Remarks:
Stream classification. Distribution, abundance, over-
wintering requirements of fishes.

U.S. Department of the Interior. 1975b. Alaska Natural Gas
Transportation System. Draft Environmental Impact

Statement. Part II. Alaska. Vol. 2 of 3, June, 1975.
Washington, D.C.

Remarks:
Study confined to species in inshore habitats of

Beaufort Sea, especially inside barrier islands. Sum-
mary of available knowledge of fish movements in area
between Prudhoe Bay and Demarkation Point.

U.S. Department of thw Interior. 1975c. Fisheries
Resources. Beaufort Sea (North Slope) Drainage, Macken-

zie River Drainage. Pages III-563 to III-578. In:
Alaska Natural Gas Transportation System. Draft En-
vironmental Impact Statement. Part III. Canada. Vol. 1
of 3, June, 1975. Washington, D.C.

Remars:

Maps, tables, text indicate distribution, feeding
spawing movements of fish species. Fourteen fresh

water species in Beaufort Sea Drainage, 45 freshwater
and anadromous species in Mackenzie watershed.
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U.S. Department of the Interior. 1975d. Proposed Arctic
National Wildlife Refuge, Alaska. Final Environmental

Statement. Prepared by Alaska Planning Group, October,
1974. U.S. Government Printing Office, Washington,
D.C.

Species:
Coregonus autumnalis, C. clupeaformis, C. nasus, C.
sardinella, Prosopium cylindraceum, Stenodus

leucichthys, Salvelinus alpinus, S. namaycush, Oncor-
hynchus gorbuscha, O. keta, Thymallus arcticus,
Catostomus catostomus, Esox lucius, Pungitius

punoitius, Cottus cognatus.

Remarks:
Emphasis on distribution, abundance, utilization.

Water quality, stream types. Socio-economic impact.

U.S. Federal Field Committee for Development Planning .
1968. Alaska natives and the land. Anchorage, Alaska.

565 p. U.S. Government Printing Office, Washington,

D.C..

U.S. Fish and Wildlife Service. 1955. Fishery Publication
Index, 1920-54. Publications of the Bureau of

Fisheries and Fishery Publications of the Fish and

Wildlife Service, by series, authors, and subjects.

U.S. Fish and Wildlife Service Circular 36.

U.S. Fish and Wildlife Service. 1959. North Pacific ex-

ploratory fishery program: Chukchi Sea in Northwest

Alaska. Comm. Fish. Review 21(11):42-44.

U.S. Fish and Wildlife Service. 1966a. List of circulars
of the U.S. Fish and Wildlife Service. Fishery Leaflet

U.S. Fish and Wildlife Service. 1966b. List of Fishery
Bulletins. U.S. Fish and Wildlife Service. Fishery
Leaflet 597.
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U.S. Fish and Wildlife Service. 1967. List of special
scientific reports and special scientific report-
Fisheries of the U.S. Fish and Wildlife Service.
Fishery Leaflet 605.

U.S. Fish and Wildlife Service. 1970a. A reconnaissance
report on the impact on fish and wildlife resources of
the North Slope oil development, the Trans-Alaska
Pipeline System and the marine teriminal sites.
Typewritten report. Juneau, Alaska. 57 p.

U.S. Fish and Wildlife Service. 1970b. Arctic National
Wildlife Range, Alaska. Narrative 1970 by Averill
Thayer. Anchorage. 71 p. Tables, charts. (Un-
published).

Remarks:
Protein flow in lagoon area ecosystem described.
Thymallus arcticus, Salvelinus alpinus and ciscoes

(Coregonus sp.) abundant in summer.

U.S. Fish and Wildlife Service. 1974. Narrative report
FY-74. Arctic National Wildlife Range. Summary of
status of wildlife populations.

Remarks:
Industrial and related activities have resulted in
greater fishing pressure at Schrader Lake and North
Slope charr drainages. Sea-run Salvelinus alpinus
stocks not significantly affected. Subsistence fishers
have traditionally netted large numbers. Salvelinus
namaycush in Schrader Lake. Size of fish declining due
to sport fishery.

U.S. Joint Federal-State Land Use Planning Commission for
Alaska. 1972. The native subsistence values and
their relationships to d(1) d(2) land classification.
Anchorage, Alaska.
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U.S. Joint Federal State Land Use Planning Commission.
Resource Planning Team. 1974a. Inventory of recrea-
tion and preservation opportunities, Arctic region.
Anchorage, Alaska. 89 p.

U.S. Joint Federal-State Land Use Planning Commission for
Alaska. Resource Planning Team. 1974b. Resources of
Alaska: a regional summary. The Commission, An-
chorage.

Species:
Oncorhynchus spp., Salvelinus alpinus, Coregonus spp.,
Stenodus leucichthys.

Places:
Barrow, Colville River Delta, Kotzebue Sound, Kobuk
River, Barter Island, Wulik River, Kivalina River,
Noatak River, Selawik Lake.

Remarks:

Summary of fish distribution and utilization.

U.S. Revenue Service. 1899. Report on the cruise of the
U.S. Revenue Cutter Bear and the Overland Expedition
for the relief of the whalers in the Arctic Ocean from
November 27, 1897 to September 18, 1898. Treas. Dep.
Doc. 2101.

University of British Columbia. Institute of Animal
Resource Ecology. [n.d.] Catalogue of fish species
distribution. On file in Fish Museum.

Urban and Rural Systems Associates. 1974. An analysis of
the socio-economic impact of the Alaskan Arctic Gas
Pipeline Company pipeline. 360 p.

Ushakov, P. V. 1952. The Chukchi Sea and its bottom fauna.
Extreme Northeast of the U.S.S.R. 2. [In Russian.]
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Usher, P. J. 1965. Economic basis and resource use of the
Coppermine River-Holman region, N.W.T. Northern
Coordination Research Centre, Dep. of Northern Affairs
and Natural Resources, Ottawa. 290 p. (NCRC-65-2)

Usher, P. J. 1966. Banks Island, an area economic survey,
1965. Industrial Division, Dep. of Indian Affairs and

Northern Development, Ottawa. 91 p. (A.E.S.R. m 65/1).

Species:
Coregonus clupeaformis, C. sardinella, Coregonus sp.,

Salvelinus alpinus, S. namaycush, Mallotus villosus,
Gadus ogac.

Places:
Banks Island, Sachs Harbor, Fish Lakes, Raddi Lake,
Thomsen River, Castel Bay.

Remarks:
Moderate runs of S. alpinus at Sachs Harbor. Castel
Bay fishery probably unable to support more than 2 or 3
families.

Usher, P. J. 1971. Bankslanders: economy and ecology of a
frontier trapping community. Northern Administration
Branch, Indian Affairs and Northern Development, Ot-
tawa. 88 p. (N.S.R.C. 71-2).

Species:
Salvelinus alpinus, S. namaycush.

Places:
Banks Island, Sachs Harbor, Fish Lakes.

Remarks:
Runs are small, utilization minimal.

Van Stone, J. W. 1960. A successful combination of sub-
sistence and wage economics on the village level.
Economic Development and Cultural Change 8(2):174-191.
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Van Stone, J. W. 1962. Point Hope, an Eskimo village in
transition. University of Washington Press, Seattle.

Van Stone, J. W., and W. H. Oswalt. 1960. Three Eskimo

communities. Anthropol. Pap. of the University of
Alaska 9 (1):17-56.

Van Wyhe, G. L. 1969. Pipeline impact on sport fish
resources. Mimeo Report. Sport Fish Div. Alaska Dep.
Fish Game. Fairbanks. 20 p.

Van Whye, G. L. 1971. Impact of North Slope oil develop-

ment on sport fisheries of interior and Arctic Alaskan
waters. Available at Alaska Dep. Fish Game, Fairbanks.
(Unpublished. Abstract in Proc. Alaska Science Conf.
22:108).

Vincent, R. E. 1973. Data report. Late winter surveys of
lakes and streams in Canada and Alaska along the gas
pipeline routes under consideration by Canadian Arctic
Gas Study Ltd. Prepared by Aquatic Environments, Ltd.

Vladykov, V. D. 1934. On the occurrence of some North
Pacific fishes in Hudson Bay with remarks on the fish
fauna of the Potter area. Proc. Pac. Sci. Congress.
University of Toronto Press, Toronto. 5:3787-3789.

Species:
Raja radiata, Mallotus villosus, Boreogadus saida,
Gadus ogac, Cymnelis viridis, Lycodes reticulatus, Ly-
codalepis (polaris?), Lumpenus fabricii, Stichaeus
punctatus, Eumesogrammus praecisus, Pholis fasciatus,
Myoxocephalus quadricornis, M. scorpioides, M. scor-
pius, Icelus bicornis, Gymnocanthus tricuspis,
Aspidophoroides olrikii, Eumicrotremus derjugini, E.
spinosus.

Remarks: Theories on distribution of species of arctic
fishes.
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Walters, V. 1953a. Notes on fishes from Prince Patrick Is-
land and Ellesmere Islands, Canada. Am. Mus. Novitates
1643:1-17.

Species: Salvelinus alpinus, Boreogadus saida, Gymnelis
viridis, Lycodes pallidus, Anarhicas denticulatus,
Icelus bicornis, Myoxocephalus quadricornis,
Eumicrotremus spinosus, Liparis koefoedi, Liparis
liparis.

Places:
Ellesmere Island, Alert, Prince Patrick Island, Mould
Bay.

Remarks:
Distributional records.

Walters, V. 1953b. The fishes collected by the Canadian
Arctic Expedition, 1913-1918, with additional notes on
the ichthyofauna of western Arctic Canada. Nat. Mus.
Canada Bull. 128:257-274.

Species:
Mentions 41 spp. of fishes.

Places:
Cape Sabine, Alaska, to Bathurst Inlet, N.W.T., north
to Borden Island.

Remarks:
Distributional records.

Walters, V. 1955. Fishes of western Arctic America and
Eastern Arctic Siberia: taxonomy and zoogeography.
Amer. Mus. Nat. Hist. Bull. 106(5) :255-368.

Ward, D., and P. J. Craig. 1974. Catalogue of streams,
lakes, and coastal areas in Alaska along routes of the
proposed gas pipeline from Prudhoe Bay, Alaska to the
Alaskan-Canadian border. Canadian Arctic Gas Study,
Ltd. Calgary, Alberta. Biological Rep. Ser. 19:381.

Species:
Coregonus autumnalis, C. clupeaformis, C. nasus, C.
sardinella, Prosopium cylindraceum, Salvelinus alpinus,
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S. namaycush, Oncorhynchus gorbuscha, O. keta, Thymal-
lus arcticus, Catostomus catostomus, Esox lucius,

Boreogadus saida, Cottus cognatus, Myoxocephalus
quadricornis, Liopsetta glacialis.

Remarks:
Water bodies described with respect to chemistry,

winter conditions, presence of benthic invertebrates.

Washington (State) University. Fisheries Oceanography
Library. 1972. Selected references to literature on
marine expeditions, 1700-1960. G. K. Ball, Boston, Mas-
sachussetts. 517 p.

Watson, G. E., and G. J. Divoky. 1974. Marine birds of the
western Beaufort Sea. Pages 681-695. In: J. D. Reed
and J. E. Sater, eds. The coast and shelf of the
Beaufort Sea. Proc. of a Symposium on Beaufort Sea
coast and shelf research. Arctic Institute of N.A.,
Arlington, Va.

Remarks:
Five species of marine birds feed primarily on fish in
coastal areas of the Yukon Territory.

Watt, R. D. 1966. The recreational potential of the Arctic
Wildlife Range . M.S. Thesis. University of Alaska,

Fairbanks. 103 p.

Remarks: Thymallus signifer common in larger tributary
streams. Salvelinus alpinus, S. namaycush found in
deeper lakes and many north slope streams. Lake Peters
and Lake Schrader contain Salvelinus namaycush but
probably unable to support sustained fishing pressure.

J. Wilimovky,N.J. 1952a. Marine fishery resources of the
Arctic regions. Special Report, U.S. Fish Wildl.
Serv. no. 3. 9 p.
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Wilimovsky, N. J. 1952b. The utilization of fishery
resources by the Arctic Alaskan Eskimo. Stanford
University, Tech. Pap. 2 on Contract N6onr-25l36. 17
p.

Species:
Oncorhynchus spp., Salomonidae (trout), Salvelinus

namaycush, Coregonus spp., Prosopium cylindraceum,
Stenodus leucichthys, Thumallus arcticus, Osmerus sp.,

Mallotus villosus, Catostomus catostomus, Lota lota,
Boreogadus saida, Eleginus gracilis, Limanda aspera,

Liopsetta glacialis.

Remarks:
Marine spp. not fully utilized, commercial exploitation
doubtful.

Willimovsky, N. J. 1954a. Recent literature on far northern
fishes. Copeia 1954 (3):244-245.

Wilimovsky, N. J. 1954b. A catalog of the fishes of Alaska.
Stanford Ichthyol. Bull. 4(5) :279 -294.

Remarks:
Lists 39 spp. with ranges.

Wilimovsky, N. J. 1956. Appendix I. In: Beaufort Sea
Report. Folder at U.S. Fish Wildl. Office, Anchorage,
Alaska.

Species:Oncorhynchus spp., Osmerus sp., Mallotus villosus,

Boreogadus saida, Eleginus gracilis, Limanda aspera,
Liopsetta glacialis.

Remarks:
Limited sea fishing for cod and smelt.More in lagoons
and inland.

Wilkinson, D. 1970.The Arctic coast Natur. Sci. Canada,
Ltd . 160 p.
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a sar ks:
Semi-popular account of the Canadian Arctic coast.
i.entions 57 spp. fishes.

Wilson, D . S. 1 9 5 6 .  Processing of Arctic charr at Copper-
mine. Northern Affairs Bull. 3(3):7-9 (April-May,
1956).

Winslow, P. C., and E.A. Roguski. 1969-70. Monitoring and
evaluation of Arctic waters with emphasis on North
Slope drainages. Alaska Dep. Fish Game. Federal Aid
in Fish Restoration, Annual Report of Progress,
1969-70, Project F-9-2, 11:279-302.

Remarks:
Preliminary investigations of fish populations in
waters of North Slope Brooks Range, and Northwestern
Alaska.

Wohlschlag, D. E. 1953. Some characteristics of the fish
population in an Arctic Alaskan lake. University
California Publ. Biol. Sci. 11:19-29.

Species:
Leucichthys sardinella, Prosopium cylindraceum,
Pungitius pungitius.

Places:
Ikroavik Lake.

Remarks:
Biology, development, population data.

Wohlschlag, D. E. l954a. Growth peculiarities of the cisco
(Coregonus sardinella, Valenciennes) in vicinity of
Point Barrow, Alaska. Stanford Ichthyol. Bull.
4(3): 188-209.
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Wohlschlag, D. E. 1954b. Mortality rates of whitefish in
an Arctic lake. Ecology 35(3):388-396.

Wohlschlag, D. E. 1956. Information from studies of marked
fishes in the Alaskan Arctic. Copeia 1956(4):237-242.

Species:
Coregonus sardinella, C. nasus kennicotti, Myox-
ocephalus quadricornis.

Remarks:
Used mark and recapture techniques to estimate popula-
tions in Ikroavik Lake and Elson Lagoon.

Wohlschlag, D.e., and D. M. Cohen. 1953. Population

dynamics of isolated, unexploited fish populations with
very short growing seasons at Point Barrow, Alaska .
Final Rep. on Contract Nonr-225 (08). 69 p.

Woolford, R. [n.d.].Noteson village economics and wild-
life utilization in Arctic Alaska, U.S. Fish Wildl.
Serv. Fairbanks, Alaska.

Species:
Coregonus spp., Stenodus leucichthys, Oncorhynchus
spp., Salvelinus malma, S. namaycush, Thymallus arc-
ticus, Osmerids, Esox lucius, Lota lota.

Places:
Point Barrow, Wainwright, Point Lay, other villages
south to Kotzebue region.

Woolford, R. 1954. Village economics in Arctic and in-
terior Alaska. Manuscript presented at Fifth Alaska
Sci. Conf.

Wrangell, F. von. 1840. Narrative of an expecition to the
Polar Sea in the years l820, 1821, 1822, and 1823. Ed.
by Edward Sabine. J. Madden, London.

106



Wynne-Edwards, V. C. 1947. Northwest Canadian fisheries
survey. Fish. Res. Bd. Canada Bull. 72:21-30.

Remarks:
Survey of fishery utilization and potential of Macken-
zie River. Estimates of consumption by men and dogs.
Greatest abundance of fish in delta area.

Wynne-Edwards, V. C. 1952. Freshwater vertebrates of the
Arctic and Subarctic. Fish. Res. Bd. Canada Bull.
94:28 p.

Remarks:
Brief summaries of life histories and habitats of 17
spp. fishes.

Yoshuhara, H. T. Life history aspects of an anadromous Arc-
tic charr (Salvelinus alpinus) in the Sagavanirktok
River drainage, Alaska. Alaska Dep.Fish Game, Fair-
banks. (Unpublished).

Yoshihara, B. T. 1972. Monitoring and evaluation of Arctic
waters with emphasis on North Slope drainages. Alaska
Dep. Fish Game. Federal Aid in Fish Restoration, Annual
Report of Performance, 1971-72. Project F-9-4, 13:49

Remarks:
Investigates Sagavanirktok River drainage between Prud-
hoe Bay and Accomplishment Creek to determine distribu-
tion and abundance of fish species, migration timing,
and biological productivity. Life history aspects of
Salvelinus alpinus studied.

Yoshihara, B. T. 1973. Monitoring and evaluation of Arctic
waters with emphasis on North Slope Drainages. Alaska
Dep. Fish Game. Federal Aid in Fish Restoration, An-
nual Report of Progress, 1972-73. Project F-9-5 14: 83

Species:

107



Coregonus autumnalis, C. clupeaformis, C. nasus,C.
sardinella, Prosopium cylindraceum, Salvelinus alpinus,

Oncorhynchus gorbuscha, C. keta, Thymallus arcticus,
Lota lota, Pungitius, pungitius, Cottus cognatus.

Alaska North Slope, Sagavanirktok River, Kivalina.

Remarks:
Emphasis on biology of S. alpinus in vicinity of oil
development projects.

Yoshihara, H. T.D. R. Kogl and S. Dole.1971. Field
notes on streams and lakes of Sagavanirktok River
system. Sport Fish Div. Alaska Dep. Fish Game, Fair-
banks.

Zenkevitch,L. A.1951. Morya SSSR, ikh fauna i flora
[Seas of the U.S.S.R. their fauna and floral . Uchped-
giz. , Moscow. 366 p.
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I. Summary of objectives, conclusions, and implications with respect
to OCS oil and gas development:

Both immediate and longer range developments of presumed oil
and gas reserves of the Alaskan arctic continental shelf will occur
in or otherwise profoundly effect the beaches, the lagoons and barrier
islands, and the near-shore littoral region of the Beaufort and
Chukchi Seas. In the main, however, the biota of this region has
not been known as well as has that of the deeper parts of the Arctic
Ocean in which ice-breakers and other large ships have operated.
This project was designed to provide lists of the principal fauna
and flora of the beaches and littoral benthic region: estimates of
population density; trophic and other ecological information that
would help assess the biological importan e of the region; and data
on which a characterization of the biota could be based.

A reasonably complete species list of the benthic fauna of the
nearshore water of the Beaufort Sea has been established and ten
species (two annelid worms, one bivalve mollusc, five peracaridan
crustaceans, a chironomid midge larva, and a fish) have been
identified as the most abundant or characteristic ones. Seven
species of beach plants (three sedges, two grasses, and two
dichotyledonous plants) occur on half of all Beaufort Sea beaches
and are the characteristic flora. Both flora and fauna are poor in
diversity and biomass of standing crops, two traits of ecological
fragility elsewhere. The close inshore region, however, supports,
during the brief, ice-free summer, large populations of anadromous
fishes and migratory shorebirds and waterfowl. Dynamics of the
populations of near-shore aquatic animals and general trophic re-
lationships within the area are yet poorly known. Beach vegetation
is not only important as food for waterfowl, but has been shown to
increase soil strength in a way that may retard beach recession and
contribute to shoreline stability. This general characterization
of the Beaufort Sea littoral flora and fauna probably also obtains
for the Chukchi Sea north of Cape Lisburne. South of this cape,
however, the Chukchi biota is considerably more diverse.

The sea-land interface is a region in which floating material
is trapped and, hence, concentrated. This region of the Alaskan
Arctic supports a possibly fragile terrestrial flora that may be
a principal effector of shoreline stability and a fauna that, at
least seasonally, provides food for important fish and migratory
birds. An understanding of processes within this region, including
the ability of the characteristic biota to resist or recover from
ecological perturbations, is important to continued planning and
development of energy reserves of the continental shelf.
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II. Introduction

A. General nature and scope of study: This study is a
survey of the coastline of the Arctic Ocean from Cape Prince of
Wales to Demarcation Point. The survey is designed to characterize
beach and shallow littoral habitats and biota in the region between
the upper beach line (in general, the point at which beach vegeta-
tion is replaced by terrestrial plants) and the 5M isobath. Other
objectives of the program are the description of ecological phenom-
ena,in particular trophic relationships in the study area, and
the establishment of stations for monitoring ecological events.
The research reported here is addressed primarily to the recon-
naissance phase of beach and biota characterization.

B. The specific objectives: The specific objectives of this
research are:

1. To identify the plants and animals of the Beaufort and
Chukchi Sea littoral zones.

2. To provide population estimates of the principal species.

3. To characterize by biota and substrate-type the habitats
of the littoral region of the Beaufort and Chukchi Seas.

4. To identify trophic relationships within the study area.

C. Relevance to problems of petroleum development: The
following is quoted from our April 1, 1976 report:

The shoreline or sea-land interface is a region in
which flotsam comes to rest and is, thus, unusually
subject to perturbation that may result from blow-
outs or various other, undesirable events that could
accompany oil and gas exploration and development
on the continental shelf. If, at the same time,
the edge of the sea is of particular importance as a
feeding zone or nursery area for marine animals or
for birds or other, terrestrial animals, disrupting
influences that are trapped at the shoreline may
affect ecosystems of both the land and the sea.
When species to which the shoreline is important are
migratory, these effects may be felt many miles away
from the locale of the actual event.

That this general statement still obtains and the relevance
of this research to OCS development are evident from the following:
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1. The current Beaufort Sea lease zone is the area of concern
for this project.

2. The biota of the beach edge has proven to be richer than
previously reported. Many of the crustacean species (see
below) are known to be important food of arctic fishes.
Other abundant species have no known ecological role.

3. The recent Beaufort Sea Synthesis meeting drew attention
to the importance of the nearshore waters to arctic
fishes, marine mammals and shorebirds,2 and to the paucity
of information on ecological processes and food webs in
this area.

III. Current state of knowledge:

The Beaufort Sea benthos is known primarily through the work
of Carey and that of Wacasey. The classic paper of MacGinitie dealt
with invertebrates from shallow water of the Barrow region. Recent
investigation by Crane and Cooney and Feder and Schamel have been
directed toward shallow water benthos of Simpson Lagoon and Prudhoe
Bay. Wacasey sampled shallow areas of the MacKenzie delta, and
this investigation has provided information on extreme shallow
water biota from the Canadian border to Point Barrow.3  Carey 3 has
stated "the inshore fauna from the shoreline to depths of about
25 meters are low in numbers, probably caused by the seasonal en-
vironmental stress of highly fluctuating salinities and by the
intense ice-gouging of the sea floor to water depths of 30 to 40
meters."

Chukchi Sea benthos is known primarily from deep water col-
lections from the John N. Cobb in 1959, the Hugh M. Smith in 1960,
the Northwind in 1962, and the Glacier in 1962. Sparks and
Pereyra studied shore fauna at Cape Thompson and Kivalina but here,
as in all other collections, coarse nets or sieving screens were
used and our knowledge of the smaller animals is sparse. Available
species lists show a much more diverse fauna than is known for the
shallow Beaufort Sea.4

IV. Study area:

The general study area is the shoreline of the Beaufort and
Chukchi Seas from Demarcation Point to Cape Prince of Wales. Our
data derive primarily from beach transects and seaward extensions
of these in stations selected to represent the several different
habitat types encountered and the complete geographic range of
the Arctic Ocean coast. Beach transect data extend from the upper
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level of marine influence (the point at which beach vegetation is
replaced by terrestrial plants) to the greatest depth of water at
which sampling was possible. In instances where boats were
available, this seaward extension of transects crossed lagoons or
reached the 5M isobath, at which depth our sampling program inter-
faced with that of RU7 for Beaufort Sea benthos. In some locations
the difficulty of access and logistic support has made ground
operations impossible.

V. Sources, methods and rationale of data collection:

The data presented as results of this program are those col-
lected by R.U.356 only. The sampling protocol has been dealt with
in our 1975 report,¹and is not repeated in detail here. These data
fall into five categories, discussed separately below.

1. Data from aerial reconnaissance: Overflights of the
coasts of the Beaufort and Chukchi coasts at low elevation were
made in 1975 and 1976. A detailed record of these flights was
made by combining the voice-taped observations of two scientists
and notes made in flight on appropriate navigation charts or
topographic maps. The principal observations made from the air
were: beach sediment or other substrate type, beach slope (in-
cluding depth of water as possible), and biological information.
These observations were planned to provide an arctic counterpart
of those made by RU 79 in the Gulf of Alaska and Bering Sea, and
a preliminary categorization of habitat types.

2. Data from shallow water, benthic sampling: At each beach
station the level of mean lower low water (MLLW) was determined,
usually empirically. A transect line was extended from MLLW to
the deepest possible position. In most instances, because sampling
crews worked on foot, the seaward limit of transects was -0.5 M
depth. When boats were available, transects were extended to
deeper water. All samples or observations were related to the
difference between the 0.0 datum (MLLW) and the elevation at which
the observation or sample was made. In general, this was the same
as the depth of water. With exceptions determined by local con-
ditions, the following samples were made at beach stations: six
replicate Ekman grab (0.0231 M² samples screened in the field
on 0.516 mm screening; replicate epibenthic sea sled net (1.050 mm
mesh) tows of either 100 or 50 M length; replicate seine samples
(10 M length, 10 mm stretched mesh webbing) in 1975 only; surface
plankton sample (1976 only); baited amphipod traps; and other
collection methods including shovels, scoops and dip net collections.
All samples were preserved in the field in 10% formalin. For this
report, the data from the several sampling depths along a transect
are pooled and reported (mean biomass/species) by seine tow, epi-
benthic dredge or net by grab, and other gear.
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3. Data from deeper water benthic sampling: In 1976, the
deeper parts of Beaufort Lagoon (Nuvagapak Bight), Kaktovik Lagoon,
Bernard Harbor, Prudhoe Bay, Simpson Lagoon, and Elson Lagoon were
sampled from an inflatable boat or from the R/V Natchik. Each
sampling site was designated a station, and the Ekman (benthic in-
fauna), sea-sled (epifauna), and plankton samples of the beach
transects were made. In addition, stations in the Beaufort Sea
were sampled from the RV Alumiak at Barter Island (2 M and 5 M
depths), Narwhal Island (5 M), Heald Point (2 M and 5 M), Stump
Island (2 M and 5 M), Pingok Island (2 M and 5 M), Colville River
delta (3.5 M and 5 M), Pitt Point (2 M and 5 M), Ikpikpuk River
delta (2 M and 5 M), and Point Barrow (2 M and 5 M). At these
stations replicate informal samples were taken with a Smith-McIntrye
grate (screened on board to 0.5 mm), the epifaunal sea-sled net,
and plankton net.

4. Data on beach vegetation: At selected beach stations the
transect lines were extended shoreward and beach vegetation sampled
along these lines. Observations on beach vegetation were related to
difference between the 0.0 datum (MLLW) and the elevation at which
data were collected. For this report, data were grouped by 0.25 M
intervals: 0.0 M; 0.0 to 0.25 M; 0.25 to 0.5 M; etc. Within these
intervals frequency of occurrence of plant species was determined by
recording the presence of each species in a 0.25 M²quadrat placed
32 times (rarely 64) in a non-repeating grid centered at a measured
interval along the transect line (thus, sampling plants in 8 M².
Diversity indices based on frequency rather than number of plant
stems were calculated from these data. Plant biomass data were
based on the above-ground portion of plants in a 0.25 M²or a
0.0652 M²quadrat but are reported as grams per M².

5. Data from substrate samples: At each sampling station a
substrate sample was collected, usually with the Ekman grab, and
preserved in 10 percent formalin.

Laboratory procedures: All samples of benthic biota were re-
turned to the laboratory in Bellingham where they were first sorted
under law magnification (2X) to remove organisms from whatever sedi-
ment was retained in the field screening process. Organisms were
grouped by category and counted by the sorters. A second step in
the analysis of samples was the identification of organisms. After
identification, all organisms of the same species from each sample
were weighed (net weight, blotted, one-minute air-drying) to the
nearest 0.001 gram. Finally, all organisms were stored in alcohol or
formalin pending instruction for archiving specimens.

Plant biomass samples were oven-dried at 100°C for 24 hours and
weighed to the nearest 0.001 gram.

Analyses of sediment samples was by the technique of Buchanan
and Kain.[superscript]5
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VI. Results:

Sampling stations established in 1975 and 1976 are shown in
Figures 1 through 7 and described in Table 1.

The 1976 benthic samples are not yet fully analyzed (see Item
X., below). All species encountered in the Beaufort Sea in 1975
are listed in Table 2. Animal species found in the Chukchi Sea in
1976 not previously also in our 1975 Beaufort Sea samples are
listed in Table 3. It is necessary to emphasize here the deep water
Beaufort Sea samples taken in 1976 have not been analyzed and that
the identification of material from the 1976 Chukchi samples is in-
complete. Both species lists may reasonably be expected to become
larger.

Tables 4 through 42 present mean biomass data for all animal
species encountered and diversity indices by various sampling
techniques at 39 Beaufort Sea benthic stations in 1975. Except for
H19, H20, and H22, these are all beach stations. Still incomplete
data on relative abundance of animal species found at 47 Chukchi
Sea stations sampled in 1976 are presented in Tables 43 through 89.
Stations 33X, 28V, and 5U4 included samples from water deeper than
2 meters.

The species of beach plants found at 13 Beaufort Sea stations
in 1975, their frequency of occurrence at several beach elevations,
and Shannon-Weaver indices of diversity by station and elevation
are given in Tables 90 through 102.

The results of analyses of beach substrates at 38 Chukchi Sea
sampling stations are presented graphically in Figures 8 through 10.
Figures 1 through 7, in addition to the locations of sampling
stations, show beach substrate types observed on overflights. The
scale of the charts on which results are reported,6 renders im-
possible any but the coarsest resolution.

VII. Discussion:

Our shallow water Beaufort Sea species list is somewhat longer
than, but not significantly different from lists previously pub-
lished.[superscript]7 Carey, however, finds many more species in the benthos of
deep water.²Chukchi Sea faunal lists[superscript]8 are not strictly comparable
to ours since the collections on which they are based were made
primarily in deeper water and with gear or techniques that do not
capture or retain most of the organisms we found (polychaetes,
oligochaetes, mysiids, isopods, amphipods), but the available data
here, as in the Beaufort Sea, support the notion that "fewer species
of benthic organisms live in the extreme environment of the coastal
zone that is subjected seasonally to intense salinity stress and to
sea ice impingement and gouging." 2
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Feder et al.[superscript]9 have suggested certain criteria, based on a com-
bination of frequency and abundance, for Biologically Important
Species. While our data do not lend themselves to precisely Feder's
analysis, and extension of his concept to cover as wide an area as
the Beaufort Sea presents some difficulties, it is possible to com-
bine frequency of occurrence, frequency of local biomass preponder-
ance, and overall biomass data to create a list of the species that
are most often encountered, that most often occur in the greatest
abundance in localities and that, overall, are in fact the most
abundant species. This list, which is admittedly somewhat subjective
at this time, constitutes the characteristic species of the Beaufort
Sea littoral. The characteristic species, not listed in order of
importance, are:

Polychaetes
Scolocolepides arctius

Oligochaetes
Enchytraeidae, unidentified

Bivalves
Cyrtodaria kurriana

Crustaceans

Mysis relicta(mysiid)
Saduria entomon (isopod)
Gammarus setosa (amphipod)
Onisimus glacialis (amphipod)
Onisimus litoralis (amphipod)

Insects
Paraclunio alaskinsis (chironomid)

Fish
Myoxocephalus quadricornis (four-horned sculpin)

Certain qualifications of this characteristic fauna may be made:
Enchytraeids and Paraclunio alaskinsis, both among the most abundant
animals of the area sampled, are found almost exclusively in depths
of water of less than 1 meter. Scolocolepides arctius occurs most
often in water deeper than 1 meter and is absent from our shallow
water samples at locations north of 70°30'N. The remaining char-
acteristic species are all highly motile and probably move into the
fast ice zone as the ice melts in the early summer.

Our data further show a general decline in species diversity
and biomass in the shallow water samples at the most northern (and
most western) part of the Beaufort Sea.
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Samples (1976 collections) as yet incompletely analyzed indicate
that a marked increase in biomass and diversity occurs in samples
taken from water deeper than 2 M. The data from stations H19, H20,
and H22 (Tables 19, 20, and 21) support this. Scolocolipides arctius
is, in fact, found in deeper water in Elson Lagoon and other locations
north of 70°30'N.

The benthic fauna of the Chukchi Sea is more diverse than is that
of the Beaufort (Tables 3, 43-89). North of Cape Lisburne (68°52'N),
however, the resemblance between Beaufort and Chukchi shallow water
biota is striking, while south of Cape Lisburne all stations sampled
include species not found in the Beaufort Sea. Scolocolipides arctius,
the polychaete most characteristic of and most abundant in the Beaufort
Sea, occurs in shallow water samples in the Chukchi Sea only south of
70°34'N (almost exactly the latitude north of which this species is
limited to deeper water of the Beaufort).

It is presently impossible to designate a "characteristic fauna"
of the Chukchi Sea.

Our samples of Selawick Lake indicate a fresh water fauna.

The beach plants of the Beaufort Sea region also comprise a
community of low diversity and, throughout the region, remarkable
uniformity. The grass, Puccinellia phryganodes, is found at all
stations sampled and the sedge, Carex subspathacea, at 92 percent
of them. The grass, Dupontia fischeri, is characteristic of Beaufort
Sea arctic beaches as are Stellaria humifusa (Charyophyllaceae) and
Chochlearia officinalis (Cruciferae). These five species, in fact,
occur on 70 percent of all beaches sampled. Two more species, Carex
aquatalis, and Eriophorum angustifolium, cotton grass (a sedge), are
found on half (46 percent) of Beaufort Sea beaches and, together
with the five more abundant plants, comprise a characteristic beach
flora. Our data on plant diversity (Tables 9-102) show the most
diverse beach communities in mainland marshes (Tables 92, 96, 101)
and the least diverse in river deltas (Tables 90, 100) or low barrier
islands (Tables 94, 97).

Tests begun in 1976[superscript]10have demonstrated an increase in soil
strength (resistance to penetration and to shear forces) as a result
of colonizing vegetation. In most situations Puccinellia phryganodes
is the first and lowest number of the incipient salt marsh (or beach
community), followed by Carex subspathacea and a mixed community
dominated by Dupontia fischeri. This zonation (or succession)
accompanies the general rise of level and increase of organic content
of the soil. On the average, plants increased resistance to penetra-
tion by 70 percent and tripled the breaking strength. The natural
beach vegetation, therefore, probably contributes significantly to
stability of beaches and barrier islands as well as providing food for
migratory waterfowl (geese).
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When compared to shallow water benthic communities elsewhere,
the littoral region of the Alaskan arctic is poor in diversity and
biomass.11There are, however, unexpected and previously unreported
populations of oligochaete and polychaete worms and large numbers
of isopods and amphipods. At least the latter are an important
source of food of local fish species but, by and large, trophic
relationships with the study area are unknown.

Of interest is consideration of the food relationships that
may exist between the characteristic species cited previously. The
two worms probably are deposit or detritus feeders, and Cyrtodaria
is a suspension feeder. Mysis probably is a suspension feeder (but
see Feder and Schamel). The remaining crustaceans are scavengers
or predators (at least, are readily attracted to baited traps),
and the sculpin is a predator, probably largely on the crustaceans.
The relationship between the smaller crustaceans and the deposit
or suspension feeders is, of course, unknown, but the quantity of
worms in our samples argues for their having an important trophic
role.

Examination of Figures 8, 9 and 10 confirms the unconsolidated
sand and gravel nature of Chukchi sediments (compare to Figures 1-7).

VIII. Conclusions:

A. A resonably firm species list of beach plants and shallow
water animals of the Beaufort Sea has been established. This list
will increase as deeper water is sampled, but is reasonably complete
for shallow (less than 2 M deep) water. A preliminary list of
characteristic animal species has been presented with the inference
that this may be the complete biologically important species list.

B. The beach vegetation and shallow water benthos of the
Beaufort Sea are poor in number of species (diversity) and biomass.

C. The beach vegetation, however, seems to be extremely im-
portant as food for waterfowl and in stabilizing beaches. The
latter conclusion is tentative or preliminary.

D. There are previously unreported populations of enchytraeid
(oligochaete) worms in the shallow water of both the Beaufort and
Chukchi Seas. The ecological role of these worms is unknown, but
their abundance may indicate a reasonably basic function in the eco-
system. The latter is even too preliminary to be a conclusion.

E. The fauna of the shallow water of the Chukchi Sea is
strikingly similar to that of the Beaufort north of Cape Lisburne.
South of Cape Lisburne the benthic fauna becomes increasingly more
diverse and bears less resemblance to the arctic (Beaufort Sea)
fauna.
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F. In both the Beaufort and Chukchi Seas there is an increase
in the benthic diversity with depth of water. This probably is re-
lated to the depth to which ice freezes, and the major discontinuity
may occur at a depth of about 2 meters. The latter conclusion is
preliminary but analysis of samples already collected will support
or fail to support it.

IX. Needs for further study:

A. Another season of shallow water sampling of Beaufort Sea
beaches probably will not significantly add to the species list or
list of characteristics or biologically important species. A lack
of knowledge of the fauna between depths of 2 M and 10 M exists,
however, and is a major gap in our knowledge.

B. A second season of sampling of Chukchi Sea beaches can
reasonably be thought of as practical and profitable. Sampling
of the Chukchi Sea inside the 10 M isobath is a priority item for
future research when a platform is available.

C. Ecological processes (especially trophic relationships)
remain a major unknown. In particular, the role of enchytraeid
(oligachaete) worms and amphipods are important.

D. The ecological processes in arctic salt marshes, especially
grazing rates, effects of salt water inundations, and other per-
turbations, and the role of vegetation in stabilizing beaches, are
important, and poorly known.

E. The identification of enchytraeid worms currently is im-
possible. We do not even know how many species we are dealing with.

F. All of our current data are based on once per season samples.
We feel a need for monitoring information collected from a few
selected sites several times per year. We are especially concerned
with possible population trends during the ice-free season. For this
purpose, beach transects should be extended to deeper water.
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X. Summary of 4th quarter operations:

A. Ship or laboratory activities

1. Ship or field trip schedule: none.

2. Scientific party (all with Western Washington State
College).

a. Principal Investigator
A. C. Broad, on salary January 1 to March 15.

b. Laboratory Supervisor
Helmut Koch, January 1 to March 31.

c. Computer Programmer
Gregg Petrie, hourly wages)

d. Laboratory Assistants (all hourly wages)
Susan Broad
Mark Childers
David Cormany
Crystal Driver
James Hanes
Gary Heckman
Patricia Jackson
Wendy Pounds

3. Methods: As previously reported (item 4 of page 6 of
September 30, 1976 quarterly report).

4. Sample localities: none.

5. Data collected or analyzed

a. No data collected.

b. This quarter, 276 biological and 156 sediment
samples were analyzed; 474 biological and 43
sediment samples remain.

C. No miles of trackline.

6. Milestone chart and data submission schedules

a. Completion of analysis of 1976 samples will extend
somewhat beyond the June 15 date projected in the
December 30, 1976 Quarterly Report.
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b. This slippage in schedule was caused by unsuspected
amounts of peat in Chukchi Sea samples that made
sorting of those more difficult.

B. Problems encountered/recommended changes. No new
problems.

C. Estimate of funds expended (based on February 28 fiscal report)

Budgeted Used Remaining

Salary P1 25,000 17,682 7,318

Salaries, Associates 56,000 32,226 23,774

Salaries, other 90,000 54,822 35,178

Fringe 18,000 11,349 6,651

Travel, freight 30,500 16,394 14,106

Chukchi logistics 28,000 20,940 7,060

Supplies 6,000 4,290 1,710

Equipment 15,765 1,284 14,481

Computer 5,800 1,427 4,373

Overhead 68,000 15,997 52,003

Totals 343,065 176,411 166,654
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Table 1 : Sampling stations of the Beaufort and Chukchi Sea
shores, R.U. 356, 1975 and 1976
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Table 1 : (continued), Page 2
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Table 1 : (continued), Page 3
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Table 1 : (continued), Page 4
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Table 1 : (continued), Page 5
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Table 1 : (continued), Page 6
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TABLE 2: Species of plants and animals encountered at Beaufort Sea
sampling stations in 1975.
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TABLE 2 (continued)
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TABLE 2 (continued)
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TABLE 2 (continued)
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Table 3 : Species encountered in the Chukchi Sea sampling program
(1976) not previously found in Beaufort Sea samples (1975).
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Table 3 : (continued), Page 2
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Table 3 : (continued), Page 3
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Table 3 : (continued), Page 4
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TABLE 4 28

MEAN PICMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THF CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION B06
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 4 CONTINUED
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TABLE 5 30

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE

BENTHOS SAMPLED BY VARIOUS METHODS AT STATION B18

DATA ARE BASED ON SAMPLS FROM ALL DEPTHS.
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TABLE 5 CONTINUED
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TABLE 6 32

MEAN BIOMASS IN CRAMS AND DIVERSITY FROM ANIMAL SPFCIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION B21
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 6 CONTINUED
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TABLE 7 34

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION B22
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 7 CONTINUED
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TABLE 8 36

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHOD AT STATION C36
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 9 37

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARI0US METHODS AT STATION C37
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 9 CONTINUED
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TABLE 10

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORES
BENTHOS SAMPLEO BY VARIOUS METHODS AT STATION C38
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 10 CONTINUED
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TABLE 11
41

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION C39
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 12 42

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION C40

DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 12 CONTINUED
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TABL 13

MEAN BIOMASS IN GRAMS AND DIVERSITY FROM ANIMAL SPECIES OF THE CLOSE INSHORE

BENTHOS SAMPLED BY VARIOUS METHODS AT STATION C41

DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 13 CONTINUED
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TABLE 14

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION D00
DATA ARE BASED ON SAMPLES FROM AlL DEPTHS.
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TABLE 14 CONTINUED
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TABLE 15 48

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H08
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE l5 CONTINUED

158



TABLE 16 50

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H12
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.

159



TABLE 16 CONTINUED
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TABLE 17 52

MEAN BIOMASS IN GRAMS AND DIVERSITY FROM ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H19
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 17 CONTINUED
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TABLE 18 54

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H20
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 18 CONTINUED
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TABLE 19 56

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H22
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 19 CONTINUED
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TABLE 20 58

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H28

DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 20 CONTINUED
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TABLE 21 60

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H32

DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 21 CONTINUE
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TABLE 22 62

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H39

DATA ARE BASED ON SAMPLES FOM ALL DEPTHS.
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TABLE 22 CONTINUEDINl!FI

172



TABLE 23 64

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION H40
DATA ARE PASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 24 65

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION I30
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 25 66

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE

BENTHOS SAMPLED BY VARIOUS METHODS AT STATION I31
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 26 67

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION I50
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 26 CONTINUED
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TABLE 27 69

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION I58

DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 27 CONTINUED
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TABLE 28 71

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THF CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT ATATION J22
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 29 72

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION J24
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 30 73

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION M08
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 30 CONTINUED
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TABLE 31 75

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHOREBENTHOS SAMPLED BY VARIOUS METHODS AT STATION M10
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 31 CONTINUED
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TABLE 32 77

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION M11
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 3 3 78

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION M14
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.

187



TABLE 34 79

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION N42
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 35 80

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION N43
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 36 81

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION N44
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 37 82

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE

BENTHOS SAMPLED BY VARIOUS METHODS AT STATION 039
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 38 83

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION 040
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 38 CONTINUED
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TABLE 39 85

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION 042
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.

194



TABLE 40 86

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION P30
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 41 
87

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION P33
DATA ARE BASED ON SAMPLES FROM ALL DEPTHS.
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TABLE 42 88

MEAN BIOMASS IN GRAMS AND DIVERSITY FOR ANIMAL SPECIES OF THE CLOSE INSHORE
BENTHOS SAMPLED BY VARIOUS METHODS AT STATION P34
DATA ARE BASED ON SAMPLES FROM AIL DEPTHS.
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Table 43 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
P28, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 44 : Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

P31, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 45 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
P52, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 46 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
R28, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 47: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
R19, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 48 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
R20, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 49 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
R40, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 50 : Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

S56, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 51 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
S51, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 52 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station

, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 53 : Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

Tll, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 54 : Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other general nonquantitative samples at station
T12, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+, B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 55: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
U51, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+, B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 56: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station

, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 57 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
U55, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 58: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
U57, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 59 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station

, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 60: Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

46Y, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 61 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station

, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 62: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station

, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 63: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
Z09, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 64 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
Z44, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 65: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
Z45, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 66: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
Z46, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 67 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
48Y, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 68 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
44W, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 69: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
33X, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 69,

Station 33X (p. 2)
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Table 69,

Station 33X (p. 3)
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Table 70: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
28V, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 71 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
27V, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 72: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
31T, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 73 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
OU3, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 74: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
2U1, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 75: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other general nonquantitative samples at station
5U4, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.

232



Table 76 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
3V2, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 77: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
4V5, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 78 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
1WO, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 79 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
2V6, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 80 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
1W2, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals
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Table 81: Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

2W0, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 82: Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

4Y0, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 83: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
4Y1, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 84: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
4W5, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 85: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
5Y2, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 86 : Relative abundance of nearshore benthic animals in epibenthic

dredge, Ekman grab, and other, general nonquantitative samples at station

OZ7, Chukchi Sea shore. Data are maxima for each gear type used at this

station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 87: Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
OZ8, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 88 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
751, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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Table 89 : Relative abundance of nearshore benthic animals in epibenthic
dredge, Ekman grab, and other, general nonquantitative samples at station
802, Chukchi Sea shore. Data are maxima for each gear type used at this
station. A = 500+; B = 251 to 500; C = 51 to 250; D = 1 to 50 individuals.
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TABLE 90
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES

AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION B06
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TABLE 91

FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION C37
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TABLE 92
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION C38
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TABLE 92 (continued)
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TABLE 93

FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES

AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION C41
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TABLE 94 143
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION D00
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TABLE 95
SPECIES LIST OF BEACH VEGETATION AT STATION H12
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TABLE 96 145
FREQUECY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION H32
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TABLE 96 (continued)
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TABLE 97 147
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANTS SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION I 30
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TABLE 98 148

FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES

AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION I50
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TABLE 98 (continued)
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TABLE 99 150
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION I58
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TABLE 100 152
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION J22
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TABLE 101 153
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLA AT STATION M11
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TABLE 101 (continued)
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TABLE 102 155
FREQUENCY OF OCCURRENCE AND OTHER DATA FOR PLANT SPECIES
AT SEVERAL BEACH ELEVATIONS ABOVE MLLW AT STATION 040
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Figure 1. Beaufort Sea sampling station (squares) between Demarcation
point and the Canning River. Stippled coastline indicates unconsoli-
dated substrate (gravel and coarse sand). Coarse stipples at Flaxsman
Island, Brownlow Point, Konganevik Point, and in Demarcation Bay are
boulders. Fine, irregularly hatched areas are mud/sand mixtures.



Figure 2. Beaufort Sea sampling station (squares) between Camden Bay
and Harrison Bay. Stippled coastline is unconsolidated (gravel and
coarse sand). Fine, irregularly hatched areas are mud/sand mixtures.
Heavy, irregular stipples at Flaxsman Island, Brownlow Point and
Konganevik Point are boulders. \



Figure 3. Beaufort Sea sampling stations (squares) between the
Colville River and Point Barrow. Stippled coastline is unconsoli-
dated gravel and coarse sand. Fine, irregularly hatched areas are
mud/sand mixtures.



Figure 4. Chukchi Sea sampling stations (squares) between PointBarrow and lower Kasegaluk Lagoon. Stippled coastline is un-consolidated sand and gravel. Coarse, irregular stipple justeast of Peard Bay is bedrock. Fine, irregularly hatched areasare mud/sand mixture.



Figure 5. Chukchi Sea sampling stations (squares) between Point Lay

and Kivalina. Coarse, irregular stippled areas are bedrock shores

lacking beaches. Stippled areas are unconsolidated sand and gravel.

Fine, irregularly hatched areas are mud/sand mixtures.



Figure 6. Chukchi Sea and Kotzebue Sound sampling stations (squares)
between Kivalina and Cape Espenberg. Fine stippled area is un-
consolidated gravel and sand. Coarser stippling indicates cobble andboulder size rocks also occur. Coarse, irregular stipples at Choris
Peninsula and the south shore of Kotzebue Sound are bedrock that
drops abruptly to the water's edge. Fine, irregular hatching shows
muddy, mud/sand, and marsh areas.



Figure 7. Chukchi Sea sampling stations (squares) from Cape Espenberg
to Cape Prince of Wales. Fine stippled areas are unconsolidated sand
sand and gravel. Coarser stippling indicates cobbles or small stones.
Coarse, irregular stippling at Cape Prince of Wales is bedrock. Fine,
irregular hatched areas are marsh or mud/sand mixtures.



Figure 8. Composition of sediment samples taken at 0.0 M depth at various
Chukchi Sea stations. Gravel = > 2.0 mm; sand = .0625 mm to 2.0 mm; mud
(silt and clay) = < .0625 mm. The 90 to 100% sand vertex is enlarged.
Stations are identified by the sequence number from Table 1 which gives
latitude, longitude and location of all stations.
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Figure 9. Composition of sediment samples taken at -0.25M depth at

various Chukchi Sea stations. Gravel = > 2.0 mm; sand = .0625 mm to

2.0 mm; mud (silt and clay) = < .0625 mm. The 90 to 100% sand vertex

is enlarged. Stations are identified by the sequence number from Table 1

which gives latitude, longitude and location of all stations.
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Figure 10. Composition of sediment samples taken at -0.50M depth at
various Chukchi Sea stations. Gravel = > 2.0 mm; sand = .0625 mm to
2.0 mm; mud (silt and clay) = < .0625 mm. The 90 to 100% sand vertex
is enlarged. Stations are identified by the sequence number from Table 1
which gives latitude, longitude and location of all stations.
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I. Summary of objectives, conclusions, and implications with respect to

OCS oil and gas development

The primary objectives of this project were to determine the seasonal
density distribution and environmental requirements of principal species

of phytoplankton, zooplankton, and ichthyoplankton, and to determine sea-

sonal indices of phytoplankton production. A secondary objective was to

summarize existing literature, unpublished data, and archived samples.

