
NOAA TR NMFS SSRF-679

A UNITED STATES

DEPARTMENT OF

COMMERCE
PUBLICATION

,i-'°'ro^

V \

T

NOAA Technical Report NMFS SSRF-679

U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Kinds and Abundance of Zooplankton
Collected by the USCG Icebreaker
Glacier in the Eastern Chukchi Sea,
September-October 1970

sfflf

BRUCE L. WING

Marine Biological Laboratory

LIBRARY

OCT 14 1992

Woods Hole, Mass.

SEATTLE, WA

August 1974



NOAA TECHNICAL REPORTS

National Marine Fisheries Service, Special Scientific Report—Fisheries Series

The major responsibilities of the National Marine Fisheries Service (NMFS) are to monit<ir and assess the abundance and geopraphic distribution of Tishery resources, to

understand and predict fluctuations in the quantity and distribution of these resources, and to establish levels for optimum use of the resources. NMFS is also charged with

the development and implementation ni policies for managinn national fishing gmunds. development and enfor.-ement of di)mestic lisheries regulations. sur\'eillance ot loreign

fishing off United States coastal waters, and the development and enforcement of international fishery agreeme:its and policies. NMFS also assists the fishing industry through

marketing service and economic analysis programs, and mortgage insurance and vessel construction subsidies. It collects, analyzes, and publishes statistics on various phases of

the industry.

The Special Scientific Report—Fisheries series was established in 1949. The series carries reports on scientific investigations that document long-term continuing programs

of NMFS. or intensive scientific reports on studies of restricted scope. The reports may deal with applied fishery problems. The series is also used as a medium for the publica-

tion of bibliographies of a specialized scientific nature.

NOAA Technical Reports NMFS SSRF are available free in limited numbers to governmental agencies, both Federal and State. They are also available in exchange for

other scientific' and technical publications in the marine sciences. Individual a)pies may be obtained (unless olherwi.se noted) from Dfi3. Technical Information Division,

F.nvinmmcntal Scit^nre Intormatiun (Vntpr N'O.AA WMsliint't.in DC 202.(r> Rf*( ent SSfiFV are:

B19. Macrozooplankton and small nekton in the coastal waters off Vancouver Island

(Canada) and Washington, spring and fall of 1963. By Donald S. Day, January 1971. iii +
94 pp.. 19 figs.. 1.1 tables.

635. A bibliography of the blackfin tuna, Thunnu.'i atlanticus (Lesson). By Grant L.

Beardsley and David C. Simmons. August 1971. 10 pp. For sale by the Superintendent of

Documents. U.S. Government Printing Office. Washington. D.C. 20402.

620. The Trade Wind Zone Oceanography Pilot Study. Part IX: The sea-level wind field

and wind stress values. July 1963 to June 1965. By Gunter R. Seckel. June 1970. iii + 66

pp.. 5 figs.

6:iH. Oil pollution on Wake Island from the tanker H C Stoner. By Reginald M.
Gooding. May 1971. iii + 12 pp.. 8 figs., 2 tables. For sale by the Superintendent ot

Documents, U.S. Government Printing Office. Washington, D-C. 20402.

621. Predation by sculpins on fall chinook salmon. Oncorhynchus tshawytscha. fry of

hatchery origin. By Benjamin G. Patten. February 1971. iii + 14 pp.. 6 figs.. 9 tables.

622. Number and lengths, by season, of fishes caught with an otter trawl near Woods
Hole. Massachusetts, September 1961 to December 1962. By F. E. Lux and F. E. Nichy.
February 1971. iii + 15 pp.. 3 figs., 19 tables.

623. Apparent abundance, distribution, and migrations of albacore. Thunnus atalurifia.

on the North Pacific longline grounds. By Brian -I Roih-^-htUi mtiH M^nmi N' >' N'-ny

September 1970. v + 37 pp., 19 figs.. 5 tables

624. Intluence of mechanical processing on the quality and yield ul bay .scallop meiit^ K\
N. B. Webb and F. B. Thomas. April 1971. iii + U pp.. 9 figs.. 3 tables.

625. Distribution of salmon and related oceanographic leaiures in the North Pacific

Ocean, spring 1968. By Robert R. French. Richard G, Bakkala. Masanao Osako. and Jun
Ito. March 1971. iii + 22 pp.. 19 figs.. 3 tables.

626. Commercial fishery and biology of the freshwater shrimp. Macrobrachtum. in the

Lower St. Paul River. Liberia. 19.52-53. By George C. Miller, February 1971. iii + 13 pp., H

figs., 7 tables.

627. Calico scallops ofthe Southeastern United States. 1959-69. Bv Robert ("umnnns, Ir

-June 1971. iii + 22 pp.. 23 figs.. 3 tables.

628. Fur Seal Investigations. 1969, By NMFS. Marine Mammal Bioiogual Laboratory.

August 1971. 82 pp.. 20 figs.. 44 tables. 23 appendix A tables. 10 appendix B table.s,

629. Analysis of the operations of seven Hawaiian skipjack tuna fishing vessels. June-
August 1967. By Richard N, Uchida and Ray F. Sumida. March 1971, v + 25 pp., 14 figs..

21 tables. For sale by the Superintendent of Documents, US. G(.>vernment Printing Of-

fice. Washington. D.C. 20402.

630. Blue crab meat. I. Preservation by freezing. July 1971. iii + 13 pp., 5 figs., 2 tables.

II. Effect of chemical treatments on acceptability. By Jurgen H. Strasser, Jean S. Lennon.
and Frederick J. King. July 1971, iii + 12 pp.. 1 fig., 9 tables.

631. Occurrence of thiaminase in some common aquatic animals ol the United States
and Canada. By R. A. Greig and R. H. Gnaedinger. July 1971, iii + 7 pp., 2 tables,

632. An annotated bibliography of attempts to rear the larvae of marine fishes in the
laboratory. By Robert C. May. August 1971. iii + 24 pp.. 1 appendix I table. 1 appendix II

table. For sale by the Superintendent of Oocument.s, U.S. Government Printing Office.

