
ANNUAL REPORT

Contract #: 03-78-BO1-6
Research Unit #: 359
Reporting Period: 1 Apr 1978-31 Mar 1979
Number of Pages: 96

Beaufort Sea Plankton Studies

Rita A. Homer

31 March 1979

543



I . Summary of objectives, conclusions and implications with respect to
OCS oil and gas development

The objectives of this project are to assess the winter density
distribution of zooplankton and phytoplankton  in Steffanson Sound and to
analyze samples collected during the 1978 icebreaker cruise in the western
Beaufort Sea.

Information concerning the abundance and distribution of phytoplankton
and zooplankton and primary productivity in the western Beaufort Sea in
summer (August and September) is now available. Some information will be
available concerning the winter abundance and distribution of plankton at
the end of the FY 79 winter field season. Still unavailable, however, is
information from the spring, April through June, and including the underice
community.

The winter information is important because of the State of Alaska
regulation limiting drilling to the winter and there are indications that
some biological activity occurs in winter, i. e. , spawning of Arctic cod
(Boreogadus saida Lepechin) in Russian waters (Rass 1968).

II. Introduction

A. General nature and scope of study

As primary producers and primary and secondary consumers,
phytoplankton and zooplankton are important in the Beaufort Sea ecosystem.
R.U. 359 will provide information on the winter populations of phytoplankton
and zooplankton in the nearshore area of Steffanson Sound.

B. Specific objectives

The specific objectives of this project are to assess the
winter density distribution and environmental requirements of zooplankton
and phytoplankton  in the nearshore areas of the Beaufort Sea in an integrated
sampling effort with other Research Units and to analyze samples collected
during the 1978 icebreaker cruise in the Beaufort Sea.

c . Relevance to problems of petroleum development

Basic background information on standing stock, species
composition, community structure, distribution, and primary production of
plankton communities in the Beaufort Sea lease area in winter is generally
not known. This kind of information is necessary in order to assess damage
in case of a spill. Knowledge of winter biological activity is especially
important in light of the State of Alaska draft regulations that limit
exploratory drilling to the winter.
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III . Current state of knowledge

The literature pertaining to
Sea has been reviewed (English and Homer

plankton studies in the Beaufort
1977) and summarized (Homer 1978).

Recent papers not previously summarized include Hsiao et al. (1977),
Hsiao et al. (1978), and Hsiao (1978). Hsiao et al. (1977) determined
phytoplankton  standing stock and primary production in the southern Beaufort
Sea during the summers of 1973, 74, and 75. They found the phytoplankton
community to be dominated by diatoms in coastal waters and by flagellates
farther offshore. Productivity and standing stock decreased with increasing
distance from shore.

Hsiao et al. (1978) studied the effects of crude oils and the oil
dispersant Corexit on primary production of Arctic marine phytoplankton and
seaweeds. These authors found that the production rate varied with concen-
trations and types of oil, method of preparation of oil-seawater mixtures,
species composition, and environmental conditions. Inhibition of production
generally increased with increasing oil concentration in samples with the
same species concentration. Mixtures of crude oil and Corexit were more
toxic than crude oil or Corexit alone. Production of Laminaria saccharina
and Phyllophora truncata was inhibited by all types and concentrations of
oil tested.

Hsiao (1978) studied the effects of four crude oils on the growth of
three diatoms and one green flagellate isolated from Beaufort Sea plankton.
He found the green flagellate, Chlamydomonas  pulsatilla, to be the most
tolerant species, with none of the oils being lethal at any of the concen-
trations, temperatures, and exposure times tested. In fact, at lower
temperatures and oil concentrations, growth was slightly stimulated. The
growth of diatoms, Chaetoceros septientrionalis,  Navicula bahusiensis,  and
Nitzschia  delicatissima, was inhibited by all oils tested after ten days’
exposure at O°C, 5“C, and 10°C and concentration of 10 ppm. Nitzschia
delicatissima  was the most sensitive of the three diatoms, followed by
Navicula bahusiensis and Chaetoceros septentrionalis.

The author points out possible consequences of an oil spill in Arctic
waters, suggesting that a spill in open water could result in a shading
effect on the phytoplankton  that would inhibit growth or the persistence of
the non-volatile, water soluble aromatic hydrocarbons that might inhibit
growth. If a spill happened under the ice, the oil could affect the ice
algae by coating it causing direct physical damage, by producing a shading
effect, and by inhibiting growth due to the persistence of more toxic
volatile components. The composition of the phytoplankton  community could
change to one dominated by flagellates because of differential growth and
sensitivity to oils and this could lead to altered zooplankton communities
as well.

Perhaps the most important contribution of these papers is that the
experiments were performed on species that were isolated from the Beaufort
Sea. While the phytoplankton  species are not usually dominant species in
the phytoplankton  community of the western Beaufort Sea, Chaetoceros
septentrionalis and Nitzschia  delicatissima are nearly always present in



the water column and Ch.
ice algae community.

IV. Study area

septentrionalis  may also be a component of the

The study area and sampling stations during
ber 1978 cruise of CGC Northwind are shown in Fig. 1.

The winter sampling site was in Steffanson Sound at

the August-Septem-

70°19’N, 147°34.4’W.

v. Sources, methods and rationale of data collection

Phytoplankton  samples were collected with 5-L Niskin bottles.
Subsamples of the water were taken for salinity, standing stock, primary
productivity, and plant pigment determinations. Standing stock samples were
preserved with 5-10 ml of 4% formalin buffered with sodium acetate. Primary
productivity measurements were made in 60 ml reagent bottles. Two light and
one dark bottle were used for each depth. Two ml of NaH14C03 solution were
added to each bottle, aluminum foil was wrapped around the dark bottle and
the samples were incubated in a laboratory sink under a bank of cool white
fluorescent lights. Light levels were measured at the beginning and end of
the incubation period with a Gossen Super Pilot photographic light meter.
Low temperature was maintained by running seawater and was monitored
throughout the incubation period. Following a 3 to 4 hr incubation period,
the samples were filtered onto 25 mm HA (0.45 pm) Millipore filters, rinsed
with 5 ml filtered seawater and 5 ml 0.01 N HC1, and placed in liquid
scintillation vials.

Water for plant pigment determinations was filtered through 47 mm HA
(0.45 Urn) Millipore filters. A few drops of a saturated MgC03 solution
were added near the end of the filtration and the filter was rinsed with
filtered seawater. The filters were folded into quarters, placed in labeled
glassine envelopes, and frozen.

Salinity was determined on board using a Beckman Industrial Instruments
Model RS-7A portable induction salinometer. “Copenhagen” water was used as
the standard. Temperatures, measured with deep sea reversing thermometers
were corrected using calibration factors provided by the Coast Guard and
following the procedure outlined in the U.S. Naval Oceanographic Office
Publ. 607 (1968). Water transparency was measured with a Secchi disc.

Zooplankton samples were collected with bongo nets having mesh sizes of
333 and 500 pm, mouth openings of 60 cm , and areas of 0.2827 m2. A TSK model
313 flowmeter (InterOcean Systems, Inc.) was mounted in the mouth of each
net. A 45 kg rectangular weight was attached to the net frame. Tows were
double oblique with the net lowered at ea. 40-50 m/min to a depth ea. 10 m
from the bottom at shallow stations or to 200 m at deep stations, soaked for
30 see, and retrieved at ea. 20 m/min.

The samples were concentrated by gently swirling in a net collection
cup to remove excess water. The samples were poured into jars and preserved
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Fig. 1. Study area and station locations, USCGC I!lortWn.cl, 15 Aug to 15 Sep 1978.
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with 37% formalin and saturated sodium acetate solution. The amount of
formalin and buffer depended on the jar size. A label containing collection
data was put in the jar, seawater added if necessary to fill the jar, and
the jar was capped for storage.

During the 1978 icebreaker cruise, stations 1-6 were collected in areas
where Alaska Department of Fish and Game personnel were hunting seals (R. U.’S
230 and 232). Stations 10-12 were collected along the Pitt Point transect
(R. U. 6). Other stations were taken at locations east of Prudhoe Bay
where microbiologists (R. U. ‘s 29 and 190) needed samples, and at locations
to repeat stations taken in 1976 and 1977, and to fill in gaps.

VI. Results

A. CGC No~thvind cruise

1. Hydrography

Hydrographic data for stations taken in the Beaufort
Sea are given in Table 1; vertical profiles of temperature and salinity
are given in Fig. 2.

2. Phytoplankton standing stock

Phytoplankton  standing stock samples have been
analyzed for eight stations (68 samples). No new organisms have occurred
in the 1978 samples, but all the diatoms are weakly silicified,  to the
extent that identification is often difficult.

The number of phytoplankton cells’ranged from < 2 x 105 to ea. 3 x 106

cells per liter. As in 1976 and 1977, small Ch.aetoeero8  spp. and unidenti-
fied flagellates were the most abundant organisms.

3. Primary productivity and plant pigment concentrations

Primary productivity and plant pigment concentrations
are listed in Table 1 and vertical profiles are shown in Fig. 2. Integrated
values for carbon assimilation and chlorophyll a are given in Figs. 3 and 4.

Primary productivity ranged from 0.01 to 2.93 mg C m-3 hr-l with inte-
grated productivity ranging from 1.25 mg C m-2 at station 7 to 32.05 mg C m-2
at station 29.

Chlorophyll a ranged from 0.01 to 6.11 mg m-3; integrated chlorophyll a
‘2 at station 22 to 37.35 mg m-2 at station 16.ranged from 4.63 mg m

4. Zooplankton

Sixty-one categories of zooplankton have been identified
from 16 net hauls, including 27 species and 34 other categories such as
larval stages and categories where identification was made to some taxonomic
rank higher than species ”(Table 2). Greatest emphasis has been placed on
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Table 1. Summary of station locations, hydrography, ice cover, chlorophyll a and phaeopigment
concentrations, and primary productivity, USC(% flo~thuind,  15 Aug to 15 Sep 1978,

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) S“foo (mg m-3) (mg C m-3 hr-])

01

03

04

05

17 Aug 71°11’

18 Aug 70°58.5’

19 Aug 7 0 ’ 1 9 . 8 ’

21 Aug 70°36.2’

150°14 ‘ 8 %1 005
015
025
035
045

149°17’ 7 4-5 003
010
015
020
025
030
035

146°05’ 5 1 000
005
010
015
020
025

148”20.2 1 5 3 - 4 000
003
006
009
012
015
020

-0.01:
2.55
1.95+
2.39+

1.57

-0.27
-1.03*
-0.45
-0.71
2.80
2.40
2.17

-0.36
-0.42

-1.16
-1.64
-1.64

-0.08
-0.20
-0.84
-1.52*
-1.45
-1.52
-1.53

24.16
30.19
31.16
31.55
32.08

,15.93
29.11
29.88
30.73
31.52
31.68
31.68

28.86
29.30
31.82
32.15
32.17
32.22

22.36
26.20
31.31
32.06
32.09
32.10
32.08

0.13
0.23
0.56
0.40
0.21

0.18
0.27
0.40
0.34
0.26
0.38
0.32

0.17
0.21
0.24
0.24
0.31
0.33

0.16
0.17
1.30
0.70
0.81
0.49
1.05

0.05
0.05
0.30
0.17
0.20

0.i)6
0.07
0.05
0.05
0.18
0.20
0.19

0.16
0.16
0.30
0.31
0.20
0.34

0.10
0.07
0.05
0.24
0.36
0.91
0.68

0.02
0.22
0.17
0.05

0.01
0.01
0.06
0.07
0.11
0.17
0.18

0.04
0.08
0 . 1 1
0 . 0 5
0.09
0.06

0 . 0 3

0.27
0.27
0.23
0.21
0.24

m

* Temperature based on oniy one thermometer
+ Temperature values questionable
Where no value is present, no data are available