Most of our conclusions must be preliminary because so little informa-

tion is available concerning plankton of the Beaufort Sea. In general,
the distribution of individual phytoplankton species appears to be wide-

spread within the Beaufort Sea, while the distribution of some zooplankton

species is influenced by local hydrographic regimes. Primary production

and standing stocks of phytoplankton are variable and patchy based on
data from one summer (August) sampling period. Highest primary productivity

occurs below the surface, usually between 5 and 20 m, and where diatoms
are the most abundant organisms. Meroplankton comprise a large part of

the zooplankton of the western Beaufort Sea. Expatriate species are found

with the intrusion of Bering Sea water into the Beaufort Sea.

Most of the basic background information necessary to make adequate

assessments of the impact of oil and gas development on the plankton is
still not available. Changes in species composition or loss of some
planktonic species because of an oil spill would probably affect higher
levels of the food chain and be damaging to fish, birds and mammals.
Basic life history information is not known for most planktonic species

and there are essentially no experimental studies concerning the effects
of oil on Arctic plankton. Our studies point out the lack of available

knowledge on the plankton.

II. Introduction

A. General nature and scope of study

As primary producers and primary and secondary consumers, phyto-
plankton and zooplankton play an important role in the Beaufort Sea eco-

system. Our purpose was to provide basic biological information about

these organisms in order to understand their relationships within the eco-
system.

B. Specific objectives

The specific objectives of this project were to

1. Determine the seasonal density distribution and environmental

requirements of principal species of phytoplankton, zooplankton, and ich-
thyoplankton;

2. Determine seasonal indices of phytoplankton production;
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3. Summarize existing literature, unpublished data, and archived
samples.

C. Relevance to problems of petroleum development

The development of gas and oil reserves has had, and will continue
to have, an impact on the marine environment of the Beaufort Sea. In order
to detect changes and predict or assess adverse effects caused by this
development, it is necessary to have basic background information on pro-
ductivity, species composition, distributions, abundances, life cycles and
migration patterns of planktonic organisms.

Potential dangers to the plankton community include reduced pri-
mary productivity caused by direct toxicity effects or reduced light pene-
tration into the water column as a result of a surface oil slick, and
possible changes in the phytoplankton species composition with possible
concurrent changes in the zooplankton because of modified food sources.

Some life cycle stages, especially larvae, are more susceptible
to pollutants than other stages. It is important to know what these
stages are and when and where they occur in the water column.

Oil trapped under the ice would affect the ice algae community
that commonly occurs in spring. While the areal extent of this community
is not well known, it is important in the shallow water areas (10 to 15 m)
along the Beaufort Sea coast and provides a source of food for a number of
important species, including amphipods, that are in turn utilized as food
by birds and mammals.

In addition to the chemical effects of possible oil pollution,
physical changes in the environment will also be critical. Construction
of causeways and other structures or dredging of channels that could change
circulation patterns will have an effect on primary productivity through
changes in nutrient supply, and on planktonic organisms in general through
changes in possible migration patterns and recruitment rates.
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III. Current state of knowledge

Little is known about the biology of the plankton in the Chukchi
and Beaufort seas. Table 1 lists expeditions, collections, and publica-
tions on plankton from this area. The earliest collections were made
during the Canadian Arctic Expedition, 1913-1918. Major groups of zoo-
plankton reported from this expedition included ctenophores and
hydromedusae (Bigelow 1920), amphipods (Shoemaker 1920), copepods (Willey
1920), and schizopod crustaceans (Schmitt 1919). The primary constituents
of the zooplankton in these samples were crustaceans, particularly copepods.
Diatoms, described by Mann (1925), were primarily benthic forms.

Johnson (1956) reported on zooplankton collected in the Chukchi and
Beaufort seas in 1950 and 1951 and demonstrated, for the first time, the
presence of Bering Sea water in the Beaufort Sea based on zooplankton
distributions. Hand and Kan (1961) described the hydromedusae from these
samples, including breeding ranges and the influence of hydrography on
species distribution.

Wing (1974) described the kinds and abundance of zooplankton from
the eastern Chukchi Sea in September and October 1970. Quast (1974)
reported the density distribution of juvenile Arctic cod (Boreogadus
saida Lepechin) from the same cruise and considered Arctic cod to be a
"key species in the ecology of the arctic seas", being important as a
major secondary consumer.

Studies concerned with annual cycles, biomass, population dynamics,
and production of both phytoplankton and zooplankton have been done
primarily at Pt. Barrow (MacGinitie 1955; Johnson 1958, Bursa 1963;
Horner 1969, 1972; Redburn 1974). MacGinitie (1955), concerned mainly
with benthic invertebrates, included a limited discussion of phytoplankton
and zooplankton based on relative abundances and reproductive periods.
Johnson (1958) described the qualitative and quantitative composition of
the inshore zooplankton community for one month in summer.

Redburn (1974) described the zooplankton community in terms of
species abundance and composition, life cycles, and relationship to the
hydrographic regime. Copepods were the major constituents of the community
along with large numbers of meroplanktonic larvae. The occurrence of
Bering Sea water was indicated by the presence of several expatriate
species of copepods and several populations of copepods and hydromedusae
that breed from the Bering Sea to Barrow.

Bursa (1963) studied the taxonomy, ecology, and abundance of phyto-
plankton from several habitats near Barrow. Horner (1969, 1972) reported
a bimodal annual phytoplankton cycle with a spring maximum in June and
early July before ice breakup and a fall maximum in August-September.

In the nearshore area of the Beaufort Sea, Alexander (1974)
has reported primary productivity, chlorophyll a, and biomass data for
the phytoplankton community in the Colville River system, including
Harrison Bay and Simpson Lagoon. Coyle (1974) and Horner et al. (1974)
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Table 1. Expeditions, publications, and subjects of marine
biological studies in coastal waters of the Beaufort Sea
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Table 1. (continued)

288



6

studied the Prudhoe Bay plankton in terms of primary productivity, stand-
ing stock, species composition, and spatial variability, along with local
hydrographic conditions.

Cobb and McConnell (unpubl. ms.) have described the species composi-
tion, relative abundances, and distributions of zooplankton collected in
summer 1971. Horner (unpubl.) has data on phytoplankton standing stock,
distribution, and chlorophylla concentrations from summer 1973 and 1974.

Hsiao (1976) and Grainger and Grohe (1975) have reported on phyto-
plankton and zooplankton studies in the southern Beaufort Sea (Mackenzie
River delta), and Adams (1975) studied light intensity and primary produc-
tivity under sea ice containing oil.

With the exception of Adams (1975), these studies have been concerned
with species composition, abundance, and distribution. Few attempts have
been made to determine energy flow within the Arctic ecosystem and only
Adams (1975) and Hsiao (1976) have studied the effects of oil on phyto-
plankton productivity in the Beaufort Sea.

IV. Study area

Plankton collections were made in Prudhoe Bay in Aug-Sep 1975 (Fig. 1)
and in the Chukchi and Beaufort seas in Aug-Sep 1976 (Fig. 2 to 3,
Table 2). The Prudhoe Bay samples were collected when and where local
weather and ice conditions permitted. Plankton collections were made in
the Chukchi Sea early during the Glacier cruise because ice conditions
prevented the ship from entering the Beaufort Sea. Beaufort Sea stations
were generally taken along the transects designated by OCS off Pitt Point
and Narwhal Island. Ice prevented our working the transect off Barter
Island. Additional stations were taken where investigators requested and
ice permitted.

V. Sources, methods, and rationale of data collection

Phytoplankton samples were collected in Prudhoe Bay with a 6-l Scott-
Richards water bottle (modified Van Dorn bottle). Following collection,
the water samples were drained into 4-l polyethylene bottles, kept in a
cool place, and returned to the shore laboratory at the V & E Construction
camp, Deadhorse, for further processing.

In the laboratory, portions of each water sample were used for chloro-
phyll a, primary productivity, standing stock, and salinity. Water for
chlorophyll a determination was filtered through 47 mm Millipore HA (0.45 µm)
filters. A few drops of a saturated MgC0[subscript]3 solution were added and the
filter tower rinsed with filtered seawater. The filters were folded into
quarters, placed in a dessicator, and frozen. At the University of
Washington, the chlorophyll concentrations were determined using a Turner
fluorometer (Strickland and Parsons 1968).
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Fig. 1. Station locations, Prudhoe Bay, Sep 1975. A is ice
edge 10 Sep; B is ice edge 11 Sep; C is ice edge 14 Sep.
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Fig. 2. Chukchi Sea cruise track and station 
locations, USCGC

Glacier, 7 Aug to 4 Sep 1976.
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Fig. 3. Beaufort Sea cruise track and station locations, USCGC Glacier, 7 Aug to 4 Sep 1976.



Table 2. Station locations, USCGC Glacier, 7 Aug to 4 Sep 1976
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Primary productivity experiments were run in 60 ml reagent bottles.

Two light bottles and one dark bottle were used for each depth. Two ml of
NaH[superscript]1 4CO[subscript]3 solution were added to each bottle, aluminum foil was placed

around the dark bottle, and the samples were incubated in a plastic bucket

filled with water under daylight illumination and ambient air temperature.
After a 4 hr incubation period, the samples were filtered onto 25 mm

Millipore HA (0.45 µm) filters, rinsed with 5 ml filtered seawater, and

the filters were placed in liquid scintillation vials. In Seattle,

radioactive uptake was measured using a Packard Tri-Carb Liquid Scintil-

lation Spectrometer with Aquasol (New England Nuclear) as the scintillation

cocktail.

Standing stock samples were preserved with 5 to 10 ml of 4% formalin

buffered with sodium acetate. Cell counts and species identification

were made using a Zeiss phase-contrast inverted microscope following the

method of Utermöhl(1931). Species identifications were made using

standard phytoplankton reference books with Hustedt (1930, 1959) and Schiller

(1933, 1937) as the main authorities. Voucher specimens were not kept.

Nutrient determinations were made on Millipore filtered seawater that

was frozen and returned to Seattle. Autoanalyzer methods (Strickland and

Parsons 1968) were used to determine nutrient concentrations. Filtered

seawater was also used to determine salinity. These samples were analyzed

at the Naval Arctic Research Laboratory, Barrow, Alaska, using a Beckman

RS 7 B induction salinometer using Copenhagen seawater as the standard.

During the cruise of the USCGC Glacier zooplankton and ichthyoplankton
were sampled with bongo nets and 0.75-m ring nets. The bongo net consists

of a double-mouthed frame, each mouth with an inside diameter of 60 cm

and an area of 0.2827 m² Nets with a mesh size of 505 µm(8:1 OAR) and

333 µm(8:1 OAR) were attached to the frame. A TSK flow meter was mounted
in the mouth of each net to determine the amount of water filtered, and a
bathykymograph (BKG) was attached at the center of the frame to determine
tow depth. Two or three 25-lb cannon ball weights were attached to the
frame. Tows were double oblique with deployment at approximately 50 m/min,
with a 30 sec soaking time, and retrieval at 20 m/min. Sampling depth
varied because of the shallow water, but the net was placed as close to
the bottom as possible without endangering the net. Because of adverse ice
conditions, only 10 bongo tows were made.

The ring net has a mesh size of 308 µm(2:1 OAR) and is mounted on a
0.75-m ring. This net was lowered to a predetermined depth, usually 10

or 20 m, allowed to soak for 10 sec, and vertically hauled to the surface.

Depending on the water depth, two or more tows were made at a station,

with 51 tows being done during the cruise.

The zooplankton samples were concentrated by gently swirling the sample
in a net collection bucket to remove excess water. The samples were then

placed in 250 or 500 ml jars and preserved with 100% formalin and saturated
sodium borate solution. The amount of formalin and buffer depended on the

jar size. A label containing collection data was put in the jar, seawater

was added, if necessary to fill the jar, and the jar was tightly capped for

storage.
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The zooplankton samples were first sorted for large or rare organisms,
then each sample was split in a Folsom plankton splitter until a subsample
containing 100 specimens of the most abundant species was obtained. The
organisms were identified and counted using a dissecting microscope.
Voucher specimens have been kept for some species. References used to
identify zooplankton are given in Table 3.

Acoustic surveys were conducted using a Ross 200A Fine Line Echosounder
system operating with a frequency of 105 kHz. A 10° transducer mounted
in a 0.6 m V-Fin depressor was lowered to the water surface when the ship
was stopped on station. The incoming signal was recorded on a paper chart
marked with the station number, date, time (LDT), and other pertinent
information. When ice and time allowed, the incoming signal was also
recorded on magnetic tape for later analysis. Most of the recording was
done in the 0-50 fm range because of the shallowness of the water. Few
acoustic measurements were made because of ice conditions.

Phytoplankton samples were collected with 5-l Niskin bottles. Sub-
samples were taken for salinity, standing stock, primary productivity, and
chlorophyll a determinations. Salinity was measured on board using a
Bisset Berman Hytech salinometer Model 6220 (USCG # 4691 m). Standing
stock samples were preserved with approximately 10 ml of 4% formalin.
Cell counts and species identifications were made using a Zeiss phase-
contrast inverted microscope following the method of Utermöhl(1931).
Five and 50-ml settling chambers were set up for each sample. Rare
organisms and cells larger than 50 µm were counted at 10 X in the 50-ml
chambers and small, abundant organisms were counted at 25 X in the 5-ml
chambers. Usually 1/5 of each chamber was counted. Species identifica-
tions were made using standard phytoplankton reference books with Hustedt
(1930, 1959) and Schiller (1933, 1937) as the main authorities. Voucher
specimens were not kept. Standing stock samples collected in the Chukchi
Sea have not been analyzed because of time limitations.

Primary productivity measurements were made in 60 ml reagent bottles.
Two light bottles and one dark bottle were used for each depth. Two ml
of NaH[superscript]14C0[subscript]3 solution were added to each bottle, aluminum foil was placed
around the dark bottle, and the samples were incubated in a sink in the
laboratory. A bank of cool white fluorescent lights was set up over the
sink. Light levels were measured at the beginning and end of the incuba-
tion period with a Gossen Super Pilot photographic light meter. Low
temperature in the sink was maintained by running seawater; temperature
was measured at the beginning and end of the incubation period. The incuba-
tion period was usually 3-4 hours. The samples were filtered onto 25 mm
Millipore HA (0.45 µm)filters,rinsed with approximately 5 ml filtered
seawater and 5 ml 0.01 N HCL, and placed in liquid scintillation vials.
Radioactive uptake was measured using a Packard Tri-Carb Liquid Scintilla-
tion Spectrometer with Aquasol (New England Nuclear) as the scintillation
cocktail. Primary productivity was calculated using the equation

[FORMULA]
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Table 3. References aiding identification of zooplankton
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where (L-D) is light-dark bottle disintegrations per minute; W is
carbonate carbon; 1.05 is a 14C isotope factor; R is the activity of
the l4C used; and T is the incubation time.

Water for chlorophyll a determinations was filtered through 47 mm
Millipore HA (0.45 µ) filters. A few drops of a saturated MgCO[subscript]3 solution
were added and the filter tower was rinsed with filtered seawater. The
filters were folded into quarters, placed in labelled coin envelopes,
and frozen. The samples were analyzed using a Turner fluorometer
(Strickland and Parsons 1968). Calculations were done using the equations

[FORMULA]

where F[subscript]o is fluorometer reading before acidification; F[subscript]a is fluorometer
reading after acidification; K is fluorometer door calibration factor;
and Vol filtered is the volume of sample filtered.

Temperatures, measured using reversing thermometers, were corrected
using the calibration factors provided by the Coast Guard and following
the procedure outlined in U.S. Naval Oceanographic Office Publ 607 (1968).

VI. Results

A. Prudhoe Bay

Hydrographic data are given in Table 4. Chlorophyll a concentra-
tions were generally < 1 mg m- ³ except for near-bottom samples at stations
24, 27, and 30, where concentrations were 2 to 3 mg m-³ Different species
accounted for the higher chlorophyll a concentrations in the deeper water
with pennate diatoms being most abundant at station 30-15 and Chaetoceros
furcellatus Bailey being most abundant at station 24-7.

Temperature ranged from -1.0 to +3.0° C with the lowest and high-
est temperatures at the surface. Salinity ranged from 11.648 to 24.959 ‰
with higher salinities generally being in deeper water.

Phosphate concentrations ranged from 0.03 to 1.31 µ at l-¹,
generally being below 0.60 µg at l-¹ Silicate concentrations ranged
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Table 4. Hydrographic data for OCS stations taken during Sep 1975 in Prudhoe Bay



Table 4. (continued)



Table 4. (continued)



Table 4. (continued)
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from 4.72 to 20.95 µgat l-¹.Thelowest silicate concentration was at
station 10 and the highest at station 4, both located inside the bay
near the east dock. The samples were collected one day apart and few
diatoms were present at either station. Nitrate concentrations ranged
from 0.03 to 1.19 µgat l-¹;nitrite ranged from 0.00 to 0.57 µg at 1- ¹;

ammonia ranged from 0.60 to 2.57 µg at l-¹.

Primary productivity was generally low, ranging from 0.01 to 2.97
mg C m- ³· hr-¹ , with the highest occurring at station 24-7 where the
chlorophyll a concentration was also high.

Inside Prudhoe Bay, small species of the diatom genus Chaetoceros,
especially Ch. furcellatus, were dominant. Pennate diatoms, mostly un-

identified, were also present, but usually not in large numbers. At station
33, slightly north of Gull Island, at 15 m,small flagellates were abun-
dant along with Chaetoceros spp. Small flagellates were also abundant at
the surface at station 30. Ciliates were abundant at stations 6, 14, 15,
16, 23, 24, and 31, probably grazing on the phytoplankton.

B. USCGC Glacier

1. Hydrography

Hydrographic data for stations taken in the Chukchi and
Beaufort Seas are given in Table 5. Temperature and salinity depth pro-
files are plotted in Fig. 4. Bering Sea water, indicated by higher
temperatures, can be seen at 10 to 20 m at stations 13, 21, 23, 24, 26,
27, and possibly 20. The presence of Bering Sea water in the Beaufort
Sea is important when discussing distribution patterns of phytoplankton
and zooplankton.

2. Primary productivity and chlorophyll a

Primary productivity and chlorophyll a values are listed in
Table 5, and depth profiles are shown in Fig. 4. Integrated values for

carbon assimilation, chlorophyll a, and phaeophytin are given in Figs.

5 to 10. In general, high chlorophyll a concentrations were found at the
same depths as high primary productivity. High productivity and high

phytoplankton cell counts did not always occur at the same depth. The
same species were usually abundant at the depth of greatest primary pro-

ductivity with the exceptions of stations 23 and 24. At these stations,

highest productivity occurred at 15 m in Bering Sea water where Lepto-
cylindrus minimus Gran and Nitzschia closterium (Ehrb.) W. Smith were the
most abundant species.

Relatively high production and chlorophyll a concentrations
were found in the Prudhoe Bay area (stations 15, 17, and 18) except at the
surface where small flagellates comprised about 75% of the population.

Primary productivity was generally < 1 mg C m-³·hr-¹at stations and
depths where flagellates were the most abundant.
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Table 5. Hydrographic data for OCS stations taken during Aug-Sep 1976,
USCGC Glacier, in the Chukchi and Beaufort Seas



Table 5. (continued)



Table 5. (continued)



Table 5. (continued)



Table 5. (continued)



Table 5.(continued)



Table 5. (continued)



Fig. 4. Depth profiles of temperature-salinity and chlorophyll a- 14C
assimilation in the Chukchi and Beaufort seas, Aug-Sep 1976. Salinity --- ;
temperature ____; chl a, m g m- ³ _____; 14C assimilation, m g C m-³·hr-¹---.

310



Fig. 4. (continued)
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Fig. 4. (continued)
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Fig. 4. (continued)
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Fig. 4. (continued)
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Fig. 4. (continued)
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Fig. 5. Integrated 14C uptake (mg C m-²·hr-¹), Chukchi Sea
stations, Aug 1976.
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Fig. 6 . Integrated chlorophyll a concentrations (mg m-²), Chukchi
Sea stations, Aug 1976.
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Fig. 7. Integrated phaeophytin concentrations (mg m-²), Chukchi
Sea stations, Aug-Sep 1976.
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Fig. 8. Integrated 14C uptake (mg C m - ²· hr-¹), Beaufort Sea Stations, Aug-Sep 1976.



Fig. 9. Integrated chlorophyll a concentrations (mg m-²), Beaufort Sea stations, Aug-Sep 1976.



Fig. 10. Integrated phaeophytin concentrations (mg m-²), Beaufort Sea stations,Aug-Sep 1976.
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3. Phytoplankton standing stock

A list of phytoplankton species known to occur in the Beau-
fort Sea is given in Table 6. Not all of these species were found in
the Glacier-76 samples, although 75 categories from 6 phyla, including 61
species and 14 other categories including unidentified species and groups
of species were present. With the exception of Leptocylindrus minimus,
all species identified in the Glacier-76 samples have previously been
reported from the Chukchi and Beaufort seas (Bursa 1963, Horner 1969,
Hsiao 1976).

The phytoplankton have been grouped into four major categories
based on taxonomic group and abundance in the samples. The percentage of
phytoplankton by major category at the depth of greatest carbon uptake at
each station is given in Fig. 11 and Table 7. The percentage of phyto-
plankton by major category by depth for each station is given in Fig. 12
and Table 8. Table 9 lists the number of cells per liter by depth.

Standing stock ranged from ca. 1.0 x 10[superscript]5 cells [filled circle] l-¹at
station 14-20 to 5.0 x 10[superscript]6 cells [filled circle] l-¹ at station 15-10. Small flagellates
were the most abundant organisms at station 14-20, with ca. 5.0 x 10[superscript]4 cells
cells [filled circle] l-¹ while Chaetoceros spp., with 4.7 x 106 cells [filled circle] l-¹, was most
abundant at station 15-10.

Species of the genus Chaetoceros were the most abundant organ-
isms at most stations and were especially numerous below the surface at
stations 15, 17, and 18 near Prudhoe Bay. The category Chaetoceros spp.
includes Ch. fragilis Meunier, Ch. furcellatus, Ch. gracilis Schütt,
Ch. socialis Lauder, and Ch. wighami Brightwell which were not separated
in the cell counts (listed on data cards as Chaetoceros spp.), along with
Ch. atlanticus Cleve, Ch. compressus Lauder, Ch. concavicornis Mangin,
Ch. debilis Cleve, Ch. septentrionalis østrup,and several other species
present in smaller numbers.

At stations 23 and 24, the diatoms Nitzschia closterium
and Leptocylindrus minimus were most abundant in Bering Sea water.

Small flagellates, mostly < 10 µm in diameter,were generally
more abundant at western stations and at the surface at the eastern sta-
tions (Fig. 12). Where flagellates were abundant, productivity and
chlorophyll a concentrations were low, suggesting that many of the flagel-
lates were probably not photosynthetic.

Dinoflagellates, while never very abundant, ranged from ca.
2.0 x 10³to 61.2 x 10³cells · l-¹,and were always present. They oc-
curred in larger numbers at stations taken toward the end of August and
in early September.

4. Zooplankton standing stock

A list of zooplankton species found in the Beaufort Sea is
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Table 6. Preliminary list of phytoplankton species in the Beaufort
Sea. This list does not include species that are known primarily from the
ice or the benthos.
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Table 6. (continued)
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Fig. 11. Per cent Chaetoceros species (broken lines), all other diatoms (white), flagellates
(stippled), and dinoflagellates (black) at depth of greatest carbon assimilation.



Table 7. Per cent Chaetoceros species, all other diatoms, flagellates,
and dinoflagellates at depth of greatest carbon uptake
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Fig. 12. Percentage of phytoplankton by major category by depth for

each station. Blanks indicate depths where samples were not analyzed.

Percentages add up to 100% running from left to right across the diagram.
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Fig. 12. (continued)
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Fig. 12. (continued)

329



Fig. 12. (continued)
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Table 8. Percentage of phytoplankton by major category for the

upper 40 m. Where no number is present, the sample was not analyzed.
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Table 8. (continued)
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Table 9. Total number of phytoplankton cells by major category

for the upper 40 m. Where no number is present, the sample was not

analyzed.
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Table 9. (continued)
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given in Table 10. Sixty-one categories of zooplankton were identified
from 12 stations, representing 8 phyla, 42 species, and 19 other categories
including larval stages and categories where identification was made to
order, suborder or family (Tables 11 to 16). Abundance of all zooplank-
ton at each station collected in vertical ring net hauls is given in Fig.
13. The percentages of copepods, barnacle larvae, and all other zooplank-
ton collected in vertical ring net hauls are given in Figs. 14 and 15.
Presence or abundance by species or taxonomic category found at each sta-
tion is given in Figs. 16 to 39.

Maximum abundances of total zooplankton occurred at stations
13 and 26, while minimum abundances were found at stations 14 and 15 for
20 - 0 m and 10 - 0 m hauls. Barnacle larvae comprised the largest per-
centage of zooplankton at stations with maximum abundances and copepods
comprised the largest percentage of zooplankton at stations with minimum
abundances.

Results for each taxonomic category are given in alphabetical
order under major taxonomic categories.

COPEPODA

Twenty-four species of copepods were found, including two unidentified
calanoid species, one unidentified cyclopoid species, and two unidentified
harpacticoid species. Four species showed a widespread distribution; three
of these occurred at all 12 stations. The occurrence of other species was
primarily dependent upon hydrographic conditions and depth of sampling.
Included among these are four characteristically deep-water species, three
neritic species associated with lower salinity, three species characteristi-
cally found in larger numbers offshore, five expatriate species from the
south, and one species previously undescribed in the area.

Acartia spp.

Two species, Acartia longiremis (Lilljeborg) and Acartia clausi Gies-
brecht have been reported in the plankton off Pt. Barrow (Redburn 1974).
However, juveniles of these two species were not easily distinguishable
and therefore have been grouped together as Acartia spp. Juveniles were
present as stage IV and V copepodites of Acartia spp. Only adult female
A. longiremis were found in our samples.

Acartia spp. showed a widespread distribution occurring at 8 stations,
but absent from the eastern-most stations (Fig. 16). Maximum abundances
occurred at station 21 (326/m²)and station 13 (290/m² for 20 - 0 m and
10 - 0 m vertical net hauls. Acartia longiremis is a widespread species
characteristic of neritic surface waters; A. clausi is characteristic of
warmer surface water and probably occurs in the Beaufort Sea as an expatri-
ate from the south. Acartia spp. was taken from hauls as deep as 50 m at
station 24.
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Table 10. Zooplankton found in Beaufort Sea samples collected from
18 Aug to 2 Sep 1976.
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Table 10. (continued)
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Table 11. Abundances of zooplankton collected in 0.75 m ring net hauls from 10-0 m. Quantities are abundance m².



Table 11. (continued)



Table 11. (continued)



Table 11. (continued)



Table 12. Abundances of zooplankton collected in 0.75 m ring net hauls from 20-10 m. Quantities are abundance m².



Table 12 . (continued)



Table 12. (continued)



Table 12. (continued)



Table 13. Abundances of zooplankton collected in 0.75 m ring net hauls from 50-0 m. Quantities are abundance m².



Table 13. (continued)



Table 13. (continued)



Table 13. (continued)



Table 14. Abundances of zooplankton collected in 0.75 m ring net hauls from 100-0 m. Quantities are abundance m².



Table 14. (continued)



Table 14. (continued)



Table 14. (continued)



Table 15. Abundances of zooplankton collected in 0.75 m ring net hauls from 200-0 m. Quantities are abundance m².



Table 15. (continued)



Table 15. (continued)



Table 15. (continued)



Table 16. Abundances of zooplankton collected in bongo net hauls. Quantities are abundance/100 m³.



Table 16. (continued)



Table 16. (continued)



Table 16. (continued)



Fig. 13. Abundance of zooplankton (number m² x 10²) collected by USCGC Glacier in the Beaufort Sea,

18 Aug to 2 Sep 1976. Upper number represents 20-0 m haul; lower number represents 10-0 m haul. No 20-0 m

haul was taken at station 15.



Fig. 14. Percentage of zooplankton composed of copepods (white), barnacle larvae (black), and all

other zooplankton (stippled) from 10-0 m hauls.



Fig. 15. Percentage of zooplankton composed of copepods (white), barnacle larvae (black) and allother zooplankton (stippled) from 20-0 m hauls.

*No 20-0 m haul was taken at station 15.



Fig. 16. Stations where Acartia spp. were present (P).



Fig. 17. Abundance of Calanus glacialis (number m² x 10²). Upper number represents 20-0 m haul;
lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 18. Stations where Calanus hyperboreus was present (P).



Fig. 19. Stations where Calanus plumchrus was present (P) in 50-0 m hauls.



Fig. 20. Stations where Derjuginia tolli was present (P).



Fig. 21. Stations where Eucalanus bungii bungii was present (P). One individual was taken from a

100-0 m haul at station 21 and one individual was taken from a 50-0 m haul at station 24.



Fig. 22. Stations where Limnocalanus grimaldii was present (P).



Fig. 23. Stations where Microcalanus pygmaeus was present (P).



Fig. 24. Abundance of Oithona similis (number m² x 10²). Upper number represents a 20-0 m haul;
lower number represents a 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 25. Abundance of Pseudocalanus spp. (number m²x 10²). Upper number represents 20-0 m haul;
lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 26. Abundance of barnacle larvae (number m² x 10²). Upper number represents 20-0 m haul;

lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 27. Stations where Thysanoessa inermis was present (P).



Fig. 28. Abundance of anomuran zoea (number m²). Upper number represents 20-0 m haul; lower

number represents a 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 29. Abundance of brachyuran zoea (number m²). Upper number represents 20-0 m haul; lower
number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 30. Abundance of shrimp larvae (number m²). Upper number represents 20-0 m haul; lowernumber represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 31. Abundance of polychaete larvae (number m 2 x 102). Upper number represents 20-0 m haul;
lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 32. Abundance of Fritellaria borealis (number m² x 10²). Upper number represents 20-0 m haul;lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 33. Abundance of Oikopleura spp. (number m² x 10²). Upper number represents 20-0 m haul;
lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 34. Abundance of Sagitta elegans (number m² x 10²). Upper number represents 20-0 m haul;

lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 35. Abundance of Aglantha digitale (number m² x 10²). Upper number represents 20-0 m haul;
lower number represents 10-0 m haul. No 20-0 m haul was taken at station 15.



Fig. 36. Stations where Perigonimus yoldia-arcticae was present (P).



Fig. 37. Stations where Rathkea octopunctata was present (P).



Fig. 38. Stations where Cyanea capillata was present (P).



Fig. 39. Stations where Boreogadus saida was present (P).
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Calanus cristatus Krøyer

This large copepod is abundant in the North Pacific and Bering Sea and
is characteristically a bathypelagic species of cold waters (Brodskii 1950).
It occurs in the Beaufort Sea as an expatriate from the Bering Sea. It
was not present in vertical ring net hauls, but two stage V copepodites
were collected in a bongo tow from 20 - 0 m at station 25.

Calanus glacialis Jaschnov

Calanus glacialis was one of three widespread, large, truly arctic
calanoid species which occurred at all 12 stations (Fig. 17). Maximum
abundances were found at station 19B for both 20 - 0 m and 10 - 0 m hauls.
All developmental stages were present with stage II, III and IV copepodites
generally most abundant. Adult females were present in small numbers.
Calanus glacialis appears throughout the water column with large numbers
present in the 200 - 0 m haul taken at station 21.

Calanus hyperboreus Krøyer

This large calanoid copepod is one of the dominant copepods of the
Arctic Basin, and is usually found in large numbers in deeper water of the
central Arctic. The species generally does not occur south of the northern
Chukchi Sea (Brodskii 1950).

Calanus hyperboreus was observed at 6 stations, but did not appear in
the western-most stations near the Pt. Barrow - Cape Simpson area (Fig. 18).
Maximum abundances occurred at station 18 for 20 - 0 m and 10 - 0 m vertical
net hauls. Specimens observed were stage I, II, III, and IV copepodites.
No stage V copepodites or adult females were found.

Calanus plumchrus Marukawa

Calanus plumchrus is another expatriate member of the Beaufort Sea
plankton community usually found in abundance in the Bering Sea. It has
been reported in the Pt. Barrow area, but disappeared from the plankton
community by mid-August (Redburn 1974). This species was found in 50 - 0 m
vertical net hauls only at stations 23 and 24 (Fig. 19). Five stage V
copepodites were taken at station 23 while 1 female and 2 stage V cope-
podites were collected at station 24.

Centropages abdominalis Sato

This copepod appeared in only one sample collected at station 24 in
a 20 - 0 m vertical ring net haul. Only stage V copepodites were observed.
Centropages abdominalis is a neritic species at times abundant in the North
Pacific off western Canada, in the Bering Sea, and in the southern Chukchi
Sea, and, therefore, is probably indicative of Bering Sea water in the
Beaufort Sea.
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Derjuginia tolli (Linko)

A neritic species of slightly less saline waters, Derjuginia tolli
occurred at four stations predominately as stage III, IV, and V copepodites
(Fig. 20). No adult females were taken. Maximum abundance was found at
station 15 in a 10 - 0 m vertical net haul. The occurrence of this species
at station 21 and in samples collected from AIDJEX, 1975, indicate that
Derjuginia tolli is widely distributed and may show a greater tolerance to
higher salinity water than other characteristically neritic species.

Eucalanus bungii bungii Johnson

Only two specimens of this species were collected. At station 21, one
adult female was taken in a 100 - 0 m vertical ring net haul while one
stage V copepodite was taken from a 50 - 0 m haul at station 24 (Fig. 21).
Eucalanus bungii bungii is a large copepod expatriated from the Bering Sea.

Euchaeta glacialis Hansen

This large carnivorous copepod is characteristically a deep-water
species found in greater abundances in offshore plankton. One adult female
and five copepodites (stages IV and V) were taken in a 200 - 0 m vertical
ring net haul at station 21. Stage IV copepodites were also present in a
20 - 0 m vertical ring net haul at station 17.

No specimens of Euchaeta norvegica, previously reported from this area
(Johnson 1956) were collected in either vertical or double oblique net hauls.

Eurytemora richingsi Heron and Damkaer

An unexpected member of the inshore plankton of the Beaufort Sea is
Eurytemora richingsi. This new species was previously found in three of 54
samples collected from Fletcher's Ice Island (T-3) from May to September,
1968 (Heron and Damkaer 1976). Most of these samples were collected at
depths greater than 500 m.

In the Glacier samples, one adult female was collected in a double
oblique bongo net haul from 20 - 0 m at station 25, providing additional
information on the distribution and ecology of this species. Identification
was confirmed by Gayle Heron.

Limnocalanus grimaldii (Guerne)

Occurring primarily in the upper 10 m of the water column, this neritic,
less saline water species was present in samples from five stations (Fig. 22).
Though abundant at eastern stations, it was absent from samples collected
at station 15. Maximum abundances were found at station 18 for both 20 - 0 m
and 10 - 0 m hauls. Abundances at other stations were much lower. Adult
females and males were most numerous, while stage III, IV, and V copepodites
were also collected.
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Metridia longa (Lubbock)

Metridia longa is primarily a deep-water copepod characteristically
found in large numbers offshore at depths between 175 and 300 m, except
during winter months when it is found in the upper 50 m of the water column
(Tidmarsh 1973). This species was collected at stations 17, 18, and 21,
although at station 21 it was collected only in 100 - 0 m and 200 - O m
vertical ring net hauls. Maximum abundance occurred in the 200 - 0 m hauls
at station 21. Metridia longa occurred in the upper 10 m of the water
column only at station 17, where stage I and II copepodites were collected.
Stage IV and V copepodites were most abundant in the deep hauls at station
21. Few adult females were present.

Microcalanus pygmaeus (G. O. Sars)

Microcalanus pygmaeus was found in samples collected at the eastern-
most stations off Prudhoe Bay only (Fig. 23). Maximum abundances for both
20 - 0 m and 10 - 0 m vertical ring net hauls were found at station 17.
Stage V copepodites were most abundant, although adult females and males
were also numerous. Stage III copepodites were the youngest developmental
stage collected. The species is usually abundant in the offshore waters of
the central Arctic.

Oithona similis Claus

Oithona similis was the only cyclopoid copepod collected in the upper
20 m at all 12 stations (Fig. 24). At some stations, it was the most numer-
ous copepod species, reaching a maximum abundance at station 13. The species
was poorly represented in samples collected from station 14. All develop-
mental copepodite stages were observed, with stage IV and V copepodites
generally most numerous. Adult females were most numerous at station 17,
although few were ovigerous. A few adult males were found in some samples.

Oncaea borealis G. O. Sars

This cyclopoid copepod was collected only in the 200 - 0 m vertical
ring net haul at station 21. Only adult females were found. Oncaea bore-
alis was collected in large numbers in the upper 150 m of the water column
from AIDJEX, 1975, and is widespread throughout the Arctic (Sars 1900, 1903).

Pseudocalanus spp.

By far the most abundant copepod category, Pseudocalanus spp. was
collected at all 12 stations (Fig. 25). Two species, possibly three, com-
prise this category, but were grouped together in view of current taxonomic
revision of the genus and difficulty in identifying juveniles. Pseudo-
calanus minutus (Krøyer)appeared to be the most abundant species. However,
Pseudocalanus major G. O. Sars, a larger form characteristic of less saline
water, was numerous at stations 14, 15, 17, and 18. Johnson (1956) also
recognized a larger form but made no attempt to distinguish it from P.
minutus.
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Maximum abundances for Pseudocalanus spp. were found at station 19B.
Stage III and IV copepodites predominated in the Prudhoe Bay area, while
stage IV and V copepodites were numerous in other areas. Other developmental
stages, including adult males, were collected, but in fewer numbers. More
adult females were found in deeper hauls from station 21, but none was ovi-
gerous.

Scaphocalanus magnus (Scott)

A widespread species, Scaphocalanus magnus occurs primarily in water
deeper than 50 m. Only two specimens, an adult female and a stage V cope-
podite, were collected in the 200 - 0 m haul at station 21.

Unidentified copepoda

Two species of calanoid copepods could not be identified. One species
appeared to belong to the family Aetideidae and was especially prevalent at
stations 15 and 18. Only stage III, IV, and V copepodites were collected.
One species of cyclopoid copepod could not be identified because of small
size and damaged specimens. Two species of harpacticoid copepods were col-
lected, but no attempt was made to identify them to genus and species.
Harpacticoids were collected from all stations except station 17.

Copepod nauplii

Copepod nauplii were collected at all stations with the exception of
station 15. Maximum abundances were found at stations 13 and 19B. Most
specimens collected were greater than 0.4 mm, although a large number of
nauplii less than 4 mm were collected in samples containing large amounts
of phytoplankton. This is in part reflected in those stations showing
maximum abundances.

CIRRIPEDIA

Nauplii and cyprid larvae of Balanus spp. were abundant at most stations,
often comprising the largest percentage of the total zooplankton in the
upper 20 m, except at Prudhoe Bay where they were poorly represented (Fig.
26). Maximum abundances for nauplii were found at station 13, while maxi-
mum abundances for cyprids were found at station 26, two weeks later.
Redburn (1974) suggested that the developmental period between nauplius
and cypris stage in the Barrow area was 31 days.

Balanus crenatus Bruguière and Balanus balanus Linnaeus habe been
reported in the Barrow area with B. crenatus being the most abundant (Mac-
Ginitie 1955).

EUPHAUSIACEA

Three species of euphausids were collected during the two-week sampling
period. Although few numbers were present in our samples, euphausids are
apparently an important part of the diet of the marine birds and mammals of
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the area.

Thysanoessa inermis (Krøyer)

This species was the only euphausid caught in vertical ring net hauls.
It was found at four stations, although never more than one individual was
caught at a station (Fig. 27). Specimens collected were approximately 15
to 17 mm long. No specimens were collected in 10 - 0 m vertical net hauls.
Johnson (1956) reported T. inermis at three stations in the Chukchi Sea,
but not in the Beaufort Sea.

Thysanoessa raschii (M. Sars)

Thysanoessa raschii was caught only in a bongo tow from 20 - 0 m at
station 25. Nine specimens were caught in the two nets, giving a concentra-
tion of 27/100 m³. Specimens caught ranged from 14 to 17 mm in size.
Johnson (1956) reported T. raschii to be the predominant euphausid of the
area.

Thysanoessa longipes Brandt

One 14 mm specimen was collected in the 20 - 0 m double oblique bongo
tow at station 25.

Thysanoessa spp. larvae

Thysanoessa spp. nauplii and calyptopid larvae were collected at sta-
tions 21, 23, 24, and 26, but were never very abundant.

OSTRACODA

Two species of ostracods were found. Johnson (1956) reported that
ostracods of the area prefer deeper water.

Conchoecia borealis maxima Brady and Norman.

Ten specimens were collected at station 21 in the 200 - 0 m vertical
ring net haul.

Philomedes globosus (Lilljeborg)

One specimen was collected in the 20 - 0 m vertical net tow at station
23.

CLADOCERA

One unidentified member of the family Polyphemidae was collected in
the 20 - 0 m vertical ring net haul at station 25. This specimen was
either Podon leuckarti G. O. Sars or Evadne nordmanni Loven, both of which
are characteristically found inshore in less saline waters.
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MYSIDACEA

Two species of mysids were collected although adults and larger juve-
niles were caught in the bongo net hauls only.

Mysis litoralis (Banner) and Mysis oculata (Fabricius) were present in
bongo net hauls from stations 20 and 25. Small Mysis spp. juveniles were
present in vertical ring net hauls from stations 20 and 21. No gravid
females of either species were found.

DECAPODA

The decapods were divided into three categories: anomuran crab zoea,
brachyuran crab zoea, and caridea or shrimp larvae. Decapod larvae were
never very abundant relative to other zooplankton categories, but were
generally widespread throughout the sampling area.

Anomuran zoea were represented primarily by members of the family
Paguridae, although Redburn (1974) reported larvae of the king crab, Para-
lithodes camtschatica (family Lithodidae) near Pt. Barrow. Maximum abun-
dances were found at station 13 in 20 - 0 m and 10 - 0 m hauls (Fig. 20).
Anomuran zoea were absent from stations 15, 17, and 18 in the Prudhoe Bay
area.

Brachyuran zoea were generally the most abundant decapods throughout
the area, although relatively few were present in stations toward the east
(Fig. 29). These zoea were represented primarily by members of the family
Majidae and were probably the zoea of the snow crab, Chionoecetes opilio
(O. Fabricius). No megalopa larval stages were found in the Glacier-76
samples.

Caridea, or shrimp larvae, were found at all stations except station
15 (Fig. 30). This category appeared to be primarily represented by members
of the family Hippolytidae. Maximum abundances were found at stations 13
and 20. The large size, up to 10 mm, make these larvae prey for marine
vertebrates in offshore areas where other prey are not available (Frost
personal communication).

AMPHIPODA

Amphipods were grouped into two taxonomic categories, suborders Gam-
maridea and Hyperiidea. No attempt was made to identify specimens to genus
and species.

Gammaridea

The gammarid amphipods were represented by three or four species,
most of which occur in the top 10 m of the water column as under-ice
organisms. Gammarid amphipods were collected at all 12 stations sampled,
with maximum abundances found at station 20. No gravid females were
collected.
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Hyperiidea

Only one species was found representing this category. It was absent
from all of the 10 - 0 m vertical net hauls, and was most abundant at
station 14 in the 20 - 0 m vertical net haul.

POLYCHAETA

Pelagic larvae of polychaetes contributed a great deal to the mero-
planktonic component of the zooplankton throughout the area, being second
in importance to barnacle larvae. Polychaete larvae composed of trocho-
phores, intermediate and late larval stages were present at all 12 stations,
although in fewer numbers at the eastern stations (Fig. 31). Maximum abun-
dances were found at station 26 for vertical net hauls.

Redburn (1974) reported that members of the families Phyllodocidae,
Syllidae, and Polynoidae were abundant in the plankton off Pt. Barrow.

APPENDICULARIA

Fritellaria borealis Lohmann

One of two species found in the sampling area, Fritellaria borealis
showed a widespread distribution, occurring at all stations except station
15 (Fig. 32). This small species showed maximum abundances at stations
13 and 21.

Oikopleura spp.

Questionable taxonomic characteristics resulted in grouping members of
this larger appendicularian genus into one category. Although trunk lengths
exceeded those of Oikopleura labradoriensis Lohmann, gastrointestinal char-
acteristics did not match those of Oikopleura vanhoeffeni Lohmann.

Oikopleura spp. showed a widespread distribution, being absent only
at station 15 (Fig. 33). Maximum abundances were found at stations 19B
and 25. Most specimens collected were immature.

CHAETOGNATHA

Sagitta elegans Verrill

Sagitta elegans was the only chaetognath species collected during the
sampling period. It was widely distributed throughout the area, although
absent or sparse at those stations located near Prudhoe Bay (Fig. 34). Max-
imum abundances occurred at stations 13 and 21. Most specimens were imma-
ture, although mature specimens were always present. Sagitta elegans ap-
parently did not occur at depths greater than 50 m at station 21.
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CNIDARIA

Hydrozoa

Eight species of hydrozoa were collected in the sampling area, including
one unidentified species. Only two species were present in appreciable
numbers and were widespread in distribution.

Aeginopsis laurentii Brandt

A common circumpolar species, Aeginopsis laurentii was found in
samples from only two stations. One 8 mm specimen was taken in a 10 - 0 m
haul at station 18 while a 9 mm specimen was collected in a 20 - 0 m haul
at station 20. Aeginopsis laurentii is a holoplanktonic hydrozoan spending
its entire life in the plankton.

Aglantha digitale (Müller) var. camtschatica (Brandt)

This holoplanktonic species was by far the most numerous hydro-
zoan medusa. It occurred at 10 stations, primarily in the upper 10 m, al-
though it was poorly represented in samples collected in the Prudhoe Bay
area (Fig. 35). Maximum abundances were observed at station 26 for both
20 - 0 m and 10 - 0 m vertical net hauls. Stations 23, 24, and 26 showed
large numbers of small, immature specimens, while at other stations, larger
juveniles and mature specimens predominated.

Bougainvillia superciliaris (L. Agassiz)

This species was absent from all of the vertical ring net samples.
One immature specimen was collected in a 10 - 0 m bongo net tow at station
20. Polyp colonies generally occur at depths of 1 to 17 m (Naumov 1960).

Corymorpha flammea Linko

Corymorpha flammea was poorly represented in the zooplankton of the
area, occurring at only two stations. One immature medusa was collected at
station 17 in a 20 - 0 m vertical haul, while another immature medusa was
taken from the 100 - 0 m vertical haul at station 21.

Perigonimus yoldia-arcticae Birula

This hydrozoan medusa was found at five stations although in few
numbers (Fig. 36). Maximum abundance was 7/m² in a 20 - 0 m haul at station
14. At station 25, the species was taken in a bongo tow from 20 - 0 m.

Plotocnide borealis Wagner

A rare species, one immature medusa was collected in a vertical
ring net haul from 10 - 0 m at station 19B. The polyp generation of this
species is unknown (Naumov 1960).
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Rathkea octopunctata (M. Sars)

This species was second in abundance to Aglantha digitale and
was found in samples collected at seven stations (Fig. 34). Maximum abun-
dances were found at stations 23 and 26. No mature specimens were found.

Unidentified hydrozoa

Included in this category are specimens too damaged to be iden-
tified. However, one immature specimen taken from a 50 - 0 m vertical ring
net haul at station 21 might be Coryne princeps (Haeckel).

Scyphozoa

Cyanea capillata (Linnaeus)

Cyanea capillata was the only scyphozoan found in samples collec-
ted from the sampling area. The species was sparsely present at nine
stations, and was absent in samples collected in the Prudhoe Bay area (Fig.
38). Maximum abundances were found at stations 4 and 6. Although capable
of reaching 500 mm, specimens collected were 8 to 30 mm in diameter. The
distribution of this species may be of some importance, as an association
between it and the arctic cod Boreogadus saida has been suggested (Redburn
1974).

CTENOPHORA

Two species of ctenophores were found in samples collected from the
area. However, one species remains unidentified because of the poor condi-
tion of preserved specimens. A quantitative analysis of the abundance of
species of this phylum is difficult because of the poor preservation. Only
complete or nearly complete specimens were counted.

Beroe cucumis Fabricius

Although present at four stations, Beroe cucumis was most abundant at
station 14.

Unidentified ctenophores

Two unidentified ctenophores were found in vertical ring net samples
collected at stations 21 and 23 and bongo net tows at stations 20 and 25.

MOLLUSCA

Spiratella helicina (Phipps)

This pteropod species was the most abundant and widespread representa-
tive of the Mollusca in the zooplankton population. It was present in
samples collected from 10 stations. Maximum abundances were found at
stations 17 and 18. Most specimens were small, generally < 0.5 mm, although
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larger pteropods, 1 to 2 mm, were also present.

Unidentified larvae

Two categories of molluscan larvae were distinguished: lamellibranch
or bivalve larvae and gastropod veligers.

Lamellibranch larvae were abundant at times although primarily below
10 m. Maximum abundances were found at stations 13, 21, 23, and 24. Lamel-
libranch larvae were found at eight of the 12 stations sampled.

Gastropod veligers were present in samples collected from six stations.
Maximum abundances were found at stations 24 and 26.

ECHINODERMATA

This phylum was represented in the zooplankton samples by plutei
larval stages of ophiuroids (brittle stars) and echinoids (sea urchins).
Bipinnaria larvae were also found. Echinoderm larvae were present in
samples collected from 10 stations with maximum abundances occurring at
station 18 where large numbers of ophioplutei were the only echinoderm
larvae encountered.

PISCES

Three or possibly four species of fish larvae were encountered in the
sampling area, two of which were found only in bongo net samples from station
20. No fish eggs were collected.

Boreogadus saida (Lepechin)

The arctic cod Boreogadus saida was the most abundant and widespread
fish larva observed. It occurred in vertical ring net samples at stations
14 and 19B in 20 - 0 m hauls, and at stations 23 and 26 in 10 - 0 m hauls
(Fig. 39). No more than one larva was caught in any one vertical net haul.
Specimens ranged from 11 to 14 mm in length.

Boreogadus saida was also caught in bongo net tows at stations 20 and
25. Seven larvae ranging from 9 to 16 mm were caught in a double oblique
haul from 10 - 0 m at station 20. Seven larvae, caught at station 25 in a
double oblique haul from 20 - 0 m, ranged in size from 14 to 18 mm.

Lumpenus sp.

This fish larva was present only in the bongo net tow at station 20
where 4 larvae were caught in a 10 - 0 m haul. Larvae were 15 to 16 mm in
length.

Unidentified Cyclopteridae

This species, probably Liparis sp., was caught in bongo net tows at
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stations 20 and 25. One 17 mm larva was caught in the 10 - 0 m haul at
station 20, and a 28 mm specimen was collected in the 20 - 0 m haul at
station 25.

Unidentified Gadidae

This category was represented at station 25 in vertical ring and
bongo net hauls with one 19 mm larva collected in a 20 - 0 m ring net haul
and two larvae, 21 and 24 mm, collected in the bongo net haul from 20 - 0
m. These fish larvae may be Boreogadus saida, although pigment patterns
on these specimens do not match those described for this species.

VII. Discussion

A. Prudhoe Bay

Adverse ice conditions in the summer of 1975 prevented plankton
sampling except for a fairly intensive program in September within Prudhoe
Bay and in the lagoon area between Prudhoe Bay and the Midway Islands.