Washington, D.C. 20402.

633. Blueing of processed crab meat. II. Identification of some factors involved in the
blue discoloration of canned crab meat Catlinectes sapidus. By Melvin E. Waters. May
1971, iii + 7 pp.. 1 fig.. 3 tables.

634. Age composition, weight, length, and sex of herring, Clupea pallasii. used for reduc-
ii<m m Alaska. 1929-66. By Gerald M. Reid. July 1971. iii + 25 pp.. 4 figs.. 18 tables.

637. Occurrence of larval, juvenile, and mature crabs in the vicinity of Beaufort Inlet.

North Carolina, By D()nnie L. Dudley and Mayo H.Judy. August 1971. iii + 10 pp.. 1 tig.,

5 tables. For sale by the Superintendent of Documents, U.S. Government Printing Office.

Washmglfm. D.C. 20402.

638, Length-weight relations of haddock from commercial landings in New England,

1931-55. By Bradford E, Brown and Richard C. Hennemuth. August 1971. v + 13 pp., 16

figs.. 6 tables. 10 api)en(lix A tables. For sale l)y the Superintendent of Documents. U.S.

Government Printing Office. Washmgton. D.C- 20402.

6.'19. A bvdrograpbu survev ot the f;alveston Bay system. Texas l%3-66. By E. J. PuUen.

W. L. Trent, and G. B Adams. October 1971, v + 1.3 pp.. 15 figs.. 12 tables. For sale by the

ol D'numents. U.S. Government Printing Office. Washington. D.C.Siiperintpndenl

2<I4U2.

640 Annoiatecf bililioi;raphy un the fishing industry and biology of the blue crab.

('nUinriii'f, snpidiis- Bv Marlin K. Tagatz and Ann Bowm'an Hall. August 1971. 94 pp. For

sale by the Superintendent of Documents. U.S. Government Printing Office. Washington.

D.C. 20402,

641. Use of tbreadtin shad, Dnrnsitma petfnense. as live l)a!i duruig experimental pole-

ancl-line tishing lor skipiack tuna. Katsuunnus pelamis. in Hawaii. By Robert T. B.

Kt-r^ien, August 1971. iij -I- 10 pp.. 3 ligs.. 7 tables, For sale by the Superintendent ot

Dnruinenls. U.S. Guverninent Printing Office, Washington. D.C. 20402.

642. Atlantic menhaden Hrecoiirtia tyrannus resource and fishery—analysis ol decline,

Bv Kenneth A, Henrv. August 1971. v -t- 32 pp.. 40 figs.. 5 appendix figs.. 3 tables. 2

appendix tables. For salt- bv the .Superintendent of Documents. U.S. Government Printing

Office. Wrtshingt(m. D.C, 20402,

()43. .Surface winds ol thesoiiiheastern tropical Atlantic Ocean. By John M, Steignerand

.Merton C, Ingham, October 1971. iii + 20 pp.. 17 figs. For sale by the Superintendent ot

Documents. l'-,S. Government Printing Office. Washington. D.C. 20402.

644. Inhibition of flesh browning and skin color fading in frozen fillets of yelloweye

snapper [l.utzanus vivanus). By Harold C. Thompson. Jr.. and Mary H. Thompson,
February 1972. iii + 6 pp., 3 tables. For sale by the Superintendent ot Documents. L".S.

Government Printing Office. Washington. D.C. 20402.

645. Traveling screen for removal of debris from rivers. By Daniel W. Bates. Ernest W.
Murphey. and Martin (i. Beam. October 1971. iii + 6 pp.. 6 figs., 1 table. For sale by the

Superintendent of D()cuments, U.S. Government Printing Office, Washington. D.C.

20402.

646. Dissolved nitrogen concentrations in the Columbia and Snake Rivers in 1970 and
their effect on chinook salmon andsteelhead trout. By Wesley J. Ebel. August 1971. iii + 7

pp.. 2 figs., 6 tables. For sale by the Superintendent of Documents, U.S. Governmem
Printing Office, Wa.^hington. D.C. 20402.

647. Revised annotated list of parasites from sea mammals caught off the west coast of

North America, By L. Margolis and M. D. Dailey. March 1972, iii + 23 pp. For sale by the

Superintendent of Documents. U.S. Government Printing Office, Washington, D.C.
20402.

Continued on inside back cover.



"''^'''IWMT OV
'^-^

U.S. DEPARTMENT OF COMMERCE
Frederick B. Dent, Secretary

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

Robert M. Wtiite, Administrator

NATIONAL MARINE FISHERIES SERVICE

Robert W. Schoning, Director

NOAA Technical Report NMFS SSRF-679

Kinds and Abundance of Zooplankton
Collected by the USCG Icebreaker

Glacier in the Eastern Chukchi Sea,

September-October 1970

BRUCE L. WING
j
Marine Biological Laboratory •

LIBRARY
I

OCT 14 1992
I

i

Woods Hole, Mass. 1

^ t



The National Marine Fisheries Service (NMFS) does not approve, rec-

ommend or endorse any proprietary product or proprietary material
mentioned in this publication. No reference shall be made to NMFS, or

to this publication furnished by NMFS, in any advertising or sales pro-

motion which would indicate or imply that NMFS approves, recommends
or endorses any proprietary product or proprietary material mentioned
herein, or which has as its purpose an intent to cause directly or indirectly

the advertised product to be used or purchased because of this NMFS
publication.



CONTENTS
Page

1

1

Introduction

Methods
Abundance and distribution of zooplankton "

Relationships between zooplankton and characteristics of water °

Temperature '
-

Salinity '2

Dissolved oxygen '2

Comparison of abundance and distribution of zooplankton in 1970 and 1947 15

Summary '"

Acknowledgments J^
Literature cited 18

Figures

1. Station locations at which zooplankton samples were taken by the USCG
icebreaker Glacier in 1970 and by the USS Nereiis in 1947 and the number

of species collected at each station -

2. Abundance of the hydromedu^an A glantha digitate contoured in powers of 6 per

100 m-' 10

3. Abundance of chaetognath Sagitta elegans contoured in powers of 3 per 100 m^ .

.

