FINAL REPORT

Contract #: 03-5-022-67-TA2 #4
Research Unit #: 359

Report Period: 1 May 1975 to 31 March 1977
Nunmber of Pages: 340

g &

BEAUFORT SEA PLANKTON STUDI ES

T. Saunders English
Rita A Honer
Departnent of Cceanography
University of Washington
Seattle, ' WAShi ngton 98195

| April 1977

F ———
- s/
Departmental Concurrence: (%’V‘?‘M

Francis A. HFrzi chards
Associ ate Chairman for Research

REF i A77-4



TABLE OF CONTENTS

SECTION 1. Nearshore: Prudhoe Bay and USCGC Glacier

List of Figures

Li st of Tables

II.

Iv.

\

Vit .

VI

Sunmary of objectives, conclusions, and implications
with respect to oil and gas devel opnment

[ ntroduction

A. Ceneral nature and scope of study

B. Specific objectives

¢c. Relevance to problens of petrol eum devel opnent
D.  Acknow edgenent s

Current state of know edge

Study area

Sources, nethods, and rationale of data collection
Resul ts

A Prudhoe Bay
B. USCGC Glacier

1. Hydrography
2. Primary productivity and chlorophyll a
3. Phytoplankton Standing stock
4. Zoopl ankton standing stock
Di scussi on

A Prudhoe Bay
B. USCGC Glacier

L. Phytoplankton Standing stock and productivity
2. Zoopl ankt on

Concl usi ons

A, Phytoplankton
B.  Zoopl ankt on

Needs for further study

Summary of 4th quarter operations

14

14
19

19
19

39
116

116
117

117
119

122

122
122

123
124



Xl
X,
X1

XV,

Bi bl i ogr aphi es

Archived sanples and unpublished data
Literature cited

Appendi x:  Bi bl i ographi es

A Phytoplankton

B. Zooplankton
C. lchthyopl ankton

SECTION 2. O fshore: AIDJEX

List of Figures

Li st of Tables

1.

Iv.

VI

Summary of objectives, conclusions, and inplications
with respect to oil and gas devel opnment

I ntroduction

A General nature and scope of study

B. Specific objective

¢c. Relevance to problens of petroleum devel opnent
Current state of know edge

Study area

Rational e and nethods of data collection

A Rationale

1. GCeneral description
2. Selection of variables

B. Methods
1. Field observations

2. Data analysis
3. \Variance analysis

Resul ts

A Ntrate

B.  Chlorophyll a

c. Assimlation potential

D. Assimlation nunmber

E.  Gaduated light experinents

124
125
129
136
137

150
197



VI

VITI

Xl

F. In situ assimlation

G  Zooplankton

H  Environmental observations
Di scussion

Concl usi ons

Recommendat i ons

Literature cited

Appendi ces

A. Assimlation

B.  Chlorophyll a
¢.  Zoopl ankt on

33
33
42
48
50
51
53
58
59

129
136



SECTION 1

Near shor e

Prudhoe Bay and USCGC Glacier

Rita A Horner
Kevin D. Wman

Thomas R Kaperak



Figure

10

11

12

i3

i4

15

LI ST OF FI GURES

Station |ocations, Prudhoe Bay, Sep 1975.

Chukchi Sea cruise track and station |ocations,
USCGC Glactier, 7 Aug to 4 Sep 1976.

Beaufort Sea cruise track and station |ocations,
USCGC Glacier, 7 Aug to 4 Sep 1976.

Depth profiles of tenperature-salinity and chloro-
phyll a - !*C assinmilation in the Chukchi and
Beaufort seas, Aug-Sep 1976.

Integrated *c uptake (mg ¢ mr2 . hr7l), Chukehi Sea
stations, Aug 1976.

Integrated chlorophyll a concentrations (ng ni2
Chukchi Sea stations, Aug 1976.

I nt egrat ed phaeophytin concentrations (ng md .
Chukchi Sea stations, Aug 1976.

Integrated *c uptake (ng C w2 ® hr-1) Beaufort
Sea stations, Aug-Sep 1976.

Integrated chlorophyll a concentrations (ng m™2),
Beaufort Sea stations, Aug-Sep 1976.

I ntegrated phaeophytin concentrations (mg m2),
Beaufort Sea stations, Aug-Sep 1976.

Per cent Chaetoceros species, all other diatons,
flagel lates, and dinoflagellates at depth of
greatest carbon assimlation.

Percentage of phytoplankton by major category by
depth for each station.

Abundance of zooplankton (number niX 10°) collected
by USCGC Glacier in the Beaufort Sea, 18 Aug to
2 Sep 1976.

Per cent age of zoopl ankton conposed of copepods,
barnacle l|arvae, and all other zooplankton from
10-0 m haul s.

Per cent age of zoopl ankton conposed of copepods,
barnacl e larvae, and all other zooplankton from
20-0 m haul s.

Page
Nunber

27

33

34

35

36

37

38

42

44

79

80

81



Figure
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

37
38
39

Ly

Stations where Acartia Spp. were present.
Abundance of Calanus glacialis.
Stations where Calanus hyperboreus was present.

Stations where Calanus plumchrus was present in
50-0 m haul s

Stations where Derjuginia tolli was present.

Stations where Eucalanus bungii bungii was present.

Stations where Limmocalanus grimaldii was present.
Stations where Microcalanus pygmaeus Was present.
Abundance of 0Oithona similis,

Abundance of Pseudocalanus spp.

Abundance of barnacle |arvae

Stations where Thysanoessa inermis was present.
Abundance of anonuran zoea

Abundance of brachyuran zoea.

Abundance of shrinp |arvae

Abundance of polychaete |arvae.

Abundance of Fritellaria borealis.

Abundance of 0ikopleura Spp.

Abundance of Sagitia elegans.

Abundance of Aglantha digitale.

Stations where Perigonimus yoldia-arcticae Was
present.

Stations where Rathkea octopunctata Was present.
Stations where Cyanea capillata was present.

Stations where Boreogadus saida was present.

Page
Number

82
83
84

85

86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

103
104
105



Tabl e

10

11

12

13

14

15

16

LI ST OF TABLES

Expeditions, publications, and subjects of marine
bi ol ogi cal studies in coastal waters of the Beaufort
Sea

Station locations, USCGC Glacier, 7 Aug to 4 Sep
1976

References aiding identification of zooplankton

Hydrographic data for OCS stations taken during
Sep 1975 in Prudhoe Bay

Hydrographi c data for OCS stations taken during
Aug- Sep 1976, USCGC Glacier, in the Chukchi and
Beauf ort seas

Prelimnary list of phytoplankton species in the
Beaufort Sea

Per cent Chaetoceros species, all other diatons,
flagel | ates, and dinoflagellates at depth of
greatest carbon uptake

Per cent age of phytoplankton by nmjor category for
the upper 40 m

Total number of phytoplankton cells by major category
for the upper 40 m

Zoopl ankton found in the Beaufort Sea sanples
collected from 18 Aug to 2 Sep 1976

Abundances of zoopl ankton collected in 0.75 mring
net hauls from 10-0 m

Abundances of zoopl ankton collected in 0.75 mring
net hauls from 20-0 m

Abundances of zoopl ankton collected in 0.75 mring
net hauls from50-0 m

Abundances of zoopl ankton collected in 0.75 mring
net hauls from 100-0 m

Abundances of zooplankton collected in 0.75 mring
net hauls from 200-0 m

Abundances of zooplankton collected in bongo net
haul s

Page
Nunber

10

13
15

20

40

43

48

50

53

55

59

63

67

71

75



Tabl e

17

18
19

20

Nurmber of fish larvae found in two WEBSEC-72
| saacs-Kidd md-water traw sanples

Fish eggs and |arvae fromtwo vertical net hauls

Copepods sorted from station 005, AB 72-132
(70° 51.7° N, 143° 45.4 W, 5 Aug 1972, 50m

Copepods sorted from station 019, AB 72-199
(71° 09.0" N, 146° 29.0" W, 11 Aug 1972, 250m

Page
Nunber

126

126
127

128



I. Summary of objectives, conclusions, and inplications with respect to
OCS oil and gas devel opnment

The primary objectives of this project were to determne the seasona
density distribution and environnmental requirements of principal species
of phytoplankton, zooplankton, and ichthyoplankton, and to determ ne sea-
sonal indices of phytoplankton production. A secondary objective was to
summarize existing literature, unpublished data, and archived sanples.

Most of our conclusions must be prelimnary because so little informa-
tion is available concerning plankton of the Beaufort Sea. In general
the distribution of individual phytoplankton species appears to be w de-
spread within the Beaufort Sea, while the distribution of some zoopl ankton
species is influenced by |ocal hydrographic regines. Primary production
and standing stocks of phytoplankton are variable and patchy based on
data fromone sumer (August) sanpling period. Hi ghest primary productivity
occurs below the surface , wusually between 5 and 20 m and where di atons
are the nost abundant organi snms. Meroplankton conprise a |arge part of
the zoopl ankton of the western Beaufort Sea. Expatriate species are found
with the intrusion of Bering Sea water into the Beaufort Sea.

Most of the basic background information necessary to nake adequate
assessnments of the inpact of oil and gas devel opnent on the plankton is
still not available. Changes in species conmposition or |oss of sone
planktonic species because of an oil spill would probably affect higher
| evel s of the food chain and be damaging to fish, birds and manmals.
Basic life history information is not known for npst planktonic Species
and there are essentially no experinental studies concerning the effects
of oil on Arctic plankton. Qur studies point out the lack of available
know edge on the plankton.

11.  Introduction
A, Ceneral nature and scope of study
As primry producers and primary and secondary consuners, phyto-
pl ankton and zooplankton play an inportant role in the Beaufort Sea eco-
system Qur purpose was to provide basic biological informtion about
these organisns in order to understand their relationships within the eco-
system
B. Specific objectives
The specific objectives of this project were to
1. Determne the seasonal density distribution and environnmenta
requirenents of principal species of phytoplankton, zoopl ankton, and ich-
thyoplankton;

2. Determne seasonal indices of phytoplankton production;



3. Summarize existing literature, unpublished data, and archived
sanpl es

¢c. Relevance to problenms of petroleum devel opnent

The devel opment of gas and oil reserves has had, and will continue
to have, an inpact on the marine environment of the Beaufort Sea. [In order
to detect changes and predict or assess adverse effects caused by this
devel opment, it is necessary to have basic background information on pro-
ductivity, species conposition, distributions, abundances, life cycles and
mgration patterns of planktonic organisns.

Potential dangers to the plankton conmmunity include reduced pri-
mary productivity caused by direct toxicity effects or reduced |ight pene-
tration into the water colum as a result of a surface oil slick, and
possi bl e changes in the phytoplankton species composition with possible
concurrent changes in the zoopl ankton because of nodified food sources.

Some life cycle stages, especially larvae, are nore susceptible
to pollutants than other stages. It is inportant to know what these
stages are and when and where they occur in the water colum.