Carbon assimilation and chlorophyll a concentrations were gener-
ally variable throughout the study area except that higher values were
usually found in deeper water, which agrees with the findings of Horner
et al. (1974). Standing stock was also variable. Chaetoceros furcellatus,
unidentified pennate diatoms, and unidentified flagellates were the most
common organisms present. The pennate diatoms appeared to be species
usually associated with the ice and comprising a large part of the ice
algae community in spring. Chaetoceros furcellatus is also considered to
be a spring species and frequently occurs with resting spores during ice
breakup. Several species of the genus Thalassiosira were also present and
are usually spring species. It appears that the phytoplankton community
sampled in September 1975 consisted of species characteristic of the spring
bloom that usually occurs about the time of ice breakup.

Other indications that the spring bloom was occurring in Septem-
ber were the relatively high nutrient concentrations, suggesting that the
phytoplankton had not yet utilized the nutrients. The average nitrate plus
nitrite concentration was about twice as high as that reported by Horner
et al. (1974) for August 1972.

Horner et al. (1974) reported the presence of three phytoplankton
communities within the Prudhoe Bay area. No such specific communities were
found in this study. The most common taxa were distributed throughout the
area and in the water column.

Annual variation in species composition, distribution and produc-
tion in the shallow bay and the lagoon area inside the barrier islands in
the Prudhoe Bay area is apparently a function of local weather and ice
conditions along with available nutrient concentrations.
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B. USCGC Glacier

1. Phytoplankton standing stock and productivity

Nearly all the species reported for the Chukchi and Beaufort
seas (Bursa 1963, Horner 1969, Coyle 1974, Horner et al. 1974, Hsiao 1976)
are common and widespread in north temperate and subarctic (as defined by
Dunbar 1968) waters. Many species, especially pennate diatoms and flagel-
lates, are only found in the epontic ice community in spring (Horner 1976)
and are not listed in Table 6. Some species, including Nitzschia frigida
Grunow and Nitzschia grunowii Hasle, are found in ice and in the water
column. Nitzschia frigida is a dominant member of the ice community and is
occasionally found in the water column, while Nitzschia grunowii is often a
major component of the spring phytoplankton bloom in the water column.

Another major component of the spring bloom in the water
column is Porosira glacialis (Grunow) Jørgensen, which was not common in
the Glacier-76 samples. Thalassiosira antarctica Comber was present at
stations 15, 17, and 18 near Prudhoe Bay. These two species have been
tentatively called bipolar species by Hasle (1974) because they are found
in extreme inshore waters or near ice in both polar regions. This distri-
bution is difficult to explain, although Smayda (1958) suggested that bi-
polar distribution could be explained only if the species were cosmopolitan.
Obviously more samples from low latitude oceanic areas must be examined
before any decisions can be reached.

Chaetoceros furcellatus, Ch. wighami, included in Chaetoceros
spp., and Ch. septentrionalis often occur in the water column either in
spring or associated with ice. Chaetoceros atlanticus, Ch. compressus,
Ch. concavicornis, Ch. decipiens, and Ch. subsecundus commonly occur in
the Barrow area in summer.

Nitzschia closterium and Leptocylindrus minimus were abundant
in Bering Sea water at stations 23 and 24. Nitzschia closterium is an ubi-
quitous species, commonly found in temperate and Arctic waters, and is
always present in nearshore waters of the Chukchi and Beaufort Seas
(Bursa 1963, Horner 1969, Horner et al. 1974). Leptocylindrus minimus
is the only species in Glacier-76 samples that has not been reported pre-
viously from the Beaufort Sea. Its distribution is not well known, but
it has been reported from the Bering Sea (Ohwada 1972, Motoda and Minoda
1974). It is possible that L. minimus has been present in other Beaufort
Sea samples, but not recognized because of its small size and superficial
resemblance to broken Chaetoceros spines. Its presence in Beaufort Sea
water indicates that it is probably an expatriate.

The diatom Eucampia zoodiacus Ehrenberg occurred more fre-
quently in Glacier-76 samples than in earlier collections, but its distri-
bution was more restricted, occurring mainly at the inshore stations 15,
17, and 18 near Prudhoe Bay. In WEBSEC-73 samples from the Beaufort Sea,
it was found from Pt. McIntyre to Flaxman Island, offshore as well as
inshore.
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Small flagellates are difficult to identify in preserved
phytoplankton samples because of poor preservation, small size, scattered
reference material, and the enumeration technique, i.e., use of the in-
verted microscope and settling chambers. No preservative currently avail-
able will work equally well on the wide variety of organisms in a phyto-
plankton sample. Formalin appears to be as good as any other preservative
and does not require a bleaching step as does Lugol's iodine. Many of the
smaller flagellates, those < 10 µm in diameter, require study under the
transmission electron microscope before positive identification can be
made. Most of these organisms, therefore, have been grouped into size
classes based on the length and diameter of the cells. Where possible,
they have been identified to family or phylum.

Dinoflagellates are also often difficult to identify in in-
verted microscope counting chambers, because they frequently settle at odd
angles, so that identifying characteristics cannot be seen. This is espe-
cially true of species having relatively heavy thecae or spines, including
species of Peridinium and Ceratium. Other forms, which are usually smaller
in size, have very thin thecae and may be poorly preserved as are flagel-
lates. Many of the smaller forms have probably not been described in the
scientific literature, and they have been grouped as undetermined Pyrro-
phyta.

The lack of information on species distributions based on
adequate taxonomic data makes it difficult to separate the phytoplankton
into categories based on hydrography. Most of the species listed in Table
6 are considered to be neritic species, but many of them, including spe-
cies of Thalassiosira, Chaetoceros, Nitzschia, and Navicula, have been
reported from the central Arctic as well (Kawamura 1967).

Hasle (1976) discusses early attempts to group phytoplankton
by habitat and points out some of the difficulties. She also resorts to
simple terminology such as "warm water" or "cold water" assemblages.

Our use of a constant light incubator, while practical for
the conditions under which we were working, gives relative production. The
average light value used here, ca. 2100 lux, is somewhat lower than the
light levels reported by Alexander et al. (1974) for 6 m near Barrow when
no ice is present. Photosynthetic efficiency was probably not inhibited
by the light levels we used.

The temperature in our incubator was usually 5 to 7° C
higher than the in situ temperature. This might have enhanced photosyn-
thetic rates somewhat, but the low light levels probably compensated for
the higher temperatures.

Some estimates of annual production in the Chukchi and
Beaufort Seas have been made, primarily from data collected in shallow
nearshore areas (Coyle 1974, Horner et al. 1974, Alexander 1974, and
Hsiao 1976). Coyle (1974) and Horner et al. (1974) based their figures
on data collected in Prudhoe Bay and the lagoon area between the coast
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and the Midway Islands for the water column and on Barrow for the ice
algae and benthic microalgae; therefore their estimates may be somewhat
high. Total annual production within Prudhoe Bay was estimated to be
< 10 g C m-² · yr- ¹, and ca. 13 to 23 g C m-²·yr-¹ in the lagoon. Alex-
ander (1974) estimated the annual production of the water column in
Harrison Bay and Simpson Lagoon to be ca. 10 to 15 g C m -² · yr- ¹ .

Using the assumptions given below and Hsiao's (1976) average
integrated productivity value of 28.14 mg C m- ² · yr- ¹ for inshore and off-
shore stations, annual production in the southern Beaufort Sea is about
8 g C m - ²· yr- ¹. In the eastern Canadian Arctic, Grainger (1971) reported
annual production in excess of 40 g C m-²·yr-¹ from Frobisher Bay.

Estimates of annual production for the northeastern Chukchi
Sea and western Beaufort Sea have been calculated using Glacier-76 data.
The calculations assume 24 hr days in June and July, 20 hr days in August,
and 15 hr days in September. It is also assumed that twice as much produc-
tion occurs in June during the spring bloom as occurs later in the summer
and that essentially no production occurs during other months. The ice
algae and benthic microalgae have not been included in these estimates. In
the northeastern Chukchi Sea, annual production is ca. 18 g C m-² · yr-¹,
while in the western Beaufort Sea it is ca. 9 g C m-²·yr-¹.

2. Zooplankton

The zooplankton of the western Beaufort Sea may be grouped
into 4 categories: species which are expatriates from the Bering and
Chukchi Seas, species occurring throughout the Arctic Basin, species char-
acteristically found in neritic, less saline environments, and species
contributing meroplanktonic life history stages to the zooplankton. The
abundance, distribution, and diversity of these categories is primarily a
reflection of hydrographic conditions resulting from the clockwise circu-
lation of the Polar Basin gyre, wind-driven upwelling, and from the
easterly intrusion of warmer, more saline Bering Sea water.

The northward flow and subsequent easterly intrusion of
Bering Sea water is not an unusual phenomenon in the western Beaufort Sea.
Hufford (1973) has documented a warm, high salinity layer in 10 - 60 m of
water in 10 of 16 years examined. This layer may extend as far east as
143° W. Hydrographic data during the summer of 1976 indicate an eastward
extension of this layer to 151° 19.0' W (station 20).

Eastward extension of Bering Sea water is also indicated by
the occurrence of expatriate copepod species Calanus cristatus, Calanus
plumchrus, Centropages abdominalis, and Eucalanus bungii bungii (Johnson
1956). The cladocerans, Evadne nordmanni and Podon leuckarti, may also be
expatriate species (Redburn 1974). These species were not found east of
station 20, thus substantiating hydrographic data. The absence of these
species at stations 13 and 26 may be due to the small volumes of water
filtered relative to their abundance.
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Other species reported by Johnson (1956) in the western
Beaufort Sea as coastal expatriates from the south were Acartia clausi,
Eurytemora herdmani, and Tortanus discaudatus. Redburn (1974) found these
species only when surface temperatures exceeded 7° C. These species were
not found during the 1976 sampling period, possibly because surface temper-
atures were always less than 7° C.

The majority of species occurring throughout the Arctic Basin
were well represented in the inshore zooplankton of the western Beaufort
Sea. Included in this category are Calanus glacialis, Oithona similis,
Thysanoessa spp., Fritellaria borealis, Oikopleura spp., Sagitta elegans,
and Boreogadus saida. Redburn (1974) suggested that distributions and
abundances of these species are less directly affected by advective proces-
ses than they are by biological interactions and characteristics of these
species, including predation, food requirements, natural death and sinking,
and reproductive success.

Amphipods in this region are primarily under-ice organisms
and therefore influenced by the presence or absence of ice. The widespread
distribution of amphipods during the 1976 sampling period may be due to
adverse ice conditions and little open water during that period.

There remains some question as to the distribution of Eury-
temora richingsi, although its presence at station 25 and in deep hauls off-
shore makes it appear to be a widespread, though rare, species.

Other widely distributed species showed distributions and
abundances which were affected by advective processes. Johnson (1956)
suggested zooplankton distributions in the Beaufort Sea are influenced by
the prevailing circulation in the Polar Basin in which clockwise circulation
introduces cold central Arctic water from the north into the eastern Beaufort
Sea. Using data collected in 1972, Hufford (1974) described the presence
of a wind-driven, upwelling regime on the eastern half of the North Alaskan
shelf which apparently is not a regular feature of the shelf circulation
(Mountain 1974). English and Horner (1976) reported Scaphocalanus magnus,
Heterorhabdus norvegicus, and Gaidius tenuispinus in WEBSEC-72 samples
collected from 50 m off Barter Island (143° 45' W). These copepod species
are characteristically deep water species in the central Arctic.

O'Brien and Hurlburt (1972) suggested that the upwelling
regime proposed by Hufford (1974) should be accompanied by westward movement
of water in the upwelling region, which will be in opposition to the east-
erly flow of Bering Sea water. The influence of this circulation regime
is apparent in the Prudhoe Bay area, where copepods which are more abundant
offshore or in deeper water, such as Calanus hyperboreus, Euchaeta glaci-
alis, Metridia longa, and Microcalanus pygmaeus, were collected in 20 - 0 m
net hauls in greatest abundance or only at stations in the Prudhoe Bay area
in 1976.

Hand and Kan (1961) suggested a similar advective influence
on the holoplanktonic hydrozoans Aglantha digitale and Aeginopsis laurentii
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collected in 1950 and 1951. These species were poorly represented in the
Prudhoe Bay area during the sampling period in 1976.

Aglantha digitale, however, may show a response to the in-
trusion of Bering Sea water. Large numbers of this species were reported
at the easterly front of intruding Bering Sea water in 1950. Hand and Kan
(1961) suggested a downward movement of water at this front with an accumu-
lation of A. digitale as a result of attempts by this species to remain
close to the surface. During 1976, large numbers of A. digitale were col-
lected at stations where Bering Sea water occurred. Whether this accumula-
tion of individuals is a result of downwelling or is the result of recruit-
ment of juvenile medusae into the plankton cannot be determined with pre-
sent data, although the presence of large numbers of juvenile A. digitale
at station 26 suggests recruitment.

Some species collected during 1976 are characteristically
found in the Beaufort Sea and are neritic in nature. Pseudocalanus spp.
is the largest representative of this category occurring throughout the
sampling area, but absent from waters of the central Arctic. Pseudocalanus
minutus and Acartia longiremis are characteristic of those species whose
distributions and abundances in the inshore environment are more likely in-
fluenced by biological phenomena.

Pseudocalanus major, Derjuginia tolti, and Limnocalanus
grimaldii are neritic species whose distribution and abundances are primar-
ily influenced by the extent of lower salinity water resulting from runoff
and melt water. Pseudocalanus major was restricted to the eastern stations
during 1976, while Derjuginia tolli showed a wider distribution resulting
from a higher tolerance to more saline waters.

In addition to the extent of less saline water, the distribu-
tion of Limnocalanus grimaldii is apparently influenced by advective proces-
ses. Johnson (1956) found L. grimaldii off the Colville River (ca.
150° 30' W) in 1950 when Bering Sea water extended to 143° W. English and
Horner (1976) reported L. grimaldii in WEBSEC-72 samples collected off
Barter Island (143° 45' W). In the 1976 samples, L. grimaldii was found
only east of the Colville River. This distribution pattern suggests that
L. grimaldii is a more eastern species, whose distribution in the western
Beaufort Sea is restricted by the easterly flow of Bering Sea water.

Meroplanktonic life history stages of barnacles, polychaetes,
hydrozoans, gastropods, and echinoderms comprised the largest part of the
zooplankton in the western Beaufort Sea. Johnson (1956) suggested that
meroplanktonic production was greater in the Chukchi and western Beaufort
seas than in the eastern Beaufort Sea because of the larger area of shallow
water in the western areas. Except for echinoderm larvae, meroplanktonic
larval stages were most abundant at stations 13 and 26 during 1976.

Maximum abundances of barnacle larvae were found northwest of
Pt. Barrow in 1950 and 1951, suggesting that a sizeable portion of barnacle
larvae in the western Beaufort Sea may be due to advection (Johnson 1956).
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This would seem a plausible hypothesis as barnacle larvae diminished in
abundance at the easternmost stations.

Abundances of barnacle larvae collected at offshore stations
were similar in 1951 and 1952, but were greater at inshore stations in 1976
Cypris larvae were more abundant in 1951, while nauplii were more abundant
in 1976, although samples for both years were collected the last two weeks
in August. This is probably due to the later release of meroplanktonic
larval stages associated with adverse ice conditions in 1976.

Hand and Kan (1961) suggested that meroplanktonic hydrozoan
medusae were advected into the western Beaufort Sea from the Chukchi Sea.
During 1976, most meroplanktonic hydrozoans were not found in sufficient
numbers to describe distributions and responses to advective processes.
Rathkea octopunctata, however, was widespread in the western Beaufort Sea
in 1976 and many small individuals were found suggesting a locally repro-
ducing population.

VIII. Conclusions

Conclusions listed here, especially for the phytoplankton, must be
considered preliminary because so few data are available.

A. Phytoplankton

1. Individual phytoplankton species have widespread distribu-
tions in the nearshore Beaufort Sea, but standing stocks of
phytoplankton are variable and patchy.

2. Some apparently expatriate species occur when Bering Sea
water is found in the Beaufort Sea.

3. Primary production is variable and patchy, with highest
production occurring between 5 and 20 m and where diatoms
are the most abundant organisms.

B. Zooplankton

1. Zooplankton species can be grouped into four categories:

a. Expatriates from the Bering and Chukchi seas;
b. Species occurring throughout the Arctic Basin;
c. Species from less saline, nearshore areas;
d. Species contributing meroplanktonic stages.

2. Distribution of some species or larval groups is patchy and
is influenced by hydrography.
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3. Expatriate species occur when Bering Sea water is found in
the Beaufort Sea.

4. Meroplankton comprise a large part of the zooplankton in
the western Bering Sea.

5. Species utilized as food by birds and mammals generally were
not caught by our sampling gear. The presence of ice pre-
vented use of horizontally-towed nets and larger, faster
moving species are able to avoid vertically-towed nets.

IX. Needs for further study

Information currently available on the phytoplankton and zooplankton
of the Beaufort Sea consists primarily of species distributions and abun-
dances during the summer, usually August and early September, and usually
west of Barter Island. This kind of information should be extended to
include all seasons of the year and the area from Prudhoe Bay east at
least to the Canadian border.

Essentially no data are available on life cycles of any phytoplankton
or zooplankton species. A little information has been obtained from distri-
bution and abundance surveys, but there have been no concerted efforts to
determine life cycles of even the most common species.

No information is available on the vertical distribution of plankton
species or on diel vertical migrations of zooplankton species in the
Beaufort Sea.

No information is available on year-to-year variability of plankton
populations, with the exception of the phytoplankton cycle in the nearshore
water at Pt. Barrow.

There is very little information available on trophic dependencies.
Some of the important food species for fish and mammals are amphipods,
shrimps, euphausids, and Arctic cod, but distribution patterns, life
cycles, and food habits of these organisms generally are not known. It
is not known what role the ice algae play in the food web of the Beaufort
Sea, although it has been suggested that this community lengthens the
growing season by about two months (Horner 1976). In addition, Schell
(personal communication) has suggested that the ice algae act as a nutrient
pump, especially in water < 10 m deep, and that ice algae serve as food
for grazers and also concentrate nutrients that will be released into the
sediments or water column when the algal cells disintegrate, thus increas-
ing the nutrient supply to benthic and planktonic microalgae.

Critical species or groups of species have not been identified. These
critical species might be important food species, rare species that would
be adversely affected by pollution, or abundant species.
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Very little information is available on the effects of oil on plank-
ton in the Arctic. Hsiao (1976) has shown that rates of primary produc-
tion vary with type and concentration of oil, methods of preparation of oil-
seawater mixtures, species composition of the plankton, and duration of
exposure. Diatoms especially were inhibited by crude oils and mixtures
of crude oils and Corexit (a compound used in oil spill clean-up). A
slick of oil on the water surface would reduce light penetration, thus
reducing photosynthesis and growth of phytoplankton. Organic pollutants
might also contribute to changes in the species composition of the phyto-
plankton, changing the population from one composed of diatoms to one
composed of microflagellates (Fisher 1976). This change in structure of
the phytoplankton community could seriously affect other levels of the food
chain. Some life cycle stages have been shown to be more sensitive to
pollutants than other stages; in particular, larvae are often more sus-
ceptible than adults.

Environmental information should be collected at the same time as
biological information. Knowledge of current regimes, for example, would
help biologists determine dispersion patterns for plankton which could be
important in repopulating an area after an oil spill.

X. Summary of 4th quarter operations

R.U. #359 had no field program during this quarter. Our activities con-
sisted of finishing the laboratory analyses of samples, primarily sorting,
counting, and identifying plankton samples, and working on data analysis
for the final report.

XI. Bibliographies

Extensive bibliographies for phytoplankton and zooplankton have been
compiled. All references have been checked, and key words identified;
nearly all are available in the University of Washington library system,
and UW call numbers are given along with the location in the UW library.
Journal abbreviations are from the World List of Scientific Periodicals
or follow the World List abbreviations for individual words where possible.
Some publications have been written out in full to facilitate finding the
reference. Bibliographic style generally follows the CBE Style Manual,
third edition, American Institute of Biological Sciences, Washington, D. C.
Foreign language references, journal abbreviations, library call numbers,
and punctuation marks have been modified (use of capital letters, no
umlauts, no degree signs, asterisks in place of quotation marks and apos-
trophes, etc.) to accommodate the computer.

Many of the references are taxonomic in nature and are not limited to
Arctic taxa. The literature search has been designed to include references
for the whole Arctic Ocean and peripheral waters, including the northern
Bering Sea, Norwegian Sea, Denmark Strait, Baffin Bay, and Davis Strait,
because it is impossible to separate the Beaufort Sea biologically from the
rest of the Arctic.
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The ichthyoplankton bibliography is not extensive and contains more
references to adult fish than to larvae and juveniles. A more extensive
bibliography for ichthyoplankton was done for R.U. #349 (English 1976).
The present bibliography is limited primarily to the nearshore Beaufort
Sea and streams entering into this area.

All three bibliographies are appended to this report, section XIV.

XII. Archived samples and unpublished data

Archived samples and unpublished data concerning zooplankton and
phytoplankton are primarily from WEBSEC (Western Beaufort Sea Ecological
Cruises) cruises sponsored by the U. S. Coast Guard from 1970 to 1973.
Wing (1974) published the results of zooplankton collections made during
the 1970 cruise in the eastern Chukchi Sea; Cobb and McConnell (unpubl. ms.)
described the species composition, relative abundances, and distribution,
of zooplankton from the 1971 cruise. Wing also collected zooplankton
samples during the 1972 WEBSEC cruise. Some of these samples have been
processed as part of the present OCSEAP project, and four tables included
in our first annual report (R.U. #359), 1 April 1976 (English and Horner
1976), are reprinted here (Tables 17 to 20).

Horner collected phytoplankton standing stock and chlorophyll a
samples during WEBSEC-73. All of the samples have been processed, but
the results have not been published. Chlorophyll a and phytoplankton
standing stock samples were collected in 1974 from Icy Cape to Barrow and
from Barrow to Barter Island. The chlorophyll a samples have been analyzed,
but the standing stock samples have not (Horner unpubl.).
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Table 17. Number of fish larvae found in two WEBSEC-72 Isaacs-Kidd
mid-water trawl samples

Table 18. Fish eggs and larvae from two vertical net hauls
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Table 19. Copepods sorted from station 005, AB 72-132 (70°51.7'N,

143°45.4'W), 5 Aug 1972, 50 m. The total number of copepods was 1742.
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Table 20. Copepods sorted from station 019, AB 72-199 (71°0 9.0'N,
146°29.0'W), 11 Aug 1972, 250 m. The total number of copepods was 265.
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V. :b:7-o9. (TAXLJONMY, MOPPHOLOG(Y, GW-GGkAPHIC DISTRIBU11ON)
~K ~C d/6 SK

THL.ULSSLi, ,. 19i74. PLA;iKTCNIC CHUANOFLAb:LLATCS FROM NORTH ATLANTIC
AltrS. .)ARSiA 5b:95-122. (TAXUNUilYY DtSCRIPTIONS CF NEW TAXA,
j5OLLCY, utLGKiAPHiC DISTRIBUTIONS) 591.9205 SA FU

r[iuiS J. t. 1967. CN SOfE PLANKTUNIC PRJTUZOA TAKEN FROM THt TRACK OF
uiIF1 STAfiJN ARLIS 1, 1960-19b1. ARCTIC 2U:247-254. (SPECIE. LISr,
GtUuKAPhlC DISTkRIUTION, ABUNDANCES) 919.605 AR FO

USAChiLV^ P. I. ig'b. FITUPLANKTON PO SBLUAM EKSPED1TSII NA L/P *G.
SLtCuV 1937-1939 GG, PP. 371-397. IN V. KH. BUYNITSKIY, ED., TkJOY
UKEtlUYUSHCrLi LKSPEDITSII GLAVSLVMORPufl NA LEDOKOL*NUM PARUKHCJE
*G. SDLuV lV 1i7-194O GG. VOL. 3, B10LLGlYA. [IN RUSSIAN, ENGLISH
Uii'itAkY] (JUDbY .IET, SPECIES LIST, bLOGRAPHIC DISTRIBUTION, RtLAfIVE
AUUANhCct, DIVliUiNG CELLS) 919.d cK7ET MA

LSACHt.V, P. 1. i9c. . PHYIUPLANKTON JF TiHt NuRTH POLE. (IRANSL. FRJ'1
KUS iAJ) FISt. <tS. Bi CAN. TRAiSL. tK.. 12-; (1965).
(. iL IL LiS S, Gt3EGRAPHIC DIS T idli ],Nz, LCULGGY) :



,Airt.uFFta\, t. Lo'7. PERIDINEEN UND DiNOBR'-tLN. BIdLTHCA BCT. 42:2-27.
(SPLLIILS LISI, EASONAL DISTRIBUT ILN, GLt.LGRAPHIC DIS1SIR IUTIi4)
vtbO. ., H SR

i.LLLt ,',. 4.SJt. .rLHIZOPHYCEEN XX, , PP 1-2'. NGRD-. PLANKT. BOr. TltL.
(TAxUNiui'r, SP.CLS LIST, GEOGRAPhIC DISI IBUTICNS) 51i.4. N7>8 FO

AJLFF A. iy el9. uLER OAS KLEINPLAiKTJN DER EARENTSSE:. HELGOLANDcR WISS.
':t.L ,jUNIER . (ij± ):'4-12q. (TAXUiODMY, SPECIES LIST, GtiOGAPHIC

1-.



BIBLIOGRAPHY UF ARCTIC ZOOPLANKTON
INCLUDINb REFcrLNCES TG

TAXLiUOI-';Y, GLJUKAPHIC AND SEASONAL DI1tRibL'TIONS, VERTICAL UiISRIBUTION,
SPECIES CJMPOSIrIUN, STANDING STUCK, cCOLUGY, HYDROGRAPHY, SAMPLiNG
i'.ETmOUDS, 1CRPHULOGY, LIFE CYCLES, CHEMICAL COMPOSITION

LO0

ALL KEt-:RENCEa HAVE BEEN VERIFIEtU JOURNAL ABBREVIATIONS ARE FRJM THE
WURLD LIST OF SCIENTIFIC PERIODICALS; CALL NUMBERS ARE UNIVERSITY OF
WASrHIN'GTUN NUMBERS; LOCATION1 IN 1HEr Uw LIBRARY SYSTEM IS GIVEN ACCORDING
TO rc 1-OLLOwING ABBREVIATIONS:

hA tAIN LIBRARY (SUZZALLO)
PR PERIODICALS MAIN LIBRARY
SR SCIENCE READING ROOM MAIN LIBRARY
HS HEALTH SCIENCES TZ31 HEALTH SCIENCES BLDG
1U filSnERIFS OCEANOGRAPHY J.1 OCEANOGRAPHY TEACHING dLDG

BIBLILGGAPHIC STYLt GENERALLY FOLLOJS THL CBE STYLE MANUAL, THIFJ
UDIIOUN (AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES, WASHINCON, D. C.)

FUREIGN LANGUAGE KEFERENCESs JOURNAL ABBREVIATIONS, AND LIBRARY CALL
NUMBtkRS HAVE BErN MODIFIED (USE UO CAPITAL LETTERS, NO UMLAUrS ctTC.)
TU ACCLi1iUlDArC THE COMPUTER. APUSIKOPHES AND OUOTATION MAR<S IN A
REFLktNCt ARE INUICATED BY *, QUtbSlli MARKS bY $, AND NUMiBcR dY #.
* Al IHt rNU OF A RIFERENCE WHLRt THt CALL NUMBER SHOULD Bi, INDICATES
rilt RLtERLNCL IS NOT IN THE Uw LIdRARY SYSTEM.



AL,, Co. 14J.. tIITRAGE ZUR KENNTNIS UER NukDLICHEN UND ARKTISCHEN
LCTP^ALtUti:iFAUriA. ARK. ZOOL. 9(5):1-2U. (BIOLOGY, SPECIES PRESENT)
QL i A:, SR

ALLi'.AN, C. J. Iolo. HYDROZCA, PP. ;9o-29Z. IN SIR GEORGE NARLS,
NAK<KA1IVL OF A VOYAGE TO THE POLAR SEA DURING 1E75-6 IN H. M. SHIPS
eALtHl* AI.0 *'DISCUVERY*. LOWE, MARSTON, SEARLEP + RIVINGTON. LJNDDN.
VUL 2. (rTYCHLiGASTRIA POLARIS, UISCOVEt Y BAY, 81 44 N.) 919.d
Nlb7NhN l\A

AoGEL, ;;. V. 19cd. LONCHIEC1A SKUGSBtRGI (ILtS) A HALOCYPRID OSTRACUD
Nte' I L 1ri¢ NGK^t:GiAN SFA. SARS1A j3:1-o. (TAXONOMY, SPECIES
UcSCKlPIIJN) 591.9235 SA FU

ANiENKiVAj, N. P. 1932A. ZUR FAUNA DER POLYCHAETEN DES LAPTEV-MEERLS.
[IN RFUSSIAN, GtrMAN SUMMARY] ISSLEU. MUREI USSR 15:133-139. (SPECIES
LISIl, TAXuiL'iY ) 591.92 L541 fU

ANNitF4KUVAp, N. P. 19328. ZUR FAUNA uEk *PULYCHAElA* VON FKANZ-JOScPr LAND.
LIN KLSSIANv, GtKi1AN SJKMARY] TRUUY ARKT. NAUCHNO-ISSLED. INST. 2:153-
i94. (SPitCIS LIST, ZOOGFOGRAPHY) 919.6 L54T FO

AN.,ELiKLvA, N. P. 1946. NEW SPECIES OF POLYCHAETA FROM THE ARCTIC OCEAN,
PP. I6b-ibb. IN V. KH. BUYNITSKIY, ED., TRUDY DREIFUYUSHCHEI
iXPEUIlliI GLAVSEVMCRPUTI NA LEOKJOL*NOM PAROKHODE *G. SEDOV* 1937-
1940 (G. VuL. 3, BIOLOGIYA. [IN RUSSIAN, ENGLISH SUMMARY] (1AXONOMY,
DESCRlPlIUNS JF NEW SPECIES) 919.o EK78T MA

APPELLUL, A. L910. PYCNOGONIDEN. kEP. SLCOND NORW. ARCTIC EXPED. *FRAM*.
3(26):1-7. (Si-CIES LIST, GEOGRAPirIC DISTRIBUTIONS) S08.96 N81R
FL;

APSILIN, C. L9ui. III. SALPIDAE. IUNICAFA, MOLLUSCA. NORU. PLANKr.
.(3):,-10. (IAAGNOMY, PELAGIC IUNICAITtS GEOGRAPHIC DISTRIBUTIO4S)
391.9 N75d FU]

a'ST! i1N, . ' JA. JAS VOKCOiMMEN VUN SALPE; IN ARKTISCHFN GEBIETEN.
LhAl :, ; r. r l(1):L-12. (SPtCItS LIST, UtCLjGRAIPHC D ISTKlIBUFlir
L I i:. A i U L,-) 2v1.,J9 ?6 5 F. .



AP.iLlN, C. i910ui. DIE CLADOCEREN (DAPHNIDEN) NACHTRAG. ENTUMUSTRACA.
!,OKU. PLANKI. 4(7):17-20. (SPtCIES LIiI, GEOGRAPHIC DISrk IdUIll4S)
:, Il.9- ,N75? FL

APjTEIN, C. 19is. CLAOOCERA (DAPHNIDtli), wASSERF-LOic. ENTUiiA [RACA.
NJkO. RLANKsT. 4(7):11-15. (SPECItS LIST, GEOGRAPHIC DISIR 13UTIONS)
Y91.92 175' ti-

AK.IuSStjN I. iCu7. SIUDIEN UBER DIE SKAND1NAVISChEN UND ARKTISCHILN
rALUDNiUEN iNLBST ZUSAMHMENSTELLUNG DER uBRiGEN BISHER BEKAiNILN ARTEN
L)ILSFrk AilLI. ZOOL. JB. SYS1. 9(SUPPL.):1-30 . (SPECIES LIST,
tucLKAPHIC LlSTKldUTIUNS, POLYCHAEIES) 590.5 ZJS SR

AUtGElLR, H. 1913. POLYCHAETEN V3N FRANZ JUSLPH LAND. I-II. ZUOL. ANZ.
4.:Cl'-.LL£J 53-2/3. (SPECIES LISTS, GECGRAPHIC DISTRIdUTiJNS)
59u.5 Z C K

AUbtr,ERt h. 192t. DIE POLYCHAETEN VON SPI1SBERGEN. FAUNA ARCT. ;(3):
L47-b34. (3PcCltS LISTS, GECGRAPHIC UISTkIBUTIONS, TAXONUMY)
,91.99b RtbF I O

AURiVILLIlS, C. h. S. id87A. KRUSTACEER HuS ARKTISKA TUNIKATEK. VcGA-
EXPCOiTiuLENS VLTtNSKAPLIGA IAK1TAGiLSt R 4:221-254. (SPECIES Ll>T,
GODGkAPhiC DiSIRlBUTIONS) 5Ov,.9 N7t75V FO

AukiViLLlUS, C. A. .S 13973. OFVERSIGT OFVEk DE AF VEGA-EXPtUITIONEN
iNSANLALt ARKT1SKA HAFSMOLLUSKER. 11. PLACOPHORA OCH GASTROPOUA.
VLuG-LXreUITIONLNS VE ENSKAPLIGA IAKTIAGELSER 4:311-3e4. (SPECItS
LiST[ GLtURAiPIC DIS1RIRUTIONS) 5Oo.98 N755V FG

5AILLY, J. W. Idtc. NOTICE OF MICRUSCJPIC FORMS FOUND IN THE SOUNDINGS
OF Thie jLA Ut- KAMTSCHATKA - WIIH A PLATE. AM. J. SCI., SECOND SER.
7Z:i-o. (SPECIES LIST, TAXUNOMY, KADIULARIANS, DIATOMS) 50b AJ
JrK

bAK-R, J. H., AND . W'. WONG. 1968. PARADUXUSTOPA ROSTRATUM SARS
(OSlWACDUA, PCDUCUPIDA) AS A COMhtENSAL ON THE ARCTIC GAMMARID AMPHI-
PLUoJ GAi.-iARACANTHUS LORICATUS (SABINE) ANU GAMMARUS WILKITZKII EIRULA.
C^LS1ACtANA i4:J,-7-311. (A:IPHIPUDS, ICE-WATER INTERFACE, CJMflENiALS)
Sv*.:v, ' R F-U

oiA ,rER, A Ii. h. I',rA. a 1AXCNC;IIC SilUY UF ihE NYSIDACEA AND LUP-Al IACEAF
(LKu^IACA) (ir r[t ri '17RTHPASIE.N PACIFIC. PART I. MYSIOACLA FkUli
I-A,,lLY LUPnOJGAjIi )4A! THROUGH TfijL t YK ris GI . TRANS. K. CAN. INST.
2o:og-4,. llAXOJNrMY, SPtCIS LIST, GEOGRAPHIC DISTIIbUTIJN, tiJLOGY)



0j kF tbL' iT ISA
oAii.t,, A. h. 19'-tb A TAXONUMIC fuDY OF. THE MYSIDACEA AND tUPHrAUSIACEAE

(CRUS1ACLA) CO rriH NORIHEASTERN PACIFIC. PART II. MYSIDACEAL I-RJil
Ikltt hYSINI TH<CUGH SUBFAMILY MYSIDELLINAE. -TRANS. R. CAN. INST. 27:
o5-iZt. (TAA3NJMY, SPEClES LIST, GtCGRAPHIC DISTRIBUTIIGN Bi1LOGY)
(bO PRti~l i'A

oAiNLK, A. H. 1C50. A TAXONOMIC STUDY LF THE MYSIDACEA AND tUPHAUILACEAE
LiF Tht UNOkTHEAS'ltKN PACIFIC. PART III. LU.PHAUSIACEAEc TRANS. R. CAN.
INS1 . 2t:1-63. (IAXCNOMHY, SPECIES LISTI, GEOGRAPHIC DISTRIdUIIOIf)
61GLUGY) OO R812T MA

bARNAkD, J. L. 19;/. EPIPLLAGIC ANDC UNDER ICF. AMPHIPODA UF THE CtNTRAL
ARCIzC bASIi4, PP. li:-1.52. IN V. BUSHNtLL, EQ., SCIENIII-IC SfUbitS
AT rLttlCHLk* ICE ISLAND, T-3, il5Z-li.. GEOPHYSICAL RESLARCH PAPERS
NEu. 63. AF-CKC-TK-59-232(1) ASTIA DUCUFMLNT NC. AD-21b6d3. (TAAJNOMY,
SPECiES LISlT LIFE CYCLES) : l1.05 G2<2 NO. 63 FO

DECtLt J .L * le . riOLLUSKEN VJN JAN PAYEN. INTERN. PULLARFURS C . i i'j2-83.
uiL LSILRRCICH PULARST.T. JAN MAYtL III:60-82. (SPECItS LI , GCEU-
GLAPhICAL U13IklTItUTION) 50b.96 INbOU FU

DokKtLLY tL., AND C. dERKELEY. 1943. BICLbGICAL AND UCEANOGRAPHICAL
CUNjiOl1IGN IN HUIJSON BAY. 11. POLYCHAETA FROM HUDSON*S BAY. J.
tIS!-. RLS. dD CAN. .5:1-9-132. (SPECIE) LIST, PSEUDCSABtLLIOES
L II1LKALIS, P. LIiEATUS) 570.5 CloJ FO

dLRKLLtY, E., AND C. dERKELEY. 1944. POLYCHAETA FROM THE WESTtEKN
CANAL;IAN ARCTIC RtGION. CAN. J. RES. D 22(1):1-5. (TAXONOMY, SPECIES
LIST, GtJGIAPHIC DISTRIUTIION, NEW RECORDS) 505 CAN SR

rErtNSTEIN, 1, 1931. PFLAGIC PROTISIS UF -THt NORTHWEST PART OF THLE KARA
SEA. [IN KUSSIAN, ENGLISH SUMMARY] IRUUY ARKT. NAUCHNO-ISSLtD. INST.
3:1-23. (TNIilINNIDS, RADIOLARIANS) 919.8 L54T FO

iBERNSIEIN, 1. 1932A. ZOOPLANKTON OF THL FRANZ-JOSEPH LAND REGION.
SCltNllfC RtSULTS OF THE EXPEDITICN TO FRANZ-JOSEPH LAND IN THE
SUti',tLRK [F 19'9. [IN RUSSIAN, cNGLISH SUMNilARY] [RUDY ARKT. NAUCiNO-
i.SLtu. I;4S[. 2:1-35. (T[NTINNIlOS, CUPtPUDS MfEDUSAE, RADliJLARlAiiS,
btGuKA(PHrlC UiSIheIlUTInN) 9i9.b L;41 FO



dEteiStiN,h T. 193Z3. URER EINIGE ARKTISCHc RADIOLARIEN. ARCH.
PkrJISTt iK. 7'b:217-227. (SPECILS LISTI. GEOGRAPHIC DISTRIBUTION)
5b93.0b AK SR

8tkNkSllN, T. 193.. ZrJOPLANKTON DES NURDLICHEN T-EILES DES KARISCHEA'
icthLLS. IIN RuSSIAN, GERMAN SUMhARY] TRUDY ARKT. NAUCHNO-ISSLED.
iNS]. 9:3-:,U. (SPECIES LIST, GEUGRAPHIC DISTRIBUTION, BIOLOGY)
919.8 Ll4T t-U

BtkNSltiN, T. i94t. PRUOrZOA, PP. >-34. IN N. C. GAEVSKOI, LD., GUIDE TO
THE FAUNA AND FLORA OF THE NOPTHtRN SEAS OF THE USSR. GOS. IZD.
SOvblSKAYA NAUKA, MOSCOW. [IN RUSSIAN] (FORAMINIFERA, RADIOLARiA,
iN INNIDS, KtYS) 591.92 GIA90 FO

El1tLUw, H. B. i92u. MEDUSAE AND CTENOPHuRES FROM THE CANADIAN ARCTIC
EXPtUlliON, 19;3-18. REP. CAN. ARCT. tXPcD. VIII(H):1-22. (SPiCIES
LISls GLUGRAPHIC DISTRIBUTION) 508.i C16R FO

BJLRKAN, P. 190b. ASCIDIEN. REP. SECOND NURW. ARCTIC EXPED. *FRAM*
3(14):.-1.. (SPLCIES LIST, GEOGRAPHIC DISTRIBUTIONS) 5).J.9
L' Ndlk FC

dUaUROV, d . G. 1936. DIURNAL VERTICAL DISTRIBUTION OF PLANKTON UNDER
POLAk CUiNITIONS (IN THE SOUTH-EASTERN PORTION OF THE BARENTS SEA).
TRUDY POLYAR. NAUCHNO-ISSLED. INST. MORSK. RYB. KHOZ. OKEANOGR. 2(3):
93-107. (HYDROGRAPHY, LIGHT, VERTICAL MIGRATION) 591.92 P7PT FO

buGOUOV, V. G. 1939. WEIGHT AND tCULLGICAL FEATURES OF THE MACROPLANKTON
URGANISMS OF lHi BARENTS SEA. [IN RUSSIAN, ENGLISH SUMMARY] TRUDY
vSLS. NAUChNO-ISSLED. INST. MORSK. RYB. KHOZ. OKEANOGR. 4:245-Z5d.
(AMPHIPOUS, LUPHAUSIDS, CHAETOGNA[HS, SEASONAL DISTRIBUTION, VcRTICAL
UISIRIBUrION) 591.92 M85T FO

bOGuRUV, V. G. 194U. ON THE BIOLOGY OF EUPHAUSIIDAE AND CHAEIOGNA1HA IN
THE BARENTS ScA» [IN RUSSIAN, ENGLISH SUMMARY AND CONCLUSION]
MOSKLVSKUL OBSHCHESTVO ISPYTATELtE PRIRUDY BIULL. PRIRODA, MOSK.
49(2):3-id. (KOLA MERIDIAN, LIFt CYCLES, VERTICAL DISTRIBUTIONS)

70.e6 M8FB SR
luGUKUV, V. I9. 941. DIURNAL VERTICAL DISTRIBUTION OF ZOOPLANKTON uNDER

POLAR CUiJLITIUNS (IN THE WHITE StA). LIN RUSSIAN, ENGLISH SUMMARY]
IlUUY PCLYAR. IAUCHNO-ISSLED. INS1. MURSK. RY8. KHOZ. OKtANUGR. 7:
cd7-31. (HYURUGiAPHY, DIURNAL VERTICAL hIGRATIONS) ,9i.9z- P75T

FU



dGOLIUV, V. b. 1946bA ZOOPLANKTON PO S6UKAM, XPEDITSII NA L/P *G. 3tDOV*
1937-1'93 GG., PP. 357-370. IN V. KH.. BLYNITSKIY, ED., IRUDY DRdI-
F-UYUSHCHLI EXPLUI1SII GLAVSEVMURPUTI NA LLDUKOL'*NOM PAROKHOOE *G.
SEDLV* 1937-1.94; GG. VOL. 3. 3IL'LOGIYA. [IN RUSSIAN, ENGLISH SUIMMARY]
(aPLCIES LISI, btOGRAPHICAL DISTKxbIUTIUN VERTICAL DISTKIBUIION, LIFE
CYCLLt, RcLATtl c ABUNDANCE) '.19.« EKTT MA

BdUGC<Gv, . b. 1s46B. PECULIARIIIES LjF UluKNAL VERTICAL MIGRATIO.NS JF
ZUOPLANKrJN IN POLAR SEAS. J. MAR. RLS. 6:25-32. (BARENIT SEAs wHITE

AEA, LEASuNAL VARIATION) 5Y1.9Z Ju FC
6OukGtT, A. 19U1A. III. DIE NORUISCHCN JULOLIDEN. TUNICArA, MULLUSCA.

NOKD. PLANKT. i;(3):1-t4 (DDLILLUMt JPP., GEOGRAPHIC DISTRIbJTIUN)
j i*_, 14J75a FG

duKGtRT, A. 1901B. DIE NORDISCHEN KfI?YLEcN-ARTLN. NORD. PLANKi. 1(15):
i- !. (SPECIES LIST, GECGRAPHIC DIS TKIBU'lIG) 591.92 N75d rC

uOLbS'FILD, E. L. 1951, PELAGIC AMPHIPODA CF THL BELLE ISLL SIKA1T, RLGION.
, J. FISH. RtS. bO CAN. F:134-163. (SPECIES LIST, GLUGRAPHIC Dil11IBU-

TINP, HYDROGRAPHY, LIGHT) 57u.5 CIoJ FO
,LAALLIJS, C. .,oa. ARCTIC AND AN1ARCIIC hYPEKIDS. VEGA-EX?tDITICIENS

VETLN.SKPLIGA lAKITAGELSER 4:5,3-,62. (s5-ECIES LIST, TAXuOljiY,
GtUC.APhlCAL ul.lIRIBUTION) 5Ob.9d N74?5V FO

bUwvjAN, 1. t. 196b. THE PELAGIC AMPHIPOl GENUS PARATHEMiSTO (HYiPtkIIDAE:
HYPLRilGAE) IN dHE NORTH PACIFIC AND ADJACENT ARCTIC CCEAN. PROC.
U.S. NAiN. MUS. 112(3439):343-392Z. (TAXUNOMY, GEOGRAPHIC DISTRIdUTION,
tCCLOUbY LIFL CYCLES) 506 UN2P SR

bUWP;Ai T. t., AND A. LONG. 1968. kELICT POPULAlIONS OF DREPANOPUS
bUNGLI AND LIHNuCALANUS MACRURUS GRIlALDII (COPEPODA: CALANJIDA) FROM
tLLtSi'itE iSLANJl N.'.T. ARCTIC 21:172-1O0. (GEOGRAPHIC DISTRIdUTION,
htRurilC1IC LAKE) 919.605 AR FO

bU'WiAN, T. L., AND R. B. MANNING. 1972. T1C ARCTIC BATHYAL CRUSTACEANS:
IHE ShRIlMP bYlIhCARIS CRYONESUS Nci SPiECLtS AND THE AMPHIPOD
EURYlhINES GVYLLUS, 4ITH IN SITU PnOTJGRAPHS FPOM ICE ISLAND T-3.
CRUSaCLANA 23: 1, 7-201. ( -3, TiAXuNi\rY, 6IOLOGY) 595.3,J CI< FO

BOkl',AN, 1. L., AhU L. w. PtTfPSON. 1i9c2. sji1LiOGRAPHY AND LIST uF NEW
GL:'iLKA ANJ S'tLCJLS 3F A1PHIPOO CLKU.JTAttLAI' DESCRIBED BtY CLARcNCt: R.
jOHULtAKLk. CKUIlACEANA q:309-3l.0. ( IA XNOi Y, IBLIOGRAPHY)

' 5 . 30 Ck Ft



iADY. ri. 8. it7 ,-. UOH THE RFTICULARiAN AND RADIOLARIAN RHiLjPJA
( i-.,M'ANI-tRA AiO PGLYCYSTINA) LF irtL ,tCtuTh-PLLAR tXPti li: J- io75-
7o. AN;', . AG. ,A'I . HIST. 5Trl SLrK. 1 :4; 't -4 O. (SPECIES LISb ,
iAXu'NuihY, GtuK-APrIC DISTRI3UTiLN, DISCULLRFO ICE, ECULOGY) J5
A ii j

H'ALuY, ,t1o . . o?ci. RHIZCPCDA RETiCtLARiA FLPAMIINIF AA, PP. 2i-;;0J. IN
51K ,. b. AiNAS, N'ARRATIVE OF A J/LYAGc I1 TrH POLAR SEA DURINo i75-5
iiN rli.i,. rHIPS 'ALtRT< AND l'DISCU'tLRY*. LUWii, ,ARSTON, SLAkLLe +
?RIViF lRl'N, LNLNI),h. VOL. 2. (SPLlcSI Lilj ICE HUMiMCKS) 91m.
i\ 16('f. 'A

drlA, j, C.J Ailj . R. GEIG. K I 19. Alo. AOiITiNAL RLCCDOS OF TH-t CriYP 1LZ3OAN
jltr;H tpiLCYtruS SIMPLEX KlRKPATkICK. dULL. STH. CALIF. ACAJ. SLl.
05:i.7-b<. (GtL']RAPHIC DISTRKIBUTllut GCAR) S06 S081d SK

KH' ,., ANLL J. L. MOHR. 1952. REPORT GF A SCYPHOZOAN SltPHANOSCYPHUS
SIKltLtX KiRKPATkICK FROM iHE ARCliC UCLAN. BULL. STH. CALIF. ACAD.
jCI. ti:c4. (,tCbRAPHIC OISTRIBUIlONI kAiGtE EXTENSION, TttPERAIJRE)

> SCcid SK
kLUC), riJ. i£07. rhYUROIDEN UND MEDUSLN. RiP. SECOND NORW. ARCTIC tXPED.

F'BEK~F* 2(11):i-il. (SPECIFS LIS1, GEOGRAPHIC DISTRIBUTION)
v t . V b l' i F G

uKO0uSKII, K. A. i9£J. CALANOIDA OF THt HAR tASTL:RN SEAS AiND POLAR 3ASIN
CF [rh USSR. IRANSLATED FROM RUSSIAN 6Y ISRAFL PROGRAM FOR SCIENTIFIC
TRANSLAl UNS, JF.RUSALEFi 1967. 440 PP. (TAXONO1MY GEOGRAPHICAL
DISKlBUTIUNS, ECOLOGY) OL :444 C7 6753 FO

Do<U'JKIli K. A. 1l9'. ZHIZN* V TULSHCHE 6ODY POLYARNOGC BASStYNA. (LIFE
i1J TtL [LLP hAILtb 3F THE POLAR 'ASIN) LiN RUSSIAN] PRIROIOA, hJSK.
):4'i-d4. (COPtPO9S, MDUUSAE) ;05 Ak SR (TRANSLAIt) BY
GLiPh'rSCS RKLSARCH OIVISION, AF CAiBRKiDCt RESEARCH CENltR, CAMBRIDGE,
riASa>. 'Y A.L. NETTOROL. SOC. CLNTRACT NO. AF 19(604)-61139 12 PP.
TKANSLATiON FILe FO)

oR-DSKi1i K. A., Au ii 4. i,. ;'KiTIN. HYDRO1iIOLOGICAL JORK. I I M.
r . jLOVI t L)J., D.gBSEVATICNAL DAIA OI F li- SCI1LN IFIC-KRLS:3ARCi J IArION
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tO



GRillGte, E-. 1. 19.. ECHINODERMS GF UiNGAVA BAY, HUDSON STRAir, F]O ISHEk
bAY AND CUMBtRLANJ SOUND. J. FISH. RtS. bD CAN. 12:899-9i,,. (SPECIES
LISi, GLJGRAPHiC DISTRIBUTICN) j7J.» C'16J FO

rAiGLR, L. H. H. 1 . IHE ANNUAL OCtANOGkAPiIC CYCLE OF IGLLOJLIK IN THE
CAAUiJAN AKCTiC. I. THE ZUOPLAliKTUN AbNi PHYSICAL AND CHEi'iICAL
jUbtkVAllJNS. J. FISH. RES. BD LAN. 10:453-5Oi. (SPECIES LIST,
rYUKLIGKAPrdY, LlIt CYCLLS, STANUING CkuP) 7C. C16J FD

LINGtnEK, L.. i .19H1. tHE COPEPOUDS CALANS GLACIALIS JASCHNOV AND
CALA:-;JS i NilMAkiCdrCUS (GUNNERUS) iN CANADIAN ARCTIC-SUbAKCTIC WAT.RS.

rIH. r iS. 1i.. bL C(AN. 1g:653-67b. (LITtkATURE, DISTRIbUGI N IN ,' .RTH
AME-kILA, Lift CYCLES, SIZES) 570.5 ClfJ FO.