Table 1. (continued)

Date Sec.chi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) So/o” (mg m-3) (mg C m-3 hr-l)

06

07

WLn
o

08

09

22 Aug 70°55’

23 Aug 70°05.9’

23 Aug 71°03.6’

24 Aug 71°11.1’

148Q11’

149°54’

150°52.9’

151°51.3’

5

8

9

10

$5

0

0

0

000
005
010
015
020
025
030
035

000
005
010
015
020

000
005
010
015
020

000
005
010
015
020

0.56*
-1.13
-1.42
-1.39
-0.17*
-0.64
-0. 64*
0.18

0.56
0.49
0.79
3.46
2.12

0.89
0.92
3.34
3.60
3.54

1.77*
1.84
1.73
4 . 8 1
3 . 5 1

9.46
28.38
29.80
30.12
31.05
31.32
31.60
31.87

24.90
25.16
27.93
29.97
30.58

25.33
25.65
28.87
29.69
29.77

25.76
26.31
28.73
29.30
29.93

0.33
0.38
0.27
0.36
0.34
0.24
0.14
0.29

0.15
0.16
0.26
0.57
0.38

0.25
0.23
0.48
0.54
0.55

0.21
0.29
0.29
0.28
0.27

0.02
0.10
0.07
0.04
0.08
0.08
0.08
0.30

0.08
0.08
0.12
0.20
0.26

0.08
0.07
0.16
0.20
0.37

0.19
0.05
0.22
0.42
0.40

0.04
0.04
0.07
0.12
0.06
0.01
0.07

0.03
0.05 4“

0.08
0.21

0.01
0.03
0.08
0.13
0.13

0.02
0.08
0.05
0.17
0.05



Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

S ta ( G M T ) (N) (w) (m) (oktas) (m) (“c) solo. (mg m-3) (mg Cm-3 hr-])

10 24 Aug

11 24 Aug

E
P

71°05’ 152°51’ 7 0 000
005
010
015
020

71°19.8’ 152°47.7’ 10 0 000
005
010
015
020
030
040

12 24 Aug 71°21.6’ 152°41.1’ 10

050

000
005
010
015
020
030
045
060
075
090

1.76k 25.46
2.22 27.94
2.68 30.24
2.33 31.09
2.38 31.13

1.96* 26.02
1.75 26.06
5.12 28.64
4.91 29.23
3.91* 29.72
2.12 31.26
2.074 31.34
1.27- 31.52

2.88* 26.11
3.31 26.83
4.59 28.90
5.74 29.19
5.88 29.22
5.44 29.65
2.07* 31.21
0.72 31.60

-1.03 31.88
-1.24 32.47

0.14
0.25
0.96
1.78
1.69

0.25
0.32
0.53
0.32
0.44
0.52
0.47
0.33

0.29
0.41
0.72
1.03
0.69
0.23
0.43
0.30
0.12
0.15

0.07
0.09
0.27
0.67
0 . 7 2

0.08
0.08
0.17
0.08
0.16
0.20
0.21
0.18

0.08
0.12
0.25
0.29
0.17
0.12
0.16
0.11
0.10
0.18

0.02
0.11
0.23
0.45
0.60

0.18
0.09
0.16 OJ
0.15
O*17
0.13

0.02
0.04
0.15
0.09
0.09
0.05
0.49
0.05
0.04



Table 1. (continued

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) S“foo (mg m-3) (mg C m-3 hr-])

13 26 Aug 71°33.5’ 150°27.0’ 10 2 000
005
010
015
020
030
045
060
075
100
125
150
175
200

1800

14 28 Aug 70°36’ 147°38.7’ 7 %4 000
003
006
009
012
015
018

16 29 Aug 70°29 ‘ 147°23’ 7 %4 000
003
006
009
012
015
018
021

0.08*
0.21
0.30
0.62
0.87

-0.45
-1*01*
-1.43
-1, 20*
-1.16
-1.30
-1.12*
-0.96
-0.30
-0.36

-0.69*
-0.79
-1.20
-1.26
-1.43
-1.44
-1.48

-0.33*
-0.80
-1.10
-1*15
-1.45
-1. 36*
-1.46*
-1.49

23.40
24.14
27.54
28.80
30.61
31.13
31.72
31.98
32.16
32.41
32.67
32.98
33.62
34.09
34.52

21.29
27.81
29.92
30.55
31.76
31.81
31.84

21.11
26.37
29.88
34.37
31.75
31.79
31.79
31.80

0.09
0.11
0.22
0.27
0.22
0.26
0.14
0.06
0.04
0.02
0.03
0.02
0.03
0.01
0.02

0.23
1.31
2.86

1.40
1.11
0.94

0.18
0.65
2.37
1.76
1.92
1.76
2.86
2.08

0.04
0.07
0.05
0.05
0.05
0.08
0.09
0.06
0.08
0.08
0.09
0.10
0.08
0.03
0.03

0.10
0.23
0.49

1.01
0.62
0.50

0.09
0.16
0.39
0.46
0.72
0.57
1.11
0.54

0.23
0.06
0,05
0.06
0.02
0.07
0.04

0.03

0.02
0.07
0.29
0.47
0.32
0.30
0.35

0.32
0.89
0.90
0.78
0.72
0.85



Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) solo. (mg m-3) (mg Cm-3 hr-l)

17 30 Aug 70°21.9’

18 31 Aug 70°34 ‘

M
u-l
LLJ

19 01 Sep 70°12.7’

146°51.7’ 7

145°51.7’ 5 1-2

143°22.6’ 11 0

5 020 02 Sep 69°58.5’ 142°15’

000
003
006
009
012
015
018

000
003
006
009
012
015
018

000
003
006
009
012
015
018

000
003
006
009
012
015

-0.15
-0.73
-0.94*
-1.28
-1.38+
-0.99*
-1.16

0.44
-0.20
-0.63*
-0.99+

-0.87*
-1.37+
-1.04

2.63
-0.12
-0.54*
-0.42
-o ● 90+

-0.41
-1.21

4.07
1.97+

1.88
o.43t
0.32
0.28

22.47
26.01
29,05
30.60
31.45
31.66
31.63

23.65
27.14
29.37
30.73
31.74
31.75
31.75

26.28
30.10
30.59
31.06
31.62
32.05
32.07

28.51
30.09
31.00
31.02
31.05
31.08

0.25
0.49
1.76
1.51
3.12
2.68
3,45

0.24
0.29
0.36
1.01
4.03
3.53
4.42

0.16
0.21
0.12
0.28
0.08
2.65
2.41

0.20
0.16
0.53
0.60
1.58
2.03

0.12
0.15
0.23
0.32
0.59
0.80
0.98

0.13
0.18
0.19
0.35
1.04
1.01
1.30

0.05
0.05
0.05
0.20
0.44
0.66
1.01

0.07
0.44
0.12
0.81
0.36
0.84

0.01
0.03
0.18
0.39
0.88
1.05
1.02

0.01
0.03
0.10 w
0.20 c1

1.93
1.75
1.63

0.05
0.04
0.16
0.50
1.52
1.32

0.06
0.04
0.44
0.25
0.49
0.90



Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) S“/o. (mg m-3) (mg C m-3 hr-l)

21 03 Sep 70°57.8’ 142°20.8’ 0

22 05 Sep 69°45’ 141°17.5’ 10 0
W
in
.&

o23 06 Sep 70°28.0’ 143°33.0’

000
005
010
015
020
025
030
045

2400

000
003
006
009
012
015

000
005
010
015
020
025
030
035

-1.38
-1.29
-1.19
-1.12
-1.28
-1.33
-1.33
-1.53
-0.39

3.44
2*I2
1.79
0.93
0.12*
0.10

4.36

27.69
30.27
30.26
30.88
31.12
31.32
31.59
31.83
35.01

29.42
30.96
31.30
31.79
31.85
31.85

25.60
3.34 28.03
0.13 30.22

-1.03* 31.41
-1.28& 31.87
-1.24; 32.26
-1.45 32.32
-1.61 32.34

0.19
0.14
0.21
0.17
0.18
0.20
0.26
0.25

0.20
0.22
0.21
0.29
0.55
0.47

0.12
0.18
0.12
0.08
0.14
0.11
0.21
0.27

0.05
0.05
0.11
0,14
0.14
0.21
0,14
0.23

0.08
0.08
0,08
0,08
0.06
0.08

0.06

0.03
0.07
0.03
0.09
0.05

0.11
0.11

0.11
0.15
0.28

0.01
0.07
0.07 0.03
0.03 0.02
0.05 0.12
0.14
0.14 0.07
0.15 0.14

I



Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

S ta (GMT) (N) (w) (m) (oktas) (m) (“c) sole. (mg m-3) (mg C m-3 hr-l)

25 07 Sep 70°15.1’ 143°40.0’

b-l
u-i
u

26 08 Sep 70°07.7’ 144°48.4’

24 06 Sep 70°28.6’ 143”42.3’ 15 0 000
005
010
015
020
030
045
055

000
003
006
009
012
015
020
025

0 000
003
006
009
012
015

4.18*
3.02*
1.75

-1.11
-1.26A
-1.48
-1.56
-1.33

2.93*
2.18

-0.18
-0.54
-1.14*
-1.43*
-1.47
-1.51

2.33
1.13
0.23

-0.37
-1.24*
-1.33

26.25
30.33
31.08
31,34
31.52
31.81
32.11
32,42

27.35
27.94
30.43
31.27
31.85
32.21
32.23
32.23

25.13
26.36
28.09
30.32
31.63
31.82

0.13
0.18
0.16
0.13
0.15
0.23
0.12
0.10

0.09
0.12
0.21
0.37
0.26
3.78
5.46
4.16

0.28
0.16
0.18
0.10
0.53
0.92

0.09
0.05
0.05
0.05
0.06
0.13
0.15
0.21

0.06
0.05
0.16
0.16
0.07
0.66
0.23
1.11

0.07
0.07
0.10
0.07
0.53
0.92

0.05
0,10
0.01
0.02
0,01
0.16
0.06
0,04

0,02
0.03 w
0.11

~

0.11
0.17
1.63
2.18
2.16

0.02
0.07
0.06

0.17
0.28



Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

S ta (GMT) (N) (w) (m) (oktas) (m) (“c) sO/oO (mg m-3) (mg C m-3 hr-l)

27

28

U
W‘m

29

08 Sep 70”17.8’ 146°30.8’ 8 W6 000
003
006
009
012
015
018

09 Sep 70°28.0’ 147°25.7’ 8 2 000
003
006
009
012
015
018
021

09 SeP 71°01’ 147°56.5’ 10 2-3 000

-1.01
-0.97
-0.92
-1.12
-1.27
-1. 38*
-1.40

-O. 24*
-0.77
-1.01
-1.06*
-0.74*
-0.65
-1.16*
-1.09

-o ● 05

26.08
27.40
28.93
30.03
30.39
31.28
31.32

15.93
25.60
28.30
29.44
29.84
30.37
30.82
30.85

24.40
005 0.21 27.28
010 4.88 29.16
015 4.86 29.80
020 4.22 30.19
025 4.48 30.58
030 2.63A 30.83
045 0.42 31.54

0 . 2 1
0 . 2 4
0 . 3 4
0 . 4 7
0 . 5 6
3 . 9 0
6 . 1 1

0 . 4 3
0 . 2 2
0 . 4 2

0 . 6 9
1 . 0 1
2 . 5 5
3 . 3 5

0 . 2 2
0.49
0.54
0.94
0.31
0.74
0.70
0.25

0.08
0.12
0.11
0.08
0.08
0.72
1.64

0.09
0.08
0.06

0.03
0.18
0.63
0.72

0.06

0.07
0.04
0.10
0.22
0.29
1.49
2.56

0.07
0.09
0.10 +
0.21 m
0.30
0.35
1.04
1.50

0.01
0.16 0.12
0.16 0.04
0.27 0.34
0.75 0.60
0.20 0.31
0.17 0.30
0.10 2.93
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Table 1. (continued)