Ol trapped under the ice would affect the ice algae comunity
that commonly occurs in spring. Wile the areal extent of this comunity
is not well known, it is inportant in the shallow water areas (10 to 15 m
along the Beaufort Sea coast and provides a source of food for a number of
I nportant species, including anmphipods, that are in turn utilized as food
by birds and mammal s.

In addition to the chem cal effects of possible oil pollution,
physi cal changes in the environnment will also be critical. Construction
of causeways and other structures or dredging of channels that coul d change
circulation patterns will have an effect on primary productivity through
changes in nutrient supply, and on planktonic organisns in general through
changes in possible mgration patterns and recruitment rates.
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[Il. Current state of know edge

Little is known about the biology of the plankton in the Chukchi
and Beaufort seas. Table 1 Iists expeditions, collections, and publica-
tions on plankton fromthis area. The earliest collections were made
during the Canadian Arctic Expedition, 1913-1918. Mjor groups of zoo-
pl ankton reported from this expedition included ctenophores and
hydromedusae (Bigelow 1920), anphi pods (Shoemaker 1920), copepods (Willey
1920), and schizopod crustaceans (Schmitt 1919). The primary constituents
of the zooplankton in these sanples were crustaceans, particularly copepods.
Di atons, described by Mann (1925), were primarily benthic forns.

Johnson (1956) reported on zooplankton collected in the Chukchi and
Beaufort seas in 1950 and 1951 and denonstrated, for the first tinme, the
presence of Bering Sea water in the Beaufort Sea based on zoopl ankton
distributions. Hand and Kan (1961) described the hydronedusae from these
sanpl es, including breeding ranges and the influence of hydrography on
species distribution.

Wng (1974) described the kinds and abundance of zooplankton from
the eastern Chukchi Sea in Septenber and Cctober 1970. Quast (1974)
reported the density distribution of juvenile Arctic cod (Boreogadus
saida Lepechin) fromthe same cruise and considered Arctic cod to be a
“key species in the ecology of the arctic seas”, being inportant as a
maj or secondary consumer.

Studi es concerned with annual cycles, bionass, population dynam cs,
and production of both phytoplankton and zoopl ankton have been done
primarily at Pt. Barrow (MacGinitie 1955; Johnson 1958, Bursa 1963;

Homer 1969, 1972; Redburn 1974). MacGnitie (1955), concerned nmainly
with benthic invertebrates, included a limted discussion of phytoplankton
and zooplankton based on relative abundances and reproductive periods.
Johnson (1958) described the qualitative and quantitative conposition of
the inshore zooplankton comunity for one nmonth in sumer.

Redburn (1974) descri bed the zooplankton comunity in terms of
speci es abundance and conposition, life cycles, and relationship to the
hydrographic regi me. Copepods were the major constituents of the comunity
along with large nunbers of meroplanktonic | arvae. The occurrence of
Bering Sea water was indicated by the presence of several expatriate
speci es of copepods and several popul ations of copepods and hydronedusae
that breed fromthe Bering Sea to Barrow.

Bursa (1963) studi ed the taxonony, ecology, and abundance of phyto-
pl ankton from several habitats near Barrow. Homer (1969, 1972) reported
a bimodal annual phytoplankton cycle with a spring maxi numin June and
early July before ice breakup and a fall maxi mumin August- Septenber.

In the nearshore area of the Beaufort Sea, Al exander (1974)
has reported prinmary productivity, chlorophyll a, and biomass data for
t he phytoplankton community in the Colville River system including
Harrison Bay and Sinpson Lagoon. cCoyle (1974) and Honer et al. (1974)



Table 1.
bi ol ogi ca

Expedi tions,
studi es in coastal

Expedi tion or |ocation

Canadi an Arctic Exped. 1913-18
Chukchi - Beaufort

Chelan 1934

Burton Island 1950, 1951

LCM Ripley 1954

Barrow. mainly
Chukchi Sea

publ i cations,

Ref er ences

Bigelow 1920

Shoenmaker 1920
Willey 1920

Schmtt 1919

Mann 1925

Johnson 1936
1953

Johnson 1956
Hand & Xan 1961
Mohr et al. 1957

MacGinitie 1955

Shoemaker 1955

Johnson 1958

Bursa 1963

1969
1972

Honmer

Honer &
Al exander 1972

Vet heke 1973

Mat heke &
Homer 1974
Al exander, Homer

& Clasby 1974
Redburn 1974

and subjects of marine
waters of the Beaufort Sea

Subj ect

hydr omedusae
ct enophores

anphi pods
copepods

schizopod crusta-
ceans

di at onms

zooplankton

zooplankton
copepods
hydr omedusae
fish

sone zoopl ankt on and
phytoplankton

anphi pods

i nshore zoopl ankt on
(summer)

phytoplankton

phytoplankton
phyt opl ankt on

ice algae

benthic microalgae

i ce al gae, sone phyto-
pl ankt on

zooplankton



Table 1. (continued)

Expedition or |ocation

0liktok

Prudhoe Bay

VEBSEC

Glacier 1970, 1971, 1972,
1973

Staten | sl and 1974

OCSEAP
1975 Prudhoce Bay

Glacier 1976 Beaufort Sea
to P.B.
Chukchi Sea
lcy Cape -
Brw.

Sout hern Beaufort Sea

Ref er ences
Al exander 1974

Honer, Coyle,
Redburn 1974

Coyle 1974

Quast 1974

Cobb & M:Connel
no date

Wng 1974

Honmer wunpubl

Honmer unpubl

Engl i sh, Homer
OCS reps

Engl i sh, Homer
OCS reps

G ainger &
Grohe 1975

Adans 1974

Hsi ao 1976

Subj ect

phytoplankton

phytoplankton, zoo-
pl ankt on

phytoplankton

Arctic cod - Chukchi

zooplankton 1971

zooplankton - Chukchi

phytoplankton - chl a,
standi ng stock

phytoplankton - chl a,
standi ng stock

phytoplankton

phytoplankton - chl a,
species, prim prod.

zoopl ankton - species
standi ng stock

ichthyoplankton -
speci es, standing
st ock

zooplankton

prim prod., oil under
ice

phytoplankton



studied the Prudhoe Bay plankton in terms of primary productivity, stand-
ing stock, species conposition, and spatial variability, along with |oca
hydr ographi ¢ conditions.

Cobb and M Connel | (unpubl. ins.) have described the species conposi-
tion, relative abundances, and distributions of zooplankton collected in
summer 1971. Honer (unpubl.) has data on phytoplankton standing stock,
distribution, and chlorophylls concentrations from sumer 1973 and 1974.

Hsiao (1976) and Gainger and Grohe (1975) have reported on phyto-
pl ankt on and zoopl ankton studies in the southern Beaufort Sea (Mackenzie
River delta), and Adams (1975) studied light intensity and prinary produc-
tivity under sea ice containing oil

Wth the exception of Adans (1975), these studies have been concerned
with species conposition, abundance, and distribution. Few attenpts have
been made to deternmine energy flow within the Arctic ecosystem and only
Adanms (1975) and Hsiao (1976) have studied the effects of oil on phyto-
pl ankton productivity in the Beaufort Sea.

V. Study area

Pl ankton col I ections were made in Prudhoe Bay in Aug-Sep 1975 (Fig. 1)
and in the Chukechi and Beaufort seas in Aug-Sep 1976 (Fig. 2 to 3,
Table 2). The Prudhoe Bay sanples were collected when and where |oca
weat her and ice conditions permtted. Plankton collections were nmade in
t he Chukchi Sea early during the Glacier crui se because ice conditions
prevented the ship fromentering the Beaufort Sea. Beaufort Sea stations
were generally taken along the transects designated by OCS off Pitt Point
and Narwhal Island. Ice prevented our working the transect off Barter
Island.  Additional stations were taken where investigators requested and
ice permtted.

V. Sources,nethods, and rationale of data collection

Phytoplankton sanples were collected in Prudhoe Bay with a 6-2 Scott-
Richards water bottle (nodified Van Dorn bottle). Follow ng collection
the water sanples were drained into 4-% polyethylene bottles, kept in a
cool place, and returned to the shore |aboratory at the V & E Construction
canp, Deadhorse, for further processing.

In the laboratory, portions of each water sanple were used for chloro-
phyll a, primary productivity, standing stock, and salinity. Water for
chlorophyll a determnation was filtered through 47 nm Millipore HA (0.45 um)
filters. A few drops of a saturated MyCO,sol ution were added and the
filter tower rinsed with filtered seawater. The filters were folded into
quarters, placed in a dessicator, and frozen. At the University of
Washi ngton, the chlorophyl|l concentrations were determ ned using a Turner
fluorometer (Strickland and Parsons 1968).
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Table 2. Station locations, USCGC ( acier, 7 Aug to &4 Sep 1976
Chart
Dept h
Station Latitude (N) Longi t ude (W) (m Location
1 70° 54 160° q4' 54 Chukchi Sea
3 70° 43 160° 40’ 20 Chukchi Sea
4 70° 50’ 162° 09’ 40 Chukchi Sea
5 70° 4T 162° 14’ 36 Chukchi Sea
6 70° 39’ 162° 16’ 36 Chukehi Sea
7 70° 28 163° 26’ 40 Chukchi Sea
8 70° 34 162° 50’ 27 Chukchi Sea
9 71° 03 159° 17 61 Chukchi Sea
10 71° 16’ 157° 43 70 Chukchi Sea
11 71° 25.5 156° 54.8 106 Chukchi Sea
12 71° 31.5% 156° 09’ 139 Chukchi Sea
13 71° 31 155° 05’ 31 Beaufort Sea
14 71° 11 153° 09’ 25 Beaufort Sea
15 70° 36 148° 12 16 Beaufort Sea
1 7 70° 32 147° 33 25 Beaufort Sea
18 70° 39’ 147° 37 25 Beaufort Sea
19B 70° 57 149° 33 30 Beaufort Sea
20 71° 08 151° 19’ 34 Beaufort Sea
21 71° 43’ 151° 47 1700 Beaufort Sea
23 71° 22 152° 20’ 75 Beaufort Sea
24 71° 19' 152° 32’ 52 Beaufort Sea
25 71° 08’ 152° 57’ 22 Beaufort Sea
26 71° 23 154° 21’ 30 Beaufort Sea
27 71° 36’ 155° 32’ 171 Beaufort Sea
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Primary productivity experinments were run in 60 nl reagent bottles.
Two |ight bottles and one dark bottle were used for each depth. Two nl of
Natl"*co; sol ution were added to each bottle, aluminumfoil was placed
around the dark bottle, and the sanples were incubated in a plastic bucket
filled with water under daylight illumnation and anbient air tenperature.
After a 4 hr incubation period, the sanples were filtered onto 25 nm
Millipore HA (0.45 um) filters, rinsed wwth 5 m filtered seawater, and
the filters were placed in liquid scintillation vials. In Seattle,
radi oactive uptake was neasured using a Packard Tri-Carb Liquid Scintil-
| ation Spectrometer with Aquasol (New England Nuclear) as the scintillation
cocktail.