(GAINGcLK, t. Igi'. ZOOPLANKTON OF FCXE BASIN IN THE CANiADIAN AKCIIC.
J. I S1H. RtS. o) CAN. 19:377-4U0. (SPLCIES LIST, HYDROGRAPHY, STANDING
CROP) 5?0.L C16J FO

URAINLR, tL. H. iQo3. CUPEPODS OF THE GENUS CALANUS AS INUICATCRS JF4- c
LATthN CANADIAN WATERS. R. SOC. CAN. SPEC. PUBL. 5 :68- 94. (HYJRO-
GRAPrtY GtUGkAPHIC DISTRIBUTION, INDICAIOR SPECIES, LIFE CYCLES)

QoC k62IS P FU
GRAI,AGCK, L. H. i905.. ZUOPLANKTON FKRGi IHE ARCTIC OCEAN AND ADJACENT

CNADiAN wAlEkS. J. FISH. RES. BD CAN. 2Z:543-564. (SPECIES L1STr
6EAUFLRr SEA, ECULOGY) 570. C16J FO

GRAiNGtKR L. H., ANJ K. GROHE. 1975. ZOOPLANKTON DATA FROM THEt LJAJFORT
SEA, aS;9. 1l i97>. ENVIRONMENT CANADA, FISHERIES AND MARINE SERVICE
TcCI,. RLP. Nb. :1i. 54 PP. (SPECIES LISI) SH 1 C352 FO

'.RAN, H. h. i-uZ. OAS PLANKTON DLS NORWcvlISCHEN NORDMEERtS. NORK.
FISHPt Y MlARiltIc iNVEST. REPT. 2(;):1-22Z. (SPECIES LISTS, GEUGRAAHIC
DIS1RldUliON5, JIOLOGY, HYDROGRAPHY) o39.2 R299 FO

GtKLi-' K. L. I9Y9. tCJLOGY OF SOHE ARCTIC FURAMINIFERA, PP. 59-b1. IN
V. oUL;HNLLL, Lbp, SCIENTIFIC STUDIlS Al FLETCHER*S ICE ISLAND, T-3,
i;5 2-i I3. GCUPniYSICAL RESEARCH PAPER. NCG. 63. AFCRC-1R-5-ZSZ(1),

.llA DUCUti'ith-I J. A0-2i6813. (SPeCltS LIST, DISTR18UTI JNS Ad U'ii)ANCE,

;.'itlhL- uS, j--Uil,'i. , DESCRIPTI3;.;b cU NEt PECIES, SYNONuLjlY) 5, 1.05
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U'<il L, . D. 1962. COPEPCDS COLLECILO BY THt NUCLEAR SLUBiAR1INE StAJRAGON
Li A LiUiSL 10 AND F-rgM THE NORkl POLL, AiTH REMtARKS ON ThLiK GLJ-
GtApHIC ISI kld6UIlO N. J. 'AR. RLS. 2t:-'7-109. (SPECIES LIS[,
A U.,ANC E) 5?i.9? JG FO

GiicL , J. A. i9Ju. DIC OPHIURIDEN UER AkKriS. FAUNA ARCT. 1:2~-2Zo.
(SPtClt. LIjST, VLtGRAPHIC DIS1Rib'UICDN, LITERATURE) ~9i.q9a
rMobt- FC

UGiLc, j. A. J1.q7 . ECHINDOLRMATA. RcP. SCLCND NORW. ARCTIC LXPED.
.hKA,' c Z(13) ):1-2. (SPECIES LIS1, GEuGRAPHICC DISTRIBUTiONS)

0do. c ilaiK FG
iK'.u, J. A. lui. BRACHIJPODS AND MULLUSCS WITH A SUPPLtitENT TO TtE

:CHilUJEtM1S. REP. SECOND NORW. ARCTIC tXPED. 'FRAM* 3(ZO) :i-4.
(t.PCitL LlSl, 3tuGRAPHIC DISTRIBuIIONS) 508.96 N8iKR F-

G(R,.;atcbk, G. io'o. DIE HYJKOID-MEDu^SE'4 uES ARKTISCHEN GEBIETS. ZUJL.
p. Jd. ATlT. SY i. 11i:51-466. (SPtCElt LiSTs GcGGRAPHICAL 0ISTRIBUTION) o~
00 .R0' j9. i JS LA

(UKJJGiAA, tE. Ei;L. NEUE FORMEN ARKIISCHtk ISOPODEN UND AMPHIPJDtN. ZOOL.
ANZ. :ci:O09-31. (TAXONOMY) )90.5 ZO SP

GohvAN[LVA, E. .9jJ. .ERITRAGE ZUR FAUNA DER CRUSTACEA-MALACUS1RACA JtS

AiiS 1ICh C GtIBcTE S. ZnDL. ANZ. d6:23i-248. (SPECIES LISI, (GO-
G(R.APhiC UISTKiSUiTIIN, TAXONOMY) 'i)0.5 ZO SR

6bRJiJVA^ -. iL 3_. S3ME CONTRIBUllON rU THE FAUNA OF CRUSTACEA OF THE
dKOllIct LAP[E'v*S SEA (OF NCRDENSKJOLU*S SEA) [IN RUSSIAN, LNGLISH
SUK.,;iAKY] iSSLtD. ;I'IEI SSSR 15:.b7-1B/. (AMPHIPODS, ISGPGO^, SCHIZO-
PR5JS ) :: i . Z L54I FO

GUKJAi4uVA, t I. 1,.J3A. DIE MARINEN iLr'ILNLN DLLN )tR ARKTIS. FAUNA ARKI.
o':391-470. (SPLCIES LIST, GEUGrAPHIC OIS12RIBU1ION, SYNONOtY)

UR.JA.iUvAL, L. 19j3d. COiNT<IBUTIGN O[ THt FAUNA OF CRUSTACEA-MALACO TRACA
Cf IrL UJ-ENiNSJ BAY. LIN RUSSIANs ENtiLISH SUMMARY] ISSLru). iJREI

.-- 7.1: ?.-¥,. (JISTRI3U1 IrgN IN kiVtR MiUUTHS) 59i.92 L41 FO
(,Ulk;Jv-, I . iJ:,. C'lTkRIBUI[ION [ l AUA I iF ANMPHIA AUi APIPC Ai IL,.)DOA

.,i i-L ,,, l ihLKi. PART IF THL! KARA jtA. [LiN RUSSIAN, EN!'GLit 1jH jU;i',t Y]
. )LI.U . ,i ,;k i I.?1 L: 5 - 47. U(i N l, l C .>PLCIES Gt DF RAPrl C J )I rk U I N
In Y r;r' , P!iY 9) yi. Z L 4I t-j



GUKVjNjVA t-. 14t . NE'i SPECIES Uf ISOPOOA ANi AMPHIPOOA FrKu'i THiL _,CTIC
GCLANj F;P. ./lC-e9/. IN V. Kh. BuYNtiiTlIY,, ED., TRuOY ULLifUrUS iUCHEI
EXPLUilSiI GLAVStcVMJkPUT1 NA LLULKuLL*i',t PARUKHGDE *G. b£L)u 1937-
1s4C (B. VUL. _, bVIflL[-IYYA. [INI KUSlIAN, NG(,L.ISH SUiihiARYJ v.L-
GCKA'HICL CIS1kibuTIIONI I4XL JNJMY) 91i.u FK7UT PA

GULlAti-.J;, G. 1936. PCLYCHALTA ANi SiPui\,ULOiDEtA FROM THE b10-KiAN ARCTIC
ULtJcN. CILi;I. RES')LTS NGKR. N. PLLAR tXPlEDi. MAUv 5(17): i-1.
(ritJiLS LllI bctuGkAPHIC DISTRlIuTIUtiJ bIOLUGY) 50Q.96 .44ir'i FO

nAbG, R. i±.,t. MIJLLUSCA UID BRACHti1PLiA (tSAiMMtLT VON Dtk SCr1itdDl1nC-EN

ZUULUC1iSL.1iL4 CLAR<EXPEDITICO NACri IDiE kSdkUGNi DEM NCRLDUSILIC-lcC,
GRUNLAhL UNO JAi, MAYEN IM J. 190U. 1. BtACHIUPODA U. LAItLLI-
irAHi-lIlA. AKK. ZOOL. Z(1):i-o. (SPttiES LIST, GEOGRAPHIC UiSTRI-
BU1lLi,) CL 1 A55 SR

riA;I.UKGLK, CL S19i3. FLAGELLATA (PRJTOMASr1ilINAE^ CYSTUFLAGELLATA) UND
SAKCLG1NA (AhPCEt6A HELI'ZOA, STICHCLONCHL) DES NURDISCHEN PLANKlJNS.
i ORvu. P'LAirKT. 7(13):195-211. (SPfECItS LIST, TAXONOMY, GLUbRAiPrlIC
ulIlrI6LfriC) 591.92 N758 I-

HAIiUKGte, CL., A' UDR. VON BUDDENdtkOCK. 1911. NOPDISCHE CILIA[A -IT
AUSSCiLLSS UDck IINTINNOIDEA. NURK. PLANKT. 7(13):1-152. (SPcCIES LIST,
TAXGNLI1Y, GtuRAPHIC DISTKIBUTIL N) 591.92 N758 Fu

HAribURGLrt, CL. AND PROF. VON BUDDENBRUCK. 1913. NORDISCHIt BJC[O<lA.
NURU. PLA;KT. I(i.):i'3-19. (SPtCIES LISl, TAXONOMY, GtUG.(JAPH1C
DblSTitiblU.4) 591.92 N758 tO

HANDr, C., AND L. d. KAN. 1961. THE i1tDUSAt OF THE ClUKCH1 ANU BEAUFORT
SEA. OG- IHE ARCTIC UCEAN INCLUDING THE DESCRIPTION OF A NEW SPLClES
GF EUCUOUDNIUI ({rYDROZOA: ANTHUOLDUSAf). ARCTIC INST. NORTH AMLRICA
TLCH. PAP. NC. t. 23 PP. (SPfCiCtS, D1 I IBUTION) 9.9.Y ARK7T
FU

HANSEN, H. J. 1g3. NOTE ON THE CRUSTACLA. icDDR GRUNLAND, 29:41S-
419. (SPLCILSt LOCATION) 5Gd.998 l41M SR

HANSEN, w., C. 6LbLLtIL), AND M. J. UUNiAR. i971. SCATTERING LAYLRS,
UAYtLN LIb[ rRiU[IIUN AND THE COPEPJD PLAiKTU;M IN THt UPPtR u3J iLIRRES
i- Ihc bLAUFKNI StLA. hAI l.,E SCIltiCtS CtLIllRF, P;CGILL UNIV. i;4S. k:P.
NG. C. .. 4 PP. (SLCIEtS OXYULi DIST r. UT1UN, LIFL CYCLE TA ..j)
bC 1 i'3lc. F



HANSLIn, . J.., AND ii. J. DUNBAR. 1970. UiULOGICAL CAUSES uF SCAi'lEING
LAYCk.f lii IHL A'<CTIC OCEAN, PP. ;Ub-Zt2b. IN G. dROlCKE t-AAIKRuHI crD.,
rPKCttLINGS UF AN INTERNATIONAL SYPIr'OSIUi ON BIOLOGICAL jOUiiD

SCAI iLKlNG IN THL OCEAN. MC REPURT (jg: ihAURY- CrNTLR FLiR JCtAN 3k.IENCE,
UL)T. NIJif. U. uGVI. PRINTING GCFiCE,, ,ASHING1CN, D.C. (SPLCiLj,
ARCIUGADUS GLACIALIS, SPIRATELLA) Sh 344.23 F3 I17 FU

HiAKUINIl^, G. C. I. .9'i6. Z3CPLANKIUJN DISrI lBUTION IN THE ARCfIC JCtAN
WIIH iN1L ti, 0 LIFt CYCLES. M.. lHESIN, fCGILL UNIVERSIIY. 14 i PP.
(Lit t CYCLtS, Vr<iICAL DISTKRI3BUTIN, ZJO.tOGRAPHY) '

riAKDliG ti. K. K. lZl. THE RUTATORIA OF THt CANADIAN ARCTIC EXPtDIIIJN,
il-iab RP. P. AN. ARCT. EXPED. 6(E):1-Z3. (SP.LCIE LIST, SIATLUN
LUCAl i IS} ) :uo. 3 Ci6-R FO

tKLY, A. C. I9.o. fHE ArCTIC PLANKTUN COLLLCTED BY THE NAUTILUS
cxPiLUi iUNi 1i.3£. PART I. GENtLIAL ACCOUNI. J. LINN. SC . ZJUL.
J ': j9I-tUj. ( PHiYi OPLANKTON ZUOPLANK'ON) 570.6 LIZ SR

HATLAUiS, CL. L9U7-191i . CRASPEDOTc MtDUSLN. I. ANTHOMEUUSEN. NJRD.
PLAiKI . o(i/):.-i79. (SPECIES LISTS, GELGRAPHIC DISTRIdUlrOiS)
:)1.92 IN7T FJ' ,

rIAKLAbi.. C. 19 'Mft1DUSAEP PP. 40.-482. IN DUC D*ORLEAN CROISILtR
bCtLANLGkAPHIUE ACCOMPLIE 4 BURL) DE LA BELGICA DANS LA MER OU GKJNLAND,
1905. bKUXLLLcS. (SPECIES LIST, LOCALITIES) 508.3 ORC FJ

hAFiLLY, L. H-., ANU J. FISHER. 193b. 'THE I'iARINE FLjODS OF BIRDS 1N AiM
.LANIU fJURU KEGION IN 'LST SPIT~BERGEN. J. ANIM. ECUL. D:37C-3'9.

(bikb, CR1USIACLAN'S USE;) FOR FOCD) 591.505 JO FU
HAKMitYtkY k. i9ki. DIE ASCIDIEN DEM ARKTIS. FAUNA ARCT. 3:91-412.

(SPcCILS ,Ll}fi Ul)TR1BUIION, SYNuNUMiY) 9J .998 RLtF tu
HAVtNS, A. L., ANL) h. R. RURK. 1969. nYiti4LrLDORA GLACIALIS (DtCAPJLA:

NAlANilIA) FkJMii lht ARCTIC BASIN. dULL. SIH. CALIF. ACAO. SCI. td:19-
29. (VEKfICAL 0ISTRItUT1ON, SAIPLING GcAR, LIFE CYCLE, FOOD,
ELLJDiJPS10 PAKASITES) 506 S0d1B SR

hictGAKD, ' .c 09't". DICAPOD CKUS1ACtAj S. ZCOLCGY CF EAST bRctLNLA U.
.ud oKNLAi, il(6) :i-7Z. (U ict i L1 ',' D IS rPR UTIU li PRECORDS)
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t'LLL, . i87i. JIL CRUSTACEEN, PiYCNJGjNLG iiiN UND 1UNICATti, 0  ID K. K.
JS T PNl.-UNGAr. IJKrOPOL. LXPEDITION. DLNK.CICk. AKAD. lS. lti 39:
g-~S. (SPCltCI LIST, DLSCRIPTICoNS) Cu VMD MA

-.iCL», L . A. i bs . )EVEA SPECIES bF LUR YTtiILRA (CCPEPCDA) FiKLl iP rfH-
tltci ic iNR kl AMcrsCA. CRUSTACtANA 7: Ls9-211. (SPECIES LIT,

LuL,^LTlc- uLLSCRIPTifrNSs, DISTKI I I , NS) 595.305 C, i-F
ntLrU;', ,. A. A;iU U. '1. UDAKAE . 170o. URYTEICPA RICriINb»I, A iVl

riLCl .lj i F DLc'-wATER CALANUID CLPcr-PU FPGCM IHE ARC [IC UCEA: . P< C.
6ol'L. SLC. 4ASri. o9:?17-136. (IAAu';4Lj, Y OESCPIPTION CF NEi ?tCi=S,
I-j, VLkl'ICAL Li I r<i''UTiUN ) L 7u.b tS2P SR

n.bii,'3 R. P. l^. -J.. .CHII;ICDEf ES ArLi. L A INtW KiNQkHYNCH FkGlj i t ARCTIC
LCEA. PAACI1. CI. . 20:'1,s-520. (SPtCtiS DESCRIPTIJN, COLLECTILA
LLCA ItN, ARLIS I) 50 P PA FC

rtliCKSt 1 ia. JiN NJE i HYDROIDA AiD PuLYZLA f RCIi THE EARLNTS SEA. ANN.
,1A1. NAT. hlT. LStR 5, 5:277-2c6. (SP'CILS LIST, DESCRIPTI3NS ui NE'
.PbCi/)S} 50j Ail SER. 5 Sk

t HJLK, P. P. C. 19;9. DIE CIRRIP[DItN DES NOkDISCHEN PLANKTONS. IN
LNl i5LS1RACA. ,;GD . PLANKT. :4 .I-33 . (SPECIES, DIS RI 8Ur INS,
f L- Y ) :*91. Z 7 '5 j F

tiOLMs, In. ld9. BcRKtNING O1 DE PAA FYLLA*S TOGT I 164i FORETAGNE
L.JLLGGIKtL UNIDtKiSUGFLSER I GRONLANU. iMLDR GKUNLAND 8:151-171.
(~PcCCIL LIST, LOCATIONS) Od.Y98b D41M SR

H Lrji-r1ANi,.LN, i;.., F. J. R. lAYLOR, AND k. J. bARSDATL. 1970. A CILIATE
kEb 11lUt AT BAKROW, ALASKA. MAK. IOL. 7:37-46. (SPLCltS OLSCKIP-
liUNi, nYCKJ]G4 j'jY, CHLLRCPHYLL A, CHUMiCAL ANALYSIS, ENDOSYMB1JNTS)
C 1 91 Ai 7 FO

HULr.,JIS I, L. iL. ON A NEW SPECItS ut IHE GENUS MYSIS WITH SOMi ;AOTES
uJN r.;YS jCJLMIA (3. FABRICIUS). IiEODON GROkNLAND 159(4):1-17.
(SPtCItS utLSCKIPiONS, TAXONOMY) uo.H99e D41M SR

HUL;.uIjIT C. 19iC3. SOGHE NOTES OiN MYSIS RELIC1A AND ITS RELAIIVES IN
r. uTntIk L ALAK. AKA. CTIC 16:1L9-12t. (CLSON LAGnON, NuwuK LA<t,
I J;1tLtL,^ cL: LLG, ) 9i9. 8); At l-

t i l> uIl (, C. i9c.:. TiH' AiIPHIPUD LbcNbL PSLUiLALIBRCrUS. LTSCRK. ZZClL.
YjI . L VuL ri i^, i. FjSC H 3: iw-4 . ( FAXu.uNhY, i;R P l[HL CGY) L i
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.ijiP:^, , I . L. .19oA. Z3CPLANKTON .TANADING CRUP IN THt ARCTIC 6ASl'.
Lli'iJil L. 'CEAA. ,6,.. 14: 0-85. (T-3J AKLi I l, CCPEPODS Si, lLJ],NA's
Vcr[iLCAL iljlSl i r;ii'jJ, PRIMARY PkROUC iVIIY) j?1.9Zu5 LI FJ

uFJ'lS., I. L. i os. ZOOPLAN•TUN cilttiAS kLLATEE TO HYDRLOGAPhY ALJNG
IHE Lut-l IIKACK LUF AVLIS II IN [HE ARCIIC BASIN AND THE tAST ,-RLN-
LANJ it riNl . j. FISH F. . U LAN. :t. U A -3i1O. (STANuING CROP,

A.i lI I iUI'IAJ" AC.) .9 70. Cl6J FOi
r -Iwi'.,k rf. K. O. CUYLFt AND D. R. RtL_6URN. i974. LCOLLGY OF Tdc

PLA,,K[Ji. JF Pr'tK).-IUE PAY, ALASKA. UlIV. ALASKA, INST. MAk. SCi. -EP.
Nj. 97 '4-/,J EA oKiANTr kP. N'. 73-1t. /t PP. (SPECIES PRtESNT,
t CL:;LL ZCguPLA;,NI1'j LItFE CYCLtE, DIS IRlb U1 I IONS PR IMARY PLJLCTI V ITYl ,
LML >,LrlhYLL A) GCl A 47 74-2 FO

r, 'tHL.5 K. n. i1 o. S'ASUNAL VENtTClAL UljTRKBUTIUNS OF COPtPJDS IN THE
IACTiC wAI TL li IrlHE CA.ADIAN BASIN OF THEt lNRTH POLAk SLA. i. .

F IS. *jVI. AJ V ASHINiGT]N. 5 PP. (P r CI t S, ; I S T IPU TI UN S
A oULiUACL) (GC 7 1TH16 t 2 FL

IrU jLSr,',A.i.J K . RAUIOLARIA IN PLA.l-KTLiLu' FtiPU THt ARkCTiC DRIFIINI
1 A ICN 1-3, IiCLUDING THt: DESCKlPTli N OF THRi:t NEW SPEClIE. ARCTIC

iNiS i. ! ,TH A't. iiCA TECH . P PPER i,. 13. )2 PP. (SPEC ItS I AXiN]M3Y,
cCu LJ YJ Oilski SU1 I'TNS) 919.d AR27T FO

r1J;iKlS , . l9'. TiE SEASONAL VAkiAliC i IN TtH S UND-SC A T L RI' LAYER
umS brlL, AT FLL ICHER.S IC ICE ISLAN ( -3) wlTH A 12-KC/S cCh. SLUUNJiER.
ut-P JLA S. JL.:o7S-BLi. (SCATllKlN'J. LAYLR, SEASONAL APPtARANCL-
VLi. Cl i L uLI,) i.:L'T IiJi4) GC i D25 FU

I vS J. L. IbiL. C-CH'IN':DERi1S AND LRUSTACLANS COLLECTED BY THt W'SI
I t.L LI'. AiL', L LAF L;I T I. Ii ' 0F 1 JC9 ACAD. CNA . SCI. PHiLAD. 1 3: 79-
-, )i. (.5'PCit L LIT, , ![!1CGE'E; I iY 1- CiKCUL BORPLAL FAUNA) 9go ACN
J<.

JAu.XL]Li, t. i'-ut;. DI0 HYDO iI Eii JEi S I l i R1 SCtE N EIS M ERES. LAP. IMP.
AK i A - .iK c I L ): 1- I. A (SPEC IE LI is S TATION LJCATIUNS, GLJGK<APHIC

i I ! I . i . L i F A a
, L Z: i .rS 7PLAiKI ,i UcS KAiSCHEl MiE kck L

.l.:, i i,.. ',- A , uLMA y] I UL)Y ;,i SK. iALCH. INST. l ( ): i- ':



jJ Ln;',,;J ,. '. l' A. HYDROiLtDUiSAc uF THL SI ERKI AN CGAST LINE OiF liHE
A L i iC Lvr.A;, [ ,,i RJSSlAN, FRP-NLrn SJ'iJ;.iAK Y] BYUiLL. i-CSK. uit'SHr n.
lr rT. ri . 4c: 107-1 4. (SPClILS. L,;CAl IINS) 70.a Mo.d )K

JA_,(-;iMJv . A.i i'.- :d. PLANiKTri'l P t<L)J UL1 VI IY JF T+-E SULTH-ir L S T-r ̂ I ART
! - iHFL uoALiT ,LA [ IN RUi <USSIA4N, EtiGLHri SUMNMAY] IH UDY VSt..
?iAiln,': -i-L_:. i),'ST I P-. P.X5T. RYeRS. R Kr. 'KF. lFAN[ LGR . 4: , l1- 224.

t .AS L iAw L VAiA A I iLNS, IU[ j I iAS S, P k uJ C I IuI ) 91. 92 jid T F

.ASCrti;C',L , . A. i -iL. REPP DLUJCTI N ANi EASOrVNAL VARIATldiJ S 1;N Tl:t

Jl Ir.t l:l TlIu,. uF JiF Ft Rt 'IT STAGLS OF CALANUS FINMARCHICU OF IrtE
OArI<lk.T > .-. A [iL kUlJSSIAN, ENGLISH S UMIMaY] TRUDY VSES. NAUCHNU-
I.J L bL . i I 2. i. iiJSK. RY-. KHOZ. ,Kr&i< ,bk. 4:2Z25- :44. (L FE H Ii.]3RY)
, , i. L- I Io T J' ..

JASCt'NLVs, h. A. .LIt'. CRDER COPtPCDA, PlP. c3-2i5. IN N. S. oAcVS:UI,
cu.J CU io rJ T:t F AU4NA AND FLULA CF Ilt HL ORTHtRN SEAS OF T;,- uS R
Lli, 1 LSSlAiJ GU,. IZO. SCVE-TSKAYA NAUKA, iN3SCCO. (KEYS TC SPECieS)

j- - 1.L O LYJ t-r,

u JALCH:/;i n. A. . -J. HYDROtONEDUSAL Ni TrUJCui LLA POLYDIAD EMATA AND ,.
U<tLAI IA AS iN JiCAT.T9S OF R.R EAL ANiL AhClIC WATERS. [IN 4US-)IAN,

ti. uLI.N .Ui',;Ak, Yj ZOOL. ZH. 49:i7t$-i7i8. (SPLCIES AS 'ATER iAS$
TkACLtKS) g'J.: ZZ S R

jLftr^ LY;; J . ;. I' (A. NFA4 ANOD PtCULIAkR ii.LLUSCA CF THE tULIMID)AE AND
ulitL rtA,i;Li _ i J - GASTkiJPCDA, AS v:tLL AS U F THE PTEROPULDA, PRJCUKtD
I1 ILt. ;:VALGrUU's FXP EDITIG'CN. ANN. MI.AG. NAT. HIST. SER. 4, i9:317-

kj. (CEJGRAtriC D[tS RI BUTIONS) 5')0 AM SR
,jtt KcY), J. G. .li77t. PPELIMINA<Y REPORI UF THE BIOLOGICAL RESULTS OF

A C UL' t- liJ H.i':.. ':VAL'RJLUS'S: TLJ L)A-\/Ib TKrAI IN 1871. PRkC. K. SOC.
c ,:.-7 i-Z . L (PcUI--S PRFESE; T, LLCATIi Lz) bC6 R.CP Sk

JcFrK-YS, J. Gb. lCoUi-. uN SOME OF f i-t ;iJMLLUSCA PRGCURLD DURIN' Ti1L
ArKCi IC L tALl I luN OF THE *FOX lX IN 1:t5d AiN b159. SCIENI. PKGC. .
LiUCL .J:. .- j-L2. (SPECIES L1S T, LCCATIOr',S) 506b KJ S R

J' ,.L,,, u, . r. iP, . Trlt F ISrHS GU LAST-GK:EEiLAND. IIEUDR GRkCLANU Z9:

1 I.-- i. . ( .r cL. HY U icnGPAPHY., JVLilLE F ISHES) 'jo . ¥'-, Li'Cl'!
J -'.



JLi SN, A. S. J19 . 0N THE MOLLUSCA UF EASI-GREENLAND. LAMELLI-
dRANCHlATA. itUDDR GRONLAND 29:2b7-3b2.. (SPECIES, DISTRIBU IINS,
Fu;:>iL C-OiMS) 503.998 041M SR

JEtctkRStiN P. 1923. DR. TrlORILD WULFF*S PLANKTON-COLLECTIONS IN [Hc
.AIL.'i> Wc>l O GREENLAND. METAZOA. MtUDR GRONLAND e4:10(J-10O.
(SPct.IES, LUCATiuNSi ABUNDANCES) 5ud.i99y 041M SR

JtEiPLRtiENi . 1934. COPEPODA. THL GODTHAAC EXPEDITInN 192b. MElDR
uGrLANL 799(j.J): 1-156. (SPtCIESv LUCATILiNS, VERlICAL AND GEOGRAPHICAL

liS[TK~lidUliN$ LlFE CYCLE STAGcS) :Oo.998 D41M SR
JtSPtRSLNi P. 1939A. iNVESTIGATIONS ON THit COPEPOD FAUNA IN EAST

GKEc4LANu wAILRS. MEDDR GRONLAND li9(9):1-I06. (SPECIES LIST,
GtOkRAPhIC DISTRIbUTIONS, A6UNUANCEcS LIFE CYCLES) Ob6.99b J41M

JtS.-tKlStL'N P. 199Bt. THE ZOOLOGY OL cAST GKEENLAND. CCPEPODS. MicJDR
( GRCNLANU 12z(3):i-66. (SPECIES LIST, DISTRIBUTION RECORDS)

.1b *9 U s i) 4 Ji i R
JGHiNOJN,, i. w. 193o. THE PRODUCTION AND UISTRIBUTION OF ZUJPLANKTQlO IN

IHL SUkFACE WATctk OF BERING SEA AND BERING STRAIT. PART Ii, PP. 45-
d2. Ii RtPURI UF O.CEANOGRAPHIC LRUISt U.S. COAST GUARD CUlrLT CIELAN
1934. (MIML.O. REP., 1934). (SPECIES, DISTRIBUTIONS, tCOJLOGY, HIDRO-
GRAt'Hl) 551,46 UN3R FO

JuHiNs'UN, h. w. 19ij. STUDIES ON PLANKTON UF THE BERING ANU CHUKCHI
SEAS AND ADJACLNI AREAS. SEVENTH PACIFIC SCI. CCNGR. PROC. 19it9
:'tou-0O. (SPtCIES LIST, STATION LOCATIONS, CHELAN, NEREUS,
l1SIklBUTION RECURDS, ECOLOGY, LIFE CYCLES) 50b P1lP SR

JJHNSUN, Mi. .i 1i96. THeE PLANKTON OF THE BEAUFORT AND CHUKCHI StA AREAS
LjF Ihc ARCTIC ANU ITS RELATION TO THE HYDROGRAPHY. ARCTIC INST.
NJIRTh Abir.ICA IECH. PAPER NO. 1. 3Z PP. (SPECIES, LOCATIONS,
DiSTRIBUf[INS) 919.8 AR27T FL

JLOiHNiJN, r,. w. i9V, OBSERVATIONS ON INSHORE PLANKTON COLLLCIED DURING
:Uh;,'iK il- AT POINT dARROW, ALASKA. J. rAR. RES. 17:27Z-21. (NET
lUn., ICkJPLAi4iLiUNN CCPEPODS, LIFt CYCLE STAGFS, LARVAL) 991.92
J2 Fu



JCHNSU, . ·. i'961. ON ZGGPLANKTGI' OF SUhE ARCTIC COASTAL LAGOUJ,.S uF
NCGK[ntiL51EKN ALASKA 'WITH DESCKiP1ION OF A NEW SPtCIES JF tJRYTLIORA.
vACiF. SCI. iD:3ii-323. (SPECiLS LIST, UISTRIBUTIUN, 1AXUNJLMY
EitPLkATUKE, SALINITY) 505 PA FJ

JDOHrbui h. W. iY;ojA. ZOOPLANKTON CULLLCIiUNS FRDKM THE HILH P3LAK dASIN
,iTh PtcClAL RLFLt-ENC TO TiE CLCPEPOA. LIMNOL. OCEANOGR. d:be-iO2.
(SPLCILS, VcKliCAL JISTRIBUTION, AbUNJANCL, LOCATIONS, SEASLNAL
Dl.TkidUTILN, tXPArRIATtS) i.-ZO, LI FO

JuHNb.bN i,. *. 19o3b. ARCTIC OCLAN PLANKTON, PP. 173-183. IN PRUCrtD-
INuS UIj lHt ARC1IC BASIN SYMPOSiUM, OCIUBLR 19)2. ARCTIC IN.;TiTJIE
jF !iLKIh AihtEKCA, WASHINGTONS D.C. (CuPEPODS, GEOGRAPHICAL UDlSTI-
cul II., KtCRuIllitNT, MAINTFNANCL) *

'JhiiJ,\ ii. 'N. I9Yco. ZOOPLANKTONI tJ SOht ARCTIC COASTAL LAGOGL4S, rP.
c79-c93. IN N. J. WILI1OVSKY AND J. N. O.LFE tDS. LNViRUNhLNT JF

; " 1HE LAPL IHUirPSUN REGIEN, ALASKA. U.S. ATOMIC ENERGY CJU;'IS lUi',J OAK
Ln  RiUGLL ILEN. (FKtSH'A.ATER, BRACKiSH ArtLR) OH 10o A 4 A./ F-U

,J.'iL , L. r. i9oc. GCCUKtFRNCt OF IntE LARVAL OF NEGANYCTIPHANLS N;JkVEGICA
ICRUSIACLA, tUPtHAUSIACEAE) OFF WiST GKLtNLAND. J. FISH. RKS. -u CAN.
2,:iwu71-+. 73. (POSSIBILITY OF BRikEbING IN WATERS WEST OF GRLtNLAND)
'7(.' Ci6J FO

JuRGciSLN,, t. H. 10 PROTIST PLANKTON. riYDRUGRAPHICAL Ai'D tICLUOiICAL
IN'VSTiGATION3 IN NORWEGIAN FIORUS. BERttNS MUS. SKR. 7:49-1ki.
(SPtCit. LlA, 1AXONClNiY DISTRIbUIIJNS, LtLAT1VE ABUNDANCES,
RAUIOLARkANS) 591.Y2 N75H FOLIO FO

JUJRUENSN, L. H. ii9J7. NOTE SUR LES RAOICLARES, PP. 4-t-459. IN
UJC LDGCjLtEAN LKdiLIERE OCEANOGRArrHijUt ACCOiPLIE A B CD DU LA
bEL`lCA uANS LA MtR DU GPONLAND LN i9J5. BRUXELLES. (SPECItS LIST)
POc. 3 uiR:C FL[

jUUAY, C. 1920. CLADOCERA. RFP. CAN. ARCI. EXPED. 1913-lb 7(r):i-d.
( -RtSHrtAI LR, iNiAKiNE, GEOGRAPHIC L)1SIRi6 IICN) 50b.3 C i6R FJ

JU.1 , J. 197o. CJN FIHE MAkINE GENUS KEINIGRATLPSIS DAHL, 19i45 FRG;i NlRTH
ATLA1,1 IC ANiJ ARCIIC WA1EktR (CRUSTACLA, AhPHIPODA, LYSIAi4ASSl)AL) .
ATAr1iLE i:i1-1l.- (TAXUNOMY, ILLUSI All11JNS) OL i A7. FJ



.ALiGCHLtSKiJ, h. iJLU7. ZUR KENNFI i.. DL) LCr INDERMMENFAUNL Dtz0
bibl lbCtHLc i lbr;lctRES. ZAP. ItitP. AKAU. NAUK ld(4):1-o7. (J~tCi5-
Lli)T, LUGkAPHiC UISTRIBUTION) J6b LtMF MA

INAnrSHIL^,V I.. *i. o. PrODUCTION UF CALANUS FINMARCHICUC (LGUNNER) IN
IHE CLuA5TAL ZJNc L F EASTERN MURUKAN [lN kUSSIAN] TRLDY KUkMANbK
tlIL. SIA. 4:4ts,-5S. ]. 92g0 AK lJ [ L

|KniZleLVA, V. L. 1931. ZUK KENNT;IN UDcS ZGCPLANKIONS VUN MATU[SCiKIN
aCnAK i..,U tlNbLUR KJSTELGtLBIETL vN NJwAJA SEMLJA [IN RUSSIAN,
oitkniAN bUhf-,AKYJ iSSLED. MO3Rt SSSR l2:i3i-150. (SPECItS WL)-SPcAD
iN Iclt ARCTIC) 591.92 Lits FO

Kin YZ;,liKlA, V. L. i-36. ZOUPLANKIKIuN DE S ULI CHR. UNL) SULdUSTL CHtR
IciLt5 UcS KAiJ.)CEN MEERES [IN RUSSIAN, GERMAN SUMMARY] IS LLJ.
i;LRci j>SR Z4:2.i-235. (GEuGRAPHICAL 01>iRIBUTIONS) 591.92

L,4i k-U
KNUGX G .A. . PELAGIC AND BENiHIC PULYCHAtTtS OF THE CENTRAL ARCTIC

EdAiN, PP.* lu-ilt. IN V. BUShNLLL, tC., SCIENTIFIC STUDIES AT
Lt-LLtICK'*S ICL IJLAND, T-3, 1952-i£55. GEOPHYSICAL RESEARCH PAPiRS

IJ. c. Ak-CAC-IR-59-232(1), ASTIA OLCUMEbNT NC. AD-216813. (SPECIES
LISl, LLJCATIUNS, IAXONOMY) 551.05 G292 FO

KOdiAYASriI, H. A. 1i7.t. GR;WTH CYCLc AND ktLATED VERTICAL OISTRIdtUTlUN
UF 1hiL 1ttCJhbtAljU3U PTEROPOD SPIRATELLA (*L1Ki;ACINA*) HELICINA I,4
lrit CtNTIAL AKCIiC OCEAN. MAR. BIOL. Zo:295-301. (GRLxTH, VEtTICAL
IlSTPIoUliuNL, CANADA BASIN, FOOD SUPPLY, SEASUNAL MIGRATION, ENVIRON-

i'itNTAL FACTi'RS) OH 91 'Al M37 FO
IKOcL5LL C. 1Bot. CiKUSTACEEN, PYCNUGiONIUtN UNO ARACHNOIDEEN VON JA.4

nAYtiN. li,.TtcN. PULARFORSCH. 18tl-o3. OSTEKREICH POLARSTAT. JAN
MAY:N 3:m¥--7. lPECIES LIS1I GLUGRAPHICAL DISTRIBUTIUN)
5J.o ·INN FOF

KGLLJUVA, Y. G. 19/6. EFFECT OF TEhP-RATUirE ON THE DISTRIBUTION OF MASS
.PtLtLS I [F /L-WPLANKTDJN IN THE whiTE SEA. CCEANOLUGY 15:92-i5.
(rtrl lt SAL I ticrt. ATUKE, VERKICAL DISTridUTION, TROPHIC RELAIIUNS"IPS)
*C i 0 3Zi7 FJ

r ,if, r' . L. i-iiqtA. M:EULSER UG SIPhUUiiPHUkLk. CATALGGLE Jl THL F;)LJSAE
AiN; SiPHi,4UPJIA _-F NtiENLAN. hNtDDR 6lKUNLAN[) 23:3 31-s:,,. ( r L iES
LlI , klt-LkLi'tLt7 D ISI FI TI U'.!^, LLUGro. KAPHY) COt.¥9d u' 1I. S



MrnAIP, P. L. 9i46. HYDROIDtR. CU\Sr'CTUS FAUNAt GROENLAOLCAt. ictDDR
GKwJi,LAN;\L S 3:9i-lOtO.3 (SPLCIES LIST, LUCALIIIES) ,jd.'-J Lii LM S

KKAirj P. L. 1Y3Z. HYODOIDS. THt GOUTHAAb L XPEDITIONi 192o. riL)cJ
bu<UNLADN 79(i): -o6. (SPECIES Lizl, LJCATIONS, DISTPRIUTILA.>a)

ib. 998 O41t. k I
KRAtP, P. L. i9.J. CHALTOGNATHA. iLcuURk RUNLAND 80(5):1-40. ( PLCIES

LII,T d6iLDGY, LUCATIONS, RELATIVt AbUaiDANCLt LIFE CYCLES)
>ub.9b y 04'ti; ' r .s

KAkiP, P. L. lY94A. SIPHNOPHORA. IntmE GOThAAB tXPEUITICG . ME.L)R
VRUNLAaiNU 0O( 6):1-24. (SPECIES LIST, DISTRIBUTIONS, ZO3GLOGRAPHiY)
Oio.99o D4'i. jK

KkAh ', R. L. i9 4.. CTENOPH+ORA. lHc GODiHAAB EXPtDITICN i92d. MLiL)R
GRONLANU o0(9):1-19. (SPECIES LISI, Ul51kIBUTIONS, RELATIVc
AdUidUANCkS) . J8.99e U41M Sk

KKAi'..P P. L. 1942C» PELAGIC TUNICAIA. THE ,ODTHAAB EXPEDIIION. McODR
GROiLAND bU(iv):i-10. P (SPECIES LIST, LOCATIONS, RELATIVE ABUNDAiNCES>

- GLGG6APHICAL Ui IRI' IUTION) 5U8.998 D41M SR
KRAMP, P. L. 1961. PTEROPUDA. THE GOUTHAAB EXPEDITION 19d0. MtUD)

oRU;4LAND il(4):i-i3. (SPECIES LiSI[, 1uLUGY) 50.998 041M SR
KUihLitN, L. lt79. CONTRIBUTIONS rO THC NAIURAL HISTORY OF ARCTIC

AMEEKlCA. BULL. U.S. NATN. MUS. 15:1-179. (SPECIES PRESENT,
DESCRiPlONS, LOCATIONS) 506 UN3B 5R

LtCHLt W. 3. OFVERSIKT OFVER Ut AF VtGA tXPEUITIONEN INDSA4LADt
ARKIISKA HAFMOLLUSKFR. I. LAMLLLIBKANCHIATA. VEGA-EXPED 1 IUNENS
VEfcNSKAPLIGA IAKTTAGELSER 3:433-43. (SPECIES LIST, LOCAIIONS)
uc.9ob N755V FO

LE E;AiN0iS, E. i913A. NOTE SUR TROIS NOUVELLES MEDUSES ET LISTE DES
COtLLNTtRES DU PLANKTON RECUE1LLIS A BORD AU POURQUOI-PAS$ DANS LA
CROISIEtK DANS LES MERS DU NORD. BULL. hUS. HIST. NAT., PARIS 1i13t
ilO-lA1. (SPLCIES LIST, GEUGRAPnICAL DISTRIBUTIONS, DESCRIPTIONS OF
NEt SPECLLS, ICELANOD JAN MAYEN) -j7 P21B SR

Lu DANUIS, t. 191-3d. SUR LES MEDUSLS RLCuEILLIES DANS LE PLANKTUN
PrNUAiT LA CRUSILR.E 'DETE 1912 DU *PuRJQUI-PAS$* DANS LELS 'L JU
!;LRKL ~iuUS LL C;iiiMANDOEMXNT DU DR. J.-B. ChARCOT. C. R. rtbi). 'IA4CE.
ACAU. .CI., PAKIS 15b:351-354. (SPtCiLS LI.T, GEUGRAPHiCAL ul,1<.1-
dU' s Ci ) Ju AC SR



LtL, R. F. 1974. LIPID COMPOSITIUN OF THt CCPEPCU CALANUS HYPLRtUkEJS
FRUth THL ARCIIC OCEAN. CHANGES wITH JcPTH AND SEASON. hA^. B3CL.
2o:313-3id. (LIPID STORAGE, UTILZATION, SEASONAL VARIATIU;;)
Q H 9i A -11i37 FO

LtiCtit, H. '-4i. LASTROPODA OPISTHiiBRANCHIATA (EXCL. PTEROPOUA). IHE
GJUTHAAi tXPEDITiUN. MEDDR GRONLAND . u(i):l-t5. (SPECIcS LIST,
LUCATUiiS», GtUGRAPHICAL DISTKIiaUTIONS, ZUOGEOGRAPhY) b0.999b
i41M SR

LtiZ-Lut3LCK, . 1',b. PTEROPODEN. NURU. PLANKT. 2(4):1-d. (SPtClIS
Lil.) GtLJkAiHiCAL DISTRIBUTION) 9,i.92 N756 FG

LtciS, <. w. 19o0. IHE FAIlY ACID COMPOII1ION OF A.RCTIC MARINE Porir3-
PLA,,KILT ANJ ZLuuPLANKTCN WITH SPLCIAL RLFLRENCE TO MINOR ACIDS.
Lliiu L. CtiAr4UlbK. 14:3b-40. (Ct1AtTOCEKOS SPP., IHALASSIOS iA SPP?.
HiliuSJLcNIIA SPP., APnERUSA GLACIALIS (HANSEN)) £91.9205 LI FO

tLLL;NG Y, . I;. 1l97JA. EUPHAUSIIDS OF THE ARCIIC BASIN ANC PtRIPHERAL SEAS,
PP. jo-4-. IN Y. M. LEUNG AND H. A. KUBAYASHI, EDS., TAXONUMIC GUIDES

oD iL) ARCTiC ZCuPLANKrON. UNIV. SO. CALIF. DEP. BIOL. SCI. TECH. FiP. 2.
(TAXLtiUiY, KEYS) *

LcUNIb Y. M. 1970b. SIPHONOPHURES OF THc CENTRAL ARCTIC, PP. 19-29. IN
H. KUbAYASHI, EU.t TAXONOMIC GUIDES 10 ARCTIC ZOOPLANKTON II. UIUIV.
Su. CALIF. DLP. BiOL. SCI. TECH. RKP. 3. (TAXOMONY, KEYS) *

LtUN(,s Y. M. ,9,-jC. CTENOPHORES OF IhE CEN1IAL ARCTIC, PP. 30-50. IN
|i. KUdAYA.JHl tLU. TAXGNOMIC GUIDES TO ARCTIC ZOOPLANKTON II. UNIV.
SO. CALIF. DtP. BiOL. SCI. TECH. REP. 3. (TAXONOMY, KEYS) *

LEUNG, Y. M. 1971. PTEROPODS OF 1Ht CENTRAL ARCTIC, PP. 2?-2d. IN
H. A. K06AYASHi, LD., TAXONOMIC GUIDES TO ARCTIC ZOOPLANKTON II.1
UNIV'. SO. CALIF. DEP. BIOL. SCI. itCH. RLP. 4. (TAXCNOMY, KEYJ) *

Lt.LUi'b, Y it. 1i72A. APPENDICULARIANS OF THE CENTRAL ARCTIC, PP. 3-12.
IN m. KUBAYASHI, cD., TAXONOMIC GUIDES TO ARCTIC ZOOPLANKTON (VI).
UNIV. SL. CALIF. DEP. BIOL. SCI. TtCH. RIP. 2. (TAXCNOMY, KEYS) *

LLUiO,» Y. ir. lv7Lb. MYSIDS OF THt ARCTIC UCtAN AND CONFLUtNI StAs, PP.
1.-Z.-. IN n. KULAYASH1, ELD. TAX Lii'i lC bUlglLS TO AKCTIC Z iJPLAr, ION
v( Vl ) U . . . CALIF. DP. BIUL. SCI. I CLL.. RFP. 2. ( rAx]O.';l'I,

It Y., ) ':



LLuNG, Y. h. 19 72C. FIELD GUIDE TJ ARCTIC ZOOPLANKTON CRUSIACtANlS PP.
<:-etC. IN H. KBdAYASHI, ED., TAXONuUMIC GUIDES TO ARCTIC ZjGPLAN<ION
(Ji). uiV. V U. CALIF. DEP. BILL. jCI. IECH. REP. 2. (IAXONOQiY,
KEY ) *

LiuNiG, . N. 197L0. O1STRACODS OF lit CENlRAL ARCTIC, PP. /9-4J. IN H.
3KJ^YASjl, tU., TAXONJNIC GUIDES TO ARCTIC ZOCPLANKTCN (VI). UNiV.

.J. CALIF. DtP. 3IOL. SCI. TECh. RtP. 2. (IAXUNOMY, KEYS) $
LtUNiiu, Y. il. 1/I. iN, THF CSTKACUD FAUNA UF THe ARCTIC dASIN. ASTAKTE

:41i-47. (DctSCRPTIONS, DISTRIBUlIIN K.CUPROS IAXONLM1C CU;NSIDLRA-
I iJlS, VcKTILAL DiSTRIbUTl[JNS) :90.5 AS FO

LEuib,¥ Y. l., A. HA;tNSt AND W. RURK. 1971. OtCAPODS OF THE CENTRAL
ARCLilC, PP. 29- t. IN H. KOBAYAjHli toU. TAXCNOMIC GUIDES Ti AkCTIC
ZL&LPLANKIJN. U;'iV. SO. CALIF. DEO. bdUL. SCI. TECH. REP. 4.
( IAXUNOLf.Jl KLYS) .

LLiiKJ, A. ivU4. ZLULLGISCHE STUDIEN iil dAktNTS-MEERE ALF GRUND LER
E UNI Lk UCHUiNLK DLER <I SSENSCHAFTLiCrH MURMAN-EXPEDI TI ON. HYDROMtSEN.