10

4. Abundance of pteropod Clione limacina contoured in powers of 3 per 100 m^
Presence ofSpiratella limacina indicated by X 10

5. Abundance of the copepod /ltY;/7/V/ longiremis contoured in powers of 3 per 100

m-' 1

:

6. Abundance of the copepod Calaniis finmarchicus contoured in powers of 3 per

100 m^ 11

7. Abundance of the copepod Centropages ahdominalis contoured in powers of 3

per 100 m^ 1

1

8. Abundance of the copepod Eucalaniis bungii contoured in powers of 3 per 100

m^ 1 i

9. Abundance of the copepod Pseudocalanus ininutus contoured in powers of 3 per

100 m' 1

10. Abundance of calanoid copepods (all species) contoured in powers of 4 per 100

m^ 12

11. Sea temperature distributions at surface, 10 m, and bottom, eastern Chukchi

Sea off Cape Lisbume-Icy Cape, 25 September to 17 October 1970. Redrawn

from Ingham and Rutland (1972) 13

12. Salinity distributions at surface, 10 m, and bottom, eastern Chukchi Sea off Cape

Lisbume-Icy Cape, 25 September to October 1970. Redrawn from Ingham and

Rutland (1972) 13

13. Dissolved oxygen distributions at surface, 10 m, and near bottom, eastern

Chukchi Sea off Cape Lisbume-Icy Cape, 25 September to 17 October 1970.

Redrawn from Ingham and Rutland ( 1972) 14

14. Contours of percent saturation of dissolved oxygen at surface, 10 m, and near bot-

tom, eastern Chukchi Sea, Cape Lisbume-Icy Cape, 28 September to 17

October 1970. Redrawn from Ingham and Rutland (1972) 14

Tables

1 . Location, depth, date, time, and number of species collected for 39 stations occu-

pied by the USCG icebreaker Glacier, 26 September to 17 October 1970 . . .

.

Ill



2. Numbers of zooplankters in the eastern Chukchi Sea, 26 September to 17 October

1970. Quantities are number per 100 m^ of water filtered 3

3. Means, transformed means, and standard deviation and 0.95 confidence limits of

transformed means of the density of zooplankters in three areas of the eastern

Chukchi Sea, September-October 1970 9

4. Values of t from tests for equality of transformed means of density of zooplank-

ters in four areas of the eastern Chukchi Sea, September-October 1970 10

5. Values of F from tests for equality of variances using transformed data for density

of zooplankters in four areas of the eastern Chukchi Sea, September-October

1970 10

6. Numbers of selected zooplankters taken at four stations by the USS Nereus in

1947 and at four comparable stations by the USCG icebreaker Glacier in 1970

(WEBSEC-70), southeastern Chukchi Sea 17

IV



Kinds and Abundance of Zooplankton Collected by

the USCG Icebreaker Glacier in tlie Eastern Chukchi Sea,

September-October 1970

BRUCE L. WING"

ABSTRACT

Zooplankton samples were taken at 39 oceanographic stations in the eastern Chukchi Sea in Sep-

tember and October 1970. Sampling was done by vertical tows from near bottom to the surface with a

0.5-m diameter No. (0.57 mm) mesh NorPac standard plankton net. Data are presented on the distribu-

tion and relative abundance of 63 categories of zooplankton at the onset of winter. Zooplankton abun-

dance generally was lowest in waters with temperatures below 0°C; it did not appear to be associated with

the distribution of salinity; and it tended to be inversely related to dissolved oxygen concentration.

Comparison of zooplankton abundance in 1970 with published observations on the Chukchi Sea in 1947

shows probable seasonal variation of meroplankton abundance and yearly variation of holoplankton

abundance.

INTRODUCTION

In September and October 1970, the U.S. Coast

Guard icebreaker Glacier made the first of the West-

ern Beaufort Sea Ecological Cruises (WEBSEC-70).
The WEBSEC program is carried on principally by the

Coast Guard, but several other Federal agencies and

universities cooperate in obtaining the many types of

data required for a complete ecological assessment of

the Beaufort Sea. The work ofWEBSEC-70 was actu-

ally done in the eastern Chukchi Sea because excep-

tionally heavy pack ice prevented work east of Bar-

row, Alaska.

I participated in the WEBSEC-70 cruise from 26

September to 17 October. During that time I took

zooplankton samples at 39 of the 92 stations occupied

by the Glacier (Fig. 1, Table 1). The area covered was
between lat. 68°54'N-70°34'N and long. 162°24'W-

168°56'W. My objective was to determine the kinds

and abundance of zooplankton in the eastern Chukchi
Sea at the onset of winter. Previously, with the excep-

tion of MacGinitie (1955), information on the zoo-

plankton of the eastern Chukchi Sea was limited to the

summer months of July and August (Johnson, 1936,

1953, 1956, 1958; Hand and Kan, 1961; English, 1966).

This paper lists the kinds and abundance of zoo-

plankters collected in 1970. It then relates the

zooplankton distribution to the distribution of temper-

ature, salinity, and dissolved oxygen and compares my
abundance data for 1970 with Johnson's (1953) data for

the 1947 summer cruise of the USS Nereus.

METHODS

My zooplankton sampling was limited to those sta-

tions at which the Coast Guard took hydrographic

casts to measure physical and chemical characteristics

of the water. Of the 92 stations occupied by the

Table 1 .--Location, depth, date, time and number of species of zooplankton

collected for 39 stations occupied by the USCG icebreaker Glacier , 26

September to 17 October 1970.