Date Secchi Ice Sample
(1978) Latitude Longitude Depth Cover Depth Temp Chl a Phaeo Prim Prod

Sta (GMT) (N) (w) (m) (oktas) (m) (“c) sol.. (mg m-3) (mg C m-3 hr-])

30 10 Sep

32 12 Sep

70°44.9’

70°35.5’

70°46.6’

148°34’

148°00.0’

149°30.4’

2-3

10 3-4

5 6-7

000
003
006
009
012
015
018
021

000
003
006
009
012
015
018

000
003
006
009
012
015
018

0.12
-0.89
-0.98
-1.17*
-0.91*
1.89*
1. 28*
1.11

-0.49*
-0.68
0.02
0.07

-0.41*
-0.27
-0.84

-0.55
-0.82
-0.82
-0.56+

0.45+

0.26t
0.79

10,35
25.92
28.33
29.65
29.93
31.16
31.39
31.39

16.94
27.98
30.35
30.58
31.20
31.42
31.49

10.48
28.54
29.61
30.31
31.00
31.10
31.10

0.31
0.25
0.38
0.65
0.75
0.82
1.27
2.34

0.33
0.46
0.64
0.31
2.10

2.28

0.53
0.44
0.37
0.70
1.30
1.76
1.68

0.07
0.08
0.11
0.09
0.22
0.20
0.37
0.27

0.07
0.11
0.14
0.92
0.51

0.59

0.14
0.16
0.08
0.14
0.30
0.43
0.62

0.08
0.11
0.13
0.19
0.~8

0.32
0.62
1.08

0.06
0.16
0.26
0.46
0.76
1.09
1.04

0.08
0.15
0.10
0.24
0.66
0.79
0.98



Table 1. (continued)

Ilate Secchi Ice Sample
(1978) Latitude Lcmgitude Depth Cover Depth Temp Gkll G Phaeo Prim’ Pr~d

Sta (GMT} (N) (w) (In) (~ktas) @ (“c) so}.. (mg m-31 (mg C  i n- 3  hr-])

33 13 Sep 71°12.6’ 149”38.4’ 7 0-1

34 13 Sep 70°52’ 150°16’ 8. <1

35 14 Sep 71°01’ 150°25’ 7 1-2

000
005
010
015
020
030
045
060

000
003
006
009
012
017
022

000
003
006
009
012
015
018
021

1.44*
1.43
1.54
L72T
2.59*
1.68*
1.27*
1.08

-0.63
-0.59
-0.17
0.41+
2.29+

1.66*
1.66

-0.98*
-0.92*
-0.95
-0.53
2. 37*
3.62
3.59*
3.58

27.26
27.26
27.3.5
27.5(3
30.48
31.61
31.47
31.64

25.66
26.17
28.58
29.60
30.51
30.53
30.53

26.57
27.35
27.39
28.11
29.98
30.17
30.18
30.17

0.47
0.47
0.46
0.47
0.51
0.21
0.13
0.14

0.40
0.43
0.47
0.70
0.88
1.17

0.33
0.39
0.44
0.59

0.89
0.98
0.95

0.13
0.11
0.13
0.09
0.59
0.19
0.18
0.20

0.15
0.16
0.18
0.10
0.31
0.34

0.17
0.14
0.13
0.26

0.34
0.34
0.45

0.03
0.08
0.09
0.08
0.24
0.07
0.Q7
0.11

0.09
0.15 P
0.16 m

0.18
0.36
0.32
0.68

0.09
0.10
0.15
0.15
0.44
0.40
0.49
0.48
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Table 2. Abundance (number per 1000 m3) of zooplankton taxa found in net hauls from the Beaufort Sea.
All samples were collected with bongo nets, mesh size 500 pm. Where no number is present, no animals were
found.

Station Numbers

Taxon 4 5 7* 8* 16 17 18 20

Coelenterata
Hydrozoa

Aeginopsis laurentii
Aglantha digitale
Bougainvillea supere{l;ar-&
CaQicopsis birulai
Corymo@a flannnea

Coryne tubulosa
U-4 Cuspidella sp. cf.
o Perigonimus vesiearius

perigonimus yoldia-arvticae
Perigonimus spp.
plotocnide  borealis cf.
Unidentified medusae

Siphonophora - unidentified

Ctenophora
Plaoobrachia pileus cf.

Polychaeta - unidentified

Mollusca
Gastropoda - Pteropoda

Cl<one limaeina
SpirateZla helieina

Unidentified mollusc larvae

ef.

470
3510

40
20

130

150
110

20

170

150
230

230
2280

30
70

200

170

400

130

30
70

600
15930

50

50

270

50

50
380

980
23120

100

50

150

100

50
730

230
2230

90

270
550

230

140

90
140
180

380
520

50

28CJ

140
140

50

140

1120
80

80
40

230

80
190
80

120

80
120
40

810
1220

60
30

410 wQ

60

90

30

* Volume of tow estimated (ship speed x mouth area of net x duration of tow).



Table 2. (continued)

Station Number

Taxon 4 5 7* 8* 16 17 18 20

Crustacea
Copepoda

Calanoida - adults 61020 12050 660 150 21450 54460 19770 61100
Calanoida - juveniles 45190 20000 74400 1800 41090 109300 209420 47300
Cyclopoida 50
Harpacticoida
Unidentified nauplii 80 90

Cirripedia
Nauplii 320 330 310

m
Q Cyprids
b

Mysidacea
Mysis Zitoralis
Mysis oculata
I.@sLs relieta
Mgsis spp.

Cumacea
Unidentified cumacea

Amphipoda
Gammaridea
Aphemsa glaeialis 40
Apherusa glaeialis cf.
Onisimus glaeialis
Un.isimus glacialis cf. 90
Onisimus nanseni
Onisimus sp.

110

20 100
50
50

50 490 50 50
50

N
a

380
60

140
960

30

80 170

120 60
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Table 2. (continued)

Station Number

Taxon 4 5 7* 8* 16 17 18 20

Hyperiidae
Hyperia galba
Pa~athemisto  abyssorum
Parathemisto  abyssorwn cf.
Parathemisto  _libelZula
Unidentified Hyperiidea

Unidentified Amphipoda

Euphausiacea
Thysarw??ssa inemis
ThysanoZssa  longipes cf.
Unidentified furcilia

Decapoda
Anornura - unidentified larvae
Brachyura - unidentified larvae
Caridae - unidentified larvae

Echinodennata
Unidentified larvae

Appendicularia  (Larvacea)
F??;tillaria  borealis
Friti21aria  spp.
Oikopleura  labradoriensis
Oikopleura vanhlffeni
Oikopleura  spp.

40
40

110

20

20

130

1450
90

510
1020

100
300

170
70

160 50 120
100 90 50 150 90

270 330 230 170

50

50
30

30
70

100

70
1850

70

50

160
90 50

440
100 270 230 390

30

90

16480 32880 3360 15020 7950 10780
550 930 2050 2160 230 4700

500
110 230 470 1540 1970

1100 100 410 1690 4940 15300



Table 2. (continued)

Taxon 4 5 7* 8* 16 17 18 20

Chaetognatha
Eukrohnia  hamata 170 50 80
Sagitta elegans 470 5000 7580 5320 7180 850 390 460
Unidentified chaetognaths 90 4290 9370 50 120

Pisces
Unidentified larvae 50 50 150

Other organisms
Unidentified animals

U Unidentified Nematoda
2 Unidentified Foraminifera

40
20

330 240 190

L.J
o



Table 2. (continued)

StaEion Number

Taxon 22 25 27 28 30 31 34 35

Coelenterata
Hydrozoa

Aeginopsis  lauxentii
Aglantha  di~itale
Bougainvillea supereiliaris
Ca@eopsis birulai
Corymorpha flammea
Coryne tubulosa
Cuspidella sp. cf.
Perigonimus  vesicarius
Pe~igonimus  yoldia-areticae
Perigonimus  spp.
plotoenide borealis cf.
Unidentified medusae

Siphonophora - unidentified

Ctenophora
Pleurobraehia  pileus cf.

Polychaeta  - unidentified

900 380 930 240 660
6390 4080 320 1500

130 120 210

180

cf.

180

120

30
130 40

30
100

30
370 20

30 740 640
870 144980 303400

40

30

60 250 w
+

490 380

60 40

280 340

Mollusca
Gastropoda - Pteropoda

CZione Zimaeina 30
Spiratella  helicina 1510 470 30 40 210 120 310 110

Unidentified Iuollusc larvae 60
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Table 2. (continued)

Station Number

Taxon 22 25 27 28 30 31 34 35

Crustacea
Copepoda

Calanoida - adults
Calanoida - juveniles
Cyclopoida
Harpacticoida
Unidentified nauplii

Cirripedia
Nauplii
Cyprids

W
u
Ln Mysidacea

~sis lito~alis
Mysis oculata
Mysis relicts
Mysis spp.

Cumacea
Unidentified cumacea

Amphipoda
Gammaridea
Apherusa glacialis
Apherusa glacialis cf.
(?n.izinrus glaeialis
Onisimus glacialis cf.
On.isimus nanseni
Onisimus sp,

5180 13480
32710 138370

60

30

30
30

220

60

60 30

60

1060 3330 6110 3830 3450 2720
28570 112480 78080 77370 75320 48910

180
30

80 240

170 20 30 210 90
30 120

30

30

30

60

30

30

60



Table 2. (continued)

Station Number

Taxon 22 25 27 28 30 31 34 35

Hyperiidea
Hyperia galba 60 30 40 120 30
Pa~athemisto abyssom 560 30 80 120 420 120 260
Parathemisto abyssom cf. 40
Parathemisto libellula 60 !?0 330 510 30 360 120 110
Unidentified Hyperiidea 30

Unidentified Amphipoda 40

Euphausiacea
Thysano2ssa inermis
Thysano2ssa Zongipes cf.

U Unidentified furcilia
4
m

Decapoda
Anomura - unidentified larvae
Brachyura - unidentified larvae
Caridea - unidentified larvae 480 90

30

270
20 150 120

170 60 360 480

30

30

30

Echinodermata
Unidentified larvae 30

Appendicularia  (Larvacea)
Fritilbria borealis 840 3010 10370 5940 1560 6410 10090 8450
E’ritillaria spp. 60 1380 2590 480 15390 740 600
Oikopleura labradoriensis
Oikopleura vanh~ffeni 75!30 8030 4190 280 1260 120 2220 910
Oikopleura spp. 19160 16740 8370 3090 2750 6230 5170 910

w
w



Table 2. (continued)

Station Number

Taxon 22 25 27 28 30 31 34 35

Chaetognatha
Euk.rohnia h.wnata 380 30
Sagitta elegans 360 446 800 630 10120 575CI 37690 48910
Unidentified chaetognaths 60 190 330 2060 1860 8380 12060 9060

Pisces
Unidentified larvae 30 20 30 30

Other organisms
Unidentified animals
Unidentified Nematoda

0 Unidentified Foraminifera4
4

120
30

90

30

890 300



35

those organisms known to be important prey species for birds and mammals.
Copepods have been separated into adults and juveniles and counted; they
are not being identified to species.