Standing stock sanples were preserved with 5 to 10 mM of 4% formalin
buffered with sodiumacetate. Cell counts and species identification
were made using a Zeiss phase-contrast inverted mcroscope follow ng the
met hod of Uterm8hl (1931). Species identifications were made using
standard phytoplankton reference books with Hustedt (1930, 1959) and Schiller
(1933, 1937) as the main authorities. Voucher specinmens were not kept.

Nutrient determ nations were made on Millipore filtered seawater that
was frozen and returned to Seattle. Autoanalyzer nethods (Strickland and
Parsons 1968) were used to deternmine nutrient concentrations. Filtered
seawater was also used to determne salinity. These sanples were anal yzed
at the Naval Arctic Research Laboratory, Barrow, Al aska, using a Beckman
RS 7 B induction salinometer using Copenhagen seawater as the standard.

During the cruise of the USCGC Glacier zoopl ankton and ichthyoplankton
were sanpled with bongo nets and 0.75-mring nets. The bongo net consists
of a doubl e-mouthed frame, each mouth with an inside diameter of 60 cm
and an area of 0.2827 nf. Nets with a mesh size of 505 um (8:1 CAR) and
333 um (8:1 OAR) were attached to the frame. A TSK flow nmeter was nount ed
in the nouth of each net to determne the anount of water filtered, and a
bathykymograph (BKG) was attached at the center of the frame to determne
tow depth. Two or three 25-1b cannon ball weights were attached to the
frame. Tows were double oblique with depl oynent at approximately 50 mimn,
with a 30 sec soaking tine, and retrieval at 20 m/min. Sanpling depth
varied because of the shallow water, but the net was placed as close to
the bottom as possible without endangering the net. Because of adverse ice
conditions, only 10 bongo tows were made.

The ring net has a mesh size of 308 ym (2:1 OAR) and is mounted on a
0.75-mring. This net was lowered to a predeternined depth, usually 10
or 20 m allowed to soak for 10 sec, and vertically hauled to the surface.

Depending on the water depth, two or nore tows were made at a station,
with 51 tows being done during the cruise.

The zoopl ankt on sanpl es were concentrated by gently swirling the sample
in a net collection bucket to remove excess water. The sanples were then
placed in 250 or 500 m jars and preserved with 100% formalin and saturated
sodium borate solution. The amount of formalin and buffer depended on the
jar size. A label containing collection data was put in the jar, seawater

was added, if necessary to fill the jar, and the jar was tightly capped for
st orage.
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The zoopl ankton sanples were first sorted for large or rare organisns,
then each sanple was split in a Folsom plankton splitter until a subsample
containing 100 speci mens of the nost abundant species was obtained. The
organisms were identified and counted using a dissecting mcroscope.
Voucher specimens have been kept for some species. References used to
identify zoopl ankton are given in Table 3.

Acoustic surveys were conducted using a Ross 200A Fine Line Echosounder
systemoperating with a frequency of 105 kHz. A 10° transducer nounted
ina 0.6 mV-Fin depressor was |owered to the water surface when the ship
was stopped on station. The inconing signal was recorded on a paper chart
marked with the station nunmber, date, time (LDT), and other pertinent
information. Wen ice and tine allowed, the incomng signal was also
recorded on magnetic tape for later analysis. Mst of the recording was
done in the 0-50 fm range because of the shallowness of the water. Few
acoustic neasurenents were nade because of ice conditions.

Phytoplankton sanples were collected with 5-& Niskin bottles. Sub-
sanples were taken for salinity, standing stock, primry productivity, and
chlorophyl| a determnations. Salinity was neasured on board using a
Bi sset Berman Hytech salinometer Mbdel 6220 (USCG # 4691 m). Standing
stock sanples were preserved with approximately 10 m of 4% formalin.

Cell counts and species identifications were made using a ZeiSS phase-
contrast inverted mcroscope followng the nethod of Utermshl (1931).

Five and 50-m settling chambers were set up for each sample. Rare

organi sms and cells larger than 50 ym were counted at 10 X in the 50-n
chanbers and smal |, abundant organisns were counted at 25 X in the 5-ni
chanbers. Usually 1/5 of each chanber was counted. Species identifica-
tions were made using standard phytoplankton reference books w th Hustedt
(1930, 1959) and schiller (1933, 1937) as the main authorities. Voucher
speci mens were not kept. Standing stock sanples collected in the Chukchi
Sea have not been anal yzed because of time |imtations.

Primary productivity measurenments were made in 60 ml reagent bottles.
Two ligm bottles and one dark bottle were used for each depth. Two ni
of NaH 03 solution were added to each bottle, aluminumfoil was placed
around the dark bottle, and the sanples were incubated in a sink in the
| aboratory. A bank of cool white fluorescent |ights was set up over the
sink. Light levels were measured at the beginning and end of the incuba-
tion period with a Gossen Super Pilot photographic light neter. Low
tenperature in the sink was naintained by running seawater; tenperature
was measured at the beginning and end of the incubation period. The incuba-
tion period was usually 3-4 hours. The sanples were filtered onto 25 nm
Millipore HA (0.45 ym) filters, rinsed with approximately 5 nl filtered
seawater and 5 m 0.01 N HCL, and placed in liquid scintillation vials.
Radi oactive uptake was measured using a Packard Tri-Carb Liquid Scintilla-
tion Spectrometer with Aquasol (New England Nuclear) as the scintillation
cocktail. Primary productivity was cal cul ated using the equation

(L-D) xwx 1.05
Rx T

Ps (ng C m=3.nr"1) =



Tabl e 3.
Copepoda
Brodskii, 1950

13

Ref erences aiding identification of zooplankton

Her on and Damkaer, 1976

Jaschnov, 1948

Mori, 1937
Sars, 1900
Sars, 1903
Vidal, 1971

Euphausi acea

Leung, 1970a

Ostracoda

Leung, 1972c

Sars, 1928
Mysi dacea

Leung, 1972b
Decapoda

Leung, Havens,

Makar ov, 1967
Anphi poda

Sars, 1895

Tencati, 1970

and Rork, 1971

Polychaeta

Pettibone, 1954

Yingst, 1972
Appendicularia

Leung, 1972a
Chaetognatha

Dawson, 1971
Hydrozoa

Naumov, 1960

Shirley and Leung, 1970
Ctenophora

Leung, 1970b
Pt er opoda

Leung, 1971
Pi sces

Blackburn, 1973
Ehr enbaum 1909
Gorbunova, 1954
Rass, 1949
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where (L-D) is light-dark bottle disintegrations per mnute; Wis
carbonate carbon; 1.05 is a !%c isotope factor; Ris the activity of
the % used; and T is the incubation tine.

Water for chlorophyll a determnations was filtered through 47 mm
Millipore HA (0.45 pm) filters. A few drops of a saturated MgCO3 sol ution
were added and the filter tower was rinsed with filtered seawater. The
filters were folded into quarters, placed in labelled coin envel opes,
and frozen. The sanples were analyzed using a Turner fluorometer
(Strickland and Parsons 1968). Cal cul ations were done using the equations

FO/Fa
max
e (K) (F - F)
a .
_ max
chl a = Vol filtered
FO/Famax
F /F (Kx) [Fo(Fa/Fo ) -F ]
o' a1 max a
max
Fhaeo = Vol filtered i

wher e F I S fluorometer reading before acidification, F is fluorometer
reading after acidification; K is fluorometer door califration factor;
and Vol filtered is the volume of sanple filtered.

Tenperatures, neasured using reversing thernoneters, were corrected
using the calibration factors provided by the Coast Guard and follow ng
the procedure outlined in US. Naval Cceanographic Ofice Publ 607 (1968).

VI. Results

A Prudhoe Bay

Hydrographic data are given in Table 4. Chlorophyll a concentra-
tions were generally <1 mg m=3, except for near-bottom sanples at stations
24, 27, and 30, where concentrations were 2 to 3 ng wm-3. Different Species
accounted for the higher chlorophyll a concentrations in the deeper water
Wi th pennate diatonms being nost abundant at station 30-15 and Chaetoceros
furcellatus Bailey being npst abundant at station 24-7.

Tenperature ranged from-1.0 to +3.0° Cwith the |owest and high-
est tenperatures at the surface. Salinity ranged from 11.648 to 24.959 ©/oo
with higher salinities generally being in deeper water.

Phosphat e concentrations ranged from 0.03 to 1.31 ug at 271,
“general Iy being below 0.60 ug at &~!. Silicate concentrations ranged



Table 4. Hydrographic data for OCS stations taken during Sep 1975 in Prudhoe Bay

Dat e ;
Sta, (1975) Sanpl e Nutrients (ug at 2) Chl. a
No. (ADT) Dept h T $°/ 0o P04 Si NO 5 NO, NH,, (ng )

P-1 9-5 0 -1.0 12. 844 0.36 16. 60 0.20 0.12 0. 86 0. 845 “

P-2 9-5 0 -1.0 20. 208 0.52 10. 14 0.35 0.24 0.80 1.284

P-3 9-5 0 -1.0 22.126 0.71 8.00 1.19 0. 06 1.86 0.777

P-4 9-7 0 0.2 13. 168 0.94 20. 95 0.27 0.10 0.52 0.879
7 1.2 12. 642 0.95 20. 64 1.15 0.10 1.08 0.811

P-5 9-7 0 -0.8 14. 054 0.73 19. 21 0.16 0.13 0. 94 0.714
8 -0.4 18. 948 0.36 12. 47 0.85 0.21 1.62 1.048

P-6 9-7 0 0.8 17. 317 0.57 11. 21 0.37 0.17 1.29 0. 545
3 1.5 (No bottom sanpl es taken here)

P-7 9-7 0 0.8 16. 107 0.52 14.16 0.92 0.21 1.90 0. 642
5 1.2 19. 497 0.58 7.91 0.24 0.39 0. 60 0. 946

P-8 9-7 0 1.0 20. 579 1.28 10. 38 0.08 0.57 0.88 1. 169
2 1.0 (No bottom sanmpl es taken here)

P-9 9-7 0 -1.0 14.778 0.48 14. 65 0.58 0.42 2.01 0.777
1 -1.0 12. 317 0.43 20. 92 0.08 0.30 1.09 0.533

P-lo 9-8 0 0.8 17. 186 0.22 4.72 0.20 0.05 0.85 0.879
6 0.8 13. 405 0.29 5.65 0.35 0.05 0. 84 0.630

P-n 9-8 0 -0.8 12.570 0. 47 20. 20 1.19 0.11 1.82 0.436
7 -0.4 19. 148 0.36 10.91 0.24 0. 06 0.62 0. 787