I LZUOL. A;iZ. 2 6:Zi-2?j. (SPECILS LiSTI DtSCRIPTIONS, SIZLS, GECGRAPH-
itAL UlS [RIBUTi'JlS) 5 90.5 ZD L R

LJiLbLICI., A. R., JR., AND H. TAPPAN. 1953. STUDIES OF ARCTIC
F-ujRAi IiilFtRA. jMiTHSCON. MISC. CuLLNS ^1i(7):i-150. (LOCAIIGN')
. o6 S0lt9I; SrN

LLirijANNI h. 19l. IE APPENDICULARIEN. FAUNA ARCI. i:363-37b. (SPECIES
L1I, DULECRIPIuiI,.) GEOGRAPHICAL Dlj1lkItUTIONS) 591.998 R66F FO

LOHriAN.N, d. 19ui. A P FiD IC ULAR IEN. NORD. PLANKT. 2(3) :l1-ZI. (SPECIES
LiSI, GtuuRAP-iiCAL DISTRIBUTIONS) b91.92 N758 FO

LjihANiN, HI. 1910. il . i IEQ LJNO CYSTtrN OLS NGKDISCHEN PLANKTONS. NORD.
r LAi4KI . i():L-Z. (SPtCIlS LIS1) ;91.92 N758 FU

LJrl,Ai 'iI; n. 191iA. III.DIE APPEtiU1CULARItN. NACHTKAG. NOR.D. PLANKT.
Z(>):Z3-/. (KcY, SPECIES LIST, uUtlKRAPrtICAL DISTRIBUTIUN(S)
J 1 . 9 7 ' d UF

Li i.;.: h. t'IiiC. III. DIE ASCiDiOLNLAkVcN OES NOPDISChEN PLANKIC S.
, L. PLA i. L(j ):3L-47 (SPEClcS Li.l, FIGURES) 59i .9 N, 7

F_



LJniANN, rn. IZ2,. DIE APPENDICULARKIL DtS AAKTISCHEN UND ANTAKKIIbiHEN
,ocil1ibt IHRt bcZIEHiUNGEN ZUEINANDEK UND ZU DEN ARTEN DLS GlBILTS DER
.AArici\i Sj,(TOL. ZOOL. JB., SUPPL. b:ij5-3EZ. (SPECIES LISI, GrtLGRAPHI-
LAL UISIITRld6iL.S) 991.5 ZJSU Sk

LOAhANN, 1i. z9/7. IX. DIE CYPH3NAUItS Ott< NORDISCHEN MtRE. NLJRD.
? LA;AKI. I ( 1 ):-i-d.tJ (SPECIES LI:ST, GcuGKAPHICAL DISTRIdUTIGNS)

y 1. 9 N 7 P,
LUkL ;zZj V. L. lto6. POLYPOMED'JSEN VON JAN IAYLN. INTERN. PLLARFJkRCH.

i8Ub,-63. OIE .ti>ERQFICH POLARSlAT. JAN i'AYEN 3:25-28. (SPECIES LIST,
c3L GAPhlICAL uISIIBUTIOON) uo.9 INC FO

LLtuB3JCK, J. io4o. JN SUME ARCTIC SPECIES LJE CALAIN1DAL. ANN. lAAG. *AT.
rilji.l tR. ^, i4':i25-129. (DESCRIPTILNS OF NEW SPECIEc, CALANUS)

, A ̂  L RK. 2 SPR
LUJIG, H. ito6. ECHINIOUERME; DES BtRINGSMEERPES. ZUCL. Jb., AdT. SYST.

otOGR. bIOL. 1:21b-296. (SPtCILS LIST, GEOGRAPHICAL DISTRIBUTION,
0 tSCRl PTIuN) 590.5 ZJS SR

MAAS, O. 19UD. DIE ARKTISCHEN MEDUSEN (AUSSCHLIESSLICH DER PJLYPU-
EDtOuSEN). FAUNA ARCT. 4:*,79-52b. (SPtClES LIST, B-ICLUGY, SYNCoJMY)
9i. Yb rR6F FUI

:ACiNI IIf ,v. c. )9 5. DISTRIBUTIuN AND tCULOGY OF THE MARINt INVER.TE-
6KAltS OF PLJi.ll ARROW, ALASKA. SMITHSUN. MISC. COLLNS iZB(9):1-201.
(tCGLUGY, SPLCIcS LISTS» SEASONAL DISTRIbUTION, SOME PLANKTON)
: t, S N L 9i SR

I',KAKhuV iR. R. 1967. LARVAE OF THE SHRIMPS AND CRABS OF THt WEST

KANiLnAlKAN SHiLt AND THEIR DISTklIUTiOIN. TRANSL. PUBL. BY NATIUNAL
LENOING LIBRARf FUR SCIENCE AND TECHNOLUGY, BOSTON SPA, ENGLAND.
(T AAxllUNY, GtUG(RAPHICAL AND VERTICAL DISTRIBUTIONS, FIGURES) QL
4't Uj iU 3

,ii;.TtUtLL, BS. Pt. 1 39. THE ZOOPLANKTUN CF THE COASTAL hATERS OF TH-
AtESItN MURIAN. LIN RUSSIAN] TRUDY VStS. NAUCHNO-ISSLcD. INST.
,LuhK>. RY3. KriCL. O3EANJGR. ;4:;-294. (SEASONAL DISTRIBUTIUNS,
ir'iL.L/' JlKIJlI ZJPLANKTFGN ZOUPLANKTUN AS FISH FOOD) . i9.9:
. ) - I rt



,iAti4.E-LtLL c. VNo. 18A6. PORIFEILENp ANIHGZOEN, CTENOPHOREN UNO WJRMER
iON jAiN MAYL.N. INTERN. POLARFORtH. 18.8-83. DIE OSTERktlCti PULLAK-

I[AI J AN riAYtN 5:9-24. (SPECIES LIST, GEtGRAPHICAL CISIKIBUTIuN)
OUb.9c IajUi FO

MAUCrLLIitL, J., AND L. R. FISHER. 19o7. OISTRIBUTICN OF THE EUPHAUSIID
,KUSJTACLAN; rilEGANCTIPHANES NORVEGICA (M. 5ARS). SER. ATLAS MAR.
LN'ViRUN. AMLR. G6OG. SOC. 13:1-3. (BIOLUGY, GEOGRAPhICAL DISTR1-
dulILN) GIuo C7 S43 FO

OiC INTujh, W. C. 1879. UN THE ANNtLIDS O0 1HE BRITISH NORIH-POLAk
LXPLuillION. J. LINN. SOC. 14:12b-134. (SPECIES LISTs, GEOGRAPHICAL
UL.Tkl.bUTLN) 570.6 LIZ Sk

MC LAREt, 1. A. 1966. ADAPTIVE SIGNIFICANCt OF LARGE SIZE AND LONG LIFE
OF 1hc CrtAETOGiA1IH SAGITTA ELEGANS IN IHt ARCTIC. ECOLOGY 47:5SZ-
6d5. (Llt-L CYCLt, SEOGRAPHICAL AND ScASUNAL DISTRIBLTION, FkCUNJITY)
?7U. EC FU L

?i, LAKt^N 1. A. 196I . POPULATION AND PRUDUCTION ECOLOGY OF ZOOPLANKTON c
IN JGAC LAKt, A LANDLOCKED FIORD UN BAFFIN ISLAND. J. FISH. RES. BD
AN. (.o:li8e-£:9. (LIFE CYCLES, BIOLOGY, COPEPODS, CHAETOGNATh$3

itiDiJSAE) 570.5 . C1bJ FO
MC LARtN, I. A., C. J. CORKETT, AND t. J. LILLIOUX. 1969. TEMPERATJRE

ADAP1ATIUNS OF CUPEPOD EGGS FROM THE ARCIIC TO THE TROPICS. BIOL.
oULL. MAR. BIOL. LAB.. ODODS HOLt 137:406-493. (DEVELOPMtNT TICrS,
nATCHING) !5U.5 BB FO

MEIStlHtlIrtR, J. 1900. DIE ARKTISCHEN PTERUPOD.EN. FAUNA ARC1. ;44J7-430.
(SPtCIS LIST, DISTRIBUTIONS, LIlRATURE) 591.996 R66F FO

.;"ILKS, t. J. 177-. KEPORT ON THE CRUSTACEA COLLEC-TED BY THE NATURALISTS
ui- 1HE ARCTIC EXPEDITION IN 1875-76. ANN. MAG. NAT. HIST., SER. 4.
Zu:>2-ot; 96-iiu. (SPECIES LIST, GEOGRAPHICAL DISTRIBUTION, ANLiYX
i4UGAX, SilTH SOUND) 505 AM StR. 4 SR

ILKRS, t. J. ic7c. CRUSTACEA, PP. O40-24v. IN SIR G. S. NARES,
iRFAT IVc CL- A vUYASE TO THE POLAK SEA DURING 1875-6 IN H. M. SHIPS
*ALLLIr AI^lD 4DISCOVERY*. VOL.. 2 LOWt, MARSTO.N, SEARLts +
RIVNl6,lLNs LuNuJiN. (SPECIES LIS1t) 'S.b N167N MA



MltRS, L. J. Ii bl. ON A SMALL COLLtCTION iJF CRUSTACEA MAUc 8Y UJwARD
wiY'tPht, c.5., CHIEFLY IN THE N. GRttNLANV SEAS; WITH Ai' APPLEtND ON
AODlTIlNAL SPcClES COLLECTED BY IHt LATt BRITISH ARCTIC LXPLEITION.
j. LIINt. SOC. ZuJL. 15:59-73. (HARE ISLAND N. -OF DISCO ISLAND,
UKEDGii6u) ?70.6 LIZ $R

niLti-KOvSi<Y, S. A. 1968. DISTRIBUTION OF PLLAGIC LARVAE OF BOTTOM
iNVLKtlLtAIlE COF [HE NORWEGIAN AND BARENTS SEAS. MAR. bIOL. i:1l1-
1o7. (0iSTKldUfION OF LARVAE IS RELATtD 10 DISTRIBUTION OF ADUL[S,
ii4FLLbEiC CF CUrktcNTS IS LIMITLU) QH 91 Al M37 FO

iilLEiKuV.~.KY, S. A. i970. SEASONAL AND DAILY DYNAMICS IN PELAGIC LARVAE
01- F:AKlNc ScnELF BolrUi INVERTEBRATES IN NLARSHURc WATERS OF
.ANu\ALASrsA dAY (vHITE SEA). riAk. dlOL. 5:i80-194. (SPAwNING
PL'tlUtS, TIUAL CYCLES. DISTRIBUIILN) CH 9i Al M37 FO

;iN.ULA, I. 1967. SEASONAL DIS TRIBUIIu.4 OF CCPEPODA IN THt ARCTIC OCEAN
I-t<0 jUhc 10 DECEIMBER 1964. ktC. OCcANObR. WKS JAPAN ':i6i-lb6t.
(AKLIS 1I, SPLCitS LIST, DEVELOPticNTAL j1ACES) b51s.46 R24> FO

hlNODA, T. 1i71. PLLAGIC COPEPODA IN THL BLRING SEA ANC THL NjkIHwEiTERN
NJR1h PACiFIL ,ITnr SPtCIAL REFkLtNCE IL THEIR VERTICAL UISTRI6U11IJN.
iith. fAC. FISH. HOKKAIDO UNIV. lo(1/2):1-74. (HYDROGRAPHY, SA;,PLING,
SPtCILS LII V VcLRICAL ;1IGRATIUN, FELUING) 639.2C65 HMb6cM FU

I'iJuiUS, K. iVOi. ARKTISCHE UND SUBARKlISCrHE PANTOPODF.N. FAUNA ARCr.
2:3,-b6. (SPLCIltS LIST, SYNONOJMY, GEOGRAPHICAI. DISTRIbJTIONS)

Y9i.9Sd RfoF FLi
NhUrmk, J. L. 19D9. MiARINE BIiLOGICAL wGRK, PP. o2-103. IN V. BUSHNcLLP

LD., SCiLi4TiFIC STUDItS AT FLETChtRiRS ICE ISLAND, T-3, 1952-19A3.
uEii'trYSlAL RESEARCr PAPERS NO. o3. AFCKC-TR-59-232(1), ASIIA
iJCUPhtN iNU. AD-2i61i3. (LIFE ON T-3, GtAR USED, STATION LOCATlJNS,
Sr'LCIi. LISI) 5b1.C5 G292 Fu

;,Ui-1, J. L., AiJ') T. S. ENGLISH. 19?9.T THt TRACHYMEDUSA, BOIRYNEMA
LLLlhRAL, A;> li'UICATUR PLANKTLK OF ARCTIC WATER, PP. 106-167. IN

t r'R-iiIJ, fhIk i i iNTLqRNATiONAL LctAio[0rKAPnlIC CONIGRESS, NEw YURK.
iI( I i tJ ;j i 1,i\, ) 551.4606 I N G6P Fj

..C:- J. ., ANi' . X. GL1GE. .cj. CiiPARISCN OF RESLLTS T-K,] A 4LW
i-Lu _; I'11 PLAwi,,\ , A SiAPLfE AND tI-ii LW L VLi Ti ONAL MtTHODU iN IiiL
AKCI IC L1N. AP. APP CNS. PR TS . INT. LXPLUOR. MiER 153:205-2Oo.
(t L I IJ 1 -, I-J, o MU.MA; ltN , SAMPLEtr) 'l1. 2 INPP ftU



r,jhk, J. L., ANL S. U . GLEGER. 19ot. ARC1IC BASIN FAUNAL PRECIS.
AiJii;ALS IAKtN ihAINLY FPROM ARCTIC DklIFTIrNG STATIONS AND TH IR IG(4iFI-
LANCL FCK BRIuJcJGRAPHY AND WAItER MiASS R CuGNIT 1CN, PP. 297-3.3. iN

;. L. JATLRK CJjRuINATOG, PROC. ARCTIC -DlFTINC SIATIO,4S rY;iPOSIUM,

AkCI. ir,ST. N. AbMLRICA, WASHINGTON, D. C. (PHYLA, BlOGtOGRAPHY)

Wt. 7 A ' FO
,ijiin, J. L., ). J. REISS, J. L. BEt NARj, R. W. LEWIS, AND S. K. GEIGFR.

i9cl. I Fi i1AKINeL NATUJRi OF NUWUK LAKc ANL SMALL PONDS OF TEt
r'tNilULA COF JOirT BAkR3W, ALASKA. ARCTIC 14:211-223. (CH t1EMITRY,
diOLUGY) 919.605 AR FO

-i'GKt I . A., ANL J. W· M3RE. U 1974.. FCO1 LF SHORTHORN SCULPINS,
hYuAL'C LiALUS LSUkPIUS, IN THE CUMOdRLANU SOUND ARFA OF BAFFIN BAY.
J. jri. RtS. tlD CAN. 31:355-359. (P3StBUALIBROTUS GLACIALIS, PARA-
IlHEdiI5 1I LItbELLULA) 570.5 C16J FO

h ju^c, J. P. 9IOZ. DESCRIPTIONS OF SUML Nitz POLYNGIDAE WITH A LIS1 OF
4-o

bi'hL i rPLLYC MAt IA FROM NJP.TH GRtLNLAiND ATLPS. PRCC. ACAD. NAT. SCI.
PHILA,.. j:'z:2Sb-Zti. (SPECIES LIST, Ntw SPECIES, LOCATIONS, DEPIr-)
,Jo AC , S R

'hLkI, T. 1*37. Int PELAGIC COPEPUDA FRUM IHE NEIGHBOURING AAIERS CF
jAPAN. Y'JKLNhD CO., TOKYO. 150 PP. (ILLUSTRATIONS, ODSCRIPTIO4A,
Gt6LGAPhICAL AND VERTICAL DISTkJi3UTiluNS) t95.3 z4 MbZP FO

, 'iu]L.ci'S i. 19ui3. ECHINODERMS FKOM tAST ,REE-LAND. MEDDR GRONLANO
2':o3-4(. (bPtCitS LIST, LOCATIUNS, RcFEtRNCES) 50o.998 D41M

'JklcrNSLN, H 127. 97. IX. DIE ECHINODERMtN-LARVEN. NORD. PLANK1. j(9):
i-So. (SPtCILS LIST, GcUGRAPHICAL DiSTRIbUTIONS) 591.92 N7:d FO

,iuMTLcSL Ii· 192. ECHINODERMS. Thc vUUIntAAd EXPEDITION 192b. ;LDDR
oKU\,LA:;' 79(L):1-c4. (SPECIES LIST, LOCATIONS, REFERENCES)

·Jo.i Ua 4 'i hi. J
P".'. . itZ. PkcLIMINARY NOTICE CN THc SUkFACE-FAUNA CF THE ARC1IC

^', AS *..jL VLL) IN THE RECENT ARC[IC LXPEOIT1N. J. LINN. SOC.

Z-,L. i4 : ?Z-Lo. (LOCAlIONS. NAUiRAL 11lSTORY GBSERVATIGN. *iURTH
i _ ; ) DJ.u L1Z S



R',RAc, A. A A K. J. AKTISCHE COPEPUDcN. FAULA ARCT. 2:4 9-)2E. (YP-'IES
Li.T, di6LCuY, jYNONC1;Y, DISTRIBulTIiN)) 591.998 RboF Ffu

i'ULLKLR, . h. 1901. OSTRACODA, MUSCH LK<RtBL. NORD. PLANKT. 4( 7): -10.
(jPLClIC L:1I, UGEGRAPHICAL DISTkIBUTIOUN) 591.92 147b Fu

i'uLLLR, b. h. 13i3. DIE OSTRACODtN DES AKKISCHEN GEBILTES. FAUNA
A.Li. t:2£-j.. (SPECIES LISI7, ClTRIbUIlCNS, SYNONCMY) 91i.Y98
to6iF L

.URKLUCh, J. .tos. D)tSCrIPTION OF SLVEN NSi SPECIES OF CRUSTACEA AKN ONE
AGKIP FLi'- ARiI lC ALASKA. PROC. u.>. NAIN. ilUS. 7:518-5Z2. (PJIA.I
ftRANKLIN, PI . iARKOVj, NORTON SGUiU, DKLDLING) OC U)N3P SR

.cu^uCiH J. iobSA. HMARINt INVERTEbkAIES (tXCLUSIVE OF MGLLUSKSJ PP.
13o-17c. iN P. H. RAY, RLPORr Ui IHrc INItLRNATIONAL POLAR tAPcD)lrON
Tr PriNI jAkR<U^, ALASKA. U.S. bLJVl. PRINlING OFFICE, WASHINGlGGN
LJ.C. (LUCAL D1lI<I3UTION) 917.9 IN6dR FO

MuOblDCh, J. Ji.85i. COLLECTING LOCALITILS AND DREDGING SLATIlONS PP.
bSa-19u. IN P. H. RAY, REPUORf Li liHt INI cNAIIONAL POLAR EXP:OTIrON

TU PLLll 6ARKO,l ALASKA. U.S. LOVT. PRINIING OFFICE, wASHINGTJN,
D.C. (SPEClit LISTS) 917.9b INaR FG

liUKiCri, J. - Ib:jC. NjTFEs ON SURFACL LIFE UNDER SEA-ICE, FRObM FLdRKARY
27 iC JUNc o, lob13, PP. 193-197. IN P. H. RAY, REPORT OF THE INtrR-
iAl.NiAL POLAK EXPEDITION TO Pii'4l dARKUW, ALASKA. L.S. GU1l.
Yklisr[ii, GOFFICE, wASHINGTON, D.C. (ANIMALS COLLECTED IN NET DRIFT-
ING iUiL)t THt ICE) 917.98 IN bi FO

iUrODGCH, J. i6 osU. NOTES ON SURFACt LIFE LBSERVED DURING THt VOYAG-

FRUri SAN FRANCiSCO TO POINT BARKOw, AND DURING THE SEASON OF jPEt
.ATLR Al POINI LbkR3R'w, PP. i97-uG· . IN P. H. RAY, REPORT OF THE
INIIKiKAlINAL POLAR EXPEDITION 1u POINF BARROW, ALASKA. U.U. GUVT.

PkRNlING iFFICL, wAStHINGTON, D.C. (SPECIES LISTs LOCATIONS)

i7 .9U IiNdR iF
N A ,Si, t-. liOb. PROTOZOA FROM THL ICE-FLOt S OF THE NORTH POLAR SL\.

Cl.t:il . KcL IS :JURw. bi. POLAR 'APtLO. (lIb) 1-22. (CILIATES, 1CL)

i..j, , i). J. 1'A9 A. MASS aPPEARANCLt uF THriLkuPHILIC S IPHjNOPr1uKL s INl

LAiuik Jir THt uAkENTS SEA. LIN RUSSIAN] PRIRODA, MOVOK. LJ1i(il):
L , -o3. (rHYLil'1ULJRA .IYUDR STATICA FLr<,KAL) (Oj5 Pk SK



:AUi';uV, U. U . 196J. HYDRUIDS AND HYURUi'fcUUSAE OF THE USSR. KtTY 1J
rlft fAUNA OF Ihc USSP, ZOOLOGICAL INSI .J ACAD. SCI. LSSR NU. 70.

iZL^UlL*4 TVu] AKAU. NAUK SSS2, hGSKVA-LENINGAD. TRANSLATED FKUrO
<USJiAN bY ISKALL PROGRAM FOR SCiLNTlrIC TRANSLATIONS' JLRuSALtIt,
i9l69. tLCU PP. (61OLJGYY TAXJN14iMYI GDOGrAPHICAL DISTRIbIUTIONS
KkLFLktrCtS) UL 377 H9 N3bi FO

NOLIc, , , L. ~36. AN NLLIDENLARVL-N. NOR. PLANKT. 5(13): 59-1o9. (PIECIES
LISI) 9'1.Z9 N758 FO

iOLTcL, .. 19i. ANNELIDENLARVEN Ii. NUOU. PLANKT. 5(14):171-oLU.
(SPtCIES LIST) 591.92 N75a FU

iNLkrlA,., A. Me. iJO/. C<UST-ACEA, TUNlCAfA, POLYZOA, ECHINGDOEMATA,
ACTi[.uLZUA FOJA;MINIFERA, POLYCYSTINA ANi SPCNGIGDA PP. 20U2-,i1. IN
j. G. JtLFFREYS PKtLIMINARY REPUKT OF ThL BiOLOGICAL RtSULIS O- A
CRUISt IN H.M.S. -VALOROLS* TO DAVIl SIRAIT IN 187?. PUC. R. SJC.
2;:i77-229. (SPtCIES LISTS, LOCAIiONS) 506 ROP SR

NORMAN, A. o. o7. NOTES ON THE UCEANIC COPEPODA, PP. 249-253. IN
Un SIR G. S. NAEtS, NARRATIVE OF A VUYAGL 1G THE POLAR SEA DUklNb 1d75-6

IN H.l. 'aHIPS *ALtRT* AND *DISCOVERYp* VOL. 2, APPENCIX 7. LJvwL,
MAKSTUiir StAKLE +. RIVINGTON, LONUUN. (BAFFIN BAY) 919.d
IL167N ,A

US1tiIFELU, C. H. i9lu. MARINE PLANKION FKOM THE EAST GREENLAND SeA. II.
PRUTULUA. MLUDRK ,RK3LAND 43:2b7-299. (sPECIES LIST, TINTINNIDS,
KADIOLAKIANSY FURAMINIFERA) SCo.998 041M SR

USTc-LtcLDO C. H. AND O. PAULSON. 1911. MARINE PLANKTON FROM THE EAST-
GRtcNLAND StA (w. OF 6 W. LUNG. AND N. UF 73 30 N. LAT.) COLLECTED
JUUNu TH i *L)ANMARK EXPEDITION* 1905-190Ob. IV. GENERAL RKcMARKS JN
1Hc i-iCkLOPLANKTON. MEDDR GRUNLAND 43:319-330. (SPECIES LISTS,
KELAlIVt AbUNDANCES SEASONAL DISTRIBUIION) 508.998 D01M SR

PAKKLRK k. K., AND 1. R. JONES. ioB. ON0 SOME FOKAMINIFEkA FROM iHE
PNRfH ATLANTIC ANu ARCTIC OCEANS INCLUDING DAVIS STRAITS AND BAFFIN*S
dAY. PrilL. PRAIS. R. SOC. 15':3iS-44L. (SPECIES LISTS, LJCAIIOU.IS
tuLuLbY KiLAliVE ABUNDANCE, TAXuNUIY) bOh RO SP

PAV>ITilK, L. A. 19 O. THE INFLUL-NtC Ur CUFRLNTS UPON SEASONAL I-LL' UA-
liUia3 IN THt: PLA.,KTON OF 1HE DAVIS SIKAIl. StCOND ElkUFtLAN .YIIPJSIUM

im .,,hkliL rdiULuoY. SARSIA 34:3o3-392. (CURRENTS, LIFL CYCLts,
.LASUJiAL VAKtiAI lNS) 59l«9u SA FU



PLRCY, J. A. i975. ECOLOGICAL PHYSIOLOGY OF ARCTIC MARINt INvERTtERATES.
ItilMPKAIUdR AND SALINITY RFLATIONSHIPS uF THE AMPHIPCD iN1SMuS AFFINIS
H. J. HANStN. J. EXP. ;1AR. BIUL. ECOL. :U:99-117. (SURVIVAL,
LLCOiOUTIUN, MtTABOLISM; TEMPERATURE PRUbArLY -MODIFIES SALINIIY
TULLRANCtS, UNDER ICE POPULATION PRObAdLY GRAZLS ON ICE DIATOMS)
QH 9l Al Jbb FO

PtTTld3ilNt-, i. H. .^91. A NEW SPECIES OF PULYCHALTE WOR OF- THE FANILLY
rPULYiruIDAt F UI, PuI4T BARROWs ALASKA. J. WASH. ACAD. SC1. 41:44-45.
(cUNGC CLAKKlI TAXONOMY, MORPHOLOGY) !U6 WAJ SR

PEiTiBUNt, it. H. l'bt. MARINE POLYCHAETE wLRMS FROM POINT BARRuJW
ALASKA, 'ITH ADDTI'JNAL RECORDS FROM THt NORTH ATLANTIC AND NOT-.
PACI-iC. PPLC. J.S. NATN. MUS. lij:2j-3"6. (SPECIES LIST, TAXJNOMY,
.I:ASLi.AL UlSIRidUlIl0N. LOCArIONS, KtY) r[j FAMILIES, GtNERA) jb
UN3P SR

PFLF-ER, G. iUOb. DIE CEPHALOPODEN. iNLUjV. PLANKT. 2(4):9-llo. (SPECIES
LIST, DIS1KlBUTIUNS) 591.92 N75U FO

PliiHEtY K. F. i9j7A. ENT[JMOSTRACA OF THc $LLLt ISLE STRAIT LAPtI)ITiUN,
19,, wllt , iJdcS ON UTHER PLANKTLaNC sPECIES. PART I. CONTk. C4N.
tilUL. FISH. 3:179-233. (SP.CitS LIST, DISTRIBUTIONS, HYDRUGRAPRY)
570. .CloC FU

PINethY, K. F. i9gZ76. ENTUMOSTRACA OF THE BELLE ISLE STRAIT LXPEDITION,
9L',i wilrt NulIS GN OTHER PLANKILNIC SPtCIES. PART II; AND A kLCORD

uf biHEK COLL.cC llNS IN THE REGIuN. CONTR. CAN. BIOL. FISH. 3:331-
34c. (SPcClrS, UISTRIBUTIONS, hYDROGRAPhY, OTHER INVERTEtRATtS)
, 70.5 CloC FO

POtriiAREVAJ L. A. i9¥7. ZOOPLANKTON OF THE WESTERN PART OF THE KARA
StA AND THE dAUL)ARATSKAY GUBA. IN RUSSIAN] TRUDY INST. OKEANiL.
20:iZt-245. (SPtCIES LIST, DISThIBUTION hAPS) 551.b606 AK13I FO

POPOfPCKY A. 19\u, 1907. DIE NORDISCHCN ACANTHARIEN. 1) ACANTHOMtTRIDEN.
2) ACANTIOPriri\ACTEN. NURD. PLANKI. 7(i6):43-69; 71-90. (SPECIES LIST,
uISIklbUIlUNS) 591.92 N75U FO

kAUHAI^lShA, K. j.9. P ELIMINAKR IJDISUlt LN PRIMARY PRUOLUCTIVIIY AT
iPArAK([liAA GULL OF KANDALAKSHA, WHiITt ,tA. MAR. BIOL. 3:loU-1ij.
(iP'iriAkY PRJDuL IblUi, 14-C i:'1,tULL UXYG- ii METHOD, iEL. TILNtsH-iLi 1i, [IDAL
CYCLt) 'JH V1 AI M37 FJ



tA[,K1IN, ,. Ni. i9J1. ECHINODtRMS COLLLCTtD UFF THE wEST COAST JF G'RcNLAND
bY lt-t PRINCION ARCr IC .XPEDITION OF ioV9. PROC. ACAD. NAT. SCI.
PHiLAG. -3:io9-181. (SPECIES Lli ft DISIR1BUTICNS) i06 ACLN >R

iASi'IUSSttij bi. 1VR4L. OM DYPVANNSRLKEN VEU SPITSBERGEN. REPT. NtORw.
FijrHLkY iARINE iNVEST. REPT. 7(4):1i-44. (LIFE CYCLE UF PANDALUS
bjREALiJ IN li PlS6tRRGEN) 639.2 K2'9 FO

RAHIdiUjN rI . J. 1i4. THE DECAPOD CKUSTACLANS OF THE CANAOIAN ARC[iC
LXPtL'TiUiN IiJ3-1. REP. CAN. AKCT. tAPL). 7(A):1-14. (SPcCIES LIST,
LuLATiuNS) :)08.3 C16R FO

E6EOBUKN, u. K. i9'/i. rHE ECOLOGY L[F THL INSHCRt MARINE ZUUPLANrK[Lri UF
ir1i ChLiUCH-I SEA NeAR POINTr BARkGiw ALASKA. M.S. THESIS, UNIV.
ALA.KA. i7." Pr. (SPtCltS LIST, tCJLJOY, RELAlIVE ABUNLDANCES,
LIlfkATUKt Rcview) :

Rt 1 ,SiiUiL.R,, t:. 1'33. TUBELLARIA. NUKD. PLANKT. 5(10) :3-.C· (SPcCIES
Ll i Si UiKSTRI dUT luN) 59i.92 i \7: d FU

.s 't.hNAic, A. 1i32. uIc ROTATOrIEN, GASI'RO[LRChhN, KINURHYNCHEiJ UN.O

. ARC,-lAli,;,tLiDLi DUEt ARKTIS. FAUNA ARCI. 6(2):93-114. (SPECElt- JISTPI-
bui1lChS, .>YNJi\CQ-iY) b91.998 R6oF FU

Kelur)KYr, L. U. lP4,. NEW SPECIES uF CRU TACFA-ODCAPODA FROM TH, ARCTIC
uCLAN, FP. 2V9-3ii. IN V. KH. BUYNjTSK1Y, ED., TRUDY DRtIFUYUSHCrEI
LXPcLUiIl I GLAV.lVMORPUTI NA LEUUKOL*i'NU PAROKHODt *G. SEDL]V* 1937-
194U Gb. VuL. 3, tIOLOGIYA. [iN RUSSIANi ENGLISH SUMMARY] (SPECIES
Ut S.RlP riIUN, LuCATIONS, TAXONIOMY) 'r19.8 tK78T MA

RHUt;.LLK L. 1'1O. NORDISCHF PLANKTuN-FGRAIhlNIFERkEN. NORU. PLANKT.
7(i-t):1-32. (SPECIES LISTS, TAXuiNOMY, GtGGRAPHICAL RANGES)
,.A.c N75rc FJ

KIITER-ZAHrGNY, R. V. 1910. DIE CHAtTOGNArHEN. FAUNA ARCT. .:249-2dd.
(SPtCIES LISI, SYNONOMY, DISTRIBuTIONj) 591.998 PRoF FO

KOr'iELk r . 19ul. uIE SIPHONOPHOREN. FAUNA ARCT. 2:169-184. (SPtClES,
SYNi'r-MYj HY, D1ljlIRIBTICNS) 591.99o RO6OF FO

rJiiLk, F. iui. Uic CTti: NPH3EtN. FAUNA ARCI7 3:67-90. (SPECIES LIST.
i-JhkAPHI'lCAL DijTI RUTIONS, SYNbNuiYJ, BIuLOGY) 551.99b kboF FO

r,:i-,;j1RJ ., 1 .9. AilPHiPO0A ISTLur'OA AND PYCNCGCNIDA FPCRI- THE JI ERIAN
rll C ,L.LAi'.. -Ci/ENi. -ES. NJr w. i. PuLAk EXPEL. MALD (o):l-ltc.

(,P.Clr. Llil, LIFE CYCLES, GEObnAPHICAL DISIPLIBUTIONS) Je.-o
I41 , I J



KtLLr'SMLvcKYs I. K. 1962. CONDITIUNS OF 1IHE MASS LIBERATIUN OF THE
NA'AuRPLl L IniL LUMMiJN BARNACLE, bALANUS.BALANCIDES (L.) IN TrHL
tASItk; ;',UkilAN. INT. RtVUE GES. HYL)OBIOL. HYDRCGR. 47:471-479.
(tCJLu6GLAL CuNiTITIOS13, FOOD SUPPLY, ILtiPLRATURE) OH 3oi I)Z FO

SA;-.SJ G. U. 1977U, 1i/2, 1b79. CARC1INLOGISKE BD1RAG TIL NORGcS FAUAA.
1. i, LNUGRAPlHI UVLR OE VED NORGLa KYSTEK FCREKKOMMENDL MYSIuLk i-3.
K. iUtKSKL VIJci;SKABS.ELSKAa I TKJNL)H1ih. 131 PP., 42 PLS. (SPLCIES,
BiGLOGY) 5I.3 'SA7C FU

SA.R<, -. u �.lb/ . BIDRAG TIL KUNDSLSKAt:N Ol NGCGES ARKTISKL FAUNA. I.
'iJLLULCA REGIKUNIS ARCTICAE NORVLGIAt. JVLRSIGT OVeR DE I NJRGLS
AKKTiSKt REGiON FOREKOIM1ENDE. BLOUiUYR. L VOLS.. 46t PP. (SPCCiLS
L1ST; DLaCKIP1IP;i,3j PLATES) 5'4 $476b FO

SAKS, G. ;. ibo . CKUSTACEA I. DEN NORSKt NCRDHAVS-EXPEUITIJN 1 .7-1876.
ZULUJGI 6(14):1-2Z0. (SPECIES LIST, OtUCxIPT10NS, OCCURKENCE, SE-O-
GKAPHiCAL UiITRlPdUTIONS) 5Ub8.4 NtlMD FO o

AKS, G. . i6dd. CKUSTACEA II. DLtN INCkK NO[RDHAVS-EXP Dl TI lii 6o70-1878.
AZULLOGI b(l ):l-9c¢. (SPECIES LSLT, DELCRiPTICNSS OCCURKtNCtS, GEj-
GK<APhCAL DISIKitdTIONS) 5U,.4o No1MO FU

SAKS, G. .0.189. AN ACCOUNT OF THE CRUSTALLA OF NORWAY; I. AMPHIPODA.
ALo. LAh.'iLRtYEkS FORLAG, CHRISTlANIA AND COPLNHAGEN. 711 PP.
(bPtti£S, SYNiLJIVMY, GEOGRAPHICAL D0IS TRIUTIONS, BIDLCGY, PLATES)
D,~.3 SA-A FC

bAKS^ G. L. J'fV9. AN ACCOUNT OF THL CRUSIACLA OF NORWAY. II ISCPODA.
LRtbLN iUStUUi' dtRGEN. 270 PP. (SPECIES, SYNONUMYp GEOGRAPHICAL

DISIklIBt[lUNS, bilLOGYp PLATES) 595.3 SA7A FO
SAkS, G. c. 1900. AN ACCOUNT OF THE CRUSTACEA OF NORWAY. III. CU;ACEA.

mJtkG-i' lI'USlUS, BEKGEN. 115 PP. (SPtClES SYNONUiMY, GEOGRAPHICAL
uISIRIBUTIONS, BIOLOGY, PLATES) 5 '.3 SA7A FO

.ARS, G. U. 1903. Ai ACCOUNT OF THt CKUSIACEA OF NORWAY. IV. COPcEODA
CALANUlDA. BLKGEN MUSEUIM BERGEN. 171 PP. (SPECIES, SYNON'JI1Y,
bEGGkAPriiCAL DijTR3IUTIONSY BIOLOGY, PLATeS) 59i.3 SA7A FU

A.nS, G . l. 9uv9. CRUSTACEA. REP. SLClJNU iViRW. ARCTIC tXPLD. *FiRA,i*
3(ij.):1-47. (SPLCIES, i)ISTRIBU ICONS) OUS.9b N81N FO



GAK., G. v. 1911. AN ACCOUNT OF THL CRUSTACtA OF NOKrAY. V. Jri-trUDA
ri AI'tAL I ui i u A . tiRGtLN ;ULJSEUM, BEkbEN. ,ti9 PP. (SPEC It S Y,'uJ'I;iY
tucCAPhICAL Di31KIBUTIONSS BIOLUGY, PLA[ES) 5'i5.3 SA7A k-

SARS, G. O. i9lb. AN ACCOUNE DF itht CRUSrACcA OF-NORWAY. VI. CLPcPODA
CYLLuPU1uA. bW<bLN 'IUS:UM, BEKGLN. ?ZŽ PP. (SPECIES, SYN4NUiiM,
GcJbKAPhICAL UDIt RIJUTlNiJ, BIULOCGY, PLATtS) b95.3 bA7A f

oAt.,, j . CG. 4'.1A. AN ACCJUNT OF THL CKRJIACEA OF NORWAY. VII.
.uPL-PLUA SUPPLcLiT,-,T-. BEtkGEN MUScui, B=RG,:N. 121 PP. (')PtCIcS,
zYNjijUNMY, iYbLU, APhiCAL DISTRIBU1iOdSS dlfjLOGY, PLATtS) 5y5.3
>A7 rGC

AK5), G. O. 19iSd. AN ACCJUNT OF THt CRUSTACEA OF OKRWAY. Viii.
LOPr'LPLLA, .LN.NTRiLLOIDA + NOTOULLPHYCIDA. BERGEN MUSEUM, dLRGLN.
9. Pti-. (lPcClc SYNONUMY, GEOLRAPHICAL DISTRIBUTIONSS BIOLOGY,
PLAitE) 595.3 SA7A FU

SAKS, b. u. 192b. AN ACCOUNT OF THE CRUSIACEA OF NORWAY. IX. OSTRA-
CUJUA. btRGiLh MUSEUM, BERGEN. Z77 PP. (SPECIES, SYNONOMY, bEOGRAPH-
iCAL uiSTRIBUTIUN, » BIOLOGY, PLATES) 595.3 SA7A FO

SCHtLLE,4tiEkG, A. 1V9Z. AMPHIPODA DES NORDISCHEN PLANKTCN. NORU.
PLAiUK[. 3:5d9-7Z2. (SPECIES, GtLGRAPHICAL DISTRIBUTIONS) 591.92
N756b F

SCHMiT1, w. L. i9i9. THE SCHIZOPOD CRUSTACEANS OF THE CANADIAN ARCTIC
cXPcUiTION, 1913-18. REP. CAN. ARCT. EXPtD. 1913-18 VII(B):1-9.
(PPcCIbE LIST, STATION LOCATIONS) 5uc.3 C16R FC

jCHMRLUEk, U. 1909. DIE NORDISCHEN SPUMELLARIEN. II. LNTERLEGIUN
JPHAEkELLARIA. NORD. PLANKT. 7(i7):1-b0. (SPECIES, GEOGRAPHICAL
UOSIKIBUTIONS) 591.92 N758 FO

SCHKUDEr, U. i1ii. DIE NORDISCHEN NASSELLARIEN. NORD. PLANKT. 7(17)t
67-1lo0. (SPtCIltS GEOGRAPHICAL DISfRIBUTlONS) 591.92 N7l5 FO

SCHRDtKR, 0. 19Z9. DIE NORDISCHEN SPUMELLARIEN. I. UNTERLEGION
SPHAtkUCULLIDA. NORD. PLANKT. 7(1b):Y1-120. (SPECIES, GEOGRAPHICAL
DISlk1IdUTIONS) 591.9? N75d FU

SCiTi, A., AND SCOTT, T. 1901. ON USOME Lt4iUMOSTRACA COLLECTED IN TIE
AKC[iC StAS BY WILLIAM S. BRUCE. ANN, fA(O. NA1. HIST. SLR 7, b:337-
3:>. ('.PCIt: LI.T» BEAR ISLANiL, NOUVA L; ZEMLYA, BARENTS btA)

5 Ai i S h



SCulI, J. A. i9o9. SEASONAL AND VtKIICAL DISTRIBUTIONS UF ZuOCPLANKTON
IN THL CANADIAN 6ASIN OF THE ARCTIC OCtAN. M.S. THESIS, UNIV.
wAril;.GU'LN. 15o P P. (SPECIES LIST, DISRI'BUTIONS, ABUNDANCES)
GC 7 1Hi77'4 FO

:ulT, F. C.19j. THE MARINE FOODS OF BIRDS IN AN ISLAND FJORD REGION
IN wtSl SPIfSdtKGtN. PART I. PLANiTON AND INSHORE BENi[HS. J.
ANIrl. ECOL. :;3p-o-369. (CHAETUbNATHS) 591.505 JO FU

SCLTT, r. lo9Y. REPORT ON THE MARINE AND hktSHWATER CRLS1ACEA FR<t;
-RAINZ-JOJtF LANL) COLLECTED BY MK. WILLIAM S. BRUCE, OF THt JACKSUN-
HARkiSwUKlh LXPt.jlTIUN. J. LINN. SOC. ZOOL. 27:bO-126. (SPECIcS
LiSl, SLCit DUISIlBUTION RECORDS, DESCRiPTICNS CF. NEW SPECILc)
570.G LIZ SR

SHIMt, C.-T., A. J. o. FIGUEIRA, AND L. rH. GRAINGER. 1971. A j$NUPSIa
UF CAI1ADIAN IHAiNE ZUOPLANKTON. BULL. FISH. RES. BD CAN. 176:1-264.
(SPiCitj LISTS1 ilH REFERLNCES) SH ,3 A344 FC

SHIRLFY, U. i. 19Yo. THE MEDUSAE, SIPHt1uOPHORES, AND CTENUPHuRtS L; THE
LLNTKAL AKCIiC GCEAN TAKLN FROM liF TRACKS OF THE DRIFTING STATIO4S
ARLIS I AND AKLIS II. M.S. THtSIS, UNIv. SOUTHERN CALIFORNIA.
Ivu PP. (SPLCltS LISTSP LOCATIONS) *

SHIRLELY D. '.p ANu Y. M. LEUNG. i97J. MEUUSAE OF THE CENTRAL ARCTIC,
PP. 3-18. IN H. KOBAYASHI, ED., TAXUNOHIC GUIDES TO ARCTIC ZULPLANKTON
(il). UNIV. SO.' CALIF. DEP. BIUL. SCI. TECH. REP. 3. ( AXJNiLJIY,
KtYS) *

SHiu'tlAKcK, C. R. 1920. THE AMPHIPOU CRUSTACLANS OF THE CANADIAN ARCIC
tXPLDITIlUN, .9i.-i8. REP. CAN. ARCT. LXPED. VII(E):1-3j. (SPECIES
LIST, STATION LdCATIUNS) 50u.3 CloR Fn

SHOEMAKL.k C .R 9. i . RFSULTS UF lht riJU),ON BAY EXPEDITl N IN 1920.
¢. RLPUi,1 UN THE MARINE AMPHIPODU COLLECTED IN HUDSCN AND JAMtS
BAYj, BY FRirZ JUHANSEN IN THE SUhMER OF 1920. CONTR. CAN. BIUL.
t-ISr. 3:L.-i. (SPECIES, OCCURRti.CE, DISIRIBUTICNS) 573.5
Lioc [0L i u, L tDJ

SiHbJ1.'Arqt.p C. K. i91.- AMPHIPODA CuLLLC1tL AT THt ARCTIC LAdL]<ATrCF.
urF iCL LF NAVAL kiSEARCH, POINT tAAki<RO ALASKA, RY G. t. hiACGII 1 IE.
S;:,IlTi- . ,lIC. CULLNS 12 :1 -7. j .( SPIC1i T LIST, IISITR 1UTIN 6, ri YS

u ,, ti.LA , L^A lt: t r NCEcS ) Sb j i',b'iM SRk



SiiKuL1h, h. 1911. DOI GASTRUPODEN uLS NdRDISCHEtN PLANKTONS. i.
TUNICAIA, YhuLLUS.A. A NOGD. PLANK1. 2(5):;i-36. (SPECIES LIST, GLJ-
bKAt<'HICAL DIS 1FibUTIONS) 59..9Z iN7:2 'FO

SIl' Rj1H, r. 1913. DIF ACEPHALENDES uLS .4 uKUiSCHEN PLANKTOiNS. i
TUNICATA, i'OLLU.CA. NORD. PLANK . 2(W):37-35. (LARVAL, SPtCIES
LiST, btULbKKiilCAL DISTRIBUTIOiriS) . i.c2 N756 FO

IV.f<TET i, L. 1932. CRUSTACEA DECAPODA ANO NiYSIDACEA FROM THt EAST
S1ttKRiAN AND CiiiNArSK SEAS. SCILNI. RtSULTS NORW. N. POLAK tAPLJ.
IIAui L) i j) :1 -1. (SPECIFS LIST, btuOGAPHICAL DIS[RIBUTIOiNS, t6ICLOGY)
j, .Yu t. o 441N

,nl-kA^, N. S. UiLY2. ZUR FAUNA DLK lARINtLN CCUPEPUDA-hARPAC ICJID A 'JM
FZA,4Lz-J.,tPri LA.,O. TlRDY AiKT. NAUCHNG-iSSLED. INST. 2:195-.'4.
( TAAuiNitY, UtLC IPTIN S OF NEW SPtCItS) 9i9.y L 4T Fu
S ;,^, ,8,. ~. 9s. >RUTATORIEN, GESAiiiMLLI WAHREND DER EXPFOITIIUNiiE
AUt OLri UAhPFN L S,4 SEDOQW 1930 UNO *LOMONGSSSUW 1931. IRUDY ARKT.
NAuCi;-kU-ISSL L. i NST. b:79-91. (SPtCItS, GLOGRAPHICAL DISITRI3UTiONS)
19.6 LD41 F-L

S;1i1Th, . J. lg8. LIST OF CRUSTACLA FRJFi PORT BUPRWLL, PP. 57-5t. IN
K. dLLLL tOD., CbtLRVATIONS ON [htL GEULJLGY, MINERALCGY, ZOJLLiGY AAID
bJTAkY OF Trit LAbNRADUk CUAST, HUDSON-S S IRAIT AND BAY. REP. PRCG.
U.OL. SuKV. CAN. 1882-83-t4DD. (SPECItS LIST) 5'G7.i Clbk SR

SLUbiJLtVA, M. j. 1974. DISTRIBUTION AND AbUNDANCE OF EUPHAUSI IDS IN THE
AUTuMiiN-INTlcR PcRIOD OF 1971-72 IN IHc SUuTHERN BARENTS SEA. AN'LS
blUiL., CUPc\NH. ':)43-41. (1HYSAiNCtSSA, tUPHAUSIIDS AS FOOD FOR
CULjiBr.&CIAL FISH) 591.92 INeA FOL

.JUbLLtVA, 'i. S. i'l,/. THE DISTRIBUI UN AInD ABUNDANCE OF EUPHAUSIIDS IN
IHt 6AktN1S StA IN AUTUMN AND WINTER 1i72-1973. ANNLS bIOL.,
CUPLNNH. 3U:5bt-b5. (THYSANOtSSA SPP., DISTRIBUTION PATTERNS)
V9 1. i L INA F J

,JQUiRtS, h. J. 1957. DECAPOD CRUSIACtA UF Ir1E CALANUS EXPLDITIUN 1,'
UNGAVA UAY, i9r7 TO 1953. CAN . . ZOJL. 35:463-494. (SPLCILS LIST,
l\tY, iAXU';G',, L CUi<EENCF IN UNGA A BAr, G AuGRAPHICAL DIST R I Bu iNS
iZt.S, hiATURirY, ZO]GL GPAPIlY) J90.Y CAN SR



iiJQKcSJ i1. J. i`th. LARVAE AND NhLALUPA OF ARuIS DtNTAIA (CKUSIACLA:
LtCAPDJA) FkJil UNGAVA BAY. J. FiSh. 2t. B0 CAN. 22:69-c2. ( lAGES

i AiLU Ii, MtLuALUPA) 570.5 C1oJ FO
jlCui9cS, h. J. i(9. DFCAPUO CRUSIACEA uF THE BEAUFORT SLA AL) AKCfIC

vATtRk tAiATnAKU TO CAMRlPRiDGtc BA, I ii/- c1'. J. FISF. K=S. di CAi.
o:i9-iY-llb . (CHIgCNOiCETES OPILIU) :70. C16J FO

JT.cLt», D. H. .9o7. A NEW SPECItS U F rTH GtNUS ANONYX (CRUSTACcA,
AMhiFrl1?ULA) Fh6.] THF BAKENTS SEA. CrUSTACEANA 1j:257-204. (UtSCrIP-
IiICN iF ?ew SPEitClS A. BISP1NlJSbS) 59..30' CR Fu

jr[LLt, b.L.h.9 ANU P.. BUNfL. 190d. Ai1PrilPCuA OF TliL ATLANTIC AND AKCTIC
CUAbIS bLF NiJlrTH nrERICA: ANONYX (LYSIANAZSiDAt). J. FISr. RES. BD
CAN. 2: i3-I'Jou. (SPECIES, TAXUNUiLY, DISTRIPUTIONS) 573.5 C16J
f-U

SlItbrl.No, T .K. J. 1900. ARCTIC CRUSTACEA: BKUCE COLLECTO1N. ANN. MAG.
NAT. HISI., )tc. 7, ;:1-16. (BARkLNS StA, BEAR ISLAND, GRcLNLANi SEA,

bPECiLS LiS1, DISIRIAUTICi'S) U0. AM SR
STtlINoJUCh U. 19.Z. DIE TURBELLARILN DES ARKTISCHEN GEBIETES. FAUiNA

ArCI. t:9:j-34Z. (SPECIES, GEOGkA;HICAL DISTRIBUTION, SYNUJNOIY)
9l1.9b KRo6F iO

STcFhcNSLN, K. i9i3. GRONLANDS KRLBSOYR lJ PYCNOGONIDER (CONSPECTUS
C.ub IACtOKUit E1 PYCNUGONIDORUM GCCENLAND1AE). MEDDR GRONLAND 2Z:
1-,479. (SPcCIlc LIST, LOCATIONS, DISTkIBUTIINS, REFERENCES)
,uv.9K 04Dl jSk

S[ tPtriNSLN K. i93Z. THE TANAIDACEAt AND AMPHIPODA OF THE ARCIIC.
iAUNA ARCT. 6;3t3-376. (SPECIES, GLOGRAPHICAL DISTRIBUTIJNS)
'3 .9.' 1 b t6oF FUL

STLPHtNSl.Nl K. 193jA. AMPHIPODA. 'IHE GUOTHAAB EXPEDITION 1928. MEDDR
i<KCLANID 79(7):i-8. (SPECIES LISI, GtUJGtAPHICAL DISTRIBUIIOINSS

Liet CYCLLS) 503.998 D41M SR
S LPt.IStLN, K. 19B. SCHIZOPODA. T-E G(DTHAAB EXPEDITION 192d. MEDDR

ai,4LANiC /9(9):1--O. (SPECIES LIST, GEOGkAPHICAL DISTRIBUIIONS)
, 9 . 9 b D 4 L M R

j i LPriLiNSiL, K. i')3 . 1HE GGDTnAAOu APr't i ILJ I, 192d. CRUSiACtA, DtCAPODA.
;liODr GUI'tLANLiJ oIi):l-94. (SPcCitS L1jT, GECGFAPHICAL oU ridu r IONS,
Lit L tytLLL ) jOi. 99.8 041 1 oK



~.TLr'rlLkSLN, K. u.S)TA. CRUSTACAA VAkIA. IHe GCOTHAAB EXPEDIlrIN 19L..
iLtUJK GkuiLAND oO(2):1-38. (ISUbPLDS USTIACODS, CIRRIPtLS, CUiiACtA,
TANAiUACtA, NON-PLLAGIC COPEPODS) 50U.99o D41M SR

ST11hPSOi. w. tb4t. 3YNOPSIS OF THE MARINE INVETRTEBRATES CCLLtCIELJD Y THE
LATL ARCTIC EXPtDITIUN UNDFE DR. I. I. HAYES. PKUC. ACAD. NAT. SCI.
HHiLAD. 15:136-A,4. (GREENLAND, SPtCitS LIST, MOSTLY BtNTHIC SPECIES)
5'0 ACN SK

SluP-63Oi11l C. j94o. SUR LES POLYCHLTcS ARCTIQUES DES FAMILLE DOES
GLYCtiltNS, DtJ OPHELIENS, DES )COLIBSRtGi'tIENS ET DES FLABELLIGtKRENS.
iKt<UiSu vSUS. ARSH. 66(2):1-58. (2PECItS LISF, GEOGRAPHICAL UiSIRldU-
TIlUN ) :iI 175A SR

STKjJfrIAiN,i, S. 1 . ODIE CHAETOGNATHEt N UikD. PLANKT. 5(i0):si-17.
(SPcC1cS, GtOCRAPhICAL DISTRIBUTION.) 59i.92 N75b FO

STSLHtD<iNAA, L. G. 1946. NEW SPECiES FORAMIN1FERA FROM THE ARCTIC 'CEAN,
rPP. lJ9-'14t. I1i V. KH. BUYNITSKIY, tD., [RUDY DREIFLYUSCHLI
tLPLDlTSII GLAVStVMRPUTI NA LtDLKLL*NlUM PAROKHODE *G. SEDUV* 1937-
1w JO bG VOL. 3, BIOLCGIYA. [IN RUSSIAN, ENGLISH SLMMARY] (bC3-
GRAHmnCAL DISTrKBUTIONS, DESCRIPllOiNS Oh NEW SPECIES) 919.0
LK7dT MA

JTUXbcRu, A. ldo. E VERTE3RATFAUNAN I SIdIRIENS ISHAF. FGRELOPANDE
i1 tlULLANOtN. VtcA-EXPEDI IONE N VLt rIENKAPLIGA IAKTTAGELSER 1:t71-812.
(SPLCIcS LIST, MOSTLY BENTHIC ANIMALS) 506.96 N75SV FJ

STUX6cLR, A. ltb7. iAUNAN PA OCH KkING NUiJAJA SEMLYA. VEGA-tXPEDITIONENS
vETENSKAPLlGA IAKTTAGELSER 5:1-2i9. (SPECIES LIST, LOCATIONS)

0Ob.9b N75tV FO
SULLIVAI4, w. J. 19:7. IOENITIFICAFIuN OF PkOTOZUA FROM THE kLGIUiN OF

PO1NI UARKOW, ALASKA. rTANS. AM. MICROaC. SOC. 76:1e9-196. (SPECIES
PKI|Am.LY F<tSMthATLR, INCLUDES MAKiNE LIIERATURE) 578 Ail SK

SVEcStNIKUV, V. A. i960. PELAGIC LARVAE OF SOME POLYCHAETA OF THE W'dITE
ScA. [IN kujSIAN, ENGLISH SUMMAK Y] LOL. Z. . 39:34'-35S. (SPECIES
LIS ) bifj.5 LZ SP

bSucLtU . u. c it,.7. TUNIKATER FRAN SidlRItNS ISHAF OCH aLRIN'GS HAF,
l.'j^AiL*Dt UNDLt;< cGA-EXPEOITIOiNLN. VLGA-t.XPEDITI NENS VETLtNSKAPLIGA
IlKITdLLSLR 4:o7-112. (SPECIEs LISI, GtCGRAPHICAL ClSlk1iJTlUlKU))
,J. oo 147fV FL



IAITcKSALL, W. M. lrZ9. DIE NORDISCHtLN ISuPGDEN. NURD. PLANKf. 3(3):
1dl-313. (jPECIES LIST, GEOGRAPHICAL DI)TRIBUTIONS) 591.92
N75d FOr

ItNCATl, J. k. j97J. AMPHIPODS OF IHE CENTRAL ARCTIC, FP. j-a/. i.'
Y.-;'. LtU.iG AND H. KGOAYASHI tEDS., TAAUNuMIC GUIDES TO ARCTIC ZUU-
PLAIK1UIi. uNIV. SO. CALIF. DEPT. ilOL. SCI. TLCH. RLP. 2. (SFcCIES,
r A XNuN'i) *

liCaTI, J. R., ANU S. R. GEIGER. 1908. PELAGIC AMPHIPCOS OF THE SLOPE
hAltRS LF NORTHeAST GREENLAND. J. FISH. RES. BD CAN. 2a:1637-1i50.
(3PLCILS, biuLULY ELLUIOPSID PAKASiTES, ARLIS II) 570.J C16J
FD

THltL, i. t.. 1932A. DIE HYDRUMEDUSENFAUNA DLS NORDLICHEN EISMEcRES IN
lIcLKOLGKiRArHi.CHLR BtTRACHTUNG. ARCH. NAIURGESCH. (N.F.)1:43,-514.
(TAxUNUOY, GLU6RAPHICAL DISIRIBUTIUN, VtklICAL DISTRIBUT1UN)
, O. AkiN SR

I- HlrLL, r. t. 193269. UEEKSICHT UBEK DIt HYDROMEDUSEN DER ARK[IS.
1  tAUNA AKCT'. b:li--15. (SPtCIES LIST, GtGGRAPHICAL CISTRIBUTIONS,
SYNUNJi1Y) 91i.998 R66F FO

1HiLLte J. 1928. ARKTISCHE LGRICATENY GA.TRUPODEN, SCAPHOPODtN UND
SIVALVLN. FAUNA ARCT. 5::61-632. (SPECIES LIST, GECGRAPHICAL CISTRI-
ddTiJi4S, jYAiULINui-lY) 591.99 3 K66F FO

ThuMP.>L>J, DU*A. w. i8d7. 1HE HYDRUIDA OF, THE VeGA EXPEDITION. VtESA-
EXPtOITIUNtN,, VLTtNSKAPLIGA IAKIIAGELStL 4:3b5-400 (SPECIES LIST,
LOCATiONS) >0b.78 N755V FO

TlIoiS, J. F. 1964. tIOLOGICAL OCEANLGRAPHIC OBSERVATIONS WITH RtFERENCE
ru L i.Lt PRGLUTLA lAKEN FPUi1 THt IKACK OF THE DkIF1 STATION ARLIS I1
'.9 o-itcl. i.j. TH'SIS, UNIV. SUbTHL<N CALIFORNIA. 65 PP. *

iLi^kiS,1, w. W . 19-li. A PRELIMINA'Y REPORI OF THE ZOOPLANKION COLLECTED
AbuAkU USCGC WLSTWIND DURING StPltMBcR 19o8. U.S. CCAST GUARD
uvtAIt'LG. RLr. J73-37:21-33. (NURIH *AItR, METHODS, CUPEPODS>

HA i I Lb, i~, i H' ) 5 1.4;06 UN 3 it 0 F U
I l..u,;r.Ll, I . L. Ji31. PGLYCHAETOU3 Ali.tLIUS COLLECTED BY CAPTAIN

Jj)t.rlI ^. b,.r;IL-lI IN (,r-ENLANUJ FOX oASIN, AND LABRADOR. J. wASH.
L.~O. DCI. ZL: Z-3b. (SPiCIES, IAXONiJhY, STA1lICN LOCATIONS)

., ,,



UChILA, 1. i76'1. ,iADUSAE FROM THL ARCTIC UCcAN. PUBLS StTO rIAR. ciJL.
LAb. 17:cdS-2d /. (SPECTES, TlAIluN LGCAIICNS, SIZES, 1-3)
91i. S ' (. K f'Li r 0

u)v..KDY, ,.. ). F. i9J'4. DISTRIBUTIUN OF APENODICULARIAVIS IN RkLATIJi
1u InL STRAI Ut :tLLLL ISLE. J. FISH. ILS. B)0 CAN. 11:431-4j3.