Distribution and abundance of some zooplankton categories for 1976 and
1977 are given in Figs. 5-56.

B. Winter sampling in Steffanson Sound

1. November 1978

a. Phytoplankton  standing stock and plant pigments

Few phytoplankton  cells were found in samples
collected in November 1978. Unidentified flagellates, mostly < 6 pm in
diameter, were the most common organisms. A few Clzaetoeeros  spp. spores
were found along with a few pennate diatoms, primarily NZfAZse7zia spp. and
Navieula spp. The diatoms contained chloroplasts, but did not appear to be
healthy cells.

Plant pigments are given in Table 3.

b. Zooplankton standing stock

Zooplankton standing stock is given in Table 4.
Based on the total number of animals, calanoid copepods, primarily juveniles,
comprised > 99.5% of the population.

2. February 1979

Because of logistic and weather problems, phytoplankton
standing stock and plant pigment samples were collected once. Zooplankton
standing stock samples were not collected. The phytoplankton standing stock
samples contained a few unidentified small flagellates and a few pennate
diatoms. There were many small detritus particles in the sample collected
near the underside of the ice which made phytoplankton  counting difficult.
Not as much detritus was present in the sample collected near the sea floor.
Ken Dunton (pers. comm.) indicated that the underside of the ice consisted
of a thick, brashy, dirty layer in some areas near the sampling site which
probably accounted for the detritus in the samples.

The plant pigment samples have not been analyzed.

3. March 1979

a. Phytoplankton standing stock and plant pigments

Phytoplankton samples collected 12 and 16 March have
been enumerated. Small unidentified flagellates were the most abundant
organisms, averaging about 44,000 cells per liter. A few unidentified choano-
flagellates were found along with a few diatoms. The number of individual
diatom cells and the number of diatom species increased from February to
March with species such as Cy2indrotlzeca  ezosterium (Ehrenb.) Reimann and

578



s0000T - 300'OOO
TOflflflfl - cnnnn

'1
?' /

c
N j / .'/

L . I )

164” 162° 160° I 58” I 56” I 54” 152° i 5(Y’ I 4a”
7Y ,,

I 46” 144° 142° I 40”

72’

!\

a

●
●

71” .

4

70” L“<. .

.+ 7
,.’ -~ 5; ,..,.- --> ) ‘ .“’

.
9“ -

-.* ,.,

/
KILOMETERS ,, ~ - 6 9 *

160” 158” 156” I 54” 152° I 50” 148” 146” 144” 142” 14CP

L)

* m

Fig. 5. Abundance (number per 1000 m3) of AgZantha digitaZe at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. ~= ring net, 10-0 m1976; (D = ring net,
20-0 m 1976; g= bongo net 1977.



3qA 
. ¼.) r3)UA 

Co 

ea 

3q43 
i4oqM 

WORH 

S / 

OOIO8OOOS 0 ilili Ii ii 
2R3T3MOJIi 

' \ \ \ 

01 

00. 

0e 

u
03
0

164” 162” I 60” I 58” I %“ I 54” 152° I 5Cr 148” I 46” 144” I 4P I 40”

160” I 5P 156° I !54° 152° I 50” 148” 146” 144” 142” Iw

Fig. 6. Abundance (number per 1000 m3) of I%n%gontis SPP. at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0= ring net, 10-0 m1976; (J= ring net,
20-0 m 1976; ● = bongo net 1977.

U
-J



KIroEiEb2
0 sooeoeoioO ) '\ ,;.(f/

áw SOOw

- 
"TT3>JA 

,__/___\__j / o 

7i_c/ 

/ 

164” 162- 160°
7Y .,

I 58” I 56” I 54” 152” I 50” I 48” I 46” 144° I 4P I 40”
I
\20&

f I I I / I / I / / / / /
m I I I I I I I I I

Om 200 m

\

‘\

– 74

?

● 3 Numbers are number

● 900 of individuals
present, not ranges

T ● 1,810

‘+
● 3,620 – 73’

i, ● 7,240
\

/
\

● 14,480
Y ‘i

710.
/“lz~z==’ ‘n\

a%\

.kf:$+%=—

<’
L

,-”. \ J71e

3°I -“-Y ,.
.— _

,. \ ‘“-’% =._,\\

r’;’,’ Y’:#-7?m \ v
. , . . .- ?-,. * — \

,,

I ~J\‘. -4* ‘7 70”

\Y z \”’,,//,, i~i; /’  ‘i //i’”#;  ,” -

160” 158” 156” I !54” 152° I 50” 148° 146° 144” 142° I 409

Ld
w

Fig. 7. Abundance (number per 1000 m3) of Rathkea spp. at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0= ring net, 10-0 m 1976; (B= ring net,
20-0 m 1976; ● = bongo net 1977.



K 
/ // 
,- I 
I I I I I I 

QoIo8oaoos C 
I It I 

23T3MOJI)l 
I I I 

.> o

. o - ao

1
164” 162- 160” I 58” I !56” I 54” I 52” I 50” 148” I 46° 144° 1 42? I 40”

? I / / \ I / 1 I I I 1 I I I I I I I

● <30

o

>
‘i “

‘ \

‘-K

L

4“

3°

160° 1589 156” I 54” 152° I 50” 148” 146° 144” 142” I 4(T

Fig. 8. Abundance (number per 1000 m3) of ctenophores  at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,

20-Om 1976; @ = bongo net 1977.



Hi

/ SOOW )
-/---- 1S0U1 SO

(_ \ vL\\ \/
O /ØSO

w

-I.

II-

.

-U-

I

164° 162” 160°
7? h,

I 50’ I 56” I 54” 152° I 5P 148” I 46” I 44° I 4P I 40”
/ [ [/I

~2~m

:’\

I / I I / I I / / I 1 / I r I I I I I I
- 74

‘%Y 1

“ < 1,000

/
● 1,000 - 10,000

72” \

&

● 10,001 - 100,000
●

\ * 100,001- 200,000 e
,,

‘ ‘9
– 73

;“\ ‘ ● > 200,000
● (

1A●
\ ●

(&~.\ =

L/m \\\ \

1’-.
1 72

,/ / .9”
4 -’ ,~r

Y + ‘Y ,,211—_ s
o 2104060 mloo ‘> ‘ ,/

, t 1
KILOMETERS

/ ,I I 1 I / I I /1 I I I I
I Goe I 5W 156° I 54” 152° I 50” 148” !46” 144° 142° I 409

Fig. 9. Abundance (number per 1000 mg) of polychaetes at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. C)= ring net, lo-Ore 1976; 0= ring net
20-0 m 1976; 0= bongo net 1977.



80W / SOOW I1' 5QW 000w
( \ (. \f ' '

<frOVNE12 (
I /

//
e

u-l
OJ
.s

164” 16P IW 150” I 56° 154” I 52” 15CP 148” I 46” i 44” I 4? I 40”
Y k, / / 1 I I 1 I r I I I I I I I I [ I 1

;

74”
● < 600 g 2001-4000

● 600 - 1000 ● >4000

● 1001 - 2000
2“ ● ● ●

73

b:.’

160° I 5r 156” I 54” 152” I 50” 148” 146° 144” 142° Iw

Fig. 10. Abundance (number per 1000 m3) of all pteropods at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-Om 1976;

● = bongo net 1977.
@ = ring net,

20-0 m 1977;



r

A1MBICH1

bEEBV Kr
ow

I

/

\-'--'

bOM

2INb2O.l
CVbE /

-

VK Eli
CVbE

164- 162° 160- 158” I 56” I 54”
7Y~,

152° I 50” 148” I 46” 144” I 4? I 40”
I I I I I / / I I I I I I I I I I I I I

- 74<

● < 7 5

I
{ ● 151 - 300 1

/ ● > 300 ●

,/ ‘
\

N,

‘=..

I

I I 1 / / / I / I )1 I I I I II / 69”
i [ I I I

160” 158’ 156” I 54” 152” I 50” 148” 146” 144° 142° 14CY’

Fig. 11. Abundance (number per 1000 m3) of CZione Zimaeina  at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. ()= ring net, lo-ore” 1976; ~= ring net,
20-0 m 1976; Q= bongo net 1977.



\

FJlJ F F

o soioeoeoioa
e

0

1-001 - ?OO

w
m
m

164” 162” 160° 158” I* I 54” 152” I 50” 148” I 46° 144° 142” I 40”

? I
I

I I / / I I / / I I I I I I [ I [ I [

@ 2501-5000
- 74°

\ e < 500

L& ‘-L 1

11 I I / / / I I I /1 [ 1 # 1

160° !58° 156” I 54” 152° I 50° 146°148° ‘ 144° 142° 140”

Fig. 12. Abundance (number per 1000 m3) of SpiratelZa hezicina at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0= ring net, 10-0 m 1976; 0

-b
w

= ring net, 20-Om 1976; ● = bongo net 1977.



KIroEiEB2 I
j I! I I

o sooeoo'oo

.eJ
BS92

m

k. /( L<

I7

1
_/______v

THOw

ooio8OaoOS0
IIiIiiI

3T3M0JIN

I9th1UJfl)9z,cIzbrwdA
isdmeqe-zauguA

QLenorrod=

omr-l

m
l

r-
ul

V
b

I

●

00m

J
’----’ 

) (fw
!u

-iw

●

b
O

_

/

.
‘
U
+
I

f2a)
m
G

y5J
u



90w / QQ /-/-- L50W ,s000w
( \ \( \___' V \3’

Y

D

7 : 0

‘34

9°

1
64 * 162” 160° 158- 1 %“ I 54” 152” I 50° 148” I 46” 144° I 4P I 40° I.- —

r / I / I I I f I I I 1 I I I I I

● < 1000 ● 200,001 - 5oo,ooo- 740

● 1000 - 45,000

● 45,001 - 75,000

● ● 75,001-100,000

● 100,001-200,000
\ ‘. ●.- .0

-,,
----J==*

●

/, /— 1 w% -k

● 1500,001 - 1,000,00

● > 1,000,000

● ●
73°

‘ - ,J-._-:’ y, ; ‘) “ ‘3-’ L. DA r
,> “ .: “- < w

—
\

. -w,. . . -: ‘-! .
-. .>_ p -

‘1 .“ J&i—,=-4,,’:’
-, ~ / ,.----- ,. Z ..,/ J

--- ,;: - - - .
- - - .:* ’”””

-w

.._,——————  ‘
—/ -“ -- / 6 .:-

70’‘-. <,,. 4 ~\,,i. ‘“’: ;~.- - . .-.-<—- —. _
\ , ,’ x: ‘%

~ .— -“\_- - -._, .-
-, \. -——— _/- ,. . \ ,’ ,-’” ,, . .

?-—. ---’”- ‘— t -“ ~.’ “’ - - \“; /,’-_ _ ——
-. /-

3 ,29, w, :9, 80 i?
. ..

.’ .=
<I LCMETERS - – 6 9 ’
I , I 1 I I I !~il1 I

160° 158° ‘ 56° 54” 15 2 ° I 50” 148° 146° 144” !42° I 40°

Fig. 14. Abundance (number per 1000 m3) of all copepods at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977” 0 = ring net, 10-0 m 1976; @ = ring net,

*
Ln

20-0 m 1976; ● = bongo net 1977.



U
0 0

1. 1-

.j
aaoiissa

Ino-o

ie0 Iso I

' \ \ \ , ' I I I

DNE.LE
III I

cfQ 080100

R00

2IJb2OV e /CubE

T?'C

< T?C)W / 500W
tsour ,sdoow
( \'_-_-'\\ \f \ I \ I I I I 1 1

ies. ieo. e.