ST



Dat e Nutrients (ug at 2) chl

Sta. (1975) Sanpl e . a
No. (ADT) Dept h T 5/ 60 POy si NO 3 NO, NH, (my md)
P-12 9-8 0 -0.5 12. 456 0.45 15. 91 1.15 0.11 1.15 0. 472
8 -0.2 19. 416 0. 63 8. 92 0.15 0.05 1. 04 1.220
P-13 9-8 0 -0.4 12.522 0. 49 20.71 0. 86 0.13 1.70 0.521
6 -0.2 16. 811 0.36 14. 48 0.40 010 1.39 0. 606
P-14 9-8 0 -1.0 11. 648 0.28 20. 22 0.92 0. 09 2.03 0. 351
5 -0.5 17. 687 0.38 8.33 0.23 0.01 0.74 0. 845
P- 15 9-1o0 0 0.5 16. 067 0.17 14. 35 0.11 0. 00 1.03 0. 557
5 0.2 17. 675 0.40 15. 45 0.59 0.28 2.17 0. 946
P- 16 9-1o0 0 1.0 17.572 0.27 15. 61 0.10 0. 07 1.26 0. 424
4 0.8 18.031 0.51 14. 15 0.15 0.09 2.65 0. 823
P-17 9-1o0 0 0.8 22.618 0.53 14.22 0.27 0.12 2.57 0. 460
23 0.5 23.091 0.72 11.80 0.56 0.09 1.23 0. 606
P-18 9-1o0 0 1.2 23. 366 0.50 11. 47 0.14 0.07 0. 93 0.279
30 0.5 24. 959 0.70 10. 17 0. 82 0.10 1.47 0. 465
P-19 9-1o0 0 1.2 21. 462 0.45 12.17 0. 42 0.14 1.17 0. 254
11 1.0 22.134 0.61 12 .49 0. 33 0. 08 1.30 0.509
P- 20 9-11 0 1.5 15. 494 0. 855
7 1.2 18. 356 1.790
P-21 9-11 0 1.2 16. 227 - 0.823
8 1.2 17.708 o 0.799

91



Table 4. (continued)

Dat e ;
Sta. (1975) Sanpl e Nutrients (ug at ) chl

No. (ADT) Dept h T 5%/ 6o PO, Si NO 4 NO, NH4 (ng ni
P- 22 9-11 0 1.2 23. 166 -_— - - - - 0. 606
19 1.2 23. 186, -— - - - — 0. 545

P- 23 9-13 0 2.5 19. 660 0. 47 9.64 0.13 0. 26 2.52 0. 472
5 2.3 20. 002 0. 46 8.97 0. 26 0. 46 2.40 1.217

P- 24 9-13 0 2.2 20. 491 0. 45 10. 77 0.54 0. 28 1.03 0.799
7 2.2 20. 832 0. 47 10. 33 0.15 0.29 0.67 2.907

P- 25 9-13 0 1.9 19.571 0.21 11. 26 0. 80 0. 80 1.25 0.799
8 2.2 20. 693 0. 29 10. 42 0. 38 1.10 0.94 0.690

P- 26 9-13 0 1.8 17.010 0.19 8.24 0. 05 0. 07 1.06 0. 642
6 1.8 18. 895 0. 28 11.03 0.32 1.05 1.01 0.690

P-27 9- 14 0 2.2 17. 489 0.03 13.01 0. 09 0.13 2.18 0. 339
5 1.8 21. 055 0.56 11.25 0.03 0.09 0.21 2, 260

P- 28 9-14 0 1.5 19. 314 0.16 12. 64 0.03 0.13 0.21 1.048
20 0.3 23.530 1.09 11.20 0.28 0.27 0.21 0. 744

P-29 9-14 0 0.3 21. 759 0. 45 9.96 0. 12 0.15 .- 0. 246
19 0.0 23.587 1.31 11.25 0.21 0. 36 -- 0.777

P-30 9- 14 0 1.9 17. 261 0.33 13.83 0.04 0.18 .- 0.173
15 0.6 22.801 -- -- -- .- -- 2.330

P-31 9-16 0 2. 17. 600 -- -- .- -- -- 0. 642

2
15 1.4 20. 872 -- T -- -- o 0. 744

LT



Table 4. (continued)

Dat e ;
Sta. (1975) sampl e Nutrients (ug at 2) Chl. a
No. (ADT) Dept h T 8°/ o0 POy Si NO 3 NO, NH4 (mg m)
P-32 9-16 0 1.2 22.217 .- .- — 1.180
20 1.1 22. 258 -- .- 0.702
P-33 9- 16 0 1.9 *20.767 - .- 0. 363
15 1.5 21. 274 -- .- 0. 744
P- 34 9-16 0 2.0 14. 567 -- .- — 0. 630
7 3.0 18. 690 -- .- - 0. 879
P-35 9-16 0 2.1 20. 067 .- .- — 0.702
6 2.0 20. 094 .- .- 0. 879
P- 36 9-16 0 2.0 20. 071 -- .- 0.375
7 1.7 20. 097 .- .- 0. 545
P-37 9-16 0 2.0 19. 916 .- .- 0. 744
5 2.0 19. 930 .- .- 0.507

8T
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from4.72 to 20.95 ug at £~!. The lowest silicate concentration was at
station 10 and the highest at station 4, both located inside the bay
near the east dock. The sanples were collected one day apart and few
diatons were present at either station. Ntrate concentrations ranged
from0.03 to 1.19 pg at &~ 1; nitrite ranged from0.00 to 0.57 ug at 271;
anmoni a ranged from0.60 to 2.57 ug at &1,

Primary productivity was generally low, ranging fromO0.01 to 2.97
ng Cm=3 * hr-l, with the highest occurring at station 24-7 where the
chl orophyll a concentration was al so high.

I nsi de Prudhoe Bay, small species of the diatom genus Chaetoceros,
especially Ch. furcellatus, were dom nant. Pennate diatonms, nostly un-
identified, were also present, but usually not in |arge numbers. At station
33, slightly north of GQull Island, at 15 m snall flagellates were abun-
dant along with Chaetoceros spp. Small flagellates were also abundant at
the surface at station 30. Ciliates were abundant at stations 6, 14, 15,

16, 23, 24, and 31, probably grazing on the phytoplankton.

B. USCGC Glacier

1. Hydrography

Hydrographic data for stations taken in the Chukchi and
Beaufort Seas are given in Table 5. Tenperature and salinity depth pro-
files are plotted in Fig. 4. Bering Sea water, indicated by higher
tenperatures, can be seen at 10 to 20 mat stations 13,. 21, 23, 24, 26,
27, and possibly 20. The presence of Bering Sea water in the Beaufort
Sea is inportant when discussing distribution patterns of phytoplankton
and zoopl ankt on.

2. Primary productivity and chlorophyll a

Primary productivity and chlorophyll a values are listed in
Table 5, and depth profiles are shown in Fig. 4. Integrated values for
carbon assimlation, chlorophyll a, and phaeophytin are given in Figs.
5to 10. In general, high chlorophyll a concentrations were found at the
sane depths as high primry productivity. Hgh productivity and high
phytoplankton cell counts did not always occur at the same depth. The
sane species were usually abundant at the depth of greatest primary pro-
ductivity with the exceptions of stations 23 and 24. At these stations,
hi ghest productivity occurred at 15 min Bering Sea water where Lepto-
eylindrus minimus ran and Nitzschia closterium (Ehrb.) W Smith were the
nost abundant speci es.

Rel atively high production and chlorophyl|l a concentrations
were found in the Prudhoe Bay area (stations 15, 17, and 18) except at the
surface where small flagellates conprised about 75% of the popul ation.
Primary productivity was generally <1 ng C w=3.hr"! at stations and
depths where flagellates were the nost abundant.



Table 5. Hydrographic data for OCS stations taken during Aug-Sep 1976
USCGC Glacier, in the Chukchi and Beaufort Seas

Dat e Soni ¢ Sanpl e
Sta  (1976) Tine Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod.,
N  (GWI) (GVI) (N (W (m (M 5% (“O (Mg n~% (mg m=3) (mg c™=™ +hr ")
01 09 Aug 0635 70°54.0° 160°04.0 54 000 28.54  0.93 0.17 0.03 0.170
005 30.09 -0.33 0.14 0.32 1.603
010 31.82 -1.32 0.95 0.19 T
015 32.15 -1.72 1.94 0.12 6. 793
020 32.25 -1.85 5.96 0.09 5.135
025 32.67 -1.72 0.63 0.25 2.835
030 32.97 -1.25 3.19 0.28 0.610
045 33.01 -1.27 0.70 0.34 0.426
02 No hydrographic station
03 09 Aug 2300 70°43.0° 160°40.0 20 000 29.27  2.06 0.18 0.04 0. 068
005 29.25 1.96 0.12 0.04 0.113
010 29.20 1.95 0.16 0.04 0.076
015 31.65 -1.17 0.18 0.09 0.180
020 32.49 -1.47 0.83 0.38 0.715
035 32.93 -1.19 0.29 0.22 0. 452
04 10 Aug 1800 70° .0 162°09.0 40 000 29.88  3.97 0.19 0.04 0. 105
005 29.90 4.04 0.16 0.03 0. 096
010 29.91  3.90 0.16 0.04 0.120
015 31.57 3.01 0.30 0.05 0.436
020 31.86 066 0.22 0.05 0.580
025 32.63 -0.57 0.66 0.27 0. 698
035 32.59 MNALF 0.48 0.25 0.425

0z



Table 5. (continued)

Dat e Soni ¢ Sanpl e

Sta  (1976) Tine Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod.
No (GMT)  (QVT) (N) (W (m) (m $°/0o (“C) (mg m~3) (mg m~3) (mg Cm~3:hr-1)
05 11 Aug 1453 70°47.0° 162°14.0" 36 000 29.19 5.02 0.18 0.02 0.131
005 29.42 477 0.23 0.02 0.139
010 29.98 3.78 0.20 0. 06 0.244
015 30.94 1.94 0.25 0.09 0.251
020 32.16 -0.20 0.41 0.19 0. 266
025 32.49 -0.85 0. 49 0.28 0.471
030 32.66 -1.07 0.71 0. 54 0.488
035 32.64 -1.04 0. 66 0.44 0. 589
06 11 Aug 2308 70°39.0" 162°16.0" 36 000 32.48 4.78 0.22 0.03 0.154
005 32.48 5.45 0.31 0. 04 0. 189
010 32.28 5.91 0.24 0.03 0.210
015 32.23 1.65 0.26 0.05 0.239
020 32.06 0.12 1.69 0.38 1.721
025 31.00 -0.84 2.59 0.34 3.012
030 30.90 -1.03 0. 47 0.29 0.615
035 29.66 -1.00 0.57 0.42 0. 647
07 12 Aug 1510 70°28.0° 163°26.0" 40 000 30.30 4.82 0.27 0.03 0.172
005 30.27 4.82 0.26 0.03 0.226
010 30.32  4.90 0.17 0.32 0.148
015 no sanple 4.81
020 30.62 5.01 0.22 0.02 0.128
025 32.44 -0.85 0.94 0.12 1.034
030 32.44 -0.09 1.34 0.11 1.573
040 32.44 -0.13 1. 64 0.02 1.412
08 13 Aug 0745 70°34.0' 162°50.0° 27 000 29.34 3.78 0.23 0. 04 0.111
005 29.57  2.95 0.18 0.03 0.129
010 no sanple
015 30.74 -0.09 0.25 0.04 0.205