Station
number Lonp. M Lat. N

Sampling
depth (BST)

Number

>'
2

species-

'Auke Bay Fisheries Laboratory. National Marine Fisheries Ser-

vice. NOAA, P.O. Box 155, Auke Bay, AK 99821.

8



1

168°W

(^^

15

70°N
15

(@

/

-69° N

19

1 6t|°W

15

10-FATHOM LINE

©

to

168°W^—

^

/

APPROXIMATE BOUNDARY OF
HIGH SPECIES DIVERSITY AREA

APPROXIMATE BOUNDARY OF
LOW SPECIES DIVERSITY AREA

Figure 1.—Station locations (circled numbers) at which zooplankton samples were taken by the USCG
icebreaker G/aciVr in 1970 and b_v the USS /Verfui (prefix N) in 1947 and the number of species collected at

each station (numbers without circles).

Glacier, 47 were for hydrographic casts; I was able to

sample at 39 of those stations. At each station two

samples were usually taken within 5 min of each other.

All sampling was done with a 0.5-m diameter No.

(0.57 mm) mesh NorPac standard net. The net was

lowered to 2 m from the bottom over depths of 1 8 to 5

1

m and was retrieved vertically at 40 m per min. The
samples were preserved with 5% formaldehyde solu-

tion in plastic bags immediately after they were col-

lected. Counts and identifications of zooplankters

were done at the Auke Bay Fisheries Laboratory. No
subsampling was required because the number of zoo-

plankters in each sample was generally low (9-1,900). I

did not make an extensive literature search for the

most recent taxonomic revisions and was able to iden-

tify many of the larvae and even some of the adults

only to phylum, class, or order (Table 2).

Biomass of the samples was not measured because

weight measurements (wet or dry) and oxidation tech-

niques would have made the specimen unfit for further

taxonomic study; volumetric measurements were pre-

cluded by the large numbers and the large size varia-

tion of the hydromedusan^^/flA?r/?a digitale.

I assumed a net efficiency of 100% and converted
the catch data to numbers of zooplankton per 100 m^
of water filtered. The coarse mesh (0.57 mm), short

vertical tows, and absence of noticeable clogging by
phytoplankton make the 100% assumption reasonable.

The review of field and laboratory studies of the ef-

ficiencies of the plankton nets by Tranter and Smith

( 1968) indicates that the actual volume of water filtered

by slowly pulled coarse mesh nets is no less than 95%
of the theoretical.

Tiie abundance of the eight most common zooplank-

ters (A- digitale, Clione limacina, Sagitta elegans,

Aiartia longiremis, Calanus finnuirchicus, Centro-

pages abdomiiuilis. Eiicalaniis hiingii. Pseudocalanus
miniitiis) and all calanoid copepods combined were
examined for correlations with hydrographic condi-

tions by comparing contour charts of levels of abun-

dance of each species and total calanoid copepods

with the contour plots of temperature, salinity, and

dissolved oxygen from Ingham and Rutland (1972).

Values of A'' (A" = 3, 4, or 6; / = 1, 2, 3, . . .m) were
used to assign levels of abundance of each group at

each station. I contoured areas of absence and pres-

ence, and arbitrarily subdivided presence into five

categories of abundance. Because a single scale of

abundance could not be reasonably applied to all

species, a separate scale based on maximum abun-

dances recorded during the cruise was used for each

species. To avoid subjective judgments. I used the

power function to delimit abundance categories. This

choice of power function was justified partially by the

ease of computation and partially by the need to

counter the effect of increasing variance with increas-

ing means.



Table 2. --Numbers of zooplankters in the eastern Chukchi Sea, 26 September to 17 October 1970. Quantities are nuri;ber per 100 m of water filtered.

P Indicates present but not counted. First and second sample at each station indicated by 1 and 2.
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Table 2. --Continued.

Zooplankter'

Number 0/

stations at

which found

"TT T5~
Station number

^^
"5r

ftqjantha digitale (0. F. Muller) 39

Helicertum octocostatum (M. Sars) 5

Obelia spT 4

Aurel'a aurita (Linneaus)- 2

Chrysaora mejanaster Brandt^ 2

Cyanea capillata [Linneaus)^ 1

Ctenophora' 4

Nematoda 1

Bryozoa (cyphonautes) 1

Polychaeta (adults) 1

Polychaeta (larvae) 31

Evadne nordmanni Loven 3

Podon leuckarti G. 0. Sars 4

Acartia longiremis (Lilljeborg) 26

Calanus finrnarchfcus (Gunnerus) 29

Calanus tpnsus Brady 1

Centropaqes abdominal is Sato 27

Derjuginia tolli (Linko) 5

Epi laBodocera amphitrites
(McMurrich) 8

Eucalanus bunqi i Giesbrecht 22

Eurytemora herSnani

(Thompson & Scott) 1

Metridia lucens Boeck 2

Microcalanus sp. 3

Pseudocalanus minutus (Kroyer) 27

Tortanus discaudatus
(Thompson & Scott) 12

Unidentified Calanoida
(copepodites) 1

Oithona helgolandica Claus 10

Copepoda-Harpacti coi da S

Copepoda (nauplii )
4

Balanoids (nauplii) 25

Balanoids (cyprids) TO

Acanthomysis sp. 2

Hysis sp. 1

Cunacea 6

Epicaridea (cryptoniscids) 2

Hyper i

a

sp. (juveniles) 1

Hyperoche medusarum (Kroyer)

(juveniles! 1

Parathemisto libellula
(Lichtenstein) (juveni 1 es

)

1

Parathemisto pacifica Stebbing
(juveniles) 6

Oedicerotidae (3-4 sp.