= POIJO iJ: Th
yn-eblewpsL
vpnuquc (unmpGL

46

!-I.
L“

t-
2

u
:

,—
,-

.,,

Ti



O'OOI - ?OOO

m000sjnOS
mOOSImO

oO!O8OaOoSo
IIiiiiI

3T3MOJI)

11
I

J
(

,L
IJ6
_6bcsmp6I. I
(UnJJJpSL b6r.

= OL7O
yrTrr

ypnnqiic ,_tgi
to1uBeabr

UTO-O

—-—

I

oc)o.2I1+o0a“a
l-.

oao

v●

o00a“m1000
.

2

%,r-1

—%m—l%10—ba—

gA+‘$?u

.uaJG09s!+L.1



00-1

QUi / 5QQU.

ul
w
w

164” 162° 160° 158” I 56” I 54” 152° I 50”
73” h,

I 48”
r / I

20~’
I I

“2~ m
I I I I I / / / I / / I

Om 200 m

\

‘\

~Y +, ‘\
● < 15,000

\ /’ i

\< ‘.,

:, \

\’\

I
.-. ,- ,,. /—Y’” . . ‘<’.

144° I 4? I 40°

I I I r I
– 74°

- 73”

,“
F-

.- >
~— - ‘\ . 770

I 46°
I

I
.-

: TJ40&J&-Jl~ - - - / \ \.

,,,  , 1 I /’> \ ‘7 ,)+--

KILOMETERS - - 69”
I I I 1 I 1 f I I 1 I I

i60° :58+ 156” I 54” 152° I 50° 148” 146” 144° !42” I 40’

Fig. 17. Abundance (number per 1.000 m3) of CaZanus hyperboreus at stations in the

c-
03

Chukchi and Beaufcwt seas, August-September 1976, 1977. ‘O= ring net, 10-Om 1976; (D =

ring net, 20-0 m 1976; O = bongo net 1977.



000f-u

0flJ

0

Q
)

(
U0maC

)

dIJ)

1

L
(

(f

1

J

H
-

(')

(.)
,j,/

,\
t

()
0

b-l
L.o
m

164” ! 62” 160” 158° I 56° ! 54° 152” I 50° 148” 146° 144” ! 42*
L 4(3”

~w< I !
,

i / I I // I
I;,! f

+’>
2c~ “2@Om

7 0
4

O m  ~ XIOm ● < 15,000 ● 45,001-60,000\, . ._? ‘ \
. ‘\ ● 15,000 - 30,000 ● 60,001- 75,000_. . .\’ .

b d ● 30,001 - 45,000 ● > 75,000
2“ :... ● 500,000 individuals 3-7<

- .

\ —
—“s—

Fig. 18. Abundance (number per 1000 m3) of Oithona simiZis at stations in the Chukchi
and Bea~fort seas, August-September 1976, 1977. C)= ring net, 10-0 m 1976; @ = ring net,
20-Om 1976; ● = bongo net 1977.



VtVMICH1
CbEVt'1k41

CubE
Ln
Lo
b.)

\,
/\
‘\,,

‘w-’---

164° 162° 160” 158° I %“ I 54” 152° I 50” I 48° I 46° 144” 142° I 40°
. r I f

2od
I I I I [ / / I / / 1 I I I I I I I I I [ I

OOOm
Om 200 m

‘ \\
\

. ‘J
/

\\
w

,>,

● < 15,000

● 15,000 - 30,000

● 60,001-75,000

@ > 75,000

40 ~

.

,, / .;: /:---k,’ - . . ~ -..

—.. _
,-----

i—~
_ __,-5’b -“- .’+’~ ~ \ ‘~’:, \ , \

q 20406080100 “7 / “\\ ’’i\~ \ ’
,/’ . ‘ “, ,L

/,
1 I 1 ~,
KILOMETERS ‘\ —

i / I / / I I I I I I 1“ I ! I I

74”

73”

7?

71°

70’

59’

,60° 15R9 156° I 54° 152° I 50° 148a [46° 144° 142° i 40”

b-l
o

Fig. 19. Abundance (number per 1000 m3) of MieroeaZanus p~gmaeus at-stations in the
Chukchi  and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-Om 1976; @ =
ring net, 20-0 m 1976; ● = bongo net 1977.



000Oa

Izjblvjbn±

-

os--

os

01

\
r'

\ 'cA
:\

4 4 0

\
1

c
\

i-

4 0

ow soow
,- 1SOL
\ \( \/
et0 es0 e

:ce:oc

isqisdmun)SzlllZbflhJcIA
19dm9q92-reuuAaaa
.QEirxoriod

.gs'I
i[OLHbn

ITTO-O

v1-
1

0
*

-
0

0
0

0
z
-
o

0
0

.
h

0“
k

m
0

C
I
.
<
A

Q

I $
.—

$t
0

0
Q

o
0

0
c
.
.

. .Ln—

o0
.mdv

&n.-
[
-

\/

\I
I

(1
lb

b
,
,

/

.2 
e

.

.594



)
'
cVA

CVbE -c- -

IOOlO8C&OOSC

3T3MOJI>1

10 - 0 '

tTO152 T 1P6:do(m .eios
:t9n

DE -

000119qrc1crnrn)

onod=

a -

qA11-THOw1lW
RM2-

tJG O - 0 " I
uq p6floLc

. r ypcxuqucs

I
I

.

—
o00.0dIo0m

.
m@

o00
.

sA

T
;’—

‘m
 

f 
J’} 

,’ 
‘

I‘. -

,.\ 
‘,

>
\

)

r

&lw

.C
.



iqx9dnwn)s3nsBrnJdA.
I9dffl9q92-Z8uUAaseaiioxasflbnz

1911orzod=;VQtcirO-O

S
S

S

mO

TH3IRW41

ooIo8000s0
I11111I

R3T3M0Jl)

53

“—k

-k—

I
I

I
I

I
I

1
[

1
A

0000“aICJ000“

;

●
000

.

zA

●

?
J
%

.-
)
/

al 
II

fec1%-iw0
<

596



.oc

ouJ soow

V50
164” I 62” 160” 158”

73” k,
I 56” I 54” 152° I 50” I 48” I 46” 144” I 42” I 40°

20~ ~m

:’\

200 m
‘ < < ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ’ ” -

\

74
● < 10,000

+
v

\\\

I .\

/ ● 10,000 - 50,000

● 50,001- 90,000

g> 90,000

‘o

3’

r%% ‘------

1 73

I

-[0

1 1 I [ llli J /“ ‘ ‘, (
KILOMETERS ., ) k ,+
/ / I / / / / I / I I I , ! I I

- - 69”
I I I

160” 1584 156” I 54” 152” I 50” 148° 146° 144Q 142° I 4P

Fig. 23. Abundance (number per 1000 m3) of barnacle cyprids at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = 

ring net, 10-0 m 1976; 0 = ring net,
20-0 m 1976; ● = bongo net 1977.



ac

Jo

ieo0

MJCHJ= ;

,0w

lee0

-

vr1En
CVbE

\ I 1 I I I l 'l 1

// /
"N\( I0 50 o eo 80100

I 25

ç)

I I I

_/1 T0-o
sow- 000w

Iet. es. leo. 28. 128. J2. 125. 120. I I S.

(’n
U3
m

Fig. 24. Abundance (number per 1000 m3) of all mysids at station in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-Om 1976; ~= ring net,

20-0 m 1976; 0= bongo net 1977.



:lEb2
i'm?O 80100

--,-

!o1Lrz9a
1mO-O

2Ib2OI1

(

000iq9th1IIJfI)3fISb(IIJdA

Iisthrxsqs2-JauuA2S9B

.Qt9nogriod=

56

0dv●

{>je),~ ,,.
k
\
l(

.
!
n

”
-
)

‘ Tv../’”-””
—.

/------ {“
-J 

,, M
((KAM

+:’; %
 2

,,,Y
{

.+
“
.

!

—

Gw-l
.
“

U
IU

2
c
-

O
m

W
I r-i

uC
d

s
uu0
.1=

m
- G
E

-1



I
0 E

mO

THOI

0- 0

0 " TQ = pouo xsi
ITOL 2G V (T2l-6bcnJpeL

LT 5Q yprrIJquc6 (urrnJpex. beL r000

'BbOM

c
2WE
CVbE 57

–\)’

om
0
1

I-4
o

v
+

●
●

oaI1+m●

●

n ,,.

----
,
,

\

‘)/

. . . +
-. 

_
_
.
J
 
-
 
-
—

-cJt-a;
 II

.5 
e

n‘G
 

‘
r
-

600



oo.s. 

Ii I 

of 
aIubIv±bn! o idmu4 

8911SI iOn O 

oal O8çI °oe i os 

I 1 1 1 1 1 1 1 I 

8d I oa 

: 
', ¶\ 

°sa 

mO 

- THOWIW 

I I 11 \'-._\ )\ 
m000S' jnOSl / mOOS JmO 

7 

OOIO8OaOCS C 

1 1 liii 
2T3MOJI >4 

I I I 

os 

160” 15& 156° I 54” 152” I 50” 148” 146° 144” 142” I 40°

b-l
OJ

Fig. 27. Abundance (number per 1000 m3) of ?@sis rezieta at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976;
20-0 m 1976; ● = bongo net 1977. CD= ring net,



a0

__9ow / SOOW I-/--- tsow_ ,s000w
( \ \ ( V 1 --

(IOIIE1Eb2
IT I' Ti
o SoiOeO9OiOO -J

---.----\
:

bEEV1K
QW

I _J p-.J TT3)IJA r 
\ / 00 

0
0
N

164” 162” 160” 158* I 56” I 54* 152° I 5(Y 148” I 46” 144° I 42” I 40°
Y y /

r’
*

● ✜ 100

e 100 - 250

@ 251 - 500

0 5 0 1 - 1 0 0 0

~ 1 0 0 1 - 2 0 0 0

e > 2000
;

74°

73”

i

7?

II I / I 1 / / / I /1 I I I I !I I I
.-

1 I I 1 I

160” I 58’ 156” I 54” 152° i 50” 148” 146° 144° 142” I 4P

Fig. 28. Abundance (number per 1000 m3) of all gammarid amphipods at stations in the
Chukchi and Beaufort  seas, August-September 1976s 1977” 0 = ring net, 10-Om 1976; ~=

u-l
a.

ring net, 20-0 m 1976; ● = bongo net 1977.



tVb2OV

e I.

VW1MbICHJ-

ooiosoaoosC
II

3T3MOJII

c'o

tOqrJuso(Em0001xsqtedciurn)9ocxsbrn-idA..fl
.QLdmsq9E-iaLiiAasito1ussbrrsirh1urf

t911oguiod='1niO-0n±t

60

e

ozve

o0mIomN

000!
!

o
1
00

d
d

o~
A

\
. .,

(
/

‘1
*
“
”

‘ 
‘“h

. .
,:j

~
f

, /e
2= 

V@’+/’ 
,

!=d
 

.-

cd
.II

‘d:2 0



80W 7soow /-.-.-- Is0w_ ,3000W
I \(' If

J uueooioo

-' 1' 2'
/ 2

4b ICHI

.21 t.
vrKEJJ. -

CVbE
m
o
.s

164” 162” 160° 158” I 56° I 54” 152° I 50” 148” I 46” I 44° I 4P I 40”

7Y <, [ I
I / / I I / 1 I I f I I I I I I

- 74<

● < 250

● 250 - 500

● 501-1,000
T ● ,> 1,000

71°

7P

●

●

&Yk+&--\\\ ●

●

i
7?