12



Table 5.  (continued)

Dat e Sonic Sanple
Sta (1976) Time Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod
No (awr)  (GMT) (N (W (m (m) $°eo (“C) (mg w?) (mg mw3) (mgCm=3.hr-!)
09 14 Aug 1843 71°03.0° 159”717.0" 61 000 29.81 2.08 0.19 0.03 0. 082
005 29.81 1.94 0.17 0.03 0.038
010 31.73 -1.08 0.20 0.07 0. 090
015 32.67 -1.33 8.00 0.32 4.528
020 32.79 -1.29 2.71 0.22 1.990
“ 025 32.81 -1.28 3.00 0.17 1.684
035 32.71 -1.27 2.55 0.17 1.484
055 32.77 -1.26 2.49 0.30 1. 605
10 15 Aug 1843 71°16.0° 157°43.0° 70 000 29.10 2.42 0.24 0. 04 0.144
005 29.42  2.20 0.28 0.03 0.284
010 30.68 -1.08 0.81 0.18 “ 0. 942
015 32.67 -1.24 2.69 0.21 2.022
020 32.70 -1.26 2.54 0.44 2. 954
025 32.70 -1.25 3.43 0.24 2,762
045 no sanple -1.33
065 32.94 -1.47 3.30 0.14 2.527
11 16 Aug 1538 71°25.5  156°54.8 106 000 28.57  3.26 0.37 0.07 0.375
005 28.76  2.54 0.33 0.05 0. 397
010 28.90 2.26 0.29 0.06 0.394
015 32.51 -1.38 14.20 0.28 0. 955
025 32.74 -1.32 1.72 0.18 1.557
050 32.79 -1.38 1.99 0.24 1.742
075 32.94 -1.51 2.38 0.25 1.697
100 33.03 -1.58 2.65 0.38 1.912

[44



Tabl e 5. (continued)

Dat e Soni ¢ Sanpl e

Sta (1976) Time Latitude Longitude Depth Depth ~ Temp. Chl a Phaeo Primary Prod.
No (Gvm) (N (W (m (m $°/eo  (°C) (g ©™3) (n n3) (mgCm~3-hr-1)

12 17 Aug 1545 71°31.5" 156°09.0’ 139 000 29.09 3.23 0.31 0.04 0. 145

005 29. 06 3.23 0.27 0.02 0.198

010 29.25 3.46 0.31 0.04 0.163

015 29. 64 2.54 0.54 0.23 0. 447

025 31.88 -0.72 0.56 0.19 0. 448

050 32.67 -1.33 3.10 0.25 2.812

075 32.69 -1.29 2.90 0.40 1.753

100 32.74 -1.34 2. 60 0.37 1.812

13 18 Aug 1555 71°31.0° 155°05.0 31 000 15.35 1.03 0. 62 0.09 0. 359

005 28.22 2.54 0.49 0.10 0.516

010 29. 44 2.82 0.59 0.13 0.427

015 29.63 2.53 0.51 0.08 0.544

020 29.90 2.09 0.54 0.10 0.538

025 30. 56 0.72 0. 47 0.10 0.622

14 21 Aug 0100 71°11.0° 153°09.0’ 25 000 07.84 1.78 0.29 0. 06 0.164

005 27.72 -0.80 0.81 0.02 0. 550

010 29.67 -0.67 0.18 0.06 0.070

015 31.29 -0.67 0.15 0.11 0.094

020 31.46 -0.87 0.12 0.12 0. 066

15 24 Aug 0053  70°36.0" 148°12.0° 16 000 10.04 -0.21 0.32 0.03 0.224

005 28.48 -0.91 5.07 0.18 4.362

010 28.23 -1.41 5.20 0.08 3.936

015 30.32 -1.43 5.38 0.14 4,198

16 No hydrographic data



Table 5. (continued)

Dat e Sonic Sanpl e

Sta  (1976) Tinme Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod.
No  (GW)  (GWN) (N (W (m (M SYx ("0 (m n3) (my w3 (mgCw™?-hr™h)

17 26 Aug 0518 70°32.0" 147°33.0 25 000 06.02 -1.34 0.48 0. 06 0.194

005 28.88 ~-1.56 3.22 0.51 4.334

010 30.06 -1.48 3.80 0.25 5.979

015 30.72 -1.54 2.93 0.36 3. 400

020 31.72  0.67 1.64 0.18 1.672

18 26 Aug 1808  70°39.0'  147°37.0’ 25 000 05.05 0.33 0.36 0.05 0.094

005 25.90 -0.84 2.00 0.08 2.364

010 29.70 -1.56 3.36 0.34 3.947

015 30.21 -1.60 3.08 0.21 3. 366

19A Salinity at O & 20 monly from this 000 10.75
station 020 31.90

19B 27 Aug 0900  70°57.0°  149°33.0' 30 000 07.64  0.43 0.43 0.08 0.335

005 24.63 -1.15 0.71 0.07 0. 447

010 30.01 -1.12 0.38 0.07 0.144

015 31.44 -1.16 0.23 0.13 0.183

020 30.43 -1.01 0.32 0.21 0.037

025 31.62 -1.05 0.20 0.15 0.123

20 28 Aug 2327 71°08.0" 151°19.0 34 000 19.05 MALF 0.30 0.03 0.098

005 22.81 0.78 1.76 0.06 0.861

010 32.25 -1.36 3.90 0.75 2.449

015 30.73 -0.57 0.50 0.12 0. 465

21 30 Aug 0035  71°43.0' 151°47.0’ 1700 000 10.18  0.28 0.18 0.03 0.095

005 25.63 -0.98 0.48 0.10 0. 356

010 28.06 -1.02 0.65 0.02 0. 493

015 29.54 -0.96 0.53 0.04 0.377

020 30.04 0.54 0.74 0.10 0.718

025 30.58 0.53 0.63 0.03 0.375

ve



Tabl e 5. (conti nued)

Dat e Sonic Sanple

Sta (1976) Tinme Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod

No  (GWT) (GwT) (N (w M (M S (“C) (mg w3 (mg w3 (mgcm 3 hrl)

21 29 Aug 2355  71°43.0° 151°47.0° 1700 030 30.85 MALF 0.22 0.03 0.131

(cont. ) 040 31.33 -0.12 0.25 0.10 0.174
050 32.04 -0.77 0.24 0.18 0.134
060 32.44 -1.19 0.39 0. 26
075 32.62 -1.30 0.39 0.25 0.119
100 32.74 -1.49 0.62 0.20 0.318
29 aug 2300 500 no sanple 0.33

510 34.79 0.34 0.11 0.14
700 34.84 0.05 0.35 0.30
800 34.84 -0.04 0.09 0.11
900 34.85 -0.09 0.19 0. 30
1000 34.85 -0.18 0.18 0.28

22 No hydrographic data

23 31 Aug 0112  71°22.0" 152°20.0° 75 000 15.71 0.54 0.53 0. 04 0. 232
005 25.52  1.45 0. 67 0.08 0.318
010 27.43  1.91 0.83 0.06 0.599
015 28.84  2.67 1.98 0.83 0. 756
020 30.98 0.92 0.41 0.09 0.315
025 31.25 0.52 0.38 0.11 0.271
030 24.05 1.33 0.73 0.14 0.363
040 28.34 2.34 1.00 0.06 0.972
050 31.10 -0.12 0.36 0.12 0. 250
060 31.59 -0.66 0.27 0.13 0. 166
075 32.22 -0.94 0.77 0.35 0. 546



Table 5.  (continued)
Dat e Soni ¢ Sanpl e

Sta (1976) Time Latitude Longitude Depth Depth Tenp. Chl a Phaeo Primary Prod

No (GMVIN) (G (N (W (m (M 8°/eo (O (my w™3) (mg w~?) (ng Cm™? +hrl)

24 31 Aug 1715 71°19.0' 152°32.0 52 000 17.36  0.27 0.58 0.07 0.233
005 25.83 1.68 0.75 0.09 0.422
010 27.87  3.18 0.89 0.12 0. 583
015 28.55 2.78 1.03 0.09 0. 767
020 29.42  2.32 0.74 0.06 0.527
025 30.09 1.91 0.49 0.05 0. 364
030 30.60 2.05 0. 34 0.07 0.217
045 31.47 -0.30 0.46 0.16 0.206

25 01 Sep 1625  71°08.0" 152°57.0 22 000 20.47 1.79 0.19 0.03 0.123
005 26.24 -0.26 0.47 0.07 0. 353
010 . 28.99 -0.41 2.20 0 . 0 2. 250
015 30.09 0.30 1.08 0.14 0.734

26 02 Sep 1420  71°23.0° 154°21.0 30 000 17.40 1.15 0.22 0.03 0.063
005 25.27 0.19* 0.44 0.08 0. 286
010 27.55  2.95 0.69 0.10 0. 380
015 28.77  2.73 0.62 0.09 0.479
020 29.15 2.15 0. 66 0.09 0.372
025 29.38 2.13 0. 36 0.06 0.168

27 02 Sep 2158  71°36.0" 155°32.0' 171 000 08.35 0.14 1.00 0.20 0.298
005 25.79  2.31 0.54 0.05 0.315
010 27.73 2.12 0.46 0. 05. 0.344
015 28.48 -0.67 0.53 0.04 0.299
020 31.05 -1.34 1.28 0.01 1. 240
025 31.92 0.23 0.69 0.12 0. 361
030 32.00 0.19 0.51 0.15 0.334

* (One thernoneter

mal functi oned;

this tenperature based on only one thernoneter.

9¢
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3. Phytopl ankton standing stock

A list of phytoplankton species known to occur in the Beau-
fort Sea is given in Table 6. Not all of these species were found in
the Glacier-76 sanples, although 75 categories from 6 phyla, including 61
species and 14 other categories including unidentified species and groups
of species were present. Wth the exception of Leptocylindrus minimus,
all species identified in the Glacier-76 sanples have previously been
reported fromthe Chukchi and Beaufort seas (Bursa 1963, Honer 1969,
Hsiao 1976).

The phytoplankton have been grouped into four ngjor categories
based on taxonom c group and abundance in the sanples. The percentage of
phytoplankton by major category at the depth of greatest carbon uptake at
each station is given in Fig. 11 and Table 7. The percentage of phyto-
pl ankton by major category by depth for each station is givenin Fig. 12
and Table 8. Table 9 lists the number of cells per liter by depth.