)

6

Phoxocephalidae 1

Unidentified Ganmaridea
(3-4 sp.) 7

Thysanoessa inermis (Kroyer) 2

Thysanoessa^ raschli (M. Sars) 16

Thysanoessa sp. (larvae

)

8

Panda! us goniurus Stimpson 1

Hippolytidae (zoeae) 1

Oxyrhyncha (zoeae) 6

Oxyrhyncha (megalooa) 20

Paqurus sp. (zoeae) 20

Paqurus sp. (glaucothoe) 12

Clione limacina (Phipps) 29

Spiratella helicina (Phipps) 8

Gastropoda (veligers) 1

Lamellibranchia (veligers) 7

Sagitta elegans Verrill 30

Echinoidea (plutei) 16

Asteroidea (bipinnarias) 2

Fri til laria boreal is Lohmann 16

Oikopleura yanhoeffeni Lohmann 5

Ascidacea (larvae) 3

Boreoqadus saida (Lepechin)

(juveni leD 7

Pleuronectes quadrituberculatus

Pallas (larvae) 1

21 2,122 1.392 1,273 509

21

85

17

17

1.146 2,365 2.910
12

12

25
127

51

25

497

606
388

303

23

405

25

51

12

49 12

97

12

12

370

81

12

12

116

12

12

12

388

24

182

49

' Staurophora mertensi Brandt was frequently seen but not taken in any of the samples.

-Seen more often than taken in samples.

^All specimens too damaged for species identification.



ABUNDANCE AND DISTRIBUTION
OF ZOOPLANKTON

Sixty-three categories of zooplankton, including

separate larval stages for some species, were identified

in the samples from the 39 stations (Table 2). Among
the categories, 18 occurred at only one station each

and 12 occurred at more than half of the stations

(Table 2). The number of categories identified at each

station varied from 6 at station 86 to 29 at station 55;

the average number of species per station was 13

(Table 1, Fig. 1). In general, the stations with the

greatest number of species were northwest of Cape
Lisburne and those with the least were between Cape
Lisburne and Point Lay.
The numbers of individuals in each category at each

station varied greatly (Table 2). I calculated the aver-

age number for the two samples at each station for the

purpose of comparing abundance of the categories.

Aglantha digitale was the predominant zooplankter

and the only one that occurred at all of the stations.

The average number per 1(X) m^ (i.e.. the average of

the two samples) among the stations ranged from 2(X)

to 22.516. Calanoid copepods. the second most abun-

dant zooplankters, ranged from 27 to 3.146 per 100 m^.

Calanusfinmarchiciis was the most abundant calanoid

(up to 2,299 per 100 m^) and also occurred the most
frequently (29 stations). Larvae of polychaetes, barna-

cles, oxyrhynchid crabs, hermit crabs, and sea urchins

in aggregate were more abundant than calanoid

copepods at 18 stations. The large proportion of mero-

plankton to the total zooplankton is characteristic of

the shallow areas of the eastern Chukchi Sea (John-

son. 1956).

Even though two samples were available from most

stations, no rigorous statistical comparisons were

made between samples or stations because of the low

counts and the high frequency of zero counts in the

samples. Frequently one sample of a pair would have a

raw count four times or more the count of its mate.

The extreme case was station 63 where one sample

contained a single Clione limacina and its mate con-

tained 38. The presence of one or more individuals of a

species in one sample of a pair was often accompanied

by the absence of individuals in the other sample.

Extreme cases of absence and presence were and
32 Aglantha digitale in the samples from station 86

and and 20 plutei of Echinoidea in the samples from
station 54.

RELATIONSfflPS BETWEEN ZOOPLANKTON
AND CHARACTERISTICS OF WATER

The distribution and abundance of zooplankton are

in part dependent on characteristics of the water be-

fore and at the time of sampling. In discussing the

distribution and abundance of species within the area

covered by the Glacier, it must be remembered that

the survey was extended over a month; during this

time marked chemical and physical changes in the

water were caused by surface freezing, wind mixing,

and the southward movement of the ice front (Ingham
and Rutland. 1972). Despite the extended period,

comparison of the contours of plankton abundance
(Fig. 2 to 10) with contour plots of temperature, salin-

ity, and dissolved oxygen (Fig. 1 1 to 13) are useful for

an understanding of the area.

The similarity of the density distributions of zoo-

plankters in the nine categories (Fig. 2 to 10) selected

for comparison suggests that the abundance of all ex-

cept ^cflrr/a longiremis (Fig. 5) were being influenced

by a common set of environmental factors. The area

appeared to be subdivided into three parts: a west area

(stations 40-60, 64, 90, and 91), a north area (stations

8-39 and 69), and a south area (stations 62. 63. and

72-87). To test the reality of this subdivision. I com-

puted means and variances for each area from the sta-

tion means. The variances were high and increased as

the means increased, which indicated that the data

were not normally distributed and required transfor-

mation. Plots of variances and standard deviations

against the means indicated that the square root trans-

formation (A" = \X -1-0.5) could be used. The original

means and transformed data are given in Table 3.

The square root transformation did not fully nor-

malize the data but did reduce variances enough for

me to test for differences of means and variances

among the three areas. To test for equality of trans-

formed means (Table 4). I used either a r-test assuming

equal variance or a ?'-test assuming unequal variance

(Ostle. 1963). The choice of whether to use the f-test

or the /'-test depended on the results of an F-test for

equality of variances (Ostle. 1963) (Table 5). The 0.05

level of significance was used in all cases to accept or

reject the assumptions of equal means or variances.

Although they were not always statistically different,

the higher variances were usually associated with the

higher means. Because the north and south areas ap-

peared to have equivalent means but differing var-

iances in several cases. I combined the north and

south areas into an east area for fiirther testing against

the west area (Tables 4 and 5).

Aglantha digitale (Fig. 2) was least dense in the

south area and had significantly higher variance in the

north area than in either the west or south areas.

Sagitta elegans (Fig. 3) had significantly different

mean densities in all three areas: the west was highest

and the north lowest.

Clione limacina (Fig. 4) was the only species in

which no statistical difference among means was
found. The variance about the mean was highest in the

south area because of the exceptionally high count of

juveniles at station 63. Deleting station 63 from the

statistics left the north area separable from the other

areas by reason of higher variance (Table 5).