(SPLlItc, CUUKKc;, INDICATrS,. HYUROKAPY) 730.5 ClbJ FJ
UiLib V'. ibO6. FjRf MLINIFEREN VON JAN ,AAAYtN, INrERNATICNALL IPJLAR-

tJkL.>CtUNl ,I l2-. DIE STti RRE1CrltHSCrt PLARSTATION JAN MAYLN 3(oA):

.-l. (SPtCit. iPKtSENT, GECGRAPFiCAL DiSTKIdITUTlG) JUft.io 1 80

USI,i> , h. t. 13t3c. THE BIOLOGY OI SOML IMPORTANt PLANKION ANIMALS IN
IHt fJJiUj ) JF iLASr GRtENLAND. hIU OR RK KUiLAND 100(7):1-108. (SFECIES

LllI, LA.L jUNAL JISTRTiLUTION, LII L CYCLES, ENVI1RONMLNIAL FACTORS)
u~. L)U41F. NS

AAiP' bkLt PNiLr, P. J. l9'93. C6iPEPODtN. NORD. PLANKT. 4(8):1-264, (SPECIES

LISI, GtuwiAPHICAL DISTRIBUTIONS) 591.92 N75b FO
L n  VAi;nf(i FLN, i h. 1 3. CTHNCPHURtN. NORD. PLANKT. 6(11):1-7. (SPECIcS

LIST, DljrRIBUliuNS) 591.92 N738 j -b
vANHiFF t, L, - . ,. . SIPHONOPHOREN. NORD. PLANK1. 6(11):9-.9. (SPECIES

LIS IdUI61NS) 591.92 N75d FL

VAt; v lNKLL, M. L:. ANi w. L. SCHMITT. 1j36. NOTES ON TIE CRUSTACtA,
CHILFLY NATANTIA, COLLECTED BY CAPTAIN KLBERT A. BARTLElT IN ARCrIC

JoLA.. j, rAb,. ACAD. SCI. 26:32'-33i. (SPECIES, LOCATIONS, AS FOOD
FUR WM-ALL., )cALS, FISH) 5u , WAJ SR

VIDAL, J. .L71A. KEY TO THE CALANUID COPtPOUS OF THE CENTRAL ARCIIC
3CLAIl;. IN i-. KUKAYASHI, ED., TAXONOfIC GUIDES 10 ARCTIC ZOOPLANKTON

(iV). UilV. SU. CALIF. DEP. ICGL. SCI. TECH. REP. 5. 128 PP.
( I A AONOi Y ) Y

VIOAL, J. il717d. rAXONOMY AND DISIRIBUIGIiN OF THE ARCTIC SPECltS OF
LuCiCUliA (CL]PtPuOA: CALANOIDA). bULL. STH. CALIF. ACAD. SCi. 70:
3-3u. (I AXONi'.UY, 'YDRnG APHY, L VtU KAPhICAL DISTRIBLI INS) JJ6
j- - r

1Lr'r, ',. .9?1.0 C ,iCULAI1JN OF SOKFAtE WATtLeS IN PAPTS OF IHL CAiiAJlAN
KCl A, Ar, HiPitLAGu daS ASF nN FiIRAT-NlI FtRAL tVIGtFNCL. AK.CIIC .:I jJu-

s. ( , L ; I A T) 1 . t AK I L



V[LK , J . 1y97.. CJiPARISON OF GLUBURUTALIA PACHYDERMA (EHRtNBERG) IN
I tE A I L K CULUMi:'i AND SEDIIiENTS ut IHE CANADIAN ARCTIC. J.
Ut-CAi':iNiFtKAL ktS. 5:313-325. (CuRROSIVt EFFECT OF ARCIIC ENVIRON-

iiLNrI, .ALCI I. cPdUSITICN) QL J38 Fb Jb FO
,lI,,uGNAJLV, A. P. i933. CHEMICAL CLMPUS1TUIN OF MARINE PLANKTON.

fKUJY VScj. NAuCriNO-ISSLED. INsrF. S. USK Y. KHUZ. CKEANGr<. 7:
97-ii2. (CALAiNuS ,FINiARCHICUSp bAKEtN1S StA, WHITE SEA) '9i. *L
/id f F F

tLiNt P, ,4. i9Ju. DIE CIRRIPEDIEN UtR ARKIIS. FAUNA ARC1. i:?b7-2i2.
(bPLC.tb LIj., ctUiGRAPHICAL DISTKiBUTIUNS, REFERENCES) :.1*9.d
I<bot- t-

nciL,,BKLr-LLND, i. 1934. 3EPHYREANS AND ANNELIDS. THE SCCRESUY SCOJilD
C iiriil I Lt*S 2ND EAST GREENLAND ExPEDIFION IN 1932 TO KING CHRISTIAN
lXt,. LANDI. iMEDDR GRONLAND 104(i4):i-Jib. (SPECIES LIST, GcOtKAF.-lCAL
OilS[KiUIICNS) :08.99u D41th SR Wo

SLScNbc'^t,-LUNDU, L. i936. TUMOPTLKLDAi; ANiD IYPHLUSCOLICIDA:. T-H LJJOTHAAB
EXPcUiTlJN. it. iIEDR GPONLAND 80(3):1-17. (SPECIES, LCCAIIONSh GLJGRAPH-
ICAL lISfRIa3UII NSl DESCRIPTIONS OF NLW SPECIES) 506.998 DU41 SR

WLbt;.4bLK<G-LUIlD, L:. 19.47. SYLLIDAE (PLLYC1hAl1A) FROM GRLENLAND eATERS.
;icDJi GKUiLA,'U ) 13ct(6):1-38. (SPLCIES LIST, GEOGkAPHICAL DISIR1bJITIONS)
,0Ob.oe UL 41 M k

.jL.NBLrt,-Lu;Us, ti. 19gJ. THE POLYCIIAtA UO- NEST GREENLAND. MEODR

bRi4NLAi1L i l(, ):i-1 1. (SPECIES LIST, GEOGRAPHICAL CISTRIBUTIONiS)
JOa.99 vb Us1 I k

wrtjEirL<L-LUNUi, t. 1953. PULYCHAEIA. rHt ZOOLOGY OF EAST GREENLANJ.
McittLk KIUNLAND 122(3):1-169. (SPECIL. LIST, GECGRAPHICAL DISTRldU-
I I J S) j i.b 98 041M SR

.!1ITtAVLS, J. F. iYb4. LIST OF MARINE iNVitRIBRATES FRCM HUDSON*S
SrRAil, PP. ,-o0). 1N R. BELL, ED., OBSERVATIONS ON THE GEULOGY,
'iNi-ALLY, ZJULUGY AND BOTANY UF THE LABRADOR COAST, HUDSON*S
.,lkAll AN1L BAY. REP. PROG. GcUL. SuRv. CAN. ib82-83-H4 L). (SPECIES
Li J) :,7.i C16k SP

IL'iiJVa.KY, N.J. 1V). ECOLUGY Or [ht NURkl POLAR PACK ICt. TcRi:NAL
kLP. AliNA FPKtJL[r i37. NATURAL HIIURKY hIUSLUi,; STANFORD UNIV. .L3 PP.
(HAt,& ILL LCuLubYY, FOUD ECBS)



AiLLtY, A. lZ2U. riEO:'T ON THE MAhlNE COPEPUDA COLLECTED JURIG THE
CAi'DiAi\ AKCIIC tXPEDITION. RLP. CAN, ARCC1. EXPED. 7(K):1-4.6.
( PcIlLS L.)lT, ,TATITN LOCATION.) iJb.3 C16R FC

ALLLY, A. i'31. oiULGGICAL AND OCLAN1iORAPHiC COJNDITICNS IN HUOSUN dAY
4 . hUDjO dBAY COPtcPRn PLANKTON. CONT<IB. CAN. BIOL. FISH. o:o 3-493.

(.PLCilj LIlI, ABuNOANCES, LOCA1iONS) 570.5 C16C F-
WILLiAi\'i, ni. C. £i>9. VI. CRUSTACLA lcCAPOOA. LARVEN. NURD. PLANKT.

lo) : di;-(;. (SPECIES LIST, Gt uGRAPilLCAL DISTRIBUTIONS, TAXOuCL.IY)
D91./ iN75d FU

RiLSuN. C. B. i3& . COPEPODS FROM THt FAR NORTH COLLEC1ED BY CAPTAIN
K66.N.I . BAnTLt I. J. WASH. ACAO. SCI. 26:365-376. (SPECIES LIST,
j iA IiJ L3CATINJiS) 506 WAJ SR

IlLSu.jN i,. S. L';. N3R[H AMERICAN HARPAC[ICGID CUPEPOOS 7. A Nck
PtECIS OI- STcNrlcLIA FPOJM NUWJK LAKt ON THE ARCTIC CCASI OF ALASKA.

PKUC BluL. SUC. WASH. 78:179-ioo. (TAXONUlMY ECOLOGY) 57u.o

WILSON. h. S. I. lo. NORTH AMERICAN HARPACTICOID COPEPODSY o. THt
LuANliLLStcNIA SIdlRICA GRCUP, WITH DESCKPITION OF D. STEFANSSuONI

ItLLLY fkiUt ALASKA. PACIF. SCI. 20:435-4i.4 (TAXONCMYr GtOGRAP-ICAL
DISTIRldUb1UN) 505 PA FO

wlLSuON M. S., AND J. C. TASH. 1966. [HE EURYHALINE COPEPOD GENUS
cUKYl1MGRA IN FkcSH AND BRACKISH WATtRS OF THE CAPE THOMPSON REGiJN,
CHUKrCnl jEA, ALASKA. PRCC. U.S. NAfN. MUS. 118:553-576. (TAXONJMYs
ULSCklPIIUN LI- itW SPECIES) 0U6 UN3P SR

wIlNG, B. L. i974. KINOS AND ABUNDANCt UF ZOUPLANKTON CGLLECTED BY THE
JSCb ICtLURtAKR GLACIER IN THE EASTERN CHUKCHI SEA, SEPIEMBER-OCTOBER
1970. NOAA ltCHr. REP. NMFS SSRF-679. 18 PP. (SPtCIES LIST, GtOGRAPH-
iCAL UISTKIBulIONS) SH 11 AZjo b678 FO

WIRLiN A. i8b3. CHAETOPODER FRAN SIBIRISKA ISHAFVET OCH BERINGS HAF,
INSArLLUt UNULR VcGA-CXPEDITIONLN ld7u-lb79. VEGA-EXPEDITIONENS
VEiTchKAPLIGA IAKIIAGELSER 2:31-4k's. (SPECIES LIST) 508.98
N 7 ': L f ' LU

lKtIKt I IS, h. A. i926. DAS ZCOPLANKl IGN UcS WEISSEN-MEERES. [Iti KUSSIAN,
CLKI.A/i SUiMMARY] ISSLED. MOREI SSSi :i3-4be. (SPECIES LIST, TINlINNIDS,

CGpULPLUD) 5l1.92 L!4I FU



wjiKhtEllS., hl. ANLi J. KISSFLtW. 1933. ZUR KENNTNIS DES PLANK TONS U/R
lICHrSKAJA b6;CHI. [IN RUSSIAN, GERMAN j.UhMARY] ISSLED. MIUR1l S5SR
ia:1l:-14j. (ZCOPLANKTON, PHYTCPLANKTON, TAXCNOMY hYUDROGRAPHY,
GtcJJRAPhiCAL I)TRIkBUTIONS) 91.'Z L:4I FO

JLFl-, A. 919. UEdER DAS KLEINPLANKTON DLk BARFNTSSEE. HtLG3LANDcR
wISh. FMEiRLSUNTtRS. 9:95-]24. (SPLCIES, TINTINNIUS, D1NOFLAGtLLATES,
FLAGELLATcS) 991.92 W764 FU

Y'il'G)i J u. k. 1-l72. P-LAGIC POLYCHAtTES OF THE CFNTRAL ARCTIC BASIN.
IN n. KuOAYAbHI, tD., TAXONUMIC GUIDES TO ARCTIC ZGOPLANKTON (V).
uviv. S6. CALit. UEP. EIOL. SCi. rEtC. KEP. 1. 42 PP. (T AXUlNi CKY
K E Y ) )

YING~I, L. k. 1974t. THf VERTICAL DISTK16UTIlN AND REPRDUCTIVE dILLLGGY
LU- PRtLGuAlA LUNGECIRRATA (ANNELIDA) IN THE CLNTRAL ARCTIC OCEAN.
BiOL. BULL. MAR BIOL LAB. WOODS HOLt i47:457-465. (VERTICAL UDITRI-
35TiN, StASuJNAL jiSTRI3UTIONY ORLDliNG i EASON, SEXUAL MATUKITY) ,
: 70.2 : Fu u

ZtLiCKM.Ais E. A. ilci. THt BEHAViLR PAT ftliN OF THE BAREN[S SEA
J LUFPHAUSIACLA AND POSSIBLE CAUSES UF SEASUNAL VERTICAL MIGRATION. INT.

KtLVUt GLt.. iYuiRJBIOL. HYOROGR. 4o:Z76-Zoi. (SWARMING BEHAVIOR. FOOD
UiILliAI-JN, STIMULATICN BY LIGHI) CH 301 I52 FO

ZELiCiKAN, t. A. 197U. STRUCTURAL FEATURtS lOF MASS AGGREGATIONS OF
JELLYFItS. uiiCANGLOGY 9 :jH8-5'4. (FERfIL1TY, FOOD, BEH\VIJR) GC 1
0(371t FU

ZiLICKiiANP L. A. i972. DISTRIBUTIUN AND ECOLOGY OF THE PELAGIC rlYDRO-
i'icuSAtL, SIPHOliUP)HORES AND CTENUtPHURES OF THh BARENTS SEA, BASED ON
PcLkNNIAL PLANKTON COLLECTIONS. MAR. BIOL. 17:256-264. (SPECIES
LI31, tcCOLUGYj, dIGEOGRAPHY, tiN.PERATURL CONDITIONS, BIOLOGY)
CH 91 A1 h37 FO

ZELLCKMAN, L. A., V. J. GELFAND, ANU M. A. SHlFRIN. 1969. GROWIH,
,LrrK,^JUC ilON ANU NUTRITION OF LiiL ;AREN1l SEA HYDROfEDUSAt IN
NATJeAL AGGRLuA1IUNS. MAR. BILJL. 4:lo/-it3. (SEASONAL DISTRIBUTION,
FcUiN\G dLhAVILu<, JARNYSHiAYA F;uKU) CH 91 Al K37 FU

ZL L.i,,i, t A. AD A. N. GULOVK1Ni. l7 . COMPOSITION, S1KUCTURL AND
PR)JUCiL.) vl I NiRITIC PLANKTUN CUilMuN"lTicS NEAR THE BIRU CuLUNitS
uF IcHL \uriLTHctiN aHURES JF NUVAYA ZEMLYA. MAR. 81OL. 1 7:L e- 'l4 .
(3PLLiLS L)It, CRcUSrACLANS, B0UrA3, LUiULOGY, LIFE: CYCLES rnUKILJNTAL



iSh Ilo1iurN i-JU) FUR SIRDS) QH 91 Al M37 FC
Zti;KLVl Ct1, L. A. i9o3. BIOLnGY OF ThE SLAS OF THE USSR. INTtKSCtICNCE,

N't' YuiK. ti? Pr. (GEIERF:AL RtEI-RENCE, l61LOGY) 591.9Z ZL4idE FO
Li^m'-ick C. 19JO. Uit ARKTISCHEN CUiMACEEN. hAUNA APCT. 1:409-444.

(jrCCl.S Ll.i, .)NONl'4Y, GECGKArHICAL DISIRIBUTIONS) 9x.99,
uo6F - FL

liltLK, C. 19u4. uIE ARK1ISCHEN SLHIZOPODtLN. FAUNA ARCT. 3:4i-49Z.
(jPcLCItSt LI, l YNGi4CMNY GEOGRAFHICAL LilSTRIBUTIONS) 591.9bo

ot6F f -
LIMiK,K L. .9,9,. EINIGE CUMACfEN' AU RUSSISChtN MEEREN. [IN RUSSIAN,

GthRiAii OUrl';iAKY] ISSLED. i;UREI 5SSK 9:61-69. (kHITt SEA, DIASTYLIS
PP. ) pi .9 L54I FO

0'



StLcCTED BIBLIOGRAPHY OF AKCIIC ICHTHYOPLANKTON
INCLUOIN', ktFLRLNCES T3

[AxONUiYJ, Si'cCitS COMPUSITION, GtLUGiKRPH1CAL AND SEASONAL UDIS[RkUTIGNS,
.CuLLGYf LIFE CYCLES, SAhiPLING hcTHODS, i;GRPHLJLCGGY, KECRUillEN[, GROWTH

ALL KtlI-Ei<LNCES HAVE LtEN VERIFltD; JCUKNAL ABPREVIATIONS AKL FR]J'i THE
AUFLD LIST Uh- $CINTIFIC PERIODICALS; CALL NUMBERS ARE UNIVERSIi1 OF
wASlrLUN iiUht3cKS; LOCATION; IN IHL UJ LIBRARY SYSTEM IS GIVtL; ACCORDING
iO THc FULLGOING ABBRtEIATIONS:

;iVA MAIN LIBRARY (SULZALLO)
PR PERKIOOICALS MAIN LIbRARY
Sk >CIENCt fEAOING KLu' MAIi LIBRARY

HS HLALTH SCIENCES 1T31 ricALTH SCIENCES BLDG
FU FISrtERIES OCEANO'kAPriY 1 OCtANOGRAPHY I1ACHING BLDG

BibLIljRAPhIC SrYLE GEIFERALLY FULLLWS THt CbL S1YLE MANUAL, TtHRO
EDITlUN (AMERICAN INSTITUTE OF BIOLgJGICAL SCIENCES, 6ASHINGUN, U. C.)
-ORtIGN LANGUAGE REFERENCES, JOU.NAL AdtkEVIATI'NS, AND LIBRARY CALL

IuMidLtS rnAVt tLEN IMdIFIED (USE CF CAP1IAL LEtTERS, NO UMILAUTS, ETC.)
Tu ACuL.i-iULDA1 E IHL COMPJTER. APOSIRLPnitS AND QUOTATION MARKS IN A
R.Ft tLLiCt AR. INDICATED BY *, OUtLiuIN HARKS BY $, AND NUMbER bY t.
* Ai ItL ENiL) Cl A REFFRFNCE WHtKE ItiL CALL NiUiNbER SHCULD btt, INDICATES
THL 'LFt.KcNCr: I> NOT IN THE U'v LdRArY YbTtri:N.



ALt<kjN , U. L., ANJ N. J. WILIMOVSKY. 19bt. FISHtRY INVESTIGATIUON' OF
[HE jUul HASELRT CHUKCHI SEA, PP. o43-otj. IN N. J. WILIriuOSKY AND

j. ,. LirtE, tUS., ENVIRCNMENT OF IHc CAkL TLHULMPSON PEGiUN, ALASKA.
U.S. AlOHIC tNikGY COMMISSIUN, OAK RiuGt IENN. (HYDROGRAPHY, GcAR,
ljsITrIbUIIUNS) OH 1C0 A4 AS7 FO

ANLklASMHE ' A. P. 1937. A CONTRIBUILUN rj IHL KNOWLEDGE OF THt FISEtS
kUi-H FHL dtRliNG AND CHUKCHI SEA. TrANb)LAIION IN U.S. FISH Wl LDL.
Stk/. >PcC. Sti. REP. FISH. 145. Bl PP. (SPECIES LIST, SIZe,
GtbLv^AtihlCAL JiSTKhlUTIUN, DRAWINiGS) 63V.2 UN37SPF Ni. i45
FJ

ANURlAS.LV, A. P. A4 . FISHES OF IHt NUlHtERN SEAS OF THL USSR.
ILUATLL+SIVG AKAD. NAUK SSSR, MGSKVA-LtNlNGRAD. 1RANSL. dY iSRAtL
PKuhbAii Fuk SCILNIIFTC TRANSLATILtS, JLtUSALti, 19o4. oi7 PP. (LIFE
CYCLfS, TAXuMGhY, GEOGRAPHICAL UlSIIbUlICNS, DRAWINGS) 3L- 33
Kd A73 FO

ANiRiASHcv, AM. P. 1l'o3. ARCTOGADUS GLACiALIS (PETERS) A SPECIES OF COD
NLC 1 THIt I FAUNA OF THt USSR FKOM THt DKIFTING REStARCH STATION
*N R'1-H PtJLE-c E [IN RUSSIAN] ZULL. ZH. 36:1747-1749. (GEAj(GAPHiCAL
DUlI ri< IdUIION) 590,5 ZZ SR (IRANSL. ISRAEL PROGRAMI FOJ
SCIi.MltFIC TRANSLATIONS IPST CAT. NJ. 765. TRANSL. FILE FU

A^,2IASriEV A. P. i975. THE SYSTEMATIC PJbIIION OF OPHIDIUM PAKN1I FROM
THt AiltkICAN AtiLIIC. J. ICHTHYOL. 15: o9,-b97. (TAXCNOMY, LIPARIS SP.)
OL o14 V613 OJ

ATKINSON, C. 1970. DEVELOPMENT AND POTENTIAL YIELD OF ARCTIC F1ShLrIES,
PP. jc¥-400. IN U. W. HOOD AND D. C. 8iURELLt EDS., ASSEtSMtNT1 JF
1HE ARCTIC MARINt ENVIRONMENT: SELECTtD TOPICS. UNIV. ALASKA, INST.
lMAF. SCI. OCCAS. PUBL. NC. 4. FAIR8ANKS, AK. (MOSTLY MANAtcLrbN I,
CATCH SlATISTICS, SOME SPAWNING DATA) *

BAiN, L. H. 197 t. LIFE HISTORIES AND SYSTEMAT1CS OF ARCTIC CHAR
(jALVLLINUiS ALP1NUS LINN.) IN Tht dAB4(Gc RIVER SYSTEMs YUKJN IERRI-
TOKR. CANADIAN ARCTIC GAS STUDY LTD., BIUL. REP. SER. 18.
1o PP. (LiFE CYCLEl TAXONOMY)



6AKAAicNKl\LVA A. S., V. P. PONOMAREiJKU, AND ;'. S. KHOKHLINA. 1so4.
UlJrkibUlINi, jIZtS, AND GROWTH OF LARVAL AND FRY UF POLAR CuD
(BLKhEUGADUS SAiOA LEPECHIN) IN 1TL aAiBtNIS SEA. INT. COUNCIL tXPLOR.
StA, GAD uiD FlSrl COMMN 9':1-15 (StASONAL DISTRIdUTICN, GRO1H,
U)EVELULiP'iTAL KAIES, RECRUITMENT, HATCHiNG TIIiiES)

BAKA;AivN,<jVAY A. S., Y. K. ZHURAVLEVA, AND N. 5. KHUKHLINA. 1173. UISTRI-
bUitii AND DRIFT OF COMMERCIAL FISH LARVAL IN THE BARENTS ScA IN JUNE-
JULY 19a7 [i;, RUSSIAN] MATERLALY RYbJKHCZYAI STVENNYKH ISSLEU.
St:VCNuGJ BAbSEINA (USSR) 14:26-43. NAVAL OCEANOGRAPHIC OFFICt,
AiASMINGIUiJ D.C., TRANSL. 578. i.1 PP. (CAPELIN, OCEAN PERCH,
ALE r iCAN LAICrL, SMALLhEAD FLOU~UtK, tb2S, LARVAE, AEUNDANCEr, tAR)

btNOLCK, 1. N. i97u. BEAUFORT SEA ELTUARINL FISHERY STLDY, PP. i.3-261.
ii NIAA/bLM LNViRUNIMN1AL ASSESStitNT Jd THE ALASKAN CONFINENTAL ,HELF,
V L. . t-iSH, PLANKTON, BENTHOSi LITTORAL. PPINCIPAL INVTLSTuAURt*S
KLru lb j ik THc YtAR ENDING MARCH 197o. NGAA/BLM. ENViRONM.=NTlAL

tRStLAkCh LAJORATORIES, dOULDER, CULURADiL. (SEASONAL DISTRi UTi G ,
RtLATiVL ABUNiJANCEt SIZE, SPECIES COMPCSITlON, GROWTH RATES, FEL)LNG
HAbsI1S RrPRLd)UiTIVE CAPABILITIlES MIGRATION PATTERNS. CRIIICAL
rAIlll1TS RESUjUKCL USAGE) GC 6b2 Et9 FO

rLALKLER, R. .. tb. 19'd. SYMPOSIUM-OJN ILt ECOLOGY UF PELAGIC FI,1
SPtCIE IN AKC1IC WATEkS AND ADJACENT StAS. RAPP. P.-V. RLUN. CJNS.
PRtK,. INI. cXPLOR. MER 158:1-148. (GENERAL DISTRIBUTIONS, MALLOTUS
VILLUSIbS AkGENiINA SILUS, nSMERUS tPtRLANUSi TRISOPIERUS ESMARKIl,
i'ICKL(LSiSTlUS PURETASSOW, BURLUGAIDUS SAIDA, ELEGINLS NAVAGA, FLUD
LU PLLAUIC FISri) 591.92 INbK FO

CJhLN, D. t. i19'4. AGE AND GROWTH STUDIES UN TWO SPECIES U- WHITEFISHES
FXUi; P'OINT bARRKRO ALASKA. STANFORD ICHTHYOL. BULL. 4:166-i87.
(CJi<LLiNUS, FRLSHWATER, AGE FREQUENCY, StX RATIO, GEAR) 597.,~J
S1 I

CKALG, P. C.. A,.D G,. J. MAANN. 1974. Lit- hISTOKY AND DISTRIBUTION JF
Id;: AKCIIC CISCd (CRI EGJNUS AUTUnNALS) AL[ONG THL BEAUFURT StA CJAST-
Lih.t I,' ALASKA AND THE YUKON TEKKilURY. CANADIAN ARCTIC GAS 3ITULJ
LTD., ubJL. RtP . SER. 17. 47 PP'. (Ll F CYCLE, DISTRIBUIiCN)



Cr.iv,, P. C., AND P. J. iMC CART. i97.. FALL SPAWNING AND UVERWINTLRING
AKLA) Ui F ISr POPULATICNS ALONG ROUTLS. OF PROPOSED PIPELINt tLbLTttN

PKUJriUt dAY A;iDL T1E MIACKENZIE DLLTA 191Z-i973. CANADIAN ARCIIC JAS

sT )uJY, LID. bIGL. REP. StiR. 15. 37 PP. (SPAWNING, OVER r INET .I ,IG

tA A) *

CKAI,, P. C., ANU P. MC CART. 1976. FiSH USt OF NEARSHCRt CJA.rAL
^rtLtk IN TriL Lt.STEN ACCTIC: EtiPHASi) IN ANADRUOCUS SPLCIEP PP.

361-J3b. IN D. W. HOOD AND D. C. BURRcLL fEDS., ASStSSMENT OF Ti4t
AKCIIC !hAKiNt L;VIRONMNT: SELtCTED) 1UrlCS. UNIV. ALASKA, INS1.

lAK. SC1. LCCA.). PU3L. NC. 4. FAiR6ANKS, AK. (B1IBLIOGtAPhY, AkCIIC

CiAr,, ARCTIC CISCuJ, SPECIES LISI, t LObKAPhICAL DISTRIBUIj.Nj.) *

CK.IG, rP. C. AFND V. A. POULIN. 1977. MV)OVIMENTS AND GRkWTH JF ARCTIC
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I. Summary of objectives, conclusions, and implications with respect to
OCS oil and gas development

The objective was to obtain a description of the plankton in the
pelagic environment of the Beaufort Sea beyond the continental shelf during
the summer season.

Nitrate depletion was observed in the upper 40-45 m in June and
remained depleted throughout the summer. Within the same depth and time
interval the phytoplankton population (estimated by chlorophyll a) was
low, suggesting nutrient limitation. The disappearance of snow cover and
formation of melt ponds resulted in a gradual increase in submarine light
levels through July. Active growth of phytoplankton at the pycnocline
(45 m) was observed. The highest chlorophyll a concentrations occurred
at this depth in late July and early August. Graduated light experiments
indicated the phytoplankton population was adapted to low light levels.
The zooplankton population was sampled and vertical distribution for eight
species on eight dates is presented.

The impact on the Beaufort Sea beyond the continental shelf from the
development of coastal oil and gas reserves is difficult to assess. Apart
from a major oil spill, only slight concentrations of oil and its by-
products might be expected to reach this area by ocean and wind circulation.
Their presence might directly alter the albedo, the thermoconductivity of
the ice, and rates of ice growth. The sensitivity of the ecosystem to
changes in these parameters is not known.
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II. Introduction

A. General nature and scope of study

The oceanic waters of the Beaufort Sea are separated from the
northern coasts of Alaska and Canada by a 60 - 100 mile wide continental
shelf. Proceeding seaward from the coastline, the marine ecosystem
changes from a neritic environment to an oceanic one. The sea surface
also changes. Inshore, the presence of shorefast and drifting sea-ice is
highly seasonal. Offshore, the pack-ice becomes more concentrated and
perennial. The Beaufort Sea thus provides two extremes: a shallow
water, seasonal ice environment, and a deep water, perennial ice environ-
ment.

The Outer Continental Shelf Environmental Assessment Program
included several studies describing the shallow water, seasonal ice en-
vironment, including fisheries (Roguski R.U. #233), benthos (Carey
R.U. #6, Broad R.U. #356), microbial activity (Morita R.U. #190), and
marine plankton (English and Horner R.U. #359). These efforts were con-
centrated in the 1975-1976 field seasons and some are still in progress.
An additional part of the marine plankton studies (English and Horner
R.U. #359) was conducted during summer 1975 at the Arctic Ice Dynamics
Joint Experiment (AIDJEX) main camp, Big Bear. The research took place
within the perennial ice zone over deep water.

B. Specific objective

The objective of the biological oceanography program at AIDJEX
was to develop an understanding of the seasonal changes in abundance and
distribution of planktonic components of the marine pelagic ecosystem.
Equipment and time limitations resulted in emphasis on the primary pro-
ducer level though zooplankton was also sampled regularly.

The research program was designed to progress toward the ultimate
goal of understanding the marine ecosystem well enough to formulate a
predictive model (Fig. 1). We are presently in the descriptive phase.

C. Relevance to problems of petroleum development

The energy fixed by photosynthesis is transferred through her-
bivorous zooplankton to arctic cod, waterfowl, seals, whales, and polar
bears. Some of these are important to the subsistence and economic wel-
fare of coastal natives. An understanding of primary and secondary pro-
duction dynamics is a prerequisite to assessment of the impacts of oil
development in the Arctic Ocean periphery. No previous ecosystems
studies have been made in the deep water perennial ice zone of the
southeastern Beaufort Sea.

The fate and consequence of oil spilled in the Arctic are
largely unknown. Biodegradation would be slow due to the extremely low
water temperatures. It is possible that oil would be trapped between
ice floes or within brine channels and eventually swept out into the
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Fig. 1. Stages of the marine ecosystems studies at
AIDJEX in the Southeast Beaufort Sea.
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Pacific gyre of the Beaufort Sea. The oil could cause lowered albedos,
reduction in thermoconductivity of the ice, and reduced rates of ice
growth (Seelye Martin, seminar at UW, 22 May 1974). In addition, it
could change the submarine light regime by reducing transmission proper-
ties of the overlying ice or open water areas. The sensitivity of the
ecosystem to the latter type of perturbation will be tested in the
modelling phase of this research.

III. Current state of knowledge

In the past 80 years, in excess of 40 expeditions and field pro-
grams have been staged in the Arctic Ocean or its periphery. Approxi-
mately 25 have yielded biological information (Table 1). Much of this
information is descriptive in nature with only marginal efforts made to
relate species to their environment or to each other (Shoemaker 1920,
Farran 1936, Brodskii and Nikitin 1955, Barnard 1959, Hand and Kan 1961,
Hülsemann 1963, Shirley 1966). Early attempts to associate higher levels
of phytoplankton abundance with environmental factors emphasized the
importance of light and temperature (Gran 1904, 1912). Later investi-
gators discussed the effects of mixing and nutrient supply on phytoplank-
ton development (Sverdrup 1929, Braarud 1935), and temperature and salin-
ity on zooplankton distribution (Bigelow 1920, Bernstein 1932, Johnson
1956, Grainger 1965, Tibbs 1964).

Quantitative estimates of phytoplankton abundance, primary produc-
tion, and zooplankton standing stocks and life cycles were made at the
Soviet North Pole stations (Brodskii 1956) and the U. S. drift stations
Alpha (English 1961, 1963; Johnson 1963 a, b), Bravo (Apollonio 1959,
Grainger 1965), Arlis II (Kawamura 1967), and T-3 (Harding 1966, Hughes
1968, Hopkins 1969, English unpublished data). From these investigations
emerged a general recognition of the components and processes of possible
importance in determining changes in the marine ecosystem below the ice
pack.

This understanding was based primarily on data collected in the
central Arctic Ocean (north of 80° N) and in the western Beaufort Sea.
With the exception of two studies on protozoa (Tibbs 1964) and medusae
(Shirley 1966) at Arlis I, there is no published biological information
for the oceanic perennial ice zone of the southeast Beaufort Sea where
the AIDJEX platforms were located.

IV. Study area

The field program was conducted from 2 June to 1 October 1975 at
the AIDJEX main camp, Big Bear. During this time, Big Bear drifted
approximately 870 km in the southeast Beaufort Sea (Fig. 2). Sampling
ended on 1 October when the main camp ice floe broke apart and camp
members had to evacuate.
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Table 1. Expeditions, years of field collections, authors and years
of publications of marine biological studies in the Arctic Ocean
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Fig. 2. Drift track of AIDJEX main camp, Big Bear, June through September 1975.
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V. Rationale and methods of data collection

A. Rationale

We first formulated a general description of the ecosystem based
on published and unpublished accounts. From this description, a suite
of variables was selected to be measured in the field.

1. General description

Incoming solar radiation is low from October through February
in the Arctic Ocean. Solar elevations and day length increase from late
February until the summer solstice on 21 June. Although solar radiation
also increases during this period, the amount that is transmitted to the
water below the pack ice is very small. Maximum submarine radiation
occurs in early to mid-July after the snow cover has melted and the ice
surface is dominated by melt ponds which have a lower albedo than either
snow or bare sea-ice.

Phytoplankton abundance in the water below the ice remains
low throughout winter and spring. In response to higher levels of sub-
marine radiation in late June and early July, phytoplankton biomass in-
creases in the surface mixed layer (upper 25 - 50 m). The extent and
duration of the development may depend on:

(1) availability of light, which is influenced by degree of melt,
frequency of summer freeze-ups and snow storms, solar angle, day length,
and timing of the first sustained autumn snowfall;

(2) availability of nutrients, which is influenced by initial
spring nutrient concentrations, and their maintenance through turbulent
mixing, convective overturn, and remineralization processes; and

(3) Losses of biomass from the phytoplankton population through
sinking below the pycnocline, or from grazing by herbivorous zooplankton.

The major decrease in phytoplankton biomass usually occurs in the latter
half of August, and low concentrations prevail throughout the ensuing
dark period.

Though much is known about the species composition of the
herbivorous zooplankton and their depth distribution, there are no stu-
dies showing the extent to which they interact with the phytoplankton
populations. There is evidence from collections made in 1970-72 at
T-3 (English, personal communication) of a general movement toward the
surface from depths exceeding 100 - 200 m by Calanus hyperboreus early
in the spring, and later by C. glacialis. The intensity with which they
graze upon phytoplankton is not known.

2. Selection of variables

The biological variables selected for measurement included
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chlorophyll a, phytoplankton cell numbers, radiocarbon assimilation, and
net zooplankton. Environmental variables included reactive nitrate, in-
coming solar radiation, ice surface melt conditions, air temperature,
wind speed, island movement, and seawater temperature and salinity.

B. Methods

1. Field observations

Water samples were taken with a 5-l PVC water bottle. Sub-
samples were drawn for the determination of nitrate concentration -(50 ml),
radiocarbon assimilation (125 ml), chlorophyll a concentration (4-l),
and phytoplankton cell counts (120 ml).

The analysis of nitrate concentration was done on station
using the methods of Strickland and Parsons (1968).

To determine assimilation potential, paired light and dark
subsamples were innoculated with a known amount of 14C and incubated in
a 0 - 1° C water bath under controlled fluorescent lighting. The maximum
light intensity was 117 microeinsteins · m- ² · s- ¹. In graduated light
experiments, nine additional bottles were treated and fitted with metal
screens. The screens were constructed to transmit 2, 4, 6, 8, 14, 16,
19, 49, or 74% of the total light available. All incubation periods were
6 hours. The subsamples were filtered through 25 mm Millipore HA
(0.45 µm) filters, and the filters were placed in liquid scintillation
vials. Radioactive uptake was measured using a Packard Tri-Carb Liquid
Scintillation Spectrometer with Aquasol (New England Nuclear) as the
scintillation cocktail.

The subsamples drawn to determine chlorophyll a concentration
were filtered using 0.47 µm glass fiber filters treated with saturated
MgCO3 solution. The filters were frozen for later analysis (Strickland
and Parsons 1968).

Subsamples designated for phytoplankton cell counts were fixed
in 4% formalin.

Zooplankton was sampled with depth-to-surface vertical tows
using a non-closing conical 1-m diameter ring net with 73 µm mesh. Sam-
ples were preserved in 4% buffered formalin. Large copepods were first
sorted from the whole sample, counted, and identified. Small copepods
and nauplii were sorted from a known volume of the sample. Copepods were
counted and identified to species; nauplii were counted and separated
into size classes (<0.3 mm and > 0.3 mm). Zooplankton counts were ad-
justed to depth increment (0 - 50, 50 - 75, 75 - 150 m) and volume fil-

tered by the 1-m ring net assuming 100% filtration efficiency.

Zooplankton and chlorophyll a samples were taken and assimila-
tion potential was measured every 3 days (Table 2). The vertical zoo-
plankton net tows were taken from 10, 20, 30, 40, 50, 75, 100, and 150 m
to the surface. Chlorophyll a and assimilation potential were measured
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Table 2. Sampling program at AIDJEX main camp during summer 1975



at 12 depths from 3 to 60 m. Less frequently, chlorophyll a was mea-
sured at 12 depths from 46 to 100 m. Nitrates were measured in the
upper 40m every 3 to 6 days, and to 100 m less frequently. Graduated
light experiments at 5, 10, 20, and 30 m were run every 3 days.

Ten replication experiments were run at four depths (5, 10,
20, and 30 m) every 7 to 10 days. In each experiment, four water samples
were taken within 5 min from the same depth. Two subsamples for the
determination of assimilation potential and one subsample for the deter-
mination of chlorophyll a were drawn from each water sample.

Twenty-two in situ assimilation experiments were conducted.
For each experiment a water sample from 10 m was taken and 6 to 9 sub-
samples were drawn. These subsamples were innoculated with 14C and
separated into three groups of 2 or 3 bottles per group. Each group was
taken to one of three prepared locations and lowered to 10 m. The first
location was the center of a melt pond which was 4 m in diameter, with a
freshwater depth of 25 cm covering ice 1.6 m thick. The second location
was an area of bare ice, 2.3 m thick, and situated 80 m from the melt pond.
The third location was a lead, 100 m wide, 50 m from locations one and
two. The bottles were suspended at each site for six hours, and then
processed as previously described. Due to mishaps, only 19 of the 22
experiments allow inter-site comparisons.

Chlorophyll a and nitrate were sampled on 3 and 4 August
along helicopter transects from main camp to the two satellite camps,
Caribou and Blue Fox. Distance covered was 75 miles. Samples from
10 and 20 m were taken every 7 - 10 miles.

Solar radiation (400 to 700 nm) was measured daily at 1 m
above the ice surface using a quantum meter (Model LI-COR-185, Lambda
Instruments Corp.). Melt conditions were logged daily and aerial photo-
graphs were taken by helicopter as scheduling and conditions permitted.
Air temperature, wind speed, island movement, and seawater temperature
and salinity were recorded by other research teams on AIDJEX.

2. Data analysis

Data analysis of chlorophyll a and assimilation potential
measurements from depth profiles, replication experiments and in situ
incubations has been completed (Table 3). All chlorophyll a and assimila-
tion potential data were transformed by taking logarithms to the base 10
to make variances and means independent.

The ten assimilation measurements of each graduated light
experiment were fitted to a curvilinear assimilation-light relation
(Steele 1962):

[FORMULA]

where P is assimilation (mg C m-³ · hr-¹); Pmax is calculated maximum
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Table 3. Summary of samples taken and analyzed
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assimilation (mg C m-³ ·hr-¹); Irel is light intensity expressed as a
fraction of 117 microeinsteins · m-² · s-¹; and Ik is relative light
intensity at which Pmax occurred. The curve fitting procedure required
substitution of paired assimilation and light measurements into the
equation and iterative adjustment of Pmax and Ik to minimize the sum of
squared differences between calculated and observed P. Measured assimila-
tions were then divided by the calculated Pmax to allow relative compari-
son of curves from different depths and days.

Additional comparisons were made by calculating the initial
slopes of the curves. First, light measurements were converted to W · m- ²

using the relation 1 microeinsteins · m-² ·s-¹ = 0.22 W · m-² of photo-
synthetically active radiation (PAR), where 1 microeinstein = 6.02 x 1017
quanta, and 1 W = 2.77 x 10[superscript]18 quanta · s-¹ (Morel and Smith 1974). The
initial slope (mg C · mg Chl a - ¹ · hr-¹ · (W · m-²) -¹ ) was calculated as
the partial derivative of P from the fitted curve with respect to Irel
as Irel approaches zero:

Initial slope = e · Pmax/ (Ik · Im · Chl a) ,

where Im is full light intensity (W · m-²); and Chl a is mg Chl a m-³.

The assimilation number (mg C · mg Chl a - ¹ hr- ¹) is the
ratio of observed assimilation potential to chlorophyll a concentration.
Assimilation numbers were calculated for all depth profiles and graduated
light experiments. Since the means and variances of initial slopes and
assimilation numbers were positively correlated, they were transformed
by taking logarithms to the base 10 before further analysis.

Data for chlorophyll a and assimilation potential depth pro-
files, graduated light experiments, assimilation potential replication
experiments, and zooplankton counts have been submitted in previous
reports (Appendices). Data for nitrate determinations, chlorophyll a
replications, in situ assimilations, and the helicopter transects are
submitted in this report.

3. Variance analysis

The variability of chlorophyll a, assimilation potential,
Ik, initial slope, and assimilation number arises from three levels.
Each higher level contains variabilities associated with all lower levels
in addition to that of the level itself. The first level, experimental
error, includes variations in the physical or chemical treatment of the
samples, and, for assimilation potential, light variations in the incuba-
tion chamber. The first level of error includes all variations intro-
duced after the sample is brought to the surface. The second level of
error is small-scale patchiness introduced from variations in measured
properties over distances of less than several meters. This level has
no temporal component. The third level of error includes the combined
effects of temporal changes in the measured property, advective changes
resulting from large scale patchiness (> 10's of meters), and differential
motions of the ice with respect to the water.

503



14

The magnitudes of the two lowest levels of error were esti-
mated using results of replication experiments for chlorophyll a and
assimilation. A one-way analysis of variance was done on replicated
chlorophyll a subsamples from a single depth. For each depth there were
10 experiments of four replicates each. The resulting mean square error
(MSE) is an estimate of the combined variability of experimental and
small-scale patchiness error. A nested one-way analysis of variance was
done on assimilation potential measurements from a single depth. For
each depth there were 10 experiments with 4 water samples per experiment
and 2 replicate observations per water sample. The resulting MSE esti-
mates experimental error.

The third or highest level of error was estimated for chlor-
ophyll a, assimilation potential, assimilation numbers, Ik, and initial
slope. This was done by dividing the 4-month sampling period into equal
time intervals and pooling observations within each interval. Five-day
intervals were selected for chlorophyll a, assimilation potential, and
assimilation numbers, and two-day intervals were selected for Ik and
initial slopes. All chlorophyll a measurements made from a single depth
in the same time interval were pooled, including samples from depth
profiles and graduated light experiments. Measurements of assimilation
potential were pooled similarly. Initial slopes and Ik values were
pooled from the four sampled depths (5, 10, 20 and 30 m). Assimilation
numbers from all samples in the upper 30 m were pooled.

One-way analyses of variance were done on the grouped data
to determine the within group mean square error (MSE). The MSE term is
an estimate of the combined effects of variation due to experimental,
small-scale patchiness, spatial, and temporal errors. Ninety-five per-
cent confidence intervals (CI) about cell means for chlorophyll a,
assimilation potential, Ik, and initial slope were calculated as:

[FORMULA]

where X equals the geometric mean, n equals the number of samples in a
time cell, and df equals the within group degrees of freedom. Confidence
intervals for assimilation numbers were determined as:

[FORMULA]

where X equals the arithmetic mean. Sample size (n) was typically 3 or 4
for chlorophyll a and assimilation potential, 4 for Ik and initial slope,
and 7 for assimilation number.

A one-way analysis of variance was done on each in situ
assimilation experiment for which an inter-site comparison was available.
There were 2 or 3 sites, with 2 or 3 replicates for each site.
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The zooplankton counts have not been analyzed statistically.
Solar radiation measurements and phytoplankton standing stock samples
have not been analyzed.

VI. Results

A. Nitrate

Nitrate concentrations were below detectable limits in the
upper 40 m throughout the summer (Table 4). Samples taken during the
helicopter transects showed that nitrate depletion in the upper 20 m
was widespread (Table 5). At the bottom of the pycnocline, 48 to 52 m,
nitrate was undetectable until early September. Trace amounts (< 1.0 µg
at l-¹) were measured at 42 m by late September. Concentrations in-
creased with depth across the pycnocline at 50 to 60 m. Nitrate at 100 m
was >10.0 µg at l-¹. At 1.0 µg at l-¹ concentrations, experimental error
results in the correct value being within ± 0.05 µg at l-¹ of the mea-
sured value (Strickland and Parsons 1968).