Standing stock ranged fromea. 1.0 x 10°cells .&°! at
station 14-20 to 5.0 x 106 cells * g"! at station 15-10. Small flagellates
were the nost abundant organisms at station 14-20, with ea. 5.0 x 10% cells

cells . g1, whil e Chaetoceros spp., wWith 4.7 x 106 cells - g1, was nost
abundant at station 15-10.

Speci es of the genus Chaetoceros were the nost abundant organ-
isms at nost stations and were especially nunerous below the surface at
stations 15, 17, and 18 near Prudhoe Bay. The category Chaetoceros spp.

i ncludes Ch. fragilis Meunier, Ch. furcellatus, Ch. gracilis Schutt,

Ch. socialis Lauder, and O .. wighami Brightwell which were not separated
in the cell counts (listed on data cards as Chaetosceros spp.), along W th
Ch. atlanticus Cleve, Ch. compressus Lauder, Ch. concavicornis Mangin,
Ch. debilis Cleve, Ch. septentrionalis Gstrup, and several other species
present in snaller nunbers.

At stations 23 and 24, the diatons Nitzschia closterium
and Leptocylindrus minimus were nost abundant in Bering Sea water.

Smal | flagellates, nostly < 10 wm in diameter, were generally
nmore abundant at western stations and at the surface at the eastern sta-
tions (Fig. 12). \ere flagellates were abundant, productivity and
chl orophyll a concentrations were |ow, suggesting that many of the flagel-
| ates were probably not photosynthetic.

Dinoflagellates, Whil e never very abundant, ranged from ea.
2.0 x 10°to 61.2 x 10°cells . 2~1, and were always present. They oc-
curred in larger nunbers at stations taken toward the end of August and
in early Septenber.
4. Zoopl ankton standing stock

A list of zooplankton species found in the Beaufort Sea is



Table 6. Prelimnary list of phytoplankton species in the Beaufort
Sea. This list does not include species that are known primarily fromthe

ice or the benthos-.

Bacillariophyta
Amphiprora hyperborea
Bacterosira fragilis
Biddulphia aurita

Chaetoceros atlanticus
boreal is
ceratosporum
conpresses
coneavicornits
danicus
debilis
decipiens
fragilis
furcellatus
gracilis
karianus
radicans
septentrionalis
soctalis
subsecundus
teres
wighami

Coscinodiscus centralis
curvatulus
excentricus
oculus-iridis

Coscinosira (Thalassiosira) polychorda

Detonula confervacea
Bucampia zoodiacus
Gomphonema SP.

Leptocylindrus danicus
minimus

Melosira arctica
Juergensi
moniliformis

Navicula pelagica
transitans

Spp .

Nitzschia closterium
delicatissima
frigida
grunowtt
seriata
SPP .

Porosira glacialis

Rhizosolenia alata
hebatata

Skeletonema costatum
Stauronetis granii
Thalassionema nitzschioides

Thalasstosira antarctica
decipiens
gravida
hyalina
nordenskice | dii
spp .

uni dentified diatoms, nostly
pennat es

Pyrrophyt a
Amphidinivum cf. longum

Ceratium arcticum
longipes

Dinophysis acuta
norvegica
rotundata

Gonyaulax catenata
spinifera
S

Gymmodinium Lohmanni

Spp .
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Table 6. (continued)

Oxytoxum spp. Unknown or gani sns
Peridinium belgicum Piropsis polita
brevipes
conicum Polyasterias probl ematic
depressum
groenlandicum Radiospermum corbiferum
minusculum
pallidum
triquetrum
trochoideum

Spp .
Protoceratium reticulatum

uni dentified dinoflagellates,
nostly athecate

Fl agel | ates

Calycomonas gracilis
ovalis

Craspedononadaceae
Chroomonas Spp.
Cryptomonas spp.
Dinema litorale
Diaphanoeca grandis

Dinobryon balticum
petiolatum

Ebria tripartite
Eutreptiella braarudii
Monosiga marina
Parvicorbicula socialis
Platymonas spp.

Pterosperma spp.
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Table 7. Per cent Chaetoceros species, all other diatons, flagellates,
and dinoflagellates at depth of greatest carbon uptake

Category
Station All other ]
Depth Chaetoceros spp. diatoms Flagellates Dinoflagellates

13-20 46 6 46 2
14-05 65 2 33 <1
15-05 93 . 4 2 <1
17-10 “ 85 11 4 <1
18- 10 79 15 6 <1
19-05 32 6 59 4
20-10 62 4 33 <1
23-15 6 63 28 3
24-15 4 78 16 2
25-10 63 4 32 1

27-10 71 5 24 1
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Table 8. Percentage of phytoplankton by major category for the
upper 40 m \Were no nunber is present, the sanple was not anal yzed.
All ot her Dino-
Station Chaetoceros di at ons Fl agel | at es flagel |l ates
Nunber Dept h (Per Cent)
13 00 38 2 57 2
05
10
15
20 46 6 46 2
25 39 7 51 2
14 00 86 1 12 1
05 65 2 33 <1
10 29" 6 60 5
‘15 9 15 66 9
20 21 29 46 5
15 00 18 5 75 2
05 93 4 2 <1
10 93 5 1 <1
15 95 4 1 <1
17 00
05 86 9 5 <1
10 85 11 4 <1
15 77 15 8 <1
20 68 20 11 <1
18 00 12 5 78 5
05 74 14 12 <1
10 79 15 6 <1
15 77 16 6 1
19 00
05 32 6 59 4
10 47 11 38 4
15 38 14 37 12
20
25
20 00
05 10 3 84 2
10 62 4 33 <1
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Table 8.  (continued)

Al'l ot her Dino-
Station Chaetoceros di at ons Flagel lates flagellates
23 00 8 8 80 7
05 15 20 60 4
10 5 66 27 2
15 6 63 28 3
20 23 27 38 11
25 14 32 48 6
30 2 14 64 20
40 12 50 34 4
24 00
05 4 48 43 4
10 3 69 24 4
15 4 78 16 2
20 5 69 23 3
25
30
45
25 00
05
10 63 4 32
15 20 27 50
27 00 7 5 84
05
10 4 18 77
15
20 71 5 24
25 28 30 40
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Table 9. Total nunber of phytoplankton cells by major category
for the upper 40 m \Where no nunmber is present, the sanple was not
anal yzed.

Station Al'l ot her Dino-
Nunber Depth  Chaetoceros di at ons Flagel lates  flagellates
13 00 467600 23200 698400 26420
05
10
15
20 105600 13860 105600 3760
25 57600 10880 75600 3680
14 00 2228600 22200 317400 30920
05 321000 10160 164000 1960
10 39000 8000 79000 6560
15 11200 18400 79200 11200
20 22400 31200 49600 5680
15 00 153000 40000 618000 16400
05 4113000 187000 103080 15000
10 4732000 268240 74160 7160
15 4680000 193400 45300 6200
17 00
05 2824000 284000 169000 2000
10 3053000 388400 126000 9300
15 1987000 378900 195000 6000
20 907000 265400 150000 4000
18 00 101000 37000 636200 43000
05 2257000 425300 356000 7200
10 3162000 611200 227000 12400
15 2917000 616500 234000 19000
19 00
05 159000 29000 295000 17900
10 87000 20300 71000 8300
15 51000 18400 50000 16000
20
25
20 00
05
10 87000 20300 71000 8300

15 51000 18400 50000 16000
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Table 9.  (continued)

Station Al'l ot her Dino-
Number  Depth  Chaetoceros di at ons Flagellates  flagellates
23 00 55000 32000 528000 47600
05 86000 113200 337000 23700
10 38000 505700 207000 16500
15 55000 610900 272000 29400
20 99000 117200 162000 49000
25 49000 117000 173000 23500
30 5000 44000 194000 61200
40 57000 235000 158000 17300
24 00
05 22000 244100 217000 22500
10 16000 326200 114000 17800
15 37000 713400 151000 18600
20 25000 350100 116000 14500
25
30
45
25 00
05
10 1175000 75400 594000 14400
15 62000 83700 154000 6300
27 00 125000 80000 1437000 68300
05
10 39000 178400 781000 13700
15
20 1132000 73800 383000 16800
25 143000 151400 203000 13700

30
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given in Table 10. Sixty-one categories of zooplankton were identified
from 12 stations, representing 8 phyla, 42 species, and 19 other categories
including larval stages and categories where identification was made to
order, suborder or famly (Tables 11 to 16). Abundance of all zocoplank-
ton at each station collected in vertical ring net hauls is given in Fig.
13.  The percentages of copepods, barnacle larvae, and all other zooplank-
ton collected in vertical ring net hauls are given in Figs. 14 and 15.
Presence or abundance by species or taxonomic category found at each sta-
tionis givenin Figs. 16 to 39.

Maxi mum abundances of total zooplankton occurred at stations
13 and 26, while m nimum abundances were found at stations 14 and 15 for
20 - 0 mand 10 - 0 m hauls. Barnacle larvae conprised the |argest per-
centage of zooplankton at stations w th maxi num abundances and copepods
conprised the largest percentage of zooplankton at stations wth mninum
abundances.

Results for each taxonomic category are given in alphabetical
order under major taxonom c categories.

COPEPCDA

Twenty-four species of copepods were found, including two unidentified
calanoid species, one unidentified cyclopoid species, and two unidentified
harpacticoid species. Four species showed a wi despread distribution; three
of these occurred at all 12 stations. The occurrence of other species was
prinarily dependent upon hydrographic conditions and depth of sanpling.
Included among these are four characteristically deep-water species, three
neritic species associated with |ower salinity, three species characteristi-
cally found in larger numbers offshore, five expatriate species fromthe
south, and one species previously undescribed in the area.

Acartia spp.

Two species, Acartia longtremis (Lilljeborg) and Acartia clausi Gies-
brecht have been reported in the plankton off Pt. Barrow (Redburn 1974).
However, juveniles of these two species were not easily distinguishable
and therefore have been grouped together as Acartia spp. Juveniles were
present as stage |V and V copepodites Of Acartia spp. Only adult female
A. longiremis were found in our sanples.

Acartia spp. showed a wi despread distribution occurring at 8 stations,
but absent from the eastern-mgst stations (Fig. 16). Mximum abundances
occurred at station 21 (326/f) and station 13 (290/m?) for 20 - 0 mand
10 - 0 mvertical net hauls. Acartia longiremis iS a W despread species
characteristic of neritic surface waters; A elausi i s characteristic of
warmer surface water and probably occurs in the Beaufort Sea as an expatri-
ate fromthe south. Aecartia spp. was taken from hauls as deep as 50 m at
station 24.



Tabl e 10.
18 Aug to 2 Sep 1976.