The mean density oiAcartia longiremis in the south

area was significantly lower than in the west area but

not lower than in the north area. The variance for the



Table 3.--Heans, transformed means, and standard deviation and 0.95 confidence limits of transformed means of the

density of zooplankters in three areas- of the eastern Chukchi Sea, September-October 1970.

Zooplankter, area, and
ntwber of stations



Table 4. --Values of t^ from tests for equality of transformed means {X' = A + 0.5}

of density of zooplankters in four areas of the eastern Chukchi Sea, September-

October 1970.



Figure 5.—Abundance of the copepod Acartia longiremis contoured in

powers of 3 per 100 m '.

Figure 6.—Abundance of the copepod Calanus finmarchicus con-

toured in powers of 4 per 100 m^.
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Figure 8.—Abundance of the copepod Eucalanus bungii contoured in

powers of 3 per 100 m^.

Figure 9.—Abundance of the copepod Pseudocalanus minulus con-

toured in powers of 3 per 100 m^.

finmarchicus or C. abdominalis. but the density con-

tours (Fig. 6, 7) show that the portions of each area

having zero counts were separated by a band of mod-

erate density along the probable boundary of the north

and south areas. Eucalanus bungii (Fig. 8) had a simi-

lar density distribution, in which statistically signifi-

cant differences were found between means of the

south area and the west and north areas but not be-

tween the west and north areas. However, the differ-

ence in the mean for E. bungii in the west and north

areas is quite large (?' = 2.217 vs. t'^^ ,
2.224), and

Figure 7.—Abundance of the copepod Centropages abdominalis con-

toured in powers of 3 per 100 m''.

the difference of variance is significant (F = 18.26 vs.

Fo.9995 = 8.14). Pseudocalanus minutus varied from

the other calanoid copepods in that the higher mean

density for the west area (90 per 100 m^) was not statis-

tically different from that for the south area (16 per 100

m^) but did differ from that for the north area (9 per 100

m^). The density contours of P. minutus (Fig. 9) show
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a broad area of absences and low abundance in the

lower half of the north area, compared with a very

narrow band of absences or low abundance on the

western margin of the south area.

Contouring and testing the density of all calanoid

copepods as one group obscures much detail but does

indicate major patterns (Fig. 10). The west area was
statistically separable from the north and south areas

because of the high abundance in the lower half of the

west area. The north and south areas were not statisti-

cally separable and were characterized by generally

few calanoids. Lowest abundances in the north area

were in the northeast sequences of stations, consider-

ably off center from the areas of lowest abundance for

the individual species contoured. In the south area,

the four stations of lowest total calanoid densities (sta-

tions 63, 72, 86, and 87) were the same stations con-

tributing to the low mean densities of Acartia lon-

giremis. Calanusfinmarchiciis, and Eucalanus bungii.

In general, the west area had significantly higher

mean concentrations of zooplankters than the com-
bined north and south areas except for Aglantha
digitale and Clione limacina. Although not statisti-

cally separable, the difference between west and east

concentrations ofAcartia longiremis (Fig. 5) is proba-

bly real.

The north area had statistically higher mean densi-

ties of Aglantha digitale and Eucalanus bungii and
lower mean density of Sagitta elegans. After deleting

the exceptionally high count of Centropages
abdominalis at station 62, the density of C.
abdominalis was also statistically higher in the north

than in the south area. Variances of A. digitale, C.

abdominalis, and E. bungii were statistically higher in

the north area than in the south area, as was the var-

iance ofClione limacina after deletion of exceptionally

high values from station 63. Although the differences

were not always statistically significant, the north area

Figure 10.—Abundance of calanoid copepods (all species) contoured

in powers of 4 per 100 m^.

had generally higher means and variances than the

south area.

Temperature

The contours of temperature (Fig. 11) resemble

those of zooplankton abundance. The area enclosed

by the 0°C contours between Cape Lisburne and Point

Lay most closely approximates the area of lowest

zooplankton diversity (Fig. 1) as well as areas of low

abundance for Aglantha, Clione, Centropages,
Eucalanus, Pseudocalanus, and total calanoid

copepods (Fig. 2, 4, 7, 8, 9, 10). To the north, tempera-

tures rise to over 3°C and then drop, forming a series

of contours that parallel changes in abundance of these

same five zooplankters, plus Sagitta, total calanoid

copepods, and perhaps Calanus. The area northwest

of Cape Lisburne generally has wider contour spacing

of temperatures from 1° to 3°C and generally higher

abundance of zooplankton. If temperature is the major

physical factor controlling zooplankton abundance,

areas with temperatures below 0°C or with strong

horizontal gradients probably had a history of condi-

tions (either too cold or unstable) that prevented de-

velopment of large populations. The areas of broad

temperature contours probably represent more stable

conditions that would allow denser populations of

zooplankton to develop.

Salinity

The distribution of zooplankton did not appear to be
- associated with salinity. The salinity contours (Fig.

12) did not correspond well with the zooplankton con-

tours, particularly in the 10 m and bottom contours.

Thus, although the nearshore stations were less saline

than the offshore stations, these differences were not

associated with differences in zooplankton abundance.

Dissolved Oxygen

The horizontal contours of dissolved oxygen con-

centration (Fig. 13), especially at the surface and 10-m

depths, may be more indicative of recent physical

processes and lowering temperatures than biological

processes. Although there appears to be an inverse

relationship between zooplankton abundance and ox-

ygen concentration, comparison of zooplankton abun-

dance with percent saturation of dissolved oxygen

(Fig. 14) and theoretical oxygen depletion yielded no

significant relationships. The cold-water area between

Cape Lisburne and Point Lay had low zooplankton

abundance and high oxygen concentrations. The sta-

tions northwest of Cape Lisburne had warmer waters,

more zooplankton, and generally less oxygen. West of

Point Lay, nearshore stations (where lowered salinity

or increased wave action may have effected greater

oxygen solution) had higher oxygen concentrations,

whereas offshore stations had lower oxygen concen-

trations and moderately high populations of Aglantha
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Figure 11.—Sea temperature distributions at surface, 10 m, and bot-

tom, eastern Chukchi Sea off Cape Lisburne-Icy Cape, 25 September

to 17 October 1970. Redrawn from Ingham and Rutland (1972).