Orn
A,

‘L%

. 70

i71°

&=-l

Fig. 30. Abundance (number per 1000 m3) of all Parathemisto  spp. at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0= ring net, 10-0 m 1976; (1 =

ring net, 20-o m 1976; ● = bongo net 1977.



P.

00-1
9QW / 500W

y____ QUf
..A (\ \ ( c:::m \( \

164° 162° 160” 158° I w I 54” 152” I 5P
73’.,

148” I 46” I 44” I 4P I 40°
I I

\20<
I r I

~2000m
I I I / I / / / / I I I I I I I 1 I I I

Om 200 m
74°

:’YX).

● < 250 ● 501- 1000

● 250 - 500 ,>1000

72”
● ● ●

73°
tl~.

● I 72’

/

) +, < :..-+

-/ ‘ :’<??\\
9“ -

. ,,
)

. 7;’%=.
~ ,210, y, q: y Ip

KILOMETERS _,
– 69”

1 / / / I I I 1 ,. I I I I
1600 158” 156” I 54° 152° I 50° 148° 146” 144” 142” I 4P

Fig. 31. Abundance (number per 1000 m3) of Parathemisto abvssorum at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0= ring net, 10-Om 1976; @ =
ring net, 20-0 m 1976; @ = bongo net 1977.



H

j,5o O.

N& is*O

ea0

.00

4Qo

I

> T000

201 - 1000

- 200

< S20

1 1

ipso l2O

0. Re.
\ \

roiEiE2 I liiiSO'OQO8OIOO

I4MbICHi

ow

-"-

(. (

N

I'

90W / soOw I-,-- ts0w_ ,s000w
\(__ \( f '. '

ies. es. ieo. 128. :i2. I2.

(Cm0001iqr9dmuii)93fIbflUdA.0
IIedmq9a-iaL1uAeaz9aiXOIIJR9flBuS1I1O,IUrJD

r&norrod=;Q1'Ii0-0iririix

4

I

> T000

201 - 1000

- 200

< S20

1 1

roiEiE2 I liiiS0'OQ080I00

-N -N
-N, 'N'S

\-

5.
\ Th

I4MbICHi

kEvr,t 0w
N

90W / s00w
y_ S0W .S000w

\c__ \( ''-Th_' i' \ !-
0
9
,
0

II

ge!g

U-4 m“
o
hm



to(E0001iqisdcmrn)911brrndA.CE

Ô1x9dmsq9-iallxJAasaio1irnsbnslrIaIurfD
irro8rxod=;Q1friO-0ingcxii

o S

Ti
eogoioo

Li

SQ

64

0~

0
1

w)
o

V
W

oml-lA

●
 e

/
.-

’

/
 

}
Q-I

u
.

-cJ 
II.



\/ H

164” 162” 16(Y I 5P I 56” I 54” 152” 15CP 148” I 46” 144” I 4? I 40”

Yp, f 1 I / [ / f / / I I I I I I I I [ I
- 74”

● <25

● 2s -75

,  7 6 -  1 5 0

!
73’

72

-4
“y--l’,{

.4
\ ‘\ ‘I,

x ‘;f )’ ““ ““”~. )1(~, > !\

,. ><)

_, : :,#pj
\,,

,
9“ - ‘“%

—;~ > 2

u–-..,<
f ,2p, y,y, ylp

I
KILOMETERS

Q _ 6!

1 I / I I I I /1 I I I I ,! I 1 I I

I Goa 15& 156” I 54° 152° I 50” 148° 146° 144° 142° Iw

Fig. 34. Abundance (number per 1000 m3) of Thysano8ssa inermis at stations in che
Chukchi and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ =

ring net, 20-0 m 1976; ● = bongo net 1977.



. Ia

//.

roMEwEb2
I I TI I

C) sooeoeoioo

JF1..JMF 
1' 

/7 //\\4J I 

80W / SOOW
,- isour(_____ \( \"_-, \f164” 1

62° 160” 158” 15& I 54” 152°
72P ,, / I 1 I 1 I /

● < 5

● 10 Numb er
not a

P ● 20

‘“ \ --2““-\ l..

of individuals,
range

●

144” I 42” I 40”

I 1 1 / I
/

.

\
I I 1 I I ,’ ;)

— “
)1

69”
I I I I I

160° 158’J 156” I 54” 152° I 50” 148° 146° 144° 142” I 409

Fig. 35. Abundance (number per 1000 m3) of Thysano#ssa Zongipes at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. ~ = ring net, 10-O m lg76; @ =
ring net, 20-0 m 1976; ● = bongo net 1977.



ea 

'\ ( 
ocoeoaoos c II! I Iii ii ii 
23T3MOJl N 

,-9O / 500W 1
Is0w_ vs0I0wv L164” 162* 16& 158° Iw I 54” I 5P I 50” 148” I 443” [44° I 429 140”

‘Y y I / [ I I I i i [ I I I I
- 74”

m<25

02S - 7 5

w
● 76 - 150

,>150 - 739

●

i
7?

160” t58° 156” I 54” 152° I 50” 148” 14& 144° 142” 140”

Fig. 36. Abundance (number per 1000 m3) of Thzjsano~ssa  raschii at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ =

ring net, 20-0 m 1976; * = bongo net 1977.



is(95vi51ibijbxs).qqLLso(6ni0001sqsdmwi)9orIrxudA.

m0-OSieci=Q.VQLVQ1sdrnsiq9-2u!iAssaiioussbris1.dIudZ)srIiniano1isza
-QEisnorrod=;Q10-OSi9nrrir=4)

I

kN0 kS0

Iro4E1Eb2
II I 'I

0 SOtOeO9OIQO

1MIC4I

0Ebvk1)<

> e - J?O

5? -
(,..Jow7soow I

sO f5Oow
\

e. es. ieo0 28. 12e. . is. I2O i8

68

@

611



?OW / soow I-I,---
15QLLr

s000w
( \ \( "..'-.-'' \f ' \ \ ' t

¶OW
S

.

164° 162” 160° I 58” 1 %“ I 54” 152” I 5@’ 148” I 46” 144” I 4? I 40”

‘Y%, I / / I I I I I I I I I I I I
- 74°

● < 75

● 75 - 150

● 151 - 300
r? g 301-500 –73’

g 501-1000

●
● > ,000

I -,
,. . ..-. . . . . — . .>

‘ -  -%YE.X’’===SJUI
; /J /// ;  ,>f ,’, ‘;; .~. ‘ _  !.
‘\<i ---/ ,,./Y

59° + /, ~ ) \

‘-k
f~\\ ,/’”

~ ~-l~x.<~ , ‘ :’ J-

? 20~6080100 -.
I
KILOMETERS

~ -6
I I 1

L I I / 1 !
/ ’

/ / I I I I I I ! I

160° 15& 156° I 54” 152° I 50” 148° 146° 144° 142” I 409

F ig .  3 8 . Abundance (number per 1000 m3) of anomuran larvae at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,
20-0 m 1976; ● = bongo net 1977.



-

2.

\

(socow
' \t \'

(. > 1000
?OT - 1000

o1 -
121 - 300
2 - 120

I 1 I I I I I

ies. es. tea. 29. e. 125. I2O N9. I. kN. N5O k00

rc 

eqMIe 

—

74’

llllilllllJ )
i ,f”/ (, \ 1,

KILOMETERS
!~\!”~

/ I I / / / ! / J)lllll YIll I I I ,4
69”

I

160” 15& 156° I 54° 152” I 50” 148” 141Y 144° 142” I 4CP

u
o

Fig. 39. Abundance (number per 1000 m3) of brachyuran larvae at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-Om 1976; (D = ring net,
20-0 m 1976; @ = bongo net 1977.



D'

OL 2G8
LT O

A
I-

'-I
V

'V
rJ

I-
'V

'V
I

'-4
I

t

IrsqIGdfflIrn)3nbaudA
(ÔQIx9dmeiq52-ieuuA.cI9flouiod=

A3
THW

0008000s0
Ihit!
23T3M0JtN

V
N

 \
V

71

●

t
7

-----J T’&)E-:nw
’-’’A’”’’”’- “’

.u

u-””
g

~
+

 
o

U
I

C
do

M
l-
l

u)

ud

.

614



__I/ I_-_1

/' )

p.
Td 2IVb2CY1re, r

I

164° 162* 160”
7?<,

158” I 56” I 54” 152” I 50” I 48” I 46” }44” I 42 I 40”
/
}206

f I I f r I /
000m

I 1 I I / / I I I I I I I I [ I
Om
\

200 m \
lk

g < 1000” ~ 50,001-100,000/—

[

v 
\) 1, 01000 - 10,000 m > 100,000

c?
~\ ~ * .10,001 -50,000 , ●

L ●
7 p a

1- \ 4 . ‘“  P

3° ,..-’-i

t 1:1
\>—

3 2Q9608QIO0 k;-

KILOMETERS

z.

/“. ,,-
,4’ f

/ I /1 I / 1 1 J,( I I I I I

74’

73’

7?

?1°

?00

i9*

160° 15& 156” I 54” 152” 150” 148° 146° 144” 142” I 40Q

Fig. 41. Abundance (number per 1000 m3) of Friti ZZaria spp. at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977.
20-0 m 1976;

O = ring net, 10-0 m 1976; @ . ring net,
. = bongo net 1977.



.

--- 
A - - - 

- 

- ;__ 00108 oa O Os C tlIi1lIJ!I 
/ 3T3MOJt> 

\ (I
2 N
L1 j

V/ J

164” 162” 160° I 58° I w I 54” 152” I 50” I 48” I 46’ 144’ I 4P I 40”
3’ y f 1/I I /

!?OOOm
/ I / I I / / 1 I I I I I I I I I [ I

Om~~20$m ~
● < 1500 ● 10,001 -25,000

2“

POI

o0

9°

w ● 1500 - 5000 ● 2 5 , 0 0 1 - 5 0 , 0 0 0

\~$
/

● 5001 - 10,000 ● > 50,000

● ●

Lb” ;

●

MA’ ‘ .2’

74”

73”

72

71’

,

70”

/
, \\

\
,

~
I I I / / I / I I /1 I I 1 I )-,A\/ - 69”

/1 I I I I

! 60” 15& 156” I 54” 152° I 50” 148° 146” 144° 142” i 40”
—

Fig. 42. Abundance (number per 1000 m3) of all Oibpteura SPP. at ,~tations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ =

ring net, 20-0 m 1976; ● = bongo net 1977.



.> 300

10

1cjOW

2ltAb2OI.1
CVbE

ooc 

°ea 

- 

ooioeoaoOS 0 iii Ii iii I 

23T3M0JI >4 

164” 162” 16CY 158”
7Y ~,

I s“ I 54* I 5P I 50” 148” I 46’ 144e I 4T I 40”
I I I 1 / / / / 1 / I I I I I I I I

\

– 74”
● < 150

●  150 - 300” 4

i

3°

160° Is& 156° I 54” 15 2° I 50” 148” 146” 144° 142” 14(Y

*

Fig. 43. Abundance (number per 1000 m3) of Oikopleura Zabradoriensis at stations in the
Chukchi and Beaufort seas, August-September 1976, 1977. 0 = 

ring net, 10-Om 1976; @ =
ring net, 20-0 m 1976; ● = bongo net 1977.



KIroIE1E 2
I I'

0 S0OQO8OI0O

e

164° 162° 16(Y 158° I 56” I 54” I 52” I 50” 148” I 46” 144° I 429 I 40”

Y</ / / 1 I I I I I I I I I I I
– 74°

● < 150 g 1001-2000

● 150 - 300 g >2000

@ 301 - 1000
2“ ● ●

- 73’

7

●? 10
\

4

72

\
1 -..1{1’

i60° 15&’ 156° I 54” I !52” I 50” I 48° 146° 144” 142° I 4P

Fig. 44. Abundance (number per 1000 m3) of Oikop2eura vunh~ffeni at stations in the
Chukchi-and Beaufort seas, AugustLSeptember  1976, 1977.
ring net, 20-0 m 1976; o = bongo net 1977.