COPEPQDA

Calanoida

Acartia longiremis
Acartia claust

Calanus cristatus
Calanus glacialis
Calanus hyperboreus
Calanus plumchrus
Centropages abdominalis
Derjuginia tollt
Bucalanus bungii bungii
Buchaeta glacialis
Eurytemora richingsi
Limmocalanus grimaldii
Metridia | ongs
Microcalanus pygmaeus
Pseudocalanus minutus
Pseudocalanus major
Pseudocalanus sp.
Seaphocalanus magnus
unidentified Calanoida

Cyclopoida

Oithona similis

Oncaea borealis

uni dentified Cyclopoida
Harpacticoida

uni dentified Harpacticoida
Copepod nauplii

CIRRIPEDIA

Balanus sSpp. nauplii
Balanus spp. cypris

EUPHAUSIACEA

Thysanoessa inermis
Thysanoessa longipes
Thysanoessa raschii
Thysanoessa Spp. larvae

53

Zooplankton found in Beaufort Sea sanples collected from

OSTRACODA

Conchoecia boreal i s maxim
Philomedes globosus

CLADGCERA

uni dentified Cladocera
MYSIDACEA

Mysis litoralis

Mysis oculata

uni dentified larvae
DECAPCDA

Anomura
unidentified zoea

Brachyura

Chionoecetes opilio zZoea
unidentified zoea

Cari dea
unidentified |arvae
AMPHIPODA

uni dentified Gammari dea
unidentified Hyperiidea

POLYCHAETA
pel agic |arvae
APPENDICULARIA

Fritellaria borealis
Otkopleura spp.

CHAETOGNATHA

Sagitta elegans
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Table 10.  (continued)

CNIDARTIA
Hydrozoa

Aeginopsis laurentii
Aglantha digitale
Bougainvillia superciliaris
Corymorpha flammea
Perigonimus yoldia-arcticae
Plotocnide borealis

Rathkea octopunctata

uni dentified Hydrozoa

Scyphozoa

Cyanea capillata

CTENOPHORA

Beroe cucumis
uni dentified Ctenophora

PTEROPODA
Spiratella helicina
ECHINODERMATA
Unidentified |arvae

PI SCES

Boreogadus Sai da

Lumpenus sp.

uni dentified Cyclopteridae
uni dentified Gadi dae



Table 11. Abundances of zooplankton collected in 0.75 mring net hauls from10-0 m Quantities are abundance n?.

Taxon Station Numbers
13 14 15 17 18 19B 20 21 23 24 25 26
Copepoda
Acartia spp. 290 9 A : . 36 18 108 72 145 36
Calanus cristatus . . . . . . . . . . . .
Calanus glacialis P2 308 P 154 145 1557 652 905 P 72 597 P
Calanus hyperboreus . . . 45 54 36 18 36 . . 36
Calanus plumchrus . . . . . . . ) . .

Centropages abdominalis . .
Derjuginia tolli . . 109
Eucalanus bungii bungii .
Euchaeta glacialis

Eurytemora richingsi

Limnocalanus grimaldii : 9 . 9 1303 18 . 36

Metridia | ongs ‘ . . 18 ‘ .

Microcalanus pygmaeus . . P 615 18 . . . . . . .

Oithona similis 1086 P 54 552 145 P 18 181 217 217 145 72

Oncaea borealis . . . . . . . . . . . .

Pseudocalanus spp. 72 380 1846 1339 1050 2534 923 1376 145 290 434 72

Scaphocalanus magnus . . . . . . . . . . .

unidentified calanoida : . 253 . 36 36 . . 72

uni dentified cyclopoida . 18 9 ‘ . . . . . .

uni dentified Harpacticoida 72 18 18 . 54 36 36 36 72 . 36 .

m scel | aneous nauplii 1086 54 . 127 145 1285 398 1050 72 507 289 145
Cirripedia

Balanus Spp. nauplii 13032 588 109 . P 235 1448 6154 11005 5502 4109 12887

Balanus Spp. cyprids 1375 706 36 . : 163 851 253 2606 2679 832 9412

! Not observed in sanple
‘P indicates present in sanple but not subsample

Gq



Tabl e 11. (continued)

Taxon

13

14

15

17

‘18

Station Nunbers

198

20

21

23

24

25

26

Euphausiacea

Thysanoessa inermis

Thysanoessa longipes

Thysanoessa raschii

Thysanoessa spp. larvae
Ostracoda

Conchoecta borealis maxima

Philomedes globosus

Cladocera

uni dentified Polyphemidae

Mysi dacea

Mysis litoralis
Mysis oculata
unidentified |arvae

Decapoda

Anomuran ZOea
Brachyuran zoea
Caridea | arvae

Amphipoda

Ganmmar i dea
Hyperlidea

N o1 ot

11

20

27

. .

Ul ol

13

94



Table 11. (continued)

Taxon Station Nunbers
13 14 15 17 18 198 20 21 23 24 25 26
Polychaeta
pel agic |arvae 1376 624 36 45 18 1701 1701 1376 1882 2751 1792 9774
Appendicularia
Fritellaria borealis 1810 36 308 796 941 742 2425 579 217 814 724
Oikopleura spp. 290 308 9 36 344 778 290 362 217 1068 724
Chaetognatha
Sagitta elegans 217 145 . 145 724 1412 1158 579 1285 796
Hydrozoa
Aeginopsis laurentii . . . 2 . . . . . . .
Aglantha digitale 145 45 . . 90 2 P 1231 4489 253 10932
Bougai nvi | | ea supereili- . . . . f
aris
Corymorpha flammea . . . . .
Perigonimus yoldia- 2 : 5 45 .
arcticae
Plotocnide borealis . . 2 . . . . .
Rathkea octopunetata . 18 . 18 18 145 72 . 145
uni dentified Hydrozoa 145 2 . 9 . . .
Scyphozoa
Cyanea capillata 2 5 2 7 2 2
Ctenophora
Beroe cucumis 5 ‘

uni dentified Ctenophora




Table 11. (continued)

Taxon Station Nunber
13 14 15 17 18 198 20 21 23 24 25 26

Mollusca

Spiratella helicina 2 9 ) 136 . . 18 72 2 P 18 P

Lamellibranch | arvae . : . . . . . 36 . 72 . .

Gastropod veligers . : : . : ; : , . . 54 145
Echinodermata

unidentified |arvae . 18 . 9 163 36 145 72 . . 90
Pi sces

Boreogadus saida , ‘ : . ‘ : . . 2 . . 2

Lumpenus sp.
unidentified Cyclopteridae
unidentified Gadidae

TOTAL 21041 3401 2488 3379 3967 9247 8553 15829 19631 17831 11924 45841

8%



Table 12. Abundances of

zoopl ankton collected in 0.75 mring net hauls from 20-10 m

Quantities are abundance nd.

Taxon

13

14

15

17

18

Station Nunber
19B

20

21

23 24

25

26

Copepoda

Acartia sSpp.

Calanus cristatus
Calanus glacialis
Calanus hyperboreus
Calanus plumchrus

290
145

Centropages  abdominalis

Derjuginia tolli
Eucalanus bungii bungit
Euchaeta glacialis
Eurytemora richingsi
Limnocalanus grimaldii
Metridia | ongs
Mierocalanus pygmaeus
Oithona similis

Oncaea borealis
Pseudocalanus Spp.
Scaphocalanus magnus
uni dentified Calanoida
uni dentified Cyclopoida

9846

2172

uni dentified Harpacticoida 290

m scel | aneous nauplii

Cirripedia

Balanus Spp. nauplii
Balanus Spp. cyprids

6805

24036
5937

18
597

36

2244

18

1140
1267

181
253
36

145
3946
1194

6190

145

36

507
290

1557
72
471
12
4090

290

398

109

12

485i
145

72
72
11946

72
3620

217
290

1013
36

72

2027

72
507

1014
1158

326

1158
145

36

2498

1665

181
1376

8362
941

217

579 p3

145

652 145

1158 145

200 434
579 579

14624 18534
6009 6950

724
145

1303
1701
36
72
615

2896
1303

72

652
217
72

217
434

13176
7964

1 No 20-0 m haul taken
“Not observed in sanple

‘P indicates present in sanple but not subsample

6S



Table 12.  (continued)

Taxon
13 14

15

Station Nunber
17 18 19B 20 21 23

24 25

26

Euphausi acea
Thysancessa inermis
Thysanoessa longipes
Thysanoessa raschit
Thysanoessa spp. larvae
Ostracoda
Conchoecia borealis maxima
Philomedes globosus

Cladocera

uni dentified Polyphemidae

Mysi dacea

Mysis litoralis
Mysis oculata
unidentified [|arvae

Decapoda

Anonur an zoea 29
Brachyuran zoea 45
Caridea | arvae 50

Anmphi poda

Gammar i dea 2
Hyperii dea 2

27 23

09



Table 12. (continued)

Taxon

13

14

15 17

Station Nunmber

18 198

20

21

23

24

25 26

Polychaeta
pelagic |arvae

Appendicularia

Fritellaria borealis
Oikopleura sSpp.

Chaetognatha
Sagitta elegans

Hydr ozoa

Aeginopsis laurentii

Aglantha digitale

Bougainvillia supercili-
arts

Corymorpha fLlammea

Perigonimus yolidia-
arcticae

Plotoenide borealis

Rathkea octopunctata

uni dentified Hydrozoa

Scyphozoa

Cyanea capillata

Ctenophora

Beroe cucumis
uni dentified Ctenophora

8833

7240
290

2751

471

18
253

253

36

- 326

796 2824

869 3258
398 2172

1231

145

72

2389

1.231
1701

724

36

2570

5792
688

5394

72

36

6371

1593
362

2100

2389

4778

2027
724

1448

3909

3005 10715

1013 579
833 1158

1013 1520

109 8398

72

19



Table 12.  (continued)

Taxon Station Nunmber
13 14 15 17 18 19B 20 21 23 24 25 26

Mollusca

Spiratella helicina . . 290 615 . . 290 . 145 72 .

Lamellibranch | arvae 869 18 - . . ‘ 72 145 72 290 290 72

Gastropod veligers : 18 - : . , 36 72 . 145 72 72
Echinodermata

uni dentified |arvae . . . 1448 217 © 398 579 217 . 253 217
Pi sces

Boreogadus sai da : 2 - . . 2

Lumpenus sp. .
unidentified Cyclopteridae. . : . . . . . . .
uni dentified Gadidae . . : . . : . . 0 2

TOTAL 69634 6532 - 12903 11991 31307 12535 32356 37232 40445 15532 45681

29



Table 13. Abundances of zooplankton collected in 0.75 m ring net hauls from 50-0 m Quantities are abundance m2.