Figure 12.—Salinity distributions at surface, 10 m, and bottom, east-

ern Chukchi Sea off Cape Lisburne-Icy Cape, 25 September to 17

October 1970. Redrawn from Ingham and Rutland (1972).
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Figure 13.—Dissolved oxygen distributions at surface, 10 m, and near

bottom, eastern Chukchi Sea off Cape Lisburne-Icy Cape, 25 Sep-

tember to 17 October 1970. Redrawn from Ingham and Rutland

(1972).
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and calanoid copepods. Stations west of Icy Cape had
alternating areas of low and high oxygen concentration

and corresponding areas of high and low zooplankton

abundance respectively.

COMPARISON OF ABUNDANCE
AND DISTRIBUTION

OF ZOOPLANKTON IN 1970 AND 1947

The eastern Chukchi Sea fauna is a continuation of

the fauna of the eastern Bering Sea (Johnson, 1953,

1956: Johnson and Brinton, 1963). Of the 32 kinds of

zooplankters from the eastern Chukchi Sea identified

to species, only the copepod Dcrjiiginia tolli has not

been previously recorded in the eastern Bering Sea; it

appears to be restricted to the polar seas (Brodskii,

1950; Johnson, 1963).

In this section I compare the results of sampling by

the Glacier in the fall of 1970 with the results of sam-

pling by the Nere/zi in the summer of 1947. Others have

studied zooplankton in the Chukchi Sea, but the

Nereiis cruise was the only one that collected data in

the same area and used similar sampling techniques as

the Glacier. Because an east-west change in zooplank-

ton composition and abundance has been demon-
strated (Johnson, 1936, 1953; English, 1966), 1 com-
pare my data with Johnson's only for the most approx-

imate of the two sets of stations

—

Nereus stations 12,

13, 14, and 21; and Glacier stations 43, 44, 49, and 90

(Fig. 1, Table 6). The comparative data in Table 6 are

drawn from Table 1 of Johnson (1953) and my Table 2

in this paper. The data from both sources were ad-

justed to number of zooplankters per 100 m^. The dif-

ferences between the zooplankton catches of the two
cruises may have been due to differences in the years

of sampling, the season, or the size of the mesh in the

sampling net used. Also, because most of the Glacier

stations were inshore of the Nereus stations, they

were shallower and less saline.

Johnson (1953) did not list Hydromedusae in any of

his samples, but the hydromedusan Aglantha digitale

was the predominant zooplankter in my samples and
occurred both as juveniles and adults. MacGinitie

(1955) and Hand and Kan (1961) found this species to

occur consistently off Point Barrow, and Hand and
Kan noted large yearly variation in its abundance.
Considering the ubiquity of the distribution oi A.
digitale in 1970 (Fig. 2), 1 believe it likely that 1947

was a year of low abundance and 1970 one of very high

abundance.

Polychaete larvae were more numerous In 1947 than

in 1970. Among all of the stations sampled in 1970, the

counts at only two approached the magnitude of

Johnson's counts. The 1947 samples were taken with a

finer meshed net, which would account for part of the

difference, and also they were taken earlier in the

year. Many of the larvae I examined were approaching
a size and state at which they settle to the bottom.

When present, in the 1947 cruise cladocerans
(Evadne sp. and Podon sp.) were observed in high

numbers and in the 1970 cruise in low numbers. The
abundance of marine cladocerans varies seasonally,

with peaks in spring and summer (Gieskes, 1971); so

that the low numbers obtained on the Glacier cruise

could have been due to the time of year.

Calanoid copepods dominated the zooplankton in

1947 but not in 1970. Except for Acartia longiremis

and Pseiidocalanus miniitus most species of calanoid

copepods were about as abundant in 1947 as in

1970. Acartia longiremis was much more abundant
in the 1947 samples, possibly because this species, like

the cladocerans, has peak abundance in the

summer. Pseiidocalanus minutus was more abun-

dant in the summer of 1947 than the fall of 1970 even
though this species probably overwinters as copepo-

dites (Fontaine, 1955) and should have a relatively

high population in the early fall. Thus, 1 think the large

difference in abundance oi P. minutus between 1947

and 1970 reflects a difference between years rather

than seasons. The high numbers of calanoid nauplii

and the cyclopoid Oithona sp. in the summer of 1947

versus very few in the fall of 1970 appears to be a

seasonal effect. Because of their small size, copepod
nauplii and Oithona were never sampled adequately

by the nets 1 used; however, few copepod nauplii and
Oithona were found in qualitative phytoplankton sam-
ples taken with finer nets at four stations. No egg-

bearing calanoids were found in the 1970 samples.

Barnacle larvae were more uniformly distributed

than cladocerans in both years and were more numer-
ous in the summer of 1947 than the fall of 1970. Early
summer populations of barnacle larvae may be com-
posed of several species. Three species of Balanus
(MacGinitie, 1955) and one of Chthamalus (South-

ward and Southward, 1967) may contribute larvae to

the area. Some species ofBalanus release only a single

spring or early summer brood, whereas Chthamalus in

the Chukchi Sea may release more than one brood per

summer (Southward and Southward, 1967). Although
large yearly variations in abundance of barnacle larvae

probably occur, I believe the differences between the

1947 and 1970 samples represent seasonal more than

yearly differences.