0 = ring net, 10-0 m 1976; @ =



ooioeoaoOS c iii! iii 
E 3T3MOJ ) 

90W / 500W
,- 150u1 S0O0w

\J' '-" v'

2b2
CVbE

0

MMICH1
. 'co

kTwkrA1,1 D

vr<En

164* 162” 160” I 58”
7Y*,

i 56” I 54” I 5P 15CY 148” I 46” 144” I 42’ I 40”
I I I / \ I I 1 I I / I I 1 I I I r I

● < 1 5 0 0 @ 1 0 , 0 0 1 - 2 5 , 0 0 0

P&
w * 1500 - 5000 c 25,001-50,000

r
e5001 - 10,000 ● > 50,000

@ o a

J
*

\

● O

3°I
\

J%

\w,. i“,,
/1,””’  “

J) ) ,.
,/ (,.
l,, \-Jh; “1.

—

74

73

72

710

Pco

19”

160” 15& 156° 154” I 52” I 50” 148” 146” 144” 142° I 4CY’

2

Fig. 45. Abundance (number per 1000 m3) of unidentified Oikop Zeura species at stations
in the Chukchi and Beaufort seas, August-September 1976, 1977. ~ = ring net, 10-O m 1976;

o = ring net, 20-0 m 1976; @ = bongo net 1977.



?a 
1 

ooiosoaoos o It I I 

2R3T3M0J1 

( \
90W / 500W

t50w_
\( \'__,-,\

1
,5000W
\f1

/

164” 162” 16(Y I 58* I W I 54” 152” I 5CY I 48” I 46” 144” I 4P I 40”

7Y ~, I I 1 1 I I / I I I I I I I I I r I
74”

● < 500 g 15,001-75,000

● 500 - 5000 e 75,001-100,000

● 5001 - 15,000 ● > 100,000

Z? m ● s
i73’

k w
71“

An-

t

‘-’% ,.
69”

>~+%- -..

I
1600 158” 156° I 54” 152” I 50” 148° 146” 144° 142° 10

Fig. 46. Abundance (number per 1000 m3) of all chaetognaths at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,

20-0 m 1976; ● = bongo net 1977.



164” 162” 160” 158° 1S
7Y ~,

I 54” I 5P 150= 148” I 46” 144° I 4%’ I 40”
\ / / I I I I I I II I I 1

● < 200 @401 - 800

● 200 - 400 ● >800

n?’
●

.

74’

73’

I I 1

I Yiia&&? ,\ ‘/-’((\\, ‘h\
1 I / 1 / / ;1 I I I , (’r, J - 69”

I I I
160” 15& 156° I 54” 152” I 50” 148” 146” 144° 142° I 4(Y

u
Co

Fig. 47. Abundance (number per 1000 m3) of Eukroh.nia hcanata at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976;
20-0 m 1976; ● = bongo net 1977.

~ = ring net,



80W 7'sooui IJ50uJ_ ,S000w
C \f \f ' __x

\ \ \ \ \ ,l I I I I

IrOwEjE
i i 1 /

o sooeaeoioo

/
ol

164* 162” 16r 15& I* 154” I 5P 15CY’ 148” 146” 144” I 4? I 40”
Y., I I I I / I ! I I I I i J I I I r 1

- 74”
● < 500

* ● 500 - 5,000

~ \\
\

● 5,001 - 15,000
7? ● 15,001-75,000

{

73’
g 75,001-100,000

● ● > 100,000

.L*;~

j

●
-,- ● ●

4
72

I
-1

+u——”— 471”---

160° 158” 156” I 54” 152” 150” 148° 146” 144” 142” la

,

Fig. 48. Abundance (number per 1000 m3) of Sag~tta ezegans at stations in the Chukchi
and Bea~fort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,

20-0 m 1976; ● = bongo net 1977.



C')

(JY)

bn
id

Ju
ff

3
9f

li
=

C

0-0
'ii

ie

/ 7,
-

--
--

oo
io

eo
ao

os
o

I
IIi

Ill
23

T
3M

O
JI

)I

S
.

m
O

T
H

O
W

V poU
o

u6
T

ycirzec-6bc6flJp6L
I

ypnuquc
(urrw

p6L

80

.

0
0
m
v
●

o
0
0*
o
0
l-l

I

~
o*
In
r=

o
0
0
Ln

I

o
0
In

r-l

1

d
o
0
U-I

o
0
0. /k

_/ b ,, --<.)$- )-’ ,\.,. _A; ---
(’ Jj!:?$. . . ,. \, -. \ --

is

G
%-l

d.

:-J

n

‘a ●1%
z:
0!+
l-l

m

623



ea

!LVM b Ow.

(dow

2INb2OV1
CVbE

.To

164° 162” i 60° 158” I 56” I 54” 152” 15(Y I 48* I 46” 144’ I 42 I 40°

P., I / I I I I / I I / 1 I I I I I I i i I
– 74”

● 3 Number of individuals

I

‘L/

t
.

-.

4 72

-1 710

-,.-’4’
-1

,.
:+

\=’ ‘“ “’ ..’r
9° -

–~L\, ‘<

‘%—===-~.~

a 2 0 4 0 6 0 8 0 0 2 ‘)

KILOMETERS
I / / / I /

i 60° 151Y 156° I 54” 152° I 50° 148” 146° 144° 142” 14W

Fig. 50. Abundance (number per 1000 m3) of fish eggs collecced in bongo nets at stations
in the Chukchi Sea, August-September 1977.



.1.00

LW

I F

164” 162”
7Y 6,

160” 158’ I 56” I 54” 152” I 504 148” 146’ 144° I 4? I 40”
I / I I I I I I r I

– 74
. < 2 5

0 2 5 - 5 0

m ● 51 - 100

● >100
– 73

- 72

7

.
“ &.q -:\i’;\ // ))) TQ3.

“( ‘
‘=. , T% <>

:/“.\ /- +
P . “% ~,

% :;:%‘- _
3 <9406080100 --l

1 I 1 / / I )1 I
KILOMETERS \

I

160° I 58” 156” I 54* 152” 150” 148” 146° 144” 142” Iw

Fig. 51. Abundance (number per 1000 m3) of all fish larvae at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0= ring net, 10-om 1976; @ = ring net,
20-0 m 1976; ● = bongo net 1977.



80W / O0W /-/-- Is0w_
( \ \J

\/5000

ea0

0 S0Oe0900O0 SO'OeOOOO

/ow

164’ 162” 160” }58” I 56” I 54” 152* I 50” 148” I 46” 144” I 42” I 40”

7T A, i I ) / I I I I I I I I I I i
- 74”

● 8
Number of individuals

●
● 20

F

(

i

7’Ol%c.QAAm\

10
i

i

l—KII  flMF
, //()’!

l,, :TERs/flf”ll )111-;’
,., &v,., k ~’ ()

— ’ 69
1 I 1 I I

160” 15& 156° I W 152° I 50” 148” 146° 144” 142° I 4(Y
L

Fig. 52. Abundance (number per 1000 m3) of cottids at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; ~= ring net,

03
w

20-0 m 1976; ● = bongo net 1977.



j1MbICHi
2IL'Th2Ot1
CbE

Tj I I I

0 0ctOe080IOO

90W 1 500W
,- IS0w(T\ \(\'- I'

000W

164” 162” 16(Y 158” I!?& I&r I 52”
73’ <f

I 50” 148” I 46” 144° I 4T I 40”
/ / I I / 1 / I I I I I I I I I

74”
,4

,8 Number of individuals

● 10
?2

@ 20
1

73”

I ;’\\ ),

I
,,,,,/

‘\ J’

/ I / / / / / I /l I I I I /l / I I

\/

?

---f’

J r 1-

469”

160” I 58” t 56* 154” 152° I 50” I 40” 146” 144° }42” I 4P

Fig. 53. Abundance (number per 1000 IR3) of cyclopterid larvae at stations in the Chukchi
and Beaufort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,
20-O m 1976; ● = bongo net 1977.



0

o0

IrOEjE
3 SOOeoeoroc

0

ow -'

7 500W J
I50W

' \( "-.'' If I I
ie. tes. ieo. ide.

I2S I 20

> 100
52 - 20
< 52

I

I 1 I 1 1 1 1 1 1 I I I I I I

ie. i. 125. 120. N8. IQO IS. NO,

e

-Wa

o-l
IQ
02

Fig. 54. Abundance (number per 1000 m3) of gadid larvae at stations in the Chukchi and
Beaufort seas, August-September 1976, 1977. 0= ring net, 10-Om 1976; @ = ring net,
20-0 m 1976; - 0-= bongo net 1977.



ooioeoaooso IiilililiI

2PJT3MOJI>1

o-o
uq pntoi

ET ??

= poUo u
vncrec-26bWPL

ypnxjquce (uiTwp bei.

86

.

,
I
y

$
h

●_
b

&

—-

gA

#
g

.,

‘v
”
-

(-/ 
:.,x._/- 

)
(1( 

/
 
Z

,w
.

 
_

k
_

_
_

*-+
. 

.- 
–

- 
“

.. —
/
-

W
“
. 

.

3 
‘N+%

-’+
 

“

E’
0—r-

b ,--. /-.

.
f\

\T
u

I
1

I
.

--bIn

aJ II

‘e.5



ow soow
-,----,. tSOuf

(_ \_(

N

164” 162” 160° 158” I 56” 154” 152” I 50° I 48” I 46” 144” 142” I 40”
‘3

w

71’

?<o

19C

7 I I I 1 / I 1 I / I / I I I I I I I I I

“<

b 2

● 3 Number of individuals

:1:

L’(L)L >
,

$Om

N~NWRIGHT

.
., ,
.

.-> ,/
/’ ‘

., ‘
‘ \
\

— -  .  .
2-

KILOMETERS —
II / / I I

—
/ I / / I /1 I I I I I ) I I I 1 I

740

73”

72”

71°

?0”

160° 15& 156” I 54° 152° I 50” 148° 146° 144” 142° I 4(7

Fig. 56. Abundance (number per 1000 m3) of stichaeid larvae at stations in the Chukchi
and Bea~fort seas, August-September 1976, 1977. 0 = ring net, 10-0 m 1976; @ = ring net,

*

20-0 m 1976; @ = bongo net 1977.



88

Table 3. Chlorophyll a and phaeopigment concentrations, Steffanson
Sound, 8-11 Nov 1978.

D a t e Depth Chl a Phaeo
(NOV 1978) (m) (mg m-3)

08 0 0.06 0.07

09 0 0.02 0.12
4 . 5 0 .02 0.12

10 0 0 . 0 6 0 . 0 6
4 . 5 0 . 0 6 0.08

11 0 0.05 0.04
4 . 5 O*O5 0.05

12 0 0.06 0.07
4 0.04 0.06

13 0 0.06 0 . 0 5
4 0 .04 0.06

14 0 0.07 0 . 0 5
4 0 .04 0.05

15 0 0.05 0.06
4 0 .06 0.06

16 0 0.06 0.05
4 0.06 0.05

631
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Table 4. Abundance (number per 10003) of zooplankton taxa found in net
hauls from Steffanson Sound (Boulder Patch). All samples were collected
with a 0.75 m ring net, mesh size 308 vm. Where no number is present, no
animals were found. Tows are vertical unless otherwise noted.