Taxon Station Number
13 14 15 17 18 198 20 21 23 24 25 26

€9

Copepoda
dcartia Spp. -1 K . 869 -
Calanus eristatus - . . . -
Calanus glacialis - 1883 3477 2318 -
Calanus hyperboreus - 362 434 . -
Calanus plumchrus - . 11 7 -
Centropages abdominalis - . . . -
Derjuginia tolli p3 . . -
Eucalanus bungii bungii . 2 . -
Euchaeta glacialis . . ; -
Eurytemora rich.ingsi . . . -
Limnocalanus grimaldii . . -

Metridia longa . . . -
Mierocalanus pygmaeus -

Otthona similis 4123 5505 5360 -
Oncaea borealis . ‘ . -
Pseudocalanus spp. 10358 16804 4346 -
Seaphocalanus magnus . . . -
uni dentified Calanoida . ‘ . -
unidentified Cyclopoida . ‘ . -
uni dentified Harpacticoida 507 145 579
m scel | aneous nauplii 3332 4925 3911
Cirripedia
Balanus SpP. nauplii 5505 13617 28248
Balanus spp. cyprids - 1086 5215 8402

! No .50-0 m haul taken

“Not observed in sanple
‘P indicates present in sanple but not subsample



Table 13.  (continued)

Taxon
13 14 15

17

18

Station Nunber

198

20

21

23 24

25

26

Euphausiacea

Thysancessa inermis
Thysancessa longipes
Thysanoessa raschii
Thysancessa spp. larvae

Ostracoda
Conchoectia borealis maxima
Philomedes globosus

Cladocera

uni dentified Polyphemidae

Mysidacea

Mysis litoralis
Mysis oculata
uni dentified larvae

Decapoda

Anonur an zoea
Brachyuran zoea
Caridea |arvae

Amphipoda

Gammaridea
Hyperiidea

[Sa]
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Tabl e 13. (conti nued)

Taxon Station Nunber
13 14 15 17 18 19B 20 21 23 24 25
Polychaeta
pel agic |arvae 7533 18397 25785 -
Appendicularia
Fritellaria borealis 7605 4780 3911 -
Oikoplevra spp. 217 . 724 -
Chaet ognat ha
Sagitta elegans - 2608 2318 4201 -
Hydr ozoa
Aeginopsis laurentii . .
Aglantha digitale 72 1449 4346
Bougai nvi | | ea supereili- - . , .
arts

Corymorpha flammea -

Perigonimus yoldia- -
arcticae

Plotocnide borealis

Rathkea octopunctata P P 145

uni dentified Hydrozoa - 7 .
Scyphozoa

Cyanea capillata - - - 2 9 11 -
Ctenophora

Beroe cucumis ‘ ‘ ‘
uni dentified Ctenophora ‘ 2 . -

S9




Table 13. (continued)

Taxon Station Nunber
13 14 15 17 18 19B 20 21 23 24

Mollusca

Spiratella helicina 507 P .

Lamellibranch larvae 1738 2028 3766

Gastropod veligers : : 145
Echinodermata

unidentified |arvae 1521 1593 579
Pi sces

Boreogadus satida

Lumpenus sp.

unidentified Cyclopteridae
uni dentified Gadidae

TOTAL 48983 80725 97776

99




Table 14. Abundances of zoopl ankton collected in 0.75 mring net hauls from100-0 m Quantities are abundance m2.

Taxon Station Nunber
13 14 15 17 18 198 20 21 23 24 25 26

Copepoda

Acartia Spp. -1

Calanus cristatus

Calanus glactialis 144
Calanus hyperboreus 579

Calanus plumchrus ‘

Centropages abdominalis - .

Derjuginia tolli p3

Eucalanus bungii bungit 2

Euchaeta glacialis ‘ -
Eurytemora richingsi ‘ -
Limnocalanus grimaldit ‘
Metridia longa P
Microcalanus pygmaeus

Oilthona similis 3187
Oncaea boreal is ‘
Pseudocalanus Spp. 31000
Seaphocalanus magnus

uni dentified Calapoida

unidentified Cyclopoida ‘
uni dentified Harpacticoida 290
m scel | aneous nauplii 3187

L9

Cirripedia

Balanus Spp. nauplii 6374
Balanus spp. cyprids 1449

1 No 1000 m haul taken
*Not observed in sanple
‘P indicates present in sanple but not subsample



Table 14. (continued)

Taxon
13 14 15

17

18

Station Nunmber

198

20

21

23

24

25

26

Euphausiacea

Thysanoessa inermis
Thysanoessa longipes
Thysanoessa raschii
Thysanoessa Spp. larvae

Ostracoda
Conchoecia boreal i s maxima
Philomedes globosus

Cladocera

uni dentified Polyphemidae

Mysidacea

Mysis litoralis
Mysis oculata
unidentified larvae

Decapoda

Anomuran zZoea
Brachyuran zoea
Caridea |arvae

Anphi poda

Gammaridea

Hyperiidea

14

~ W0

89



Table 14.  (continued)

Taxon Station Nunber
13 14 15 17 18 198 20 21 23 24 25 26

Polychaeta

pelagic |arvae 11010
Appendicularia

Fritellaria borealis 18253 -

Oikopleura spp. 290 -
Chaetognatha

Sagitta elegans 2028 -
Hydrozoa

Aeginopsis laurentii .

Aglantha digitale 27

Bougainvillia supercili- .

aris
Corymorpha flammea 2
Perigonimus yoldia- 2
arcticae

Plotoenide borealis .

Rathkea octopunctata P

uni dentified Hydrozoa .
Scyphozoa

Cyanea capillata 5 - - - -
Ct enophor a

Beroe cucumis p - - - -

uni dentified Ctenophora

69



Tabl e 14. (continued)

Taxon
13

14

15

Station Nunber
17 18 19B 20 21

23

24

25

26

Mollusca

Spiratella helicina

Lamellibranch | arvae

Gastropod veligers
Echi noder mat a

unidentified |arvae

Pi sces

Boreogadus saida
Lumpenus sp.

uni dentified
uni dentified Gadidae

TOTAL

Cyclopteridae

1159

1739

82062

0L



Table 15. Abundances of zooplankton collected in 0.75 mring net hauls from200-0 m Quantities are abundance n?.

Taxon Station Number
13 14 15 17 18 198 20 21 23 24 25 26
Copepoda

Acartia spp. -1 .2

Cal anus ecristatus .

Calanus glacialis 6374

Calanus hyperboreus 2318

Calanus plumchrus :

Centropages abdominalis - .

Derjuginia tolli p3

Eucalanus bungii bungii - . - -
Euchaeta glacialis 11 - =
Eurytemora  richingsi - .

Limnocalanus grimaldii - :

Metridia Longs 1738

Microcalanus pygmaeus - .

Oithona similis 9561

Oncaea borealis 290

Pseudocalanus Spp. 58814

Seaphocalanus  magnus - 5

unidentified Calanoida - 290

uni dentified Cyclopoida - .

uni dentified Harpacticoida - .

m scel | aneous nauplii 5505

Cirripedia
Balanus  spp. nauplii - 5213
Balanus spp. cyprids - 2027

1 No 200-0 m haul taken
“Not observed in sanple
‘P indicates present in sanple but not subsample



Tabl e 15. (continued)

Taxon Station Nunmber
13 14 15 17 18 198 20

Euphausi acea

Thysanoessa inermis
Thysanoessa longipes
Thysanoessa raschiti
Thysanoessa spp. | arvae

Ostracoda
Conchoecia borealis maxima -
Philomedes globosus
Cladocera

uni dentified Polyphemidae

Mysidacea

Mysis litoralis
Mysis oculata
unidentified larvae

Decapoda

Anonuran zoea
Brachyuran zoea
Caridea |arvae

Amphipoda

Gammari dea
Hyperii dea

(44




Tabl e 15. (continued)

Taxon

13

14

15

17

Station Nunber
18 198 20 21

23

24

25

26

Polychaeta
pel agi c | arvae

Appendicularia

Fritellaria borealis
Otkopleura spp.

Chaetognatha
Sagitta elegans

Hydrozoa

Aeginopsis laurentii

Aglantha digitale

Bougai nvi | | ea superecili-
arts

Corymorpha flammea

Perigonimus yoldia-
arcticae

Plotocnide borealis

Rathkea octopunctata

uni dentified Hydrozoa

Scyphozoa
Cyanea capillata

Ctenophora

Beroe cucumis
unidentified Ctenophora

10720

31290
290

2028

27

£l



Tabl e 15. (conti nued)

Taxon Station Number
13 14 15 17 18 198 20 21 23 24 25 26

Mollusca

Spiratella helicina 290 - - -

Lamellibranch | arvae

Gastropod veligers
Echinodermata

unidentified |arvae 869 -

Pi sces

Boreogadus sai da

Lumpenus sp.

unidentified Cyclopteridae -
uni dentified Gadidae

TOTAL

137781

(22




Table 16. Abundances of zoopl ankton collected in bongo net

hauls.

Quantities are abundance/ 100 m3,

Taxon Station 20! Station 25°
500 w 333 500 u 333 u
Copepoda
Acartia spp. 3 33 70
Calanus cristatus . . 9
Calanus glacialis 2933 4180 706; 5635
Calanus hyperboreus 38 . 133 348
Calanus plumchrus . .
Centropages abdominalis . . . .
Derjuginia tolli 76 98 67 4
Eucalanus bungii bungii . . .
Euchaeta glacialis .
Eurytemora richingsi b
Limnocalanus grimaldii
Metridia | ongs
Microcalanus pygmaeus . . . .
Oithona similis 19 65 200 4939
Oncaea borealis . . . .
Pseudocalanus spp. 38 2874 267 5496
Seaphocalanus magnus . . . :
unidentified Calanoida 2 8
uni dentified Cyclopoida . .
unidentified Harpacticoida . 196 . 139
m scel | aneous nauplii 38 229 67 626
Cirripedia

Balanus SpPp. nauplii 6286 9371 18267 24974
Balanus Spp. cyprids 76 6759 467 13009

! Doubl e oblique haul from1
*Doubl e oblique haul from 2
*Not observed in sanple

0-
0-

0m
O0m

St



Table 16.  (continued)

Taxon Station 20 Station 25
500 u 333 v 500 u 333 w
Euphausiacea
Thysanoessa inermis . 4
Thysanoessa longipes 8 .
Thysanoessa raschii . 33 22
Thysanoessa spp. larvae 65 25 9
Ostracoda
Conchoecia borealis maxima
Philomedes globosus
Cladocera
uni dentified Polyphemidae
Mysidacea
Mysis Llitoralis . 2 8 9
Mysis oculata . 2 17 ‘
uni dentified |arvae 2 4 .
Decapoda
Anomuran zoea 14 12 50 44
Brachyuran zoea 36 35 142 126
Caridea |arvae 41 33 108 57
Amphipoda
Gammaridea 364 302 142 87
Hyperiidea 12 6 17 13

9L
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Table 16. (continued)

Taxon Station 20 Station 25
500 333 & 500 u 333
Mollusca
Spiratella helicina P 65 133 139
Lamellibranch | arvae . . 139
Gastropod veligers
Echinodermata
unidentified |arvae 33
Pi sces
Boreogadus sai da 10 6 33 17
Lumpenus sp. 2 6 ‘ .
uni dentified Cyclopteridae . 2 . .
uni dentified Gadidae . 8 4

8¢
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Fig. 17. Abundance of Calanus glacialis (number nfx 10°) .  Upper nunber represents 20-0 m haul ;
| ower number represents 10-0m haul. No