Amphipods and euphausids were probably not ade-

quately represented in either the 1947 or 1970 samples

because of their ability to avoid the nets used. Without
knowledge of the identity of the amphipods taken in

1947, I can only note that amphipods were about as

abundant in 1947 as in 1970. Only larval stages of un-

identified euphausids were reported for the 1947 sam-
ples, and juveniles of Thysanoessa inermis and T.

raschii predominated in the 1970 samples, as one
would expect in the later season.

Crab larvae were more abundant in the fall of 1970

than the summer of 1947. Advanced zoeae and
megalopa of an oxyrhynchid crab (probably Hyas
coarctatus) were more numerous than equivalent
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stages of hermit crabs (Paguriis sp.) At many stations

oxyrhynchid and Pagurus larvae were about as abun-

dant as many of the calanoid copepods (Table 2).

The pteropods Clione limacina and Spiratella

helicina were found in the southeastern Chukchi Sea

in 1970 but not in 1947. Yearly variation in abundance

of both species may be large—^Johnson (1953) did not

find pteropods in the southeastern Chukchi Sea in

1947, but MacGinitie (1955) reports that 5. helicina

were abundant at Point Barrow that same summer.

Spiratella spp. are the only known prey of C. limacina

(Lain, 1970). However, the frequent occurrence of C.

limacina in the absence of Spiratella (my Fig. 4:

MacGinitie, 1955, Table 7) suggests that Clione does

have alternative prey.

Lamellibranch veligers were numerous in Johnson's

samples in the summer of 1947 but rarely occurred in

my samples in the fall of 1970. The small size of the

veligers precluded quantitative sampling by the nets

used in 1970, but 1 believe the difference is principally

due to the lateness of the season in which I sampled. I

found lamellibranch veligers at only 7 of 39 stations,

and then only in low abundance; Johnson encountered

lamellibranch veligers at 19 of 21 stations in the Bering

and Chukchi Seas, usually in high abundance.

Sagitta elegans is the only chaetognath recorded

from the Chukchi Sea (Dawson, 1971). The stations

compared in Table 6 had greater numbers of S.

elegans in 1947 than 1970, but complete data from both

years show a wide variation in catch (my Table 2:

Johnson, 1953, Table 1). Where there is a thousand-

fold difference between stations, a twofold or

threefold difference between years (Table 6) does not

seem significant.

Echinoderm larvae, like polychaete larvae, copepod

nauplii, Oithona sp., and lamellibranch veligers, were

probably underestimated in 1970, relative to estimates

in 1947, because my net was coarser than that used

aboard the Nereus. However, I think the major cause

of the difference between the 1947 and 1970 counts is

seasonal because most echinoderm larvae have a

pelagic life of less than 8 weeks (Thorson, 1961) and

would have settled out of the plankton before late Sep-

tember or October. If my hypothesis is correct, this in

combination with MacGinitie's (1955) data indicates a

very short spawning period for most Chukchi Sea

echinoderms with planktonic larvae; the peak spawn-

ing period is in July or August and most larvae settle

before September or October.

Like echinoderm larvae, adult larvaceans (appen-

dicularians) may also be seasonal in abundance. This

seasonality may explain why larvaceans were about

1,000 times more abundant in the 1947 summer sam-

ples than in my 1970 fall samples. Neither Johnson

(1953) nor MacGinitie (1955) mention Fritillaria

horealis in their samples, but it dominated the larva-

ceans in my samples. I found the larger Oikopleura

vanhoeffeni only occasionally in 1970. Unfortunately,

Johnson (1953) does not identify the larvaceans found

in the Nereus samples, although a Fritillaria sp. and

an Oikopleura sp. were recorded by Johnson (1936)

from samples taken by the U.S. Coast Guard cutter

Chelan in 1934 at stations west of Nome, Alaska.

I believe the strong seasonal nature of Arctic pro-

ductivity accounts for most of the differences found in

comparing my 1970 fall data with Johnson's 1947

summer data, especially those larval forms which were

much more abundant in 1947. Large yearly variations

probably account for the greater abundance of some
larger and longer lived zooplankters in 1970. Although

a coarser net was used in 1970 than 1947, I feel that net

selectivity played a role secondary to the seasonal and

yearly differences.

SUMMARY

1. Zooplankton samples were collected at 39 sta-

tions in the eastern Chukchi Sea between 26 Sep-

tember and 17 October 1970.

2. Sixty-three categories of zooplankton were en-

countered; between 6 and 29 categories occurred at

the individual stations.

3. The hydromedusan Aglantha digitate was the

predominant zooplankter, both in numbers and

biomass. Calanoid copepods were the second most

abundant zooplankters, although meroplankters

equaled or exceeded copepods in numbers at one-half

of the stations.

4. Contour plots of zooplankton abundance indicate

that three environments were sampled: I) an area of

high abundance and diversity northwest of Cape Lis-

bume, 2) an area of low abundance and diversity be-

tween Cape Lisbume and Point Lay, and 3) an area of

rapid north-south variation but generally low abun-

dance extending west along the 70°N parallel.

5. Waters with temperatues below 0°C tended to

have lower zooplankton abundance than adjacent

warmer waters. In areas where the temperatures

changed rapidly from 1° to 3°C horizontally, the abun-

dance of many species changed along the gradient in a

parallel fashion. Broad temperature contours in the

area northwest of Cape Lisbume indicated some sta-

bility, which would be conducive to the development

of large zooplankton populations.

6. Nearly no assocation was evident between zoo-

plankton abundance and salinity.

7. A tendency was noted for an inverse relation be-

tween zooplankton abundance and dissolved oxygen

concentration of the water.

8. A comparison of the 1970 data with data for 1947

demonstrated several differences—some appeared to

be differences between years and others seemed to be

differences due to time of year. Apparent between-

year differences were greater numbers of Aglantha,

Clione, and crab larvae, and lesser numbers of

Pseudocalanus in 1970 than in 1947. Differences

thought to be due to season were lesser numbers of

cladocerans, /Icarf/fl, Oithona, larvaceans, and most
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planktonic larvae in the fall of 1970 than in the summer
of 1947.
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