B. Chlorophyll a

Chlorophyll a concentrations in the upper 40 to 45 m were about
0.10 mg m-³ in early June. Chlorophyll a in this depth range declined in
late June and remained below 0.03 mg m-³ throughout July and August.
Similar low chlorophyll a concentrations were found along the helicopter
transect (Table 5). Concentrations increased in the upper 40 to 45 m
in late September (Figs. 3 and 4). During July and August, a major in-
crease in chlorophyll a occurred in the pycnocline at 58 to 64 m. At
mid-summer the concentrations in this depth range were above 0.25 mg m- ³,

but declined thereafter. Chlorophyll a below 70 m remained less than
0.10 mg m-³.

The total chlorophyll a integrated over the upper 100 m showed
two peaks (Fig. 5). The first, of about 6.0 mg m- ³, occurred in early
June due to increased chlorophyll a in the upper 40 m. Following a
decline to less than 2.0 mg m- ³ in late June, a second peak of about
6.8 mg m - ³ occurred in early August due to the chlorophyll a increase at
the pycnocline.

A one-way analysis of variance performed on the transformed
chlorophyll a data pooled into 5-day intervals indicates that at the 4
depths analyzed, there is a highly significant (P < 0.01) variance
component added between time periods (Appendix B). The variability of
the chlorophyll a concentrations pooled into individual time periods is
20 to 31% of the total variability. The 95% confidence intervals about
5-day means extend from about 71 to 140% of the means (Fig. 6). The
analysis of variance performed on the chlorophyll a replications indicate
that the combined effects of experimental and small-scale patchiness
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Table 4. Nitrate concentrations (µ at l-¹) measured at AIDJEX Main Camp Big Bear



Table 5. Nitrate and chlorophyll a measured at two depths during helicopter transects



Fig. 3. Three dimensional plot of chlorophyll a at 0-100 m, June
through September.
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Fig. 4. Chlorophyll a (mg m- ³ ) over time at 12 depths.
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Fig. 5. Chlorophyll a (mg m-²)integrated over the upper 100 m.
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Fig. 6. Chlorophyll a and assimilation potential measured at five depths, with 5-day
geometric means and confidence intervals.
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error was only 5 to 14% of the variability of chlorophyll a concentra-
tions pooled within 5-day intervals (Table 6 and Appendix B).

C. Assimilation potential

The assimilation potential of the upper 40 to 45 m was
0.1 - 0.2 mg C m- ³ · hr-¹ in early June (Fig. 7). The potential in this
depth range declined in late June and remained below 0.1 mg C m-³ · hr- ¹

until late September, when it increased slightly. The major increase in
assimilation potential occurred at the pycnocline in late July and early
August (Fig. 8). Values of 0.48 - 0.50 mg C m- ³ · hr-¹ were measured
during this period. Assimilation potential decreased at these depths
through the rest of the summer.

The analysis of variance performed on the transformed assimila-
tion potential data pooled into 5-day intervals indicates that at the
4 depths analyzed, there is a highly significant (P < 0.01) variance
component between time periods (Appendix A). The variability of the
assimilation potential pooled within each time interval is 33 to 41%
of the total variability. The 95% confidence intervals of 5-day means
extend from about 68 to 147% of the mean (Fig. 6).

The nested analysis of variance performed on the assimilation
potential replications indicates there is a significant (P < 0.05)
component of variance added between water bottle samples (Appendix A).
The variability due to experimental error was about 35-57% of that
found among samples pooled within 5-day intervals. The variability due
to small-scale patchiness errors was less than that due to experimental
error. The combined effect of experimental and small-scale patchiness
error is 47 - 90% of the variability of assimilation potential pooled
within 5-day intervals.

D. Assimilation number

Assimilation numbers ranged from < 1.0 to 8.3 mg C·mg Chl a- ¹ · hr- ¹.
Values were generally higher in July and August than in early or late
summer (Fig. 11). The 95% confidence intervals about the means of the
5-day periods extend from about 80 to 125% of the mean. The regression
of assimilation potential on chlorophyll a was highly significant
(P < 0.01, r = 0.90) and resulted in a slope of 1.73 mg C·mg Chl a- ¹ · hr-¹

for samples combined from 20, 40, and 60 m (Fig. 9).

E. Graduated light experiments

The curvilinear relation of assimilation versus light (Steele
1962) was fitted to 120 graduated light data sets (Fig. 10). Ik, con-
verted from relative to absolute light intensity (W ¹ cm-²PAR) was
1.0 - 4.0 x 10- ³ W·cm² (Fig. 11). Values were highest in August. The
95% confidence interval about the mean of the 2-day periods was the
mean ± 0.8 x 10-³ W· cm².
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Table 6. Chlorophyll a (mg m- ³ x 100) measured during the replication experiments at four depths on
10 days



Fig. 7. Assimilation potential (mg C m-³· hr
- 1) over time at

12 depths.
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Fig. 8. Chlorophyll a depth profiles overlaid on assimilation
potential depth profiles. (+) chl a (-) assim.
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Fig. 9. Assimilation potential versus chlorophyll a

measured at 20, 40 and 60 m. The regression line equation

is: assim. = 1.73 Chl a + 0.026.
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Fig. 10. Relative assimilation (Pr) versus relative light (Ir)
for observations from graduated light experiments at five depths.
Month and day are indicated to the left. The last five graphs are
from 60 m.
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Fig. 10.
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Fig. 10. (continued)
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Fig. 10. (continued)
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Fig. 10. (continued)
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Fig. 11. Assimilation number (mg C·mg Chl a-¹· hr-1),

I[subscript]k (W ·cm-² x 10-³), and initial slope (mg C·mg Chl a- ¹· (W·m-²)-¹·hr-¹)
over time with means and confidence intervals.
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Initial slopes ranged from 0.10 to 0.69 mg C mg Chl a-¹.
(W· m-²)-¹·hr-¹ (Fig. 11). Slopes were highest in the second half of
June and at the end of summer. The 95% confidence intervals about the
mean of the 2-day periods extend from about 68-147% of the geometric
mean.

A slight photoinhibition at high light was noted in some exper-
iments (e.g., 5 m on 12-13 June, Fig. 10).

F. In situ assimilation

In situ assimilation, averaging the 2 or 3 replicate observations
per site, ranged from 0.005 mg C m-³ · hr-¹ below bare-ice drafted with
snow on 28 July, to 0.076 mg C m- ³· hr-¹ below a melt pond skimmed with
ice and some slushy snow on 14 August (Table 7). There was a significant
(P < 0.05) variance component added between sites in only 6 of the 19
experiments where inter-site comparison was possible. In situ assimila-
tion was generally the same for the pond and lead sites. Assimilation at
the ice site was usually less than at the other sites.

G. Zooplankton

Twenty-two copepod species were identified (Table 8). The smaller
species, Microcalanus pygmaeus, Oithona similis, and Oncaea borealis,
were more abundant (Table 9). Calanus glacialis and Euchaeta glacialis
were least abundant. Nauplii were much more abundant than adults. Males
were rarely encountered except in Oithona similis and Oncaea borealis.

Calanus hyperboreus adult females were present in the upper 75 m
all summer (Fig. 12). Stage I appeared in mid-July and was present in
the upper 75 m until mid-August. Stage II appeared in mid-August and
remained until mid-September. Stage III was most abundant in September.
Stages IV and V were present throughout the summer in the upper 50 m.

Calanus glacialis adult females were most abundant in July (Fig.
13). Stage I appeared in mid-July, and stages II and III appeared in
early September and mid-August. Stage IV (possibly individuals that over-
wintered) was present in June and early July. Stage V was most abundant
in July, though present all summer.

Euchaeta glacialis adult females were present after mid-July
(Fig. 14). Stage II was present in early summer, mainly in the 50 to
75 m stratum. Stages III and IV were abundant in August and September.
Stage V was present from late June onward. Except for stages II and III,
this species was generally below the mixed layer (0 - 50 m).

Metridia longa adult females and males were present all summer
(Fig. 15). Stage III was present mainly in September. Stages IV and V
were present all summer. The species was generally below 75 m.
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Table 7. Surface characteristics of the melt pond, lead, and bare ice sites during in situ incubations,
and the associated average assimilation (mg C,m- ³· h r -¹ ) .  An asterisk denotes a significant (P < 0.05)
added variance component between sites.
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Table 8. Copepods ident Eied in sarnp-es taken at AIDJEX 

526 



Table 9. Maximum numbers of animals per 100 m³ for species and
stages collected at AIDJEX
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Fig. 12. Relative abundance of Calanus hyperboreus, females and
stages I to V,for 3 depth intervals and 8 dates. The width of rec-
tangles indicates the relative abundance at depths and dates within
life history stages.
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Fig. 13. Relative abundance of Calanus glacialis, females and
stages I to V, for 3 depth intervals and 8 dates. The width of rec-
tangles indicates the relative abundance at depths and dates within
life history stages.
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Fig. 14. Relative abundance of Euchaeta glacialis, females,

males, and stages II to V, for 3 depth intervals and 8 dates. The

width of rectangles indicates the relative abundance at depths and

dates within life history stages.
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Fig. 15. Relative abundance of Metridia longa, females, males,
and stages III to IV, for 3 depth intervals and 8 dates. The width
of rectangles indicates the relative abundance at depths and dates
within life history stages.
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Microcalanus pygmaeus adult females were present, usually below
50 m, all summer (Fig. 16). Stages I through V were present all summer
and generally remained above 50 m. Stage I was in greatest abundance
in late June, stage II in late July, and stages III and IV in mid-Sep-
tember.

Oithona similis adult females and males were most abundant in
the 50 to 75 m stratum, whereas the juveniles were generally in the upper
50 m (Fig. 17). Stages I through V were present all summer.

Oncaea borealis adult females and males were present all summer,
the females being somewhat deeper than the males (Fig. 18), Oncaea
notopus females were abundant in early summer and remained deep (Fig. 18).
Oncaea spp. juveniles were present in the upper 50 m all summer.

Large and small copepod nauplii were present all summer and
mainly associated with the upper mixed layer (Fig. 19). In general,
the juveniles and nauplii were in the upper 75 m. There was a pattern
of development shared in common by Calanus hyperboreus, C. glacialis,
and Microcalanus pygmaeus, wherein the juveniles passed from stage I
through stage III during the summer. Euchaeta glacialis juveniles
passed from stage II through stage IV during the summer.

H. Environmental observations

Air temperatures increased and remained near the freezing point
about 22 June (Fig. 20). In late July, temperatures temporarily decreased,
snow accumulated, and pond surfaces froze. These conditions lasted until
late August when a brief rainy period caused a slight melting of the
surface. The autumn snow began to increase in September as temperatures
decreased. Though there was a brief rise in temperature to near freezing
in the first half of September, snow continued to accumulate.

Observed changes in the ice cover can be delineated roughly into
eight periods:

1-22 June: pre-melt, crusty, snowy, bright white surface

22 June - 1 July: heavy melting, melt ponds increasing,
intermittent rains

2-9 July: maximum meltwater (40 to 60%), intermittent snow

10-15 July: pond drainage, increased leads, intermittent snow

16-25 July: little change, grey ice, pond surfaces frozen,
some snow

26 July - 19 August: heavy snow accumulation, ponds drifted
over, bare ice covered with snow

20-20 August: brief rain, warm melt period, grey ice, slight
melt water accumulation
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Fig. 16. Relative abundance of Microcalanus pygmaeus, females

and stages I to V, for 3 depth intervals and 8 dates. The width of

rectangles indicates the relative abundance at depths 
and dates within

life history stages.
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Fig. 17. Relative abundance of Oithona similis, females, males,
and stages I to V, for 3 depth intervals and 8 dates. The width of
rectangles indicates the relative abundance at depths and dates within
life history stages.
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Fig. 18. Relative abundance of Oncaea borealis, females and males;
0. notopus, females; and Oncaea spp. copepodite stages, for 3 depth

intervals and 8 dates. The width of rectangles indicates the relative

abundance at depths and dates within life history stages.
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Fig. 19. Relative abundance of small, large, and total copepod

nauplii, for 3 depth intervals and 8 dates. The width of rectangles

indicates the relative abundance at depths and dates within life

history stages.
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Fig. 20. Air temperature (°C), wind speed (knots), and island

movement (km·day- ¹) recorded at AIDJEX main camp.
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30 August - 30 September: final snow build-up, ponds and bare
ice all snow-covered

Wind speed was rarely greater than 20 knots (Fig. 20). There
were roughly seven periods of sustained high winds (> 12 to 13 knots).
The initial and longest period was in late June and early July. The
highest winds were recorded in late September. The response time of the
ice movement (Fig. 20) to the increased winds was on the order of hours.

A sharp salinity increase marked the base of the mixed layer.
There were small incremental steps in salinity within the mixed layer
itself. From June through mid-July, the bottom of the mixed layer was
generally at 50 to 60 m. At present, we do not have the temperature
and salinity data for the remainder of the summer. The depth of the
subsurface chlorophyll a maximum during July and August was at 55 to 60 m.
Nitrate concentrations increased substantially at these depths. We in-
ferred from these two variables that the sharp increase in density re-
mained at about 50 to 60 m all summer long, though there were varying
degrees of shallower density stratification.

VII. Discussion

Our observations commenced on 2 June and ended on 30 September.
Experience on Fletcher's Ice Island, T-3, has shown this time interval
to encompass the annual active growth of phytoplankton in the ice-covered
areas of the Arctic Ocean. The initial chlorophyll a concentrations in
the upper 40 m in June 1975 were 0.06 to 0.11 mg m- ³ . In early June at
T-3, chlorophyll a in the upper 40 m averaged 0.10 mg m - ³ in 1968,
0.05 mg m-³ in 1971, 0.09 mg m-³ in 1972, and 0.02 mg m-³ in 1973.
Though these initial concentrations were comparable, the pattern of
development during late June and July was markedly different at AIDJEX
compared to T-3. The 1975 summer increase in phytoplankton occurred at
the pycnocline (50 to 60 m). On T-3, the active growth occurred in the
upper 40 m, and maximum concentrations were found in late July. In 1975,
phytoplankton in the mixed layer declined in late June and remained low
until September.

A major difference between T-3 and AIDJEX was the nutrient regime.
Our first measurements of nitrate were not made until 11 June. At that
time and until mid-September, there was no detectable nitrate in the upper
40 m. June nitrate concentrations on T-3 averaged about 0.5 - 3.0 µg
at l -¹ . Conceivably, nitrate mixed into the upper 40 to 50 m through
turbulence and convective processes during the winter was depleted
during the initial spring phytoplankton activity. Whether there were
ever any substantial concentrations of nitrate prior to June is unknown.

We propose that the growth of phytoplankton at the pycnocline
effectively limited the flux of nutrients across the density gradient
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into the mixed layer and that this lack of nutrients severely curtailed
the phytoplankton development that would normally have occurred above
40 m. Visual microscopic examination of Thalassiosira and Chaetoceros
spp. cells lend support to this argument. During mid-summer, cells
taken from the upper 50 m were very pale in color compared to those in
the pycnocline. Toward the end of summer, as nitrate spread into the
upper 50 m, chlorophyll a increased and the cells were golden brown and
healthy.

The development of phytoplankton at the pycnocline was stimulated
by changes in the surface of the pack ice allowing greater transmission
of incident radiation to the waters below. The most rapid increase in
chlorophyll a was during the late June ablation of snow and the develop-
ment of melt ponds and frequent rainy periods during July. During this
period the average surface albedo generally declines to about 50 to 60%
(Weller and Holmgren 1974). Considering the floe ice to average 3 m in
thickness (Maykut and Untersteiner 1971) and have an absorption coeffi-
cient of 1.1 m- ¹ (Weller 1968), the radiation at the ice-water interface
is about 1 to 2% of the radiation incident on the ice. Using 0.04 m-¹
for the absorption coefficient of water (Smith 1973), the light at
50 to 60 m depth is only 0.1 to 0.2% of the incident radiation.

The phytoplankton populations seemed particularly well adapted to
these low light intensities. This conclusion is supported by the values
of Ik, initial slope and assimilation number. The Ik's determined for
1975 were 2.0 to 2.5 x 10- ³ W· cm- ². Ryther (1956) reported values,
converted to W cm-² PAR (1 ft-c natural sunlight = 4.6 x 10[superscript]-6 W·cm-² PAR,
Strickland 1958), of 4.6 x 10-³ W· cm-² for diatoms and 11.0 x 10-³ W·cm-²
for dinoflagellates. Initial slopes for 1975 were generally 0.20 to
0.30 mg C·mg Chl a-¹·hr-¹·(W ·m-²)-¹. Platt (1969) reported initial
slopes for coastal populations of 0.01 to 0.20, and Parsons and Taka-
hashi (1973) reported slopes of 0.09 to 0.10 for Arctic and Antarctic
waters. Assimilation numbers for 1975 were mainly 2.0 to 4.0 mg C·
mg Chl a- ¹ · hr-¹. These are comparable to values reported by Parsons
and Takahashi (1973). The above indicates that the phytoplankton popu-
lations observed in 1975 were able to use low light intensities with high
efficiency.

The best period for growth was during July. On 26 July, lowered
temperatures put skim ice on ponds and snow rapidly accumulated. The
ponds were rapidly covered with drifted snow. This period of lowered
submarine light levels lasted until about 20 August. Then, for about a
week, warmer temperatures and some rain caused the ice surface to melt
and turn greyish. There was a slight accumulation of melt water, but
most ponds remained snow-filled.

Chlorophyll a abundance at the pycnocline did not increase in the
second half of August. Sun elevations were low and days short this time
of year. Through September, phytoplankton abundance at depth declined.
Nutrients not utilized at the pycnocline were spread into the
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mixed layer during periods of higher winds, contributing to the brief
fall increase in phytoplankton above 30 m.

The pattern of early summer and late fall development of phyto-
plankton in the mixed layer, coupled with a mid-summer development in
the pycnocline, resulted in generally high amounts of total chlorophyll
a throughout the summer. Only in late June did any substantial decrease
occur.

The sampling done by helicopter enroute to the satellite camps
indicates observations at main camp may be representative of a broad
geographic area. At mid-summer, the chlorophyll a values were low and
nitrate not dectected over this 75-mile transect. This indicates
that nutrients may be limiting over large areas. The results further
suggest that the variability in observations due to short term island
movement may be small.

The zooplankton counts show that the juveniles of several of the
copepods advanced through 3 to 4 stages during the summer. This period
of higher food abundance was probably important to the survival of the
cohort. Unfortunately, our sampling program was constrained in time
and space, and changes due to migration in and out of the sample space
cannot be assessed. Nor can conclusions be drawn about the survival
in the fall or over-wintering process.

VIII. Conclusions

A. The phytoplankton populations in the upper 40 m remained
low during summer and were probably nutrient-limited.
Nitrate was not detected in this depth range through July
and August.

B. The period of increased submarine light was confined to
late June through July. This was also the period when
active growth of phytoplankton occurred at the pycnocline.
This growth inhibited nutrient transfer to the mixed layer.

C. Phytoplankton was low and nitrate was not detected in the
mixed layer over a large area.

D. Graduated light experiments indicated the phytoplankton
were well adapted to low light intensities. In comparison
to other oceanic areas, Ik was low, initial slope was high,
and assimilation numbers were average.

E. Statistical analysis of chlorophyll a and assimilation po-
tential indicated that the combined effects of variability
due to experimental and small-scale patchiness errors was
a much higher proportion of the variability within 5-day
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intervals for assimilation than for chlorophyll a.

F. Though the surface conditions associated with the three
in situ incubation sites were very different, a significant
difference between assimilation measured at the different
sites could only be shown in 32% of the experiments.

G. Eight species of copepods, Calanus hyperboreus, C. glacialis,
Euchaeta glacialis, Metridia longa, Microcalanus pygmaeus,
Oncaea borealis, O. notopus, and Oithona similis, were the
most abundant calanoids out of 22 species identified.

H. Smaller species of copepods, Microcalanus pygmaeus, Oithona
similis, and Oncaea borealis, were more abundant than larger
copepods. Nauplii were more abundant than adults. Males
of all species were rarely encountered except in Oithona
similis and Oncaea borealis.

I. In general, juveniles and nauplii were in the upper 75 m.

J. Juveniles of Calanus hyperboreus, C. glacialis, and Micro-
calanus pygmaeus passed from stage I through stage III during
the summer. Euchaeta glacialis juveniles passed from stage
II through stage IV during the summer.

IX. Recommendations

A longer time series is required for this region to allow the
assessment of trophic dependencies and seasonal changes of the vertical
distributions of zooplankton. A sequence of zooplankton samples through-
out the year, to depths of 300 m, could be enumerated to species and
stages within species to elucidate the over-wintering process, and
determine survival rates and the critical periods of development.

Herbivore development may depend on the depth and timing of increased
phytoplankton activity. Therefore it is important to know if significant
yearly differences occur in the cycle of phytoplankton abundance due
to summer melt patterns, nutrient fluxes, mixing, or other environmental
factors. The continued evaluation of the changes in the character of
the pack ice surface, as well as the nutrient regime and mixing processes
in the mixed layer, would allow assessment of important driving forces
of the marine ecosystem. It should include a synoptic sampling program
in order to assess small and large scale patchiness.

If no platform could be put in the perennial ice zone, it would
still be very useful to make helicopter or aircraft transects from the
edge of the ice northward. These could be made bi-weekly, if not more
frequently, throughout the summer, to evaluate the development of
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chlorophyll a and nutrients. These transects, along with icebreaker
transects from the coast to the edge of the pack ice, would furnish
information useful to determining geographic differences in the dynamics
of the marine ecosystem, especially those associated with the transition
from the coastal shelf systems to the deep oceanic type.

Sampling of the various environmental properties as well as the
phytoplankton and zooplankton populations at close intervals in time
and depth would allow the variability in these dimensions to be assessed.
This assessment would allow a more efficient field program to be formu-
lated.

Only with the estimation of variability inherent in the environment
and several complete time series of samples will we be in a position
to attempt an evaluation of short and long term changes that may be
attributable to resource development on the outer shelf.
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Table 3. Depth series 14C assimilation experiments

Explanation of Table Values:

1. Date: Month, day, year of experiment

2. Standard: Total activity (microcuries) added to
water sampled

3. Time: Duration (hours) of incubation

4. Eff: Liquid scintillation external standard
(e.g. 13) and resultant percentage
counting efficiency (e.g. 75.6)

5. Depth: Depth (m) of water sampled

6. Light: Light intensity (microeinsteins m-²sec- ¹)
in incubation box during experiment

7. Assim: Light, dark, and net assimilation
(mgCm-³hr-¹)

8. Chl a: Measured chlorophyll a (mg m³) of incubated
water sample

9. Normalized: Assimilation normalized on chlorophyll and
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Table 4. Results of replicated 14C assimilation experiments

Explanation of Table Values:

1. Date: Month, day, year of experiment

2. Standard: Total activity (microcuries) added to water
sample

3. Time: Duration (hours) of incubation

4. Eff: Liquid scintillation external standard (e.g.
14) and resultant percentage counting effici-
ency (e.g. 75.9)

5. Depth: Depth (m) of water sampled

6. Replicate assimilation: Light, dark, and net assimilation (mgCm-³hr- ¹)
for 8 experiments on water samples from same
depth. (Darks were not replicated.)

7. Mean net assimilation Mean of 8 experiments (mgCm-³hr- ¹)

8. Standard deviation: Pertains to above 8 data values

9. Standard error: Pertains to mean of above 8 data values

[square root]Std dev/8

10. Coefficient of variation: Pertains to above 8 data values, the mean
divided by standard deviation times 100%
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1

I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH

RESPECT TO OCS OIL AND GAS DEVELOPMENT

The objective of RU-380, as set forth in our work statement, was to

conduct a preliminary, present-day assessment of the pollock eggs and

larvae in a portion of the Bering Sea during spring of 1976.

Briefly, the assessment showed that pollock eggs and larvae were present

in an area generally between the 75 to 1,000 m isobaths along the outer edge

of the continental shelf and the continental slope from the Alaska Peninsula

to as far northward as sampling was conducted, about 268 km (145 nautical

miles) northwest of the Pribilof Islands. Within this area, eggs and

larvae were most abundant between the Alaska Peninsula and the Pribilof

Islands, though the peak abundance of eggs and of larvae did not occur at

the same station.

With respect to vertical distribution, pollock eggs were much more

abundant in the upper one meter of the water than below that depth. However,

larvae were taken at more stations and in greater numbers below the upper

one meter of the water column. Larvae and eggs of 14 other families were

caught and these could be identified as belonging to 19 genera or species

plus 19 unnamed types given arbitrary letter designations within the families.

The implications of this assessment with respect to oil and gas develop-

ment are that environmental changes or catastrophes caused by such activity

in the area between the Alaska Peninsula and the Pribilof Islands, and

occurring during spring, would be potentially damaging to a major part of

the pollock eggs and larvae in the eastern Bering Sea. Environmental

changes limited to the surface layer would be most damaging to pollock eggs,

and changes extending to deeper layers would have a greater effect on

pollock larvae.
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II. INTRODUCTION

A. General Nature and Scope of Study

The general scope of this survey, conducted by the Northwest and Alaska

Fisheries Center (NWAFC), was to identify critical regions inhabited by

eggs and larvae of commercially valuable fish in the eastern Bering Sea.

Because of limited allocations of vessel time and money, the study could be

of only limited scope and restricted to study of a single species during a

single time period; thus, only limited results could be expected, and it

is not possible to extrapolate the data to other species or time periods.

B. Specific Objective

The specific objective of this study was to conduct a preliminary present-

day assessment of the pollock eggs and larvae in a portion of the southeastern

Bering Sea during the spring of 1976.

C. Relevance to Problems of Petroleum Development

Pollock constitute the largest commercial fishery in the eastern Bering

Sea, roughly 90% of the fish catch. Limited historical data (Musienko, 1963;

Serobaba, 1968) indicate that the major spawning ground of this species

largely overlaps the St. George Basin, one of the important areas to be

considered in the development of petroleum resources of the Bering Sea. Since

egg and larval stages of fish may be damaged by changes in the environment

caused by petroleum developmental activities, it was felt essential to assess

this part of the biota.

III. CURRENT STATE OF KNOWLEDGE

Information concerning ichthyoplankton in the Bering Sea is sparse, and

based mainly on investigations carried out by Soviet and Japanese scientists.
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Until inception of the Outer Continental Shelf Environmental Assessment

Program (OCSEAP) there were very few investigations of ichthyoplankton in

the eastern Bering Sea by marine biologists of the United States. In some

instances, if not in most, analyses of collections made by U.S. scientists

have not typically resulted in scientific publications, but generally have

been summarized in the form of "in-house" processed reports that have limited

distribution.

Publications concerning many of the collections made by Japanese fishery

scientists are in the form of station and cruise summaries with a listing

of eggs and larvae captured at various locations (Faculty of Fisheries,

Hokkaido University, 1957-1970). Most of these reports cover collections

made only during the summer. Kashkina (1970) included much of the above

Japanese data in a report on the distribution of fish eggs and larvae in

the Bering Sea during the summer season.

In addition to Kashkina (1970), Soviet scientists have published other

articles concerned specifically with distribution and abundance of eggs and

larvae of particular species or families of fish (pollock - Serobaba 1968,

1971, 1974; yellowfin sole - Fadeev 1970; Kashkina 1965b). There are only

two available reports by U.S. scientists concerning ichthyoplankton in the

Bering Sea, one by Aron (1960) and the other an unpublished "in-house"

report by Dunn and Naplin(1973) reporting on collections made in 1971. These

reports show that pollock spawn during the spring, generally from about

March to June, in an area of the outer continental shelf or upper continental

slope, with the greatest concentrations of eggs and larvae close to Unimak

Pass. Some of the reports do not clearly indicate the methods used in making

collections nor the methods and units used to standardize actual numbers

collected, and interpretation of these results is difficult or impossible.
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IV. STUDY AREA

The area within which the study was conducted was south of latitude

60°N extending close to the Alaska Peninsula, and from the eastern part of

Bristol Bay in the vicinity of longitude 159°W extending westward to about

the 200 m depth contour. Figure 1 shows the total area included in the

survey, the station pattern, and order in which the stations were occupied,

and Table 1 lists pertinent station data.

V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A. Station Pattern

Collection of plankton was not a primary mission during either of the

two portions of this survey, and so station position and order of occupancy

were dictated by the needs of other projects. The station pattern was that

used for a survey of benthic organisms, RU-303. Order of occupancy was

controlled by the schedule of a demersal fish survey conducted between

25 April and 12 May 1976, and by the requirements of the benthic survey

between 18 to 31 May 1976. During both periods an additional constraint

controlling order of occupancy was the presence of ice. Certain areas

which were covered by ice during one time period would be free of ice at a

later time and accessible to sampling. As a result of these factors, order

of occupancy was quite haphazard and adjacent stations were separated in

time by as much as 27 days (station 6 on 2 May and station 48 on 29 May;

distance about 56 km). This was an extreme example but many stations were

separated by as much as a week from the closest adjacent station. Because

of this, interpretation of results is more difficult than if station

occupancy had been more orderly.

633



FIGURE 1. Station location, station number, and trackline, eastern
Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976 (RU-380).



TABLE 1

STATION DATA FROM CRUISE MF 76A, MILLER FREEMAN, 26 April-31 May, 1976
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B. Nets and Collecting Methods

Plankton was collected following general procedures established by the

National Marine Fisheries Service MARMAP Field Group for use of bongo and

neuston nets. Minor modifications were made in equipment specifications

and towing procedures.

Two types of samples were collected, (A) an integrated tow from the

surface to near bottom, or to 200 m in deep water, using bongo nets, and

(B) a surface sample from the upper 0.25 m by means of a neuston net.

Bongo net frames, constructed of aluminum, were 60 cm inside diameter

rather than 61 cm as suggested by MARMAP. One net was constructed of 0.505

mm mesh (=505-bongo) and the other of 0.333 mm mesh (=333-bongo). Both had

a 1:10 mouth area to open mesh area ratio, somewhat larger than that used

for standard MARMAP tows, and this was done to permit more efficient filtering

of water with a high phytoplankton content. Cod ends were socks attached

by the method described by Kramer et al., (1972, p.9). A close estimate of

volume of water filtered was obtained by means of a hydrodynamically shaped,

calibrated, mechanical flowmeter with digital read-out mounted in the center

of the mouth of each net.

During the tow, depressing force was provided by a spherical weight, a

10-inch metal trawl net float filled with lead to a weight of 45.4 kg.

The neuston net, of MARMAP design, was a simple pipe frame 1.0 x 0.5 m

inside dimensions constructed of 3.2 cm i.d. aluminum pipe with a simple

cylindro-conical net with 0.47 mm mesh laced to the frame. The collection

sock was similar to that described for the bongo net.

Wire angle was measured with a telemetering inclinometer having one

indicator visible to the tow observer on deck and a second indicator in the

wheelhouse visible to the helmsman. The wheelhouse indicator showed only
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deviation from a zero point which was set to correspond to a wire angle of

45°, and this permitted maintenance of the desired wire angle through close

control of the vessel speed.

Bongo nets were towed over a double oblique path from the surface to

within about 5 m of bottom or a maximum of 200 m depth. Desired ship speed

during tows was 2.0 knots, but actual speed probably varied between 1.5 and

2.5 knots because there was no means of accurately measuring speed.

With the vessel underway at about 2.0 knots, the bongo array was lowered

to the desired depth at a rate of 50 m of wire per minute, held at that depth

for 30 seconds to permit stabilization of the nets and the wire angle, and

then retrieved at a rate of 20 meters of wire per minute. During retrieval

wire angle was maintained as closely as possible to 45° by close control of

vessel speed. After the nets were out of the water they were rinsed thoroughly

to concentrate the catch in the sock and the plankton was preserved in 5%

formalin buffered with sodium tetraborate (50 ml 100% formalin, 20 ml saturated

sodium tetraborate in a 1 quart jar of plankton). The neuston net was

lowered to the surface of the water while the vessel was underway at about

1.5 knots and enough wire paid out so that the net frame was submersed

about one-half its depth, i.e. about 0.25 m. In order to position the net

away from the side of the vessel it was usually necessary to make a slow

turn to starboard, the side from which the net was towed. Duration of tow

was 10 minutes after the net frame reached the desired depth. Collections

were handled in the same manner as were the bongo collections.

An XBT was dropped at each station and the surface and bottom temperatures

were read from the trace.
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C. Standardization

Procedures used to standardize data were adapted from those used in the

California Cooperative Oceanic Fisheries Investigations (Kramer et al.,

1972).

Standardization of catches was based upon two different measures, (A)

numbers per standard volume per meter of depth sampled, usually referred to

as numbers per unit surface area, and (B) numbers per standard volume.

When sampling encompasses the vertical distribution of eggs and larvae

in water column, then numbers per unit of water strained per unit of depth

sampled will give a better representation of total numbers present than will

numbers per unit volume. This method, which derives a Standard Haul Factor

(SHF), was used to describe abundance of eggs and larvae caught with the 505-

bongo net. The computations are described by Kramer et al., (1972, p. 31).

In this study, catch was adjusted to number per 10 square meters surface

area (No./10 m²).

The above method could not be used to compare bongo and neuston catches

because neuston nets do not sample the entire vertical distribution of eggs

and larvae. In order to compare catches from these two different nets, the

catch was adjusted to number per 1000 cubic meters of water. Kramer et al.,

(1972, p. 35) gives the procedure for nets equipped with flowmeters (as were

the bongo nets used in this survey). The neuston net was not equipped with

a flowmeter so the following assumptions were made in order to estimate the

volume of water strained during a tow:

1. Vessel speed on all tows was 1.5 knots or 46.2 m/minute;

2. The net mouth was submerged to a depth of 0.25 m giving a cross-

sectional mouth area of 0.25 m².

With these assumptions the net filtered a calculated 115 m³ per 10-minute tow.
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D. Sorting and Identification

Measurement of volume of plankton, identification and counting of major

taxa of non-fish zooplankton, and removal of fish eggs and fish larvae from

samples, were done through a contract with Texas Instruments, Inc. of Dallas,

Texas. Before shipment to the contractor 15 samples, or about 10% of the

total, were sorted for fish eggs and larvae at the NWAFC, the eggs and

larvae counted, and then returned to their respective samples. These pre-

sorted samples then provided an independent measure of quality control and

served as a means of evaluating thoroughness of sorting by the contractor.

After receiving results from an initial sorting, discrepancies were found

in the analyses of control samples previously sorted at NWAFC. As a con-

sequence the contractor employed higher magnification than had been used

during the initial sorting and resorted all 505-Bongo and neuston net

samples. These counts resulted in agreement with the pre-sorted control

samples.

E. Identification

Fish eggs and larvae were identified by ichthyoplanktologists at the

NWAFC. About 99% of the actual catch of larvae was identified to at least

the family level, 74% to genus, and 68% to species. The 1% which could not

be identified to family consisted mainly of badly damaged specimens. Iden-

tification of eggs was somewhat simplified by the fact that many species of

fish with planktonic larvae have demersal eggs (e.g., Cottidae) so there

were fewer types of eggs than of larvae. About 92% of the total actual

catch of eggs was identified to species with the remaining 8% made up of

1 genus, 4 unidentified types, and some damaged eggs which were not assigned

to either a species genus or a type.
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F. Definitions

Length of specimens is standard length, measured from anterior margin

of the snout to tip of the notocord, or to the posterior margin of the

hypural in larger specimens.

Volume of plankton is the displacement volume as described in Kramer

et al., (1972).

Common and scientific names of fish mentioned in this report are listed

in Table 2 , and are those recommended by the American Fisheries Society

(Bailey et al., 1970).

VI. RESULTS

During the survey, samples were collected at 56 stations (Figure 1 ) with

three samples collected at each station, viz. a neuston net sample, a 505-bongo

net sample and a 333-bongo net sample, or a total of 168 samples. Fish

eggs and fish larvae were sorted and identified from 112 of these, the neuston

and the 505-bongo samples. Combined actual catches of larvae totaled 2,939

of which 2,347 (80%) were caught in the bongo net and 592 (20%) in the neuston

net. Of 43,288 eggs collected, 35,688 (82%) were caught in the neuston net

and 7,600 (18%) in the 505-bongo net. Fish eggs were present in all neuston

collections (2 to 10,655 per sample), but only 54 (96%) of the 505-bongo

samples (1 to 2454 per sample). Larvae were present in 29 (52%) of the

neuston samples (1 to 68 per sample) and in 44 (79%) of the 505-bongo samples

(1 to 202 per sample).

Larvae from 15 familes were identified in the combined bongo and neuston

catches. All of these familes were present in the 505-bongo collections,

but only 9 of the families were found in the neuston samples. Within the 15

families, 19 genera or species were identified, with an additional 19 types

assigned a letter designation within the family. Further study may permit
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TABLE 2 LIST OF SCIENTIFIC AND COMMON NAMES
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TABLE 2 (con't)

Hippoglossoides Flathead Soles

Hippoglossoides elassodon Flathead Sole

Hippoglossoides robustus Bering Flounder

Hippoglossus stenolepis Pacific Halibut

Limanda aspera Yellowfin Sole

Pleuronectes quadrituberculatus Alaska Plaice or Plaice
Reinhardtius hippoglossoides Greenland Halibut

1/ For convenience in this report, the genus Atheresthes will be referred to

as arrowtooth flounders, and the genus Hippoglossoides as flathead soles.
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assigning at least a type designation to larvae in the family Cyclopteridae.

Eggs of 2 species and 1 genus were identified in the combined neuston and

505-bongo catches, as well as 4 arbitrary types.

Actual catch, standardized catch, and percent composition for each net

by species or type are shown in Table 3 for both larvae and eggs. In the

combined neuston and 505-bongo catches 8 families made up 98% of the larvae,

with 53% contributed by a single species, the walleye pollock. Eggs of 2

families made up 95% of the total actual catch, and eggs of walleye pollock

accounted for 75% of the total.

Surface water temperature (Figure 2) ranged from -0.7 to +3.9°C., and

bottom temperature (Figure 3) from -1.9 to +3.7°C. The warmer temperatures

were in the area between Unimak Island and the Pribilof Islands.

VII. DISCUSSION

Three families--cod, flounders, and salmon support the major commercial

fisheries for fin-fish in the eastern Bering Sea, and because salmon are

anadromous, their larvae or fry are seldom taken in the course of plankton

sampling in the open ocean. Cod and flounders are thus the two most commer-

cially valuable marine fish in the Bering Sea. Larvae of cod and flounders

together accounted numerically for 65% of the 505-bongo and 29% of the

neuston catches, whereas eggs of these two families accounted for 97% of the

505-bongo and 95% of the neuston catches.

A. Walleye Pollock

Walleye pollock, provided 53% of all larvae and 75% of the eggs taken in

the combined catch of the two nets. Pollock larvae were found only over the

outer continental shelf where water depth was greater than 68 meters, none

was captured inshore of this isobath (Figures 4 and 5). In bongo catches,

centers of abundance were found in two
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ICHTHYOPLANKTON, EASTERN BERING SEA, APRIL-MAY, 1976, CATCH BY TAXA
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FIGURE 2. Surface water temperature, eastern Bering Sea, MILLER
FREEMAN Cruise MF76A, April-May, 1976.



FIGURE 3. Bottom water temperature, eastern Bering Sea, MILLER
FREEMAN Cruise MF76A April-May, 1976.



FIGURE 4. Walleye pollock larvae in 505-Bongo catches, eastern
Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976.
Shown as No./10 m²



FIGURE 5. Walleye pollock larvae in Neuston catches, eastern
Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976. Catch
per station in No./1,000 m³
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locations, one about 150 km west-southwest from St. George Island (Station 3,

27 April), and the other about 180 km northwest of Unimak Island (Station 39,

26 May). Abundance was generally high along a narrow band located between

the 100 and 200 m isobaths extending from near Unimak Island northwestward

to west of the Pribilof Islands. Pollock larvae were not abundant near

the surface, judging from the low numbers caught in the upper 0.25 m by the

neuston net. When compared on the basis of No./1000m³ (see Section V,

Standardization) it can be seen that surface catches by the neuston net at

a given locality were only about half of those of the bongo catches, which

combined a very short towing time in the upper meter of water (about 4.5

seconds) with an extended towing time below that depth (generally longer

than 5 minutes). Further, although neuston and bongo samples containing

pollock larvae covered about the same area, only 14 of 56 neuston samples

contained pollock larvae as compared with 27 of 56 bongo samples.

Pollock eggs were distributed in the same general pattern as the larvae

and were present in 39 of 56 neuston samples, and 34 of 56 bongo samples.

Both the neuston and the 505-bongo samples showed a major center of abundance

about 90 km east of St. George Island (Station 16, 12 May) and a secondary

center of high abundance about 55 km north of Unimak Island (Station 19,

20 May) (Figures 6 and7 ).

In contrast to predominantly subsurface distribution of larvae, pollock

eggs were 5 to 10 times more abundant in the surface neuston than in the sub-

surface bongo collections. However, considering the short sampling time of

the bongo net in the upper one meter of water (about 4.5 seconds) it is

apparent that the major portion of eggs in the bongo net tows came from below

the upper one meter, indicating a distribution not confined to the surface layer.
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FIGURE 6. Walleye pollock eggs in 505-Bongo catches, eastern
Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976

Shown as No./10 m²



FIGURE 7. Walleye pollock eggs in Neuston catches, eastern

Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976.

Shown as No./1,000 m³
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The distribution of pollock eggs was slightly more wide-spread at the surface

than in subsurface layer waters, though the numbers of eggs caught in the

neuston net outside of the distribution shown by the bongo catches was very

small. The most noticeable area in which eggs were caught only in neuston

samples was a line of stations along the Alaska Peninsula (Sta. Nos. 17-26)

(Figure 1 ), but at these stations the catch was only one or two eggs per

station.

The presence of large numbers of pollock eggs and larvae probably reflects

the time at which the survey was made as much as it does the abundance of

adults. Had the survey been conducted later in the year, during summer for

instance, it is likely that pollock would have been present in low numbers

while eggs and/or larvae of another species, e.g., yellowfin sole (Limanda

aspera) would have been dominant. Also, the center of abundance of the

dominant species would have been other than that shown by pollock eggs and

larvae. In order to adequately sample some flatfish, e.g., Pacific halibut,

it would be necessary to carry out a survey during the winter.

B. Comparison with Previous Studies of Pollock

Musienko (1963) and Serobaba (1968) showed the distribution of pollock

eggs in June-September 1958 to March 1959, and from March to July 1965,

respectively. Dunn and Naplin (1973) reported the presence of pollock eggs

and/or larvae at 3 stations in the southern Bering Sea during May-June 1971,

and Cooney (1976) reported only that the species was present in plankton

collections gathered during May-June and August 1975.

The March 1959 survey described by Musienko; (1963) and the March-May 1965

survey described by Serobaba (1968) were extensive enough to delineate the

major pollock spawning areas, though part of the distribution shown for 1959
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may be caused by the station pattern. Those parts of both surveys made

during March 1959 and March-June 1965 show fair agreement with the distribution

found during the present survey, i.e., April to May 1976. Boundaries of the

area in which eggs and larvae were found differed for all surveys, as did

centers of abundance. In March 1959,egg distribution was not as wide-spread

as in 1963 or 1976 (partly due to station pattern), while north of the

Pribilof Islands in 1963 egg distribution was more restricted than in 1976

or 1959. Greatest abundance in 1963 was found near Unimak Pass and near the

north side of Unimak Island, while in 1959 it was farther offshore towards

the Pribilof Islands and in 1976 was slightly south and east of the Pribilof

Islands. Comparison of these three surveys, i.e., 1959, 1965 and 1976 show

that there is general agreement as to total spawning area, but the center

of abundance was in a different locality in each year.

Maximum number of eggs in March 1959 was 598/m², in March 1965 more than

2,000/m², and in April-May 1976 the maximum was 1,268/m² . Another measure

of the abundance of pollock eggs is the number collected in 10-minute surface

tows, and such tows in 1959 collected a maximum of 2,653 eggs, up to 6,500

eggs in 1965, and a maximum of 10,418 pollock eggs in May 1976 at Station 16

just east of the Pribilof Island (Figure 1 ). With respect to larvae,

published reports fail to mention the presence of any substantial numbers of

pollock larvae in the eastern Bering Sea. In March 1959 larvae were collected

at only 3 stations (Musienko, 1963; Figure 3) with a maximum of 60/m² at a

station about 185 km north of Samalga Pass in the Aleutian Islands. However,

the depth given (149-350 m) does not agree with the charted depth (ca. 1,500 m)

for the position shown on Musienko's Figure 3. Serobaba (1968; Figure 2) shows

larvae collected during June-July 1965 at 8 of 85 stations, and only 1 or 2

larvae per station. Although Serobaba reported extensive collection of pollock
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eggs during March no mention was made in the report of the presence of

larvae though it is unlikely that they were absent at that time of year.

Part of the apparent absence of larvae in the two Soviet surveys may relate

to their use of vertical net hauls, a type that generally captures few larval

fish.

Dunn and Naplin (1973) reported collection of 13 larval pollock at 3

stations between 26 May and 8 June 1971, all 3 being west of the 1976 survey

area and over water depths of 1200 to 3400 m.

Although Japanese biologists have collected plankton in the Bering Sea

for many years, none of their collections of larval fish in the eastern Bering

Sea has been made before about June 10th in any year (Faculty of Fisheries,

Hokkaido University 1957-1970). During 12 years of collecting, between 1955

and 1969, they reported larval pollock during June only 32 times. The majority

of these were from a band about 375 km wide north of the Alaska Peninsula and

Aleutian Islands. On only 4 occasions during the 12 years did they capture

more than 50 pollock larvae per collection, and these were at 2 locations

in 1967, and 1 each in 1968 and 1969.

Thus, the collections made in April-May 1976 are more extensive in terms

of larval pollock than any of those previously reported, and can be used to

identify distribution and centers of abundance over the upper continental

slope and outer continental shelf. It is apparent, however, from examination

of other surveys that there may be significant pollock spawning over deep

water west of the area surveyed in 1976. Distribution of pollock eggs and

larve in this area can be determined only by means of a systematic survey

westward to at least 175°W south of 58°N.
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B. Information on Flounders

During April and May 1976, larvae and eggs of righteye flounders were

second most abundant of the commercially valuable finfish. Larvae of the

following families of non-commercial fish were more abundant than flounders

and these were: Cottidae, Ammodytidae, Stichaeidae, and Cyclopteridae.

Identification of flatfish larvae to species is more feasible than for

some other families of fish in the Bering Sea, generally because many have

been described in literature. Flatfish eggs and larvae collected during the

present survey included 5 groups which could be identified to either genus

or species. Where two species of a genus have overlapping ranges as adults

and where adequate descriptions of the larvae are not available, no attempt

was made to carry identification to species. In this category are the arrow-

tooth flounders (Atheresthes) with two species, A. stomias, the arrowtooth

flounder, a predominantly eastern Bering Sea fish, and A. evermanni, the

Kamchatka flounder, a predominantly western Bering Sea fish, with ranges over-

lapping in the vicinity of the Pribilof Islands.

The flathead soles (Hippoglossoides), depending upon the author, are

considered to contain either two species, or one species with two sub-species

in the eastern Bering Sea. If there are considered to be two species, then

these are H. elassodon, the flathead sole, and H. robustus, the Bering

flounder. In our collections this group is represented only by eggs, and

are classified only to genus.

The most numerous flatfish larvae in the catches were arrowtooth flounder

(Atheresthes sp.) (46 specimens) and they occurred at 13 stations (Figure 8).

All but 2 were caught with bongo nets, indicating perhaps a preference for

subsurface waters. Arrowtooth flounder larvae were taken from near Unimak Pass
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FIGURE 8. Flounder larvae in 505-Bongo and Neuston catches, eastern
Bering Sea, MILLER FREEMAN Cruise MF76A April-May, 1976. Symbols
show location of catch. Open symbols - 505-Bongo; Solid symbols-
Neuston
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(Station 17) to about 230 km northwest of St. Paul Island, all stations

between the 100 and 500 m isobaths. Within this area there did not appear

to be any real trend in abundance, though the largest catch was made at one

of the more southerly stations. No eggs of this genus were caught.

Larvae of Greenland halibut (R. hippoglossoides) were second most abundant

in the total catch of flatfish. Their distribution extended into shallower

water than larvae of arrowtooth flounder and all were caught with the bongo

nets at stations near the 200 m isobath from near Unimak Pass to the most

northwesterly station. No eggs identifiable to this species were caught.

The only other flatfish larvae identified were 3 specimens of Pacific

halibut caught at 3 stations (3, 13, 17) along the other edge of the survey

area. Though the number is small, it is worthy of mention because there are

few reports of halibut larvae in the eastern Bering Sea. Dunlop et al., (1964)

recorded the collection of 10 larvae caught at 4 of 10 one-hour tows near

Unimak Pass (in the vicinity of Station 17), and Musienko (1963) reported 2

halibut larvae caught west of the Pribilof Islands. The latter report is

suspect in that the position and depth given do not agree with the charted

depth at that position. More recently Cooney (1976) listed Pacific halibut

in catches for a 2 meter Tucker trawl, but did not state if they were juveniles

or larvae, nor the location of catch. The 3 larvae caught in this survey

were taken with bongo nets. No halibut eggs were identified in our collections.

Eggs of flathead sole (Hippoglossoides sp.) are quite fragile and easily

broken during capture and processing. What at first were classed as small

larvae were later identified as late stage embryos which had been released

from ruptured eggs. In the tabulations in this report all flathead sole are

considered to be egg stages.
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Flathead sole eggs were captured in bongo nets at 13 stations and in

neuston nets at 20 stations, all in a band extending from Unimak Island to

the most northwesterly stations, and situated in water depths between 50 and

200 m. Within this area there seemed to be two centers of abundance, one

northwest and the other southeast of the Pribilof Islands, especially

noticeable in the neuston catches (Figure 9).

Egg diameter is one criterion used to differentiate eggs of the two

forms of Hippoglossoides in the eastern Bering Sea (Pertseva-Ostroumova,

1961), but Alderdice and Forrester (1974) suggest that diameter per se may

be affected by environmental as well as genetic factors and may not be entirely

reliable for taxonomic purposes. It is interesting to note that most eggs

from stations southeast of the Pribilof Islands were of large size and could

be equated to those of the flathead sole (H. elassodon), while those to the

northwest of the Pribilof Islands were of smaller size and might be considered

by Pertseva-Ostroumova (1961) to be those of the Bering flounder (H. robustus).

However, examination of water temperature shows warmer water present in the

southeastern area where the larger diameter eggs occurred, and colder tempera-

tures to the northwest where the smaller diameter eggs occurred.

Eggs identified as those of Alaska plaice (P. quadrituberculatus) were

second most abundant of all eggs caught, both in the neuston and in the bongo

catches.

Eggs of plaice were caught in the bongo net at 34 stations and in the

neuston net at 36 stations, and this placed it second in frequency of

occurrence. The distribution of this species was more widespread than that

of any other species and covered most of the survey area except for a few

stations along the Alaska Peninsula. This corresponds fairly well with the
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FIGURE 9. Eggs of flathead soles in Neuston catches, eastern Bering
Sea, MILLER FREEMAN Cruise MF76A April-May, 1976, plotted on surface
temperature in °C. Egg diameter: () 3.2-3.6 mm; e 2.3-2.6 mm
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distribution of adults shown by a trawl survey made during the preceding

fall (Kaimmer et al., 1976). Centers of abundance shown by the combined

neuston and bongo catches were situated near the Alaska Peninsula (Station

21), south of Nunivak Island (Station 53) and north of the Pribilof Islands

(Station 41). There was also a large portion of the central survey area in

which the abundance of Alaska plaice eggs was moderately high (Figure 10).