Taxon 8 NOV 10 Nov 14 Nov 16 NOV*

Crustacea
Copepoda

Calanoida - adults
Calanoida - juveniles
Cyclopoida
Harpacticoida

Cirripedia
Cyprids

Mysidacea
Mysis Zitioralis
Mysis relicts
Mysis spp.

Amphipoda
Gammaridea

Calliopiidae  cf.
Eusiridae cf.
Gammaridae
Gmarus wilkitizkii

Lysianassidae cf.

Euphausiacea
7’hy6anoEssa  rasehii
Unidentified calyptopis

Chaetognatha
Sagitta elegans

Other organisms
Unidentified animals
Unidentified invertebrate

474070 263370 188240 242530
6505350 9692180 3742990 5107690

1360 680
410 450 230

2710

450

1810820

820

410
410

230
450

230
1360

230
410

820 410 1360 230

410 410 450
eggs 7690 8370

* Horizontal tow

632
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Lewin and Chaetoeeros  tig?za?ni Brightwell  that are common in the spring and
summer beginning to appear.

One ice core sample, core # 8 collected 14 March, has also been
analyzed. The core was about 30 cm in length and about 2.5 cm in diameter
and was collected from the brash ice layer near the dive hole. About 38,000
cells per liter were found, including Navicu2a sp. , Ititzsehia spp., uniden-
tified small pennate diatoms, and ea. 18,000 cells per liter of Thalassiosira,
some of which were probably T?z. Antarctica Comber. The ThaZassiosi~a  cells
were difficlut to idenuify with certainty because of the large amount of
detrital material associated with them.

Plant pigment samples have not been analyzed.

b. Zooplankton standing stock

Three zooplankton samples have been analyzed.
Copepods, primarily juvenile calanoids , were the most abundant organisms,
although cyclopoid copepods were also common. A few other organisms were
present, including hydrozoans, polychaete larvae, isopods, amphipods, and
chaetognaths  (Table 5).

VII. Discussion

Phytoplankton  standing stock, chlorophyll a, and primary
productivity were considerably lower than in 1976 and 1977. Reasons for
this are unclear. Sampling in the area between Harrison and Prudhoe bays
started about the same time, mid-August, in 1977 and 1978, and about a week
later in 1976. Ice cover was somewhat heavier in 1976 and 1978 then in
1977. The same species were present all years, although diatoms in the 1978
samples were weakly silicified  and Ebria iripartita (Schumann) Lemmermann,
a silicoflagellate  with a skeleton composed of silicon, often did not have
skeletons, suggesting low silicon concentrations. Unfortunately, no nutrient
samples were collected.

In both 1977 and 1978, highest primary productivity in the western
Beaufort Sea occurred off Prudhoe Bay between the 40 and 80 m isobaths,
moving inshore between the 2C and 40 m isobatils eastward to Barter Island in
1978 and to Demarcation Point in 1977 (Fig. 3).

Small species of the genus Chaetoceros, approximately 6 pm along the
apical axis, Thalassiosira spp. , including Th. nordazskioeldii Cleve and
Th. gravida Cleve, and Nitzschia grunouii Hasle are the major diatoms
present in the 1978 samples. Small flagellates, usually z 10 Bm in diameter,
are also common. These species were also the most abundant in 1976 and 1977.

Species that were relatively common in 1977 that have not been seen in
the 1978 samples include the diatom Thalassiosi~a  antax’e-t<ea  Comber and the
silicoflagellate Diet?.jocha speeuhm Ehrenberg. Dictgocha speculum is not
usually common in nearshore waters, so perhaps its occurrence there in 1977
was anomaous and its absence in 1978 represents the usual situation.
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Table 5. Abundance (number per 1000 m3) of zooplankton taxa found in
net hauls from Steffanson Sound (Boulder Patch) in March 1979. All samples
were collected with a 0.75 m ring net, 216 Urn mesh. Where no number is
present, no animals were found. All tows were vertical.

Taxon 13 Mar 14 Mar 16 Mar

Coelenterata
Hydrozoa

CoPyne tubulosa 450
perigonimus  yoldia-aretieae 450
Pel”igonimus  spp.

Polychaeta  - unidentified larvae 450

910

Crustacea
Copepoda

Calanoida  - adults 1360 910
Calanoida - juveniles 74240 268450
Cyclopoida 62020 53420
Harpacticoida 2720 2260
Unidentified nauplii 12220 14490

450
90540
38930

1810
4980

Isopoda - unidentified isopod 450 450

Amphipoda
Gammaridea

Onizimus glacialis 450
Onisimus Spp. Cf. 450 450

Chaetognatha
Sagitta elegans 910
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Zooplankton standing stock and species present were similar to 1977.
From preliminary comparison of the two years, it appears that more hydro-
zoans were present in 1978, with Ag2antha digZtaZe being the major species
both years. Fewer pteropods were present in 1978. Copepods were abundant
both years. Slightly fewer crustaceans of all kinds were present in 1978,
although when all the 1978 samples are analyzed, this di-fference may not
remain. There were more appendicularians and chaetognaths, especially
Sagitta elegarzs in 1978. About the same number of fish larvae were present
both years.

By November, few phytoplankton  cells were present in the lagoon system
and those that were present, mostly small flagellates, were probably not
photosynthetic. The chlorophyll a concentration was very low. Juvenile and
adult calanoid copepods were present in large numbers, while a few mysids,
amphipods, euphausids, and chaetognaths were aiso present.

In March more phytoplankton  cells were beginning to appear, including
diatom species that are common in the spring and summer plankton. Few cells
were present in the water samples however. The sediment-laden brashy layer
of ice contained some cells, but will probably not have much of an ice algae
community because of the large amount of sediment that reduces light.
Juvenile calanoid copepods were the most abundant animals present in the
system. Other organisms present included hydrozoans, polychaete larvae,
isopods, amphipods, and chaetognaths.

VIII . Conclusions

No new conclusions can be suggested based on the 1978 icebreaker
samples collected in August and September.

Annual production for the western Beaufort Sea for 1978 has been
estimated. This estimate assumes 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
production occurs in June during the spring bloom as occurs at other times
during the summer and that no production occurs at other times of the year.
Annual production was estimated to be ea. 2 g C m-2 yr-l. This is consider-
ably lower than the 9 g C m-2 yr-l estimated for 1976 and 14 g C m-2 yr-l
estimated for 1977. Low chlorophyll a concentrations and cell numbers
indicate that the low production in real.

IX. Needs for further study

There are two major data gaps with regard to plankton distribution
and abundance and primary productivity in the western Beaufort Sea. One is
the area between the barrier islands and the 20 m (10 ftm) isobath. R.U.’S
172, 356, and 467 have, as part of their programs, studied zooplankton in-
side the barrier islands. No OCSEAP project studied the phytoplankton
although there was some earlier work on phytoplankton  and zooplankton from
the lagoon areas (Alexander 1974; Homer et aZ. 1974). R.U. 359 has studied
the phytoplankton  and zooplankton in the area outside the 20 m isobath. One
reason for this data gap is the lack of an adequate sampling platform.
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The second major gap now that winter studies are being done in FY79, is
the spring in all areas, although the lagoon system is the most important
for the upcoming lease sale. The gap here is not just for zooplankton and
phytoplankton data, but also for the ice algae community which is probably
a major component of the ecosystem during April and May.

x. Summary of January-March quarter

A. Ship or laboratory activities

1. Ship or field trip schedule

a. Dates

1. 12-18 February 1979
2. 11-16 March 1979

b. No vessel

c. Aircraft - helicopters

d. NOAA or chartered

1. February - chartered Seair Bell Jet Ranger II
2. March - NOAA Bell 205

2. Scientific party

Thomas Kaperak, Assistant Oceanographer

3. Methods

a. Field sampling

1. February

There was only one sampling day in February
because of logistic and weather problems. The sampling hole was too small
to accommodate the 0.75 m ring net, so only water samples were collected.
Samples were collected just beneath the ice, O m, and about 1 m above the
bottom, 4 m, with a PVC water sampling bottle. A 250 ml portion was
preserved with 4% formalin buffered with sodium acetate for a phytoplankton
standing stock sample. Another portion of the sample was drained into a
4-L polyethylene bottle and returned to the shore laboratory to be filtered
through 47 mm, 0.45 Mm Millipore filters for plant pigment determinations.
A few drops of saturated MgC03 solution were added near the end of the
filtration and the filter tower was rinsed with Millipore-filtered seawater.
The filters were frozen in a dessicator for later processing.

2. March

Sampling, done on 5 days, was accomplished using
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the dive hole cut by R.U. 356 personnel. Water temperature was measured by
suspending a laboratory thermometer at the water surface for about 5 min.

Phytoplankton standing stock and plant pigment samples were collected
just beneath the bottom of the ice, O m, and at 4 m with a PVC sampling
bottle. Water for the standing stock sample was preserved with 4% formalin
buffered with sodium acetate. Water for pigment determinations was stored
in 4-1 polyethylene bottles and returned to the shore laboratory where it
was filtered through 47 mm, 0.45 Urn Millipore filters. A few grains of
MgC03 were added to the last few milliliters of water filtered and the filter
tower was rinsed with filtered seawater. The filters were frozen in a
dessicator for later processing.

Zooplankton was sampled with a 0.75 m ring net having a mesh size of
216 pm. The net was lowered to the bottom and vertically hauled to the
surface by hand. Hauls were timed using a stopwatch to obtain an approximate
speed of tow. The net was washed by raising and lowering it in the hole
several times and the sample was drained into a plastic bucket. The samples
were warmed slowly when necessary to melt ice. The samples were concentrated
by gently swirling in a net collection cup and preserved in 250 ml jars with
10 ml 37% formalin and buffered with 5 ml each of saturated sodium acetate
and sodium borate solutions.

Two individual amphipods were collected on 12 March, one from under the
ice by a diver using a small hand net and one dipped from the surface of the
hole with a 250 ml jar. These animals were placed in Millipore filtered sea-
water and kept in a laboratory refrigerator for 4 days before being preserved.
The seawater will be examined microscopically for fecal pellets to try to
determine what the animals were eating.

Two
long and
formalin

ice cores were collected by divers using plastic corers, ea. 30 cm
2.5 cmwide. The cores were thawed and preserved with 10 ml 4%
buffered with sodium acetate.

b. Laboratory analysis

Phytoplankton  standing stock samples are being analyzed
using a Zeiss phase-contrast inverted microscope and Zeiss 5 and 50 ml
counting chambers. Rare and large organisms (~ 100 pm) are counted at 125 X
magnification in 50 ml chambers and abundant, small organisms ( <100 Urn) are
counted at 312 X magnification in 5 ml chambers. For the March 1979 samples,
all cells seen in the 50 ml chambers were counted regardless of size. The
ice core sample was settled the same way, but only the 5 ml chamber was
counted because of the large amount of sediment in the 50 ml chamber.

All organisms in the zooplankton samples are being identified and
counted using a
all taxa.

4.

dissecting microscope. Voucher specimens have been kept for

Sample locations

a. February
the Western Washington State

- the LGL site approximately 300 yds south of
University dive site at the boulder patch.
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b. March - 70”19’N, 147°34.4’W,  the Western Washington
dive site.

5. Data collected and analyzed

February March
No. No. No. No.

Coil . Anal. Coil . Anal.

Plant pigments 2 0 10 0
Phytoplankton standing stock 2 2 10 4
Zooplankton standing stock

0.75 m ring net, 308 urn
0.75 m ring net, 216 urn 10 3

Individual amphipods 2 0
Ice cores 2 1

XI. Auxiliary material

A.

nearshore
609-632.
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