It is interesting to note that while eggs of Alaska plaice were abundant,

no larvae were caught that could be identified as of this species. This,

combined with the presence of several very ripe female plaice in demersal

fish trawls taken during the benthis survey, may indicate that spawning by

this species had only just begun. During the first leg of the cruise (April 26

to May 12) samples from only 3 of 16 stations contained eggs of Alaska plaice,

while during the second leg (May 20-31) 35 of 40 stations produced eggs of

this species. Further, most of the eggs were in early stages of development

with very few late stage eggs. There is little information on occurrence

of eggs and larvae of this species in the eastern Bering Sea. Kashkina (1970)

reported eggs at only one station and larvae at one other station during

June-July, 1962. Musienko (1970) lists spawning dates for the western Bering

Sea as beginning in May and extending to mid-June. On the basis of the

above information it seems likely that large scale spawning by this species

began about mid-May during 1976.

VIII. CONCLUSIONS

The following preliminary conclusions can be made regarding fish eggs

and fish larvae from the eastern Bering Sea:
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FIGURE 10. Eggs of Alaska plaice in Neuston catches, eastern Bering
Sea, MILLER FREEMAN Cruise MF76A April-May, 1976
Shown as No./1,000 m³
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1. There was evidence of high spawning activity for three species of

commercially valuable fin-fish, walleye pollock, Alaska plaice, and

flathead sole. Spawning by walleye pollock had begun before the

sampling period, as shown by the presence of both eggs and larvae

in our catches. Spawning by Alaska plaice and flathead sole had

probably just begun, as shown by the presence of eggs but not of

larvae.

2. Although pollock eggs are most abundant in the upper 0.25 m of water,

they are present in significant numbers below that depth. Pollock

larvae, on the other hand, are more abundant in sub-surface waters

below 0.25 m than in the immediate surface waters.

3. Spawning by 3 other flatfish, Pacific halibut, Greenland halibut, and

arrowtooth flounder had been completed prior to the sampling period,

indicated by the presence of advanced larvae and the absence of eggs

in our samples.

4. During April-May the most numerous pelagic eggs and larvae are those

of walleye pollock. The next most numerous eggs were of Alaska plaice

and flathead sole. The next most numerous larvae were those of

sculpins and sand lances.

5. It is not possible with a single survey to show the peak spawning

periods or the time span covered by any one species of fish. Histor-

ical records from Soviet surveys provide the only measure of time-

span covered by the spawning of one species caught in the present

survey, i.e., walleye pollock.

6. Geographic distribution and centers of gross abundance of eggs and

larvae of several species of fish can be shown for a particular time

of year by a survey such as the one carried out in April-May 1976.
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7. A survey during April-May does not provide any information on the

distribution of larvae or eggs of other valuable, or potentially

valuable, fish--for example, yellowfin sole, Pacific herring, smelts,

or Atka mackerel. In order to obtain such information surveys would

have to be conducted at different times of the year.
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IX. NEED FOR FURTHER STUDY

As pointed out earlier (see Section VIII. CONCLUSIONS) surveys made during

a short time period provide only limited results. Estimates of annual produc-

tion of eggs of any species must be based on good knowledge of the spawning

cycles of the fish to be studied. To illustrate this point, consider two

arbitrary species, I and II, in the figure shown below. If sampling takes

place at time (A) it is evident that estimates of eggs produced will be different

than if sampling were at time (B), and overall estimates of potential damage

to eggs of species I by man-induced environmental changes might be quite

distorted. Further, sampling at either time (A) or (B) would produce no

information about species II. It is therefore vital to know the duration of

spawning, the shape of the spawning cycle with respect to time, and the season

in which spawning occurs.
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Pollock is presently the most important commercial fin-fish in the Bering

Sea, but other species are of value and conceivably could supersede pollock

in the future. Estimates of the annual production of eggs and larvae of the

other species would require sampling at other times of the year than spring.

Yellowfin sole, Pacific herring, and capelin may spawn in late spring through

summer, while Pacific halibut and Greenland halibut spawn during winter.

Knowledge of the time and extent of spawning for several species of

economically and ecologically important fish in the Bering Sea is a basic

factor in evaluating environmental damage which may occur at different times

of the year.

A schedule of sampling at about monthly intervals over a one year period

would provide base-line information which then could be used to plan monitoring

studies necessary to evaluate environmental damage, or to plan more detailed

studies of a particular species of fish. Allocation of a week to ten days

of vessel time per month in the eastern Bering Sea would be necessary to

carry out such a study, and to determine peak spawning times, sampling must

be done during one continuous year. It is likely that any NOAA vessel

operating in the area, if equipped with suitable nets and winches, could carry

out the sampling in a satisfactory manner.
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X. SUMMARY OF 4th QUARTER OPERATIONS

A. Ship or Laboratory Activities

1. Vessel activities were limited to loading supplies and equipment

aboard the MILLER FREEMAN during January for use during the next

quarter.

2. Scientific personnel working on RU-380 were:

Kenneth D. Waldron NMFS Co-principal Investigator (part-time)

Beverly Vinter NMFS Ichthyoplankton Specialist (part-time)

Donald M. Fisk NMFS Technician (part-time)

3. Methods

Laboratory activities consisted of analysis of data, preparation of

figures and tabular summaries and preparation of the Annual Report.

Invitations for bids to sort plankton to be collected during April and

May, 1977, were sent out, and in March the bid was awarded to Texas

Instruments, Inc. of Dallas, Texas, the same firm which sorted the

samples collected during 1976. New flowmeters were calibrated for use

during the forthcoming cruise.

4. Sample localities -- Not applicable.

5. Data collected or analyzed

a. Number of samples -- None

b. Analyses -- See above

c. Miles of trackline -- None

6. Milestone chart and data submission schedules (Attached)

Submission of data on magnetic tape may be delayed by about three weeks

due to delays in renewing card punching contracts for the Northwest and

Alaska Fisheries Center's Data Management Division.
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B. Problems Encountered and Recommended Changes

Charts provided by OCSEAP do not cover our entire survey area, and so

it was necessary to utilize a standard Mercator projection chart for

resentation of data in the Annual Report.

A recommended change would be to use standard Mercator charts for showing

data collected at sea. Charts used aboard ship for navigational purposes

are a Mercator projection and use of a different projection makes it more

difficult than necessary when transferring data from vessel charts to

OCSEAP charts. If it is necessary to retain the present projection used

for OCSEAP charts, then they should be expanded to cover a wider range of

longitude westwards.

C. Estimate of Funds Expended

As of 25 March 1977 an estimated $32,000 have been expended.
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Appendix Table A

CATCH BY STATION SHOWING SPECIES CAUGHT AND RANGE IN LENGTH OF LARVAE
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I. Summary

The objective was to obtain a reconnaissance level survey of eggs
and larvae of fishes and shellfishes of economic importance in Lower
Cook Inlet. The conclusions include the observations that the abundance
of those early life history stages varies greatly in time and space
because spawning is both seasonal and localized. The implications with
respect to OCS oil and gas development are that potential resource use
conflicts with fisheries harvests are serious and that we lack quantita-
tive ecosystem observations for model input to decide whether changes in
harvests can best be attributed to oil and gas development or to fishing
activities.

II. Introduction

A. General nature and scope of study

This study was planned as a reconnaissance level survey of early
life history stages of fishes, shrimps, and crabs in Lower Cook Inlet.
The study was intended to obtain observations in several seasons within
1 year.

B. Specific objectives

The specific objective of this study was to use standard MARMAP
methods to obtain density distribution maps within seasons of eggs and
larvae of fishes and shellfishes of major economic significance in Lower
Cook Inlet.

C. Relevance to problems of petroleum development

Quantitative assessments of spatial and temporal variability of
distributions and abundance of economically important fishes and shell-
fishes are of direct relevance to problems of petroleum development in
Lower Cook Inlet. The resource use conflict in Lower Cook Inlet is
between petroleum development and major fisheries harvests important to
man's welfare. Spawning areas are close to OCS lease areas.

Lower Cook Inlet is a managed ecosystem and the present emphasis of
rules and regulations is to optimize harvests of fishes and shellfishes.
Petroleum development is a relatively new parameter for the ecosystem
managers to consider. Opinions of probable oil-related damage to the
harvests range from no discernible effect to total catastrophe. There
is no a priori predictive model available to support any shade of opinion.
An understanding of the critical upper trophic levels of the ecosystem
in Lower Cook Inlet can be obtained by time series observations of the
fisheries and by fishery-independent observations.

The biology and dynamics of the harvested populations can be described
quantitatively by methods already in existence. Studies of early life
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history stages are the most important fishery-independent observations:
(1) the earliest life history stages allow an assessment of the magni-
tude of the spawning population, and (2) later, pre-recruit, life history
stages allow an assessment of year class strength before exploitation
by the fishery. A standard program of fisheries catch statistics and
market sampling can provide the input data for the established ecological
models of the dynamics of exploited populations.

A sustained program for collection and timely analysis of quantitative
benchmark data can illuminate the questions certain to arise from resource
conflict in Lower Cook Inlet. The program must contain studies based on
sound sampling design and analyses which allow computation of confidence
interval estimates.

Studies of early life history stages of fishes and shellfishes can
suggest and confirm patterns of water movements in Lower Cook Inlet.
The planktonic forms which are released into the water by aggregations
of spawning adults can be sampled to follow distributions over space and
over time by identifying the successive developmental stages of the
organisms. These studies can add substantially to understanding paths
of petroleum and to determine which populations are at risk.

Since there is no reasonable possibility of being able to study all
populations in the Lower Cook Inlet ecosystem, concentrating effort on
the important harvested species seems appropriate. Those harvested
species are most relevant to the problem of resource use conflict associ-
ated with petroleum development in Lower Cook Inlet. The multiplicity
of species and the magnitude of the harvest in relatively restricted
geographic areas probably singles out Lower Cook Inlet as the most
critical area of potential resource use conflict in the entire Outer
Continental Shelf area of responsibility.

III. Current state of knowledge

The current state of knowledge has been compiled in an annotated
review of the literature (Tables 1-3). These references are predominantly
used for the identification of fish eggs and larvae (Table 1), crabs
(Table 2), and shrimps (Table 3).

IV. Study area

Station locations are shown in Figure 1.
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Table 1. Annotated literature review; fish eggs and larvae



Table 1. (continued)



Table 1. (continued)



Table 1. (continued)



Table 2. Annotated literature review; crabs



Table 2. (continued)



Table 2.(continued)



Table 3. Annotated literature review; shrimps



Table 3. (continued)



Table 3. (continued)



Fig. 1. Station locations, Cook Inlet area.
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V. Sources, methods and rationale of data collection

A. Field activities

1. 06-13 April 1976 Discoverer RP-4-DI-76A, Leg III

2. 05-09 May 1976 Discoverer RP-4-DI-76A, Leg V

3. 22-30 May 1976 Discoverer RP-4-DI-76A, Leg VII

4. 08-15 July 1976 Acona RP-4-AC-231, Leg II

5. 24-31 August 1976 Surveyor RP-4-SU-76B, Leg II

6. 17-29 October 1976 Miller Freeman RP-4-MF-76B, Leg III

7. 21-26 February 1977 Discoverer RP-4-DI-77A, Leg I

B. Methods

All stations were located in Lower Cook Inlet, the open Gulf of
Alaska, or Prince William Sound (Fig. 1). During Leg III, the Discoverer
cruise, the proposed station 12 was not occupied. Station 6 in Kachemak
Bay was occupied for 26 hours, station 11 in the open Gulf for 8 hours,
and station 13 in Prince William Sound for 21 hours. Stations 2 and 5
were occupied twice, the second occupation being designated 2a and 5a.
The stations designated 4a and 11a were PMEL vertical zooplankton stations.
Station 4a was occupied at local midnight and 11a at local apparent noon.
The remaining stations were occupied on the average for 3 to 4 hours each.
The seas were calm with overcast skies, snow, and rain; 15-knot winds
prevailed.

During Leg V, the Discoverer cruise, station 6 in Kachemak Bay was
occupied for 9.5 hours. Station 5 was occupied twice, the second occupa-
tion designated as 5a. This station 5 was located further north than
station 5 of Leg III. This was an attempt to sample a gyre reported by
the Alaska Department of Fish and Game to be an Alaskan king crab nursery.
The station designated 8a was a PMEL vertical zooplankton station occupied
at local midnight. All other stations were occupied once for approxi-
mately 2 to 3 hours, with the exception of station 10. This station was
occupied briefly due to adverse sea conditions. Seas ranged from calm to
20 feet with winds as high as 50 knots. The weather varied from rain and
snow to clear.

During Leg VII, the Discoverer cruise, station 9 was abandoned before
any samples were taken due to adverse sea conditions. Station 6 in
Kachemak Bay was occupied for 24 hours, and station 11 in the open Gulf
for 12 hours. The remaining stations were occupied for an average of 1 to
2 hours each. The seas varied from calm to 7 feet, with winds up to 40
knots. The weather was mostly clear or partly cloudy, and occasionally
overcast with some rain.
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During Leg II, the Acona cruise, all the stations were not sampled

in order, due to adverse sea conditions at the beginning of the cruise.

Station 6 in Kachemak Bay was occupied for 24 hours, and station 11 in
the open Gulf for 22 hours. All the remaining stations were occupied

for an average of 1 to 2 hours each. The weather was mostly overcast
and cool.

During Leg II, the Surveyor cruise, station 6 in Kachemak Bay was

occupied for 20 hours and station 11 in the Gulf of Alaska for 10 hours.

An average of 1 or 2 hours was spent at each of the remaining stations.

Station 3 was occupied twice. However, the second occupation was only
for the purpose of collecting primary productivity samples. The weather

was mostly overcast and cool.

During Leg III, the Miller Freeman cruise, station 10 in the Gulf of

Alaska was not sampled due to adverse sea conditions. Station 11, also

located in the Gulf of Alaska, was not sampled due to the shortage of

cruise time available. The stations were not sampled in order, having to

fit in with the other scientific programs and the cruise time available.

All UW stations were occupied for an average of 0.5 to 1 hr depending on

the length of the bongo tow and the weather. The weather was variable

from fair to snowing. The temperature ranged between 50° to -15°F.
We encountered calm to 10 ft seas and 5 to 60 kt winds. The inclement
weather was a problem and caused the loss of 2 working days and slowed

down operations considerably on other days.

The summary of methods for Leg I, the Discoverer cruise, is summarized
in Section X.

The acoustic surveys were conducted using a Ross 200A Fine Line
Echosounder system operating with a frequency of 105 kHz. A towed 10°
transducer mounted in a 2 foot V-fin depressor was used during Leg III
until the housing was destroyed during the towing operation. Thereafter
and during Leg V, the transducer was lowered approximately 2 m below the
surface whenever the vessel was stopped. During Leg VII, a transducer
that was smaller in diameter, had a wider beam and was slightly more
efficient than the Ross transducer used during the previous cruises, was
mounted in a V-fin depressor. It was lowered over the side while on
station, and towed during the net hauls and on one transect between
stations 5a and 6. Transceiver problems ended the use of the echosounder
system at station 6 during Leg VII. The incoming signal was recorded on a

paper chart marked with station number, date, time (GMT), and other
pertinent information. If a layer was present during Legs III and V,
the incoming signal was recorded on magnetic tape for later digitizing
and analysis at the University of Washington. Magnetic tape records were
made at stations 4, 5a, and 6 during Leg VII. Emphasis was placed on the

0 to 50 fm range but depths to 200 fms were examined as well. Of parti-
cular interest were layers of zooplankton, ichthyoplankton, or nekton.

The Acona's hull-mounted transducer was used for sonic recording on
Leg II. During the Surveyor cruise, Leg II, the ship's hull-mounted
transducer was only used while underway. The UW's 10° transducer was
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lowered approximately one meter below the surface while on station. On
both cruises the paper chart was marked with station number, date, time
(local and GMT), and other pertinent information. Acoustic scattering
layers were of particular interest. Depth ranges of 0-50, 50-100,

100-150 and 150-200 fm were recorded, with the 0-50 fm depth range being
particularly emphasized. The incoming signal was also recorded on
magnetic tape for at least 5 minutes at every station for later digitiz-
ing and analysis at the University of Washington.

During Leg III, the Miller Freeman cruise, the 10° Ross transducer,
mounted in a plywood towed body, was lowered approximately 2 m below the
surface while on station. The incoming signals were recorded on a paper
chart marked with station number, date, time (GMT), and other pertinent
information. Acoustic scattering layers were of particular interest.
The incoming signal was recorded on magnetic tape for at least 5 min at

every station for later digitizing and analysis at the University of
Washington.

A summary of the acoustic survey for Leg I, the Discoverer cruise,
is summarized in Section X.

Zooplankton and ichthyoplankton were sampled during all cruises
with a bongo net in a double oblique tow. The bongo net consisted of a
double-mouthed frame (each mouth with an inside diameter of 60 cm and a
mouth area of 0.2827 m²) made of fiber glass and weighing 95 lbs (a
100 lb weight was also attached to this net). A 505 im mesh net with an

open area ratio (OAR) of 8:1 and a 333 µm mesh net, 8:1 OAR, were
attached to the frame. A TSK flowmeter was mounted in the mouth of each
net to determine the volume of water filtered. A bathykymograph (BKG)
was attached to the frame to determine the depth of tow. Double oblique
tows required deployment at 50 m/min, a 30 sec soaking time, and retrieval
at 20 m/min. A towing speed of 3-4½ knots was typical. The sampling
depth for double oblique tows was usually 200 m following standard MARMAP
procedures. In shallower water, the net was placed as close to the bottom
as possible without endangering the net. Several subtractive hauls were
made at stations that showed a strong acoustic scattering layer to help
determine the composition of that layer.

Zooplankton and ichthyoplankton were sampled with a nonclosing 1-m
NIO net in horizontal or double oblique tows, or a Miller net in a
horizontal tow during the Leg III Discoverer cruise only. One tow with
the 1-m NIO net was made during Leg V.

The 1-m NIO net had an open area ratio (OAR) of 4:1 with 571-µm mesh.
A bathykymograph (BKG) was attached to determine depth and a TSK flowmeter
was mounted on the top bar to determine the volume of water filtered.
The mouth area when fishing is 1 m. Double oblique tows required deployment
at 50 m/min, a 30-sec soaking time, and retrieval at 20 m/min. Horizontal
tows were made by deploying and retrieving at approximately 50 m/min with
an appreciably longer time spent fishing at depth. Horizontal tows were
used for sampling layers seen with the echosounder. The initial fishing
depth of the net was determined by the product of the cosine of the wire
angle and the amount of wire out. The actual depth was determined with a
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BKG. A towing speed of 2-3 knots was attempted for the NIO net, while
the Miller nets were towed at 12 knots

Nekton capable of avoiding the smaller nets were, in part, sampled
with 3-m and 5 x 6-m NIO nets during the Leg III, Discoverer cruise,
only.

Samples were placed in 500 or 1000-ml bottles and preserved with a
stock solution of formalin, propylene glycol, propylene phenoxetol and
sea water in a 2:8 ratio. The solution was changed and the sample
represerved 24 hr later. A label was filled out and inserted in the jar.
The jar was capped and sealed with plastic electrical tape for storage.

The number and kinds of net hauls are given in Tables 4-12.

VI. Results

A. Discoverer, Leg III

The original intention was to have a continuous acoustic survey
utilizing the transducer mounted in a towed body. After the destruction
of the towed body between stations 1 and 2, the transducer was lowered
whenever the vessel was stopped. Twelve of the 13 stations were surveyed
with a total of 2,609 minutes of chart records and 120 minutes of magnetic
records. Sampling with bongo nets and 1-m NIC nets revealed large numbers
of copepods normally invisible to the echosounder. Larger fish could be
seen below 160 m during the day with an upward shift toward night.

Both the 1-m NIO net and the bongo net were successful in catching
ichthyoplankton and confirmed what the acoustic system was detecting
at stations 6 and 13. Large quantities of zooplankton were collected
when the layers were sampled.

The 5 x 6-m and 3-m NIO nets were somewhat more difficult to use
because of their size and the returns were relatively small. The 5 x 6-m
NIO net caught some shrimp and smelt between stations 3 and 4 in Cook Inlet
during the day while the 3-m NIO net and the bongo net caught myctophids
at night at station 11 in the open Gulf.

The fish eggs and larvae have been sorted and identified from these
samples (Tables 13-18). Crabs and shrimps are identified and summarized
(Tables 19-22).

B. Discoverer, Leg V

Twelve stations were surveyed acoustically with a total of 732
minutes of chart records and 66 minutes of magnetic records. Station 10
was not surveyed due to high sea and wind conditions. Fish were evident
at every station with apparent high concentrations at stations 1, 3, and
6. Records from stations 9 and 11 were of poor quality due to increasing
seas and excessive maneuvering of the ship in an effort to maintain
position. There may be a scattering layer at station 9.
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Table 4. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976



Table 5. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976



Table 6. UW Haul Summary Sheet, Discoverer, Leg III, 06-13 April 1976



Table 7. UW Haul Summary Sheet, Discovere, Leg V, 05-09 May 1976



Table 8. UW Haul Summary Sheet, Discoverer, Leg V, 05-09 May 1976



Table 9. UW Haul Summary Sheet, Discoverer, Leg VI, 22-30 May 1976



Table 10. UW Haul Summary Sheet, Acona, Leg II, 08-15 July 1976



Table 11. UW Haul Summary Sheet, Surveyor, Leg II, 24-31 August 1976



Table 12. UW Haul Summary Sheet, Miller Freeman, Leg III, 17-29 October 1976



Table 13. Number of Fish Eggs and Larvae at each Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg III, 6-13 April 1976
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Table 13. (continued)
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Table 14. Summary of taxonomic categories of fish eggs, larvae,
young and adults found in Bongo, l-m, 3-m, and 5 x 6-m
NIO net samples collected on the Lower Cook Inlet
Discoverer cruise, Leg III, 6-13 April 1976

A total of 44 samples contained 123,192 fish eggs and 35,601 fish and
larvae that were examined. The fish were distributed into 11 families,
15 genera and 12 species. The eggs are distributed into 4 size categories.

Family Ammodytidae

189 larvae sandlance¹Ammodytes hexapterus Pallas

Family Bathylagidae

2745 larvae northern smoothtongue Bathylagus stilbius (Gilbert)

Family Cottidae

1 adult marbled sculpin Oligocottus rimensis (Greeley)
1 larva genus? species?

Family Gadidae

32,083 larvae Alaska pollock Theragra chalcogramma(Pallas)
1 young Pacific tomcod Microgadus proximus (Girard)
125 larvae genus? species?

Family Liparidae

2 young marbled snailfish Liparis dennyi Jordan and Starks

Family Myctophidae

29 larvae smallfin lanternfish Stenobrachius leucopsarus
(Eigenmann and Eigenmann)

125 young smallfin lanternfish Stenobrachius leucopsarus
(Eigenmann and Eigenmann)

11 larvae lanternfish genus? species?

Family Osmeridae

17 larvae capelin Mallotus villosus Müller
3 larvae longfin smelt Spirinchus thaleichthys (Ayres)
189 young longfin smelt Spirinchus thaleichthys (Ayres)
1 adult candlefish Thaieichthys pacificus (Richardson)
1 young genus? species?

¹The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.

718



30

Table 14. (continued)

Family Pleuronectidae

1 larva Pacific halibut Hippoglossus stenolepis Schmidt

Family Scorpaenidae

18 larvae rockfishes Sebastes sp.

Family Stichaeidae

2 larvae cockscomb Anoplarchus sp.
1 larva prickleback Lumpenus sp.

Family Zoarcidae

8 young pallid eelpout Lycodapus mandibularis Gilbert

56 larvae unidentified

123,192 eggs categorized (see Table 15. List of Possible Fish for Egg
Size Categories):

16 eggs < 1 mm (0.74-0.88 mm)
121,419 eggs ~ 1 mm (0.90-1.28 mm)

1,635 eggs ~ 2 mm (1.30-2.54 mm)
122 eggs ~ 3 mm (2.56-3.90 mm)
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Table 15. List of possible fish for egg size categories

< 1 mm category (0.74-0.88 mm)

Limanda aspera
Limanda proboscidea

~ 1 mm category (0.90-1.28 mm)

Gadus macrocephalus
Isopsetta isolepis
Parophrys vetulus
Platichthys stellatus
Psettichthys melanostictus

~ 2 mm category (1.30-2.54 mm)

Eopsetta jordani
Glyptocephalus zachirus
Lyopsetta exilis
Microstomus pacificus
Pleuronichthys coenosus
Pleuronichthys decurrens
Theragra chalcogramma

~ 2 mm category (2.56-3.90 mm)

Hippoglossoides elassodon
Hippoglossoides robustus
Hippoglossus stenolepis
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Table 16. Identification of Fish Eggs and Larvae by Station

Cook Inlet Bongo Tows, Discoverer, Leg III, 06-13 April 1976



Table 16. (continued)



Table 16. (continued)



Table 16. (continued)



Table 16. (continued)



Table 16. (continued)



Table 17. Identification of Fish Eggs and Larvae by Station

1-m NIO Tows (571 µm mesh size), Discoverer, Leg III



Table 17. (continued)



Table 17. (continued)



Table 17. (continued)



Table 18. Identification of Fish and Larvae by Station

Gulf of Alaska Miscellaneous Net Tows, Discoverer, Leg III



43

Table 19. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in Bongo, l-m, 3-m, and
5 x 6-m NIO net samples collected on the Lower Cook Inlet,
Discoverer cruise, Leg III, 6-13 April 1976

A total of 44 samples contained 311 crab zoea and 28 megalopae, distributed
into 3 families, 3 genera, and 2 species. The 44 samples contained 1702
adult shrimp and 1200 zoea, distributed into 1 family, 2 genera, and
5 species.

Section Anomura

Family Lithodidae

47 zoea king crab¹ Paralithodes camtschatica (Tilesius)

131 zoea unidentified, non-commercially important anomurans

Section Brachyura

Family Cancridae

2 zoea unidentified non-commercially important Cancer spp.

Family Majidae

25 zoea tanner crab Chionoecetes opilio (0. Fabricius)
28 megalopae Chionoecetes spp.

106 zoeaunidentified, non-commercially important brachyurans

Section Caridea

Family Pandalidae

40 zoea sidestripe shrimp Pandalopsis dispar Rathbun
402 zoea northern pink shrimp Pandalus borealis Kröyer
15 zoea humpy shrimp Pandalus goniurus Stimpson
1 adult Pandalus goniurus
2 zoea Pandalus montagui tridens Rathbun
1 zoea Pandalus stenolepis Rathbun
3 zoea Pandalus spp., damaged

737 zoea unidentified hippolytids
1701 adult non-commercially important shrimp

¹ The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.
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Table 20. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg III, 06-13 April 1976



Table 20. (continued)



Table 20. (continued)



Table 20. (continued)



Table 21. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet 1-m NIO Net Tows



Table 21. (continued)



Table 21. (continued)



Table 22. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Misc. Net Tows
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Phytoplankton was present in every bongo net sample. At times the
quantity was sufficient to partially clog the nets. Noticeable amounts
of ichthyoplankton were caught in the bongo nets at stations 1, 5, and
6. Two bongo samples at station 6 appeared to be predominantly ichthyo-
plankton. These samples were obtained at approximately 0830 (ADT).
Zoea were apparent, particularly during the second occupation of station
5 located in the vicinity of the gyre reported by the Alaska Department
of Fish and Game. Other stations yielded some euphausids, large shrimp,
and copepods, usually in concentrations too small to make any appreciable
trace on the Ross echosounder chart record.

The 1-m NIO net sample at station 6 was not obviously different
from the bongo net samples taken at that station.

The fish eggs and larvae have been sorted and identified from these
samples (Tables 23-26). Crabs and shrimps are identified from stations 1,
2, 5, 6, and 9 only (Tables 27-28).

C. Discoverer, Leg VII

The new V-fin depressor and transducer were tested while underway
for station 1. They were deployed over the starboard side of the ship
utilizing the outboard towing device. To test the effect of interference
generated by the ship's propeller on the Ross system and the stability of
the V-fin depressor, the ship's speed was slowly increased to 8 knots
and then to 10 knots. At all times only the port propeller was in use
to help reduce interference. The V-fin depressor towed well at all speeds
and did not need any adjustment. The chart recorder showed some inter-
ference that increased with the speed of the ship. A total of 1,137
minutes of chart records was made. Only the recordings at station 5a
and the transect between stations 5a and 6, a total of 180 minutes, will
be usable due to internal interference in the Ross system. Fifteen
minutes of magnetic tape records were made.

The fish eggs and larvae have been sorted and identified for all
stations except station 11 (Tables 29-31). Crabs and shrimps are identi-
fied from stations 1, 2, 5, and 6 only (Tables 32-33).

D. Acona, Leg II

The Acona's hull-mounted transducer in conjunction with our Ross
recording system, was in operation continuously while the vessel was
underway. This gave a sonic chart record of a transect up Cook Inlet,
a cross-sectional sonic view of Cook Inlet, and a transect out to the
Gulf of Alaska station and then back into Kodiak. The interference lines
on the chart record were from the Ross fathometer on the bridge. A total
of 9330 minutes of chart records was made, 3663 minutes of which were
recorded on station. 103 minutes of magnetic tape records were made.

The fish eggs and larvae have been sorted and identified for all
stations except stations 4, 6, 7, 8, and 11 (Tables 34-36). Crabs and
shrimps have not yet been identified.
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Table 23. Number of fish eggs and larvae at each station

Lower Cook Inlet, Discoverer, Leg V, 05-09 May 1976
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Table 24. Summary of taxonomic categories of fish eggs, larvae, young
and adults found in Bongo and 1-m NIO net samples collected
on Lower Cook Inlet, Discoverer cruise, Leg V, 05-09 May 1976

A total of 25 samples were collected. The fish are distributed into
15 families, 17 genera and 11 species. The eggs are distributed into
4 size categories.

Family Agonidae

24 larvae genus? species?

Family Ammodytidae

1370 larvae sandlance¹ Ammodytes hexapterus Pallas

Family Bathymasteridae

4 larvae blacksmelt Bathylagus spp.?
18 larvae genus? species?

Family Cottidae

3 larvae cabezon Scorpaenichthys marmoratus (Ayres)
118 larvae genus? species?

Family Cyclopteridae

12 larvae genus? species?

Family Gadidae

20 larvae Alaska pollock Theragra chalcogramma (Pallas)
74 larvae genus? species?

Family Liparidae

1 larva snailfish Liparis sp.

Family Myctophidae

21 larvae northern lampfish Stenobrachius Leucopsarus (Eigenmann
and Eigenmann)

6 larvae genus? species?

Family Osmeridae

11 larvae capelin Mallotus villosus (Müller)

¹ The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.
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Table 24. (continued)

Family Osmeridae

4 larvae longfin smelt Spirinchus thaleichthys (Ayres)

11 larvae genus? species?

Family Pholidae

4 larvae penpoint gunnel Apodichthys flavidus Girard
4 larvae gunnel Pholis sp.

78 larvae genus? species?

Family Pleuronectidae

1 larva sole Hippoglossoides sp.
10 larvae butter sole Isopsetta isolepis (Lockington)
4 larvae rock sole Lepidopsetta bilineata (Ayres)?
11 larvae slender sole Lyopsetta exilis (Jordan and Gilbert)

Family Scorpaenidae

16 larvae rockfish Sebastes sp.

3 larvae genus? species?

Family Stichaeidae

10 larvae cockscomb Anoplarchus sp.
1137 larvae prickleback Lumpenus spp.
2 larvae rock prickleback Xiphister mucosus (Girard)

Family Tetragonuridae

1 larva genus? species?

176 larvae unidentified

6675 eggs categorized (see Table 15. List of possible fish for egg size
categories):

12 eggs < 1 mm (0.74-0.88 mm)

6526 eggs ~ 1 mm (0.90-1.28 mm)

64 eggs ~ 2 mm (1.30-2.54 mm)
81 eggs ~ 3 mm (2.56-3.90 mm)
2 eggs unidentified, damaged
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Table 25. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg V, 05-09 May 1976



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 25. (continued)



Table 26. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet 1-m NIO Tows, Discoverer, Leg V, 05-09 May 1976



68

Table 27. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in bongo net samples collected
on the Lower Cook Inlet, Discoverer cruise, Leg V,
05-09 May 1976

A total of 25 samples were taken, 4 samples have been analyzed for crab
larvae. They contained 654 crab zoea and 6 megalopae, distributed into
3 families, 3 genera and 1 species. Eleven samples were analyzed for
shrimp larvae. They contained 1 adult shrimp and 9296 zoea, distributed
into 1 family, 2 genera and 6 species.

Section Anomura

Family Lithodidae

33 zoea king crab¹ Paralithodes camtschatica (Tilesius)

316 zoea unidentified, non-commercially important anomurans

Section Brachyura

Family Cancridae

7 zoea unidentified, non-commercially important Cancer sp.

Family Majidae

6 megalopae tanner crab Chionoecetes spp.

298 zoea unidentified, non-commercially important brachyurans

Section Caridea

Family Pandalidae

2 zoea side-stripe shrimp Pandalopsis dispar Rathbun
1938 zoea northern pink shrimp Pandalus borealis Kröyer
6002 zoea humpy shrimp Pandalus goniurus Stimpson
1 adult Pandalus goniurus
12 zoea coon-stripe shrimp Pandalus hypsinotus Brandt
463 zoea Pandalus montagui tridens Rathbun
43 zoea Pandalus stenolepis Rathbun
2 zoea Pandalus spp., damaged

834 zoea unidentified hippolytids

The common name is presented for the first time for each species; there-

after only the scientific name is recorded.
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Table 28. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg V, 05-09 May 1976



Table 28. (continued)



Table 28. (continued)



Table 28. (continued)



Table 29. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Discoverer, Leg VII, 22-30 May 1976

762



74

Table 30. Summary of taxonomic categories of fish eggs, larvae, young,
and adults found in Bongo net samples collect on Lower Cook
Inlet, Discoverer cruise, Leg VII, 22-30 May 1976

A total of 28 samples were collected. Samples from station 11 have yet
to be analyzed. The fish are distributed into 14 families, 19 genera,
and 10 species. The eggs are distributed into 4 size categories.

Family Agonidae

14 larvae genus? species?

Family Ammodytidae

358 larvae sandlance¹ Ammodytes hexapterus
1 adult Ammodytes hexapterus

Family Bathymasteridae

1 larva blacksmelt Bathylagus sp.
4 larvae genus? species?

Family Cottidae

1 larva northern sculpin Icelinus borealis Gilbert ?
3 larvae sculpin Myoxocephalus sp. (2 uncertain)
43 larvae genus? species?

Family Cyclopteridae

52 larvae genus? species?

Family Gadidae

3 larvae cod Gadus sp.
3 larvae Alaska pollock Theragra chalcogramma (Pallas)
4 larvae genus? species?

Family Hexagrammidae

2 young greenling Hexagrammos sp.

Family Gonostomidae

2 larvae bristlemouth Cyclothone sp.?

Family Osmeridae

6 larvae capelin Mallotus villosus (Müller)
1 larva genus? species?

¹ The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.
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Table 30. (continued)

Family Myctophidae

11 larvae smallfin lanternfish Stenobrachius leucopsarus
(Eigenmann and Eigenmann)

Family Pholidae

3 larvae penpoint gunnel Apodichthys flavidus Girard
16 larvae genus? species?

Family Pleuronectidae

54 larvae sole Hippoglossoides sp.
33 larvae butter sole Isopsetta isolepis (Lockington)
8 larvae rock sole Lepidopsetta bilineata (Ayres) (5 undertain)
3 larvae slender sole Lyopsetta exilis (Jordan and Gilbert)

Family Ptilichthydae

1 larva quillfish Ptilichthys goodei Bean

Family Scorpaenidae

3 larvae rockfish Sebastes sp.

Family Stichaeidae

29 larvae cockscomb Anoplarchus sp.
150 larvae prickleback Lumpenus spp.
1 young prickleback Lumpenus sp.

560 larvae unidentified

4610 eggs categorized (see Table 15. List of possible fish for egg size
categories):

144 eggs < 1 mm (0.74-0.88 mm)
4288 eggs ~ 1 mm (0.90-1.28 mm)

50 eggs ~ 2 mm (1.30-2.54 mm)
128 eggs ~ 3 mm (2.56-3.90 mm)

764



Table 31. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg VII, 22-30 May 1976



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)



Table 31. (continued)
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Table 32. Summary of taxonomic categories of commercially important
crab and shrimp larvae found in Bongo net samples collected
on the Lower Cook Inlet, Discoverer cruise, Leg VII,
22-30 May 1976

A total of 28 samples were collected, 13 have been analyzed for shrimp
larvae only. They contained 1 adult and 771 zoea, distributed into
1 family, 2 genera and 6 species.

Section Caridea

Family Pandalidae

1 zoea sidestripe shrimp¹ Pandalopsis dispar Rathbun
13 zoea northern pink shrimp Pandalus borealis Kröyer
150 zoea Pandalus goniurus Stimpson
37 zoea humpy shrimp Pandalus hypsinotus Brandt
55 zoea Pandalus montagui tridens Rathbun
6 zoea Pandalus stenolepis Rathbun
2 zoea Pandalus spp., damaged

507 zoea unidentified hippolytids
1 adult non-commercially important shrimp

¹ The common name is presented for the first time for each species; there-
after only the scientific name is recorded.
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Table 33. Identification of Shrimp and Crab Larvae by Station

Lower Cook Inlet Bongo Tows, Discoverer, Leg VII, 22-30 May 1976



Table 33. (continued)



Table 33. (continued)



Table 34. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Acona, Leg II, 08-15 July 1976
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Table 35. Summary of taxonomic categories of fish eggs, larvae, young
and adults found in Bongo net samples collected on Lower
Cook Inlet, Acona cruise, Leg II, 08-15 July 1976

A total of 30 samples were collected. A few of the samples have yet
to be sorted (see Table 34). Thus far the fish are distributed into
12 families, 15 genera, and 9 species. Eggs are distributed into 4 size
categories.

Family Agonidae

1 young sturgeon poacher¹ Agonus acipenserinus (Tilesius)

Family Bathymasteridae

1 larva genus? species?

Family Clupeidae

1 larva Pacific herring Clupea harengus pallasi Valenciennes

Family Cottidae

67 larvae genus? species?
1 larvae northern sculpin Icelinus borealis Gilbert
1 young Icelinus borealis

Family Cyclopteridae

82 larvae genus? species?

Family Gadidae

4 larvae cod Gadus sp.
3 larva genus? species?

Family Myctophidae

17 larvae smallfin lanternfish Stenobrachius leucopsarus
(Eigenmann and Eigenmann)

1 larva genus? species?

Family Osmeridae

4149 larvae capelin Mallotus villosus (Müller)
2668 larvae genus? species?

Family Pholidae

84 larvae genus? species?

¹ The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.
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Table 35. (continued)

Family Pleuronectidae

71 larvae sole Hippoglossoides sp.
8 larvae rock sole Lepidopsetta bilineata (Ayres)
1 young starry flounder Platichthys stellatus (Pallas) ?
2 larvae sand sole Psettichthys melanostictus Girard
18 larvae rex sole Glyptocephalus zachirus Lockington
3 larvae genus? species?

Family Scorpaenidae

24 larve rockfish Sebastes sp.
11 larvae thornyhead Sebastolobus sp.

Family Stichaeidae

52 larvae prickleback Lumpenus spp.
21 larvae cockscomb Anoplarchus sp.

856 larvae unidentified

2930 eggs categorized (see Table 15. List of possible fish for egg size
categories).

2708 eggs < 1 mm (0.74-0.88 mm)
215 eggs ~ 1 mm (0.90-1.28 mm)
3 eggs ~ 2 mm (1.30-2.54 mm)
4 eggs ~ 3 mm (2.56-3.90 mm)
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Table 36. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Acona, Leg II, 08-15 July 1976



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)



Table 36. (continued)
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E. Surveyor, Leg II

The Surveyor's hull-mounted transducer was in continual use while
underway to give a sonic chart record of transects up Cook Inlet (sta 1-4),
across Cook Inlet (sta 6, 3, 8), out to the Gulf of Alaska (sta 7, 9, 10,
11). Approximately 9,431 minutes of chart records and 70 minutes of
magnetic tape records were made.

The fish eggs and larvae have been sorted and identified for all
stations except stations 3, 4, 6, 7, 8, and 11 (Tables 37-39). Crabs
and shrimps have not yet been identified.

F. Miller Freeman, Leg III

Nine stations were surveyed acoustically with a total of 60 min
of chart records and 45 min of magnetic tapes. The chart recorder
revealed large numbers of target organisms in the water column at all
stations.

The fish eggs and larvae have been counted for all stations (Table 40)
but identified for stations 1 and 9 only (Table 41).

G. Discoverer, Leg I

Results are summarized in Section X.

Figures 2 through 6 show the four size categories of fish eggs
(in Table 15) that were caught at each station for the following cruises:

07-10 April 1976 Discoverer, Leg III
06-07 May 1976 Discoverer, Leg V
24-27 May 1976 Discoverer, Leg VII
10-13 July 1976 Acona, Leg II
25-28 August 1976 Surveyor, Leg II
18-28 October 1976 Miller Freeman, Leg III

VII. Discussion

The field sampling phase of the reconnaissance level survey of early
life history stages of fishes and shellfishes in Lower Cook Inlet has
covered several seasons within 1 year. The analysis of the data completed
to date demonstrates that eggs and larvae of the economically important
fish and shellfish populations of the area do occur in the water column
and can be sampled with standard MARMAP methods.

The fish eggs have been more completely analyzed than the other groups
and can serve as the basis for a discussion which can be expected to be
representative of all groups. The spatial and temporal variability for
all fish eggs is large (Fig. 6). The variability for the several size-
groups of eggs is even more pronounced (Fig. 2 to 5).
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Table 37. Number of fish eggs and larvae at each station

Lower Cook Inlet Bongo Tows, Surveyor, Leg II,24-31 August 1976

799



111

Table 38. Summary of taxonomic categories of fish eggs, larvae, young
and adults found in Bongo net samples collected on Lower
Cook Inlet, Surveyor cruise, Leg II, 24-31 August 1976

A total of 26 samples were collected. A few of the samples have been
analyzed (see Table 39). Thus far the fish are distributed into 7
families, 7 genera, and 3 species. Eggs are distributed into 3 size
categories.

Family Bathylagidae

1 larva smoothtongue¹ Bathylagus sp.

Family Bathymasteridae

3 larvae genus? species?

Family Cottidae

9 larvae genus? species?

Family Osmeridae

420 larvae capelin Mallotus villosus Müller
721 larvae genus? species?

Family Pleuronectidae

7 larvae sole Hippoglossoides sp.
1 larvae sand sole Psettichthys melanostictus Girard

Family Ptilichthyidae

1 young quillfish Ptilichthys goodei Bean

Family Scorpaenidae

57 larvae rockfish Sebastes sp.
1 larva thornyhead Sebastolobus sp.

233 larvae unidentified

56 eggs categorized (see Table 15. List of possible fish for egg size
categories):

52 eggs < 1 mm (0.74-0.88 mm)
1 egg ~ 1 mm (0.90-1.28 mm)

3 eggs ~ 3 mm (2.56-3.90 mm)

¹The common name is presented for the first time for each species;
thereafter only the scientific name is recorded.

800



Table 39. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Surveyor, Leg II, 24-31 August 1976



Table 39. (continued)



Table 39. (continued)



Table 39. (continued)



Table 40. Number of Fish Eggs and Larvae at each Station

Lower Cook Inlet Bongo Tows, Miller Freeman, Leg III
17-29 October 1976
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Table 41. Identification of Fish Eggs and Larvae by Station

Lower Cook Inlet Bongo Tows, Miller Freeman, Leg III, 17-29 October 1976



Fig. 2. Small fish eggs per bongo net tow at 10 stations for 6 cruises.



Fig. 3. l-mm fish eggs per bongo net tow at 10 stations for 6 cruises.



Fig. 4. Intermediate fish eggs per bongo net tow at 10 stations for 6 cruises.



Fig. 5. Large fish eggs per bongo net tow at 10 stations for 6 cruises.



Fig. 6. Total fish eggs per bongo net tow at 10 stations for 6 cruises.
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The fish eggs are repeatedly most abundant in Kachemak Bay and
Kamishak Bay. Eggs are least abundant to the north in Cook Inlet
and tend to be very scarce in the center of the inlet between Kachemak
Bay and Kamishak Bay. That location is near the null area described by
the physical oceanographers. A more intensive program of sampling eggs
and larvae could provide information on the biological importance of
the null area. The distribution of abundance of the eggs suggests discrete
spawning centers on the east and west sides of the inlet, rather than a
drift into the inlet or counterclockwise around its lower reaches. The
highest abundance of fish eggs in these samples was inside the Homer
Spit in Kachemak Bay, suggesting that area as especially critical to
harvested resources in the ecosystem.

The time between cruises was so long that usually only a single life
history stage of shrimps or crabs was observed. A more intensive time
series would be needed to assess growth rates, mortalities, year class
strength, and other important population parameters. The multiplicity
of species extends the period within each year when observations are
necessary.

This study could now usefully be extended from the reconnaissance
level to the benchmark level. Quantitative benchmark data will be needed
to resolve questions of resource use conflict that are certain to persist
in Lower Cook Inlet as long as petroleum development continues.

VIII. Conclusions

Reasonably firm:

Early life history stages of economically important fish and
shellfish populations in Lower Cook Inlet were sampled with standard
MARMAP methods.

The temporal and spatial variability of distributions is large
because spawning is seasonal and localized.

The time series sampling has been too diffuse to sample all life
history stages of the several species.

A benchmark level program is appropriate for Lower Cook Inlet.

Tentative:

Fish eggs are most abundant inside Homer Spit in Kachemak Bay.

Kachemak Bay and Kamishak Bay are locations of spawning aggrega-
tions of fishes and shellfish.

Advection of early life history stages into Lower Cook Inlet is
relatively unimportant.
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Preliminary:

All early life history stages of all important fishes and
shellfishes harvested in Lower Cook Inlet occur there in the appropriate
season.

Unit stocks of at least several species occur in both Kachemak Bay
on the east side and Kamishak Bay on the west side of Lower Cook Inlet.

The distribution of abundance of fish eggs in space lends support
to the physical oceanographers' decription of water movements in Lower
Cook Inlet.

IX. Need for further study

My opinion of the needs for further study has evolved from the Lower
Cook Inlet and Kodiak synthesis meetings and from my experience in
resource use conflicts in other areas. I believe that the harvested
fish and shellfish resources in the Lower Cook Inlet ecosystem should be
documented by OCSEAP independently of fisheries management agencies,
utilizing management-developed data insofar as appropriate. Fisheries
catch statistics and market sampling can be used and supplemented.
Fisheries-independent measures such as egg and larva surveys, echo
surveys, and experimental fishing will be essential.

An explicit commitment from BLM to obtain quantitative benchmark
data and to monitor against those benchmarks should go far to meet local
and state concerns in an emotional and poorly understood resource use
conflict. An intensive study at the benchmark level may not be possible
in many geographic regions, but Lower Cook Inlet appears to be the most
important regions per unit area within the Outer Continental Shelf program.

The data collected by fisheries management agencies should be
assembled, analyzed, and described. Supplemental catch statistics and
market sampling should be instituted. A time-series sampling of early
life history stages of fishes and shellfishes adequate to catch all
stages should be undertaken. Consideration should be given to tropho-
dynamic studies at least adequate to ascertain food web relationships
of economically important fishes and shellfishes. Additional sampling
adequate to detect major changes in food supplies probably approaches
the limit of funding available for the study I envision.

This study is needed for informed management decisions in the
managed ecosystem of Lower Cook Inlet. The levels of harvest of
economically important fishes and shellfishes are likely to change
primarily because of fishing effort--those changes can be documented and
placed in perspective with the end products and deliverables from this
study.
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X. Summary of 4th quarter operations

A. Ship or laboratory activities

1. Ship schedule

Discoverer RP-4-DI-77A, Leg I
Lower Cook Inlet, 21-26 February 1977

2. Scientific party

Kendra Daly, Assistant Oceanographer

Clarence Pautzke, graduate student

Department of Oceanography
University of Washington
Seattle, WA 98195

3. Methods

The acoustic surveys were conducted using a Ross 200A Fine
Line Echosounder system operating with a frequency of 105 kHz. A 10°
beam Ross transducer, mounted in a plywood towed body, was lowered 2 m
below the surface while on station. The incoming signal was recorded
on a paper chart marked with station number, date, time (GMT) and other
pertinent information. The incoming signal was also recorded on
magnetic tape for later digitizing and analysis at the University of
Washington.

The bongo net consisted of a double-mouthed frame (each mouth
with an inside diameter of 60 cm and a mouth area of 0.2827 m²) made
of fiber glass and weighing 95 lb. A 100 lb weight was attached below
the frame. A 505 µm mesh net, with an open area ration (OAR) of 8:1 and
a 333 µm net, 8:1 OAR, were attached to the frame. A TSK flowmeter was
mounted in the mouth of each net to estimate the volume of water filtered.
A bathykymograph (BKG) was attached to the frame to determine the depth of
the tow. The double oblique tows required deployment at 50 m/min, a 30
sec soaking time, and retrieval at 20 m/min, with the wire angle kept as
close to 45° as possible. The net was placed as close to the bottom as
possible without endangering the net.

Samples were placed in 1000 ml bottles and preserved with a stock
solution of formalin, propylene glycol, propylene phenoxetal and sea
water in a 2:8 volume ratio. The solution was changed and the sample
represerved 24 hr later.

Stations 5 and 6, in Kachemak Bay, were occupied 4 times and station
2, in Lower Cook Inlet, was occupied 3 times. Station 8 was abandoned due
to bad weather, then reoccupied. The remaining stations were occupied
once for an average of 0.5 to 1 hr.
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4. Sample localities

All eleven stations were located in Lower Cook Inlet or
the Gulf of Alaska (Fig. 7, Table 42).

5. Data collected

a. Net hauls are given in Table 43.

A total of 36 samples were taken. Ichthyoplankton was
caught at 9 stations, shrimp larvae were caught at 5 stations and crab
larvae were caught only at station 6.

b. Eleven stations were surveyed acoustically with a total
of 169 min of chart records and 80 min of magnetic tapes. The chart
recorder revealed target organisms in the water columns at all stations.

c. The cruise track was approximately 1500 km in length.
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Fig. 7. Station sampling order, Discoverer, Leg I,
21-26 February 1977.
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Table 42. Station locations, Discoverer, Leg I,

21-26 February, 1977
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Table 43. UW Haul Summary Sheet, Discoverer, Leg I, 21-26 February 1977

Bongo Tows



6. MILESTONE CHART

a. Updated Schedules

b. Slippages

The schedule has slipped since our last estimate because we changed our priorities to
prepare for the Kodiak synthesis meeting and because great quantities of phytoplankton in
the samples have slowed the sorting more than we anticipated.
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B. Problems encountered

The transducer suffered some damage while occupying station 5
on 24 February, was repaired by the Discoverer's electronic technicians,

and ready for use on 25 February. A back-up transducer would have
obviated the possibility of wasting expensive operational time due to
irreparable damage or loss while immersed in the water.

C. Estimate of funds expended

We estimate that 63% of the budgeted funds have been expended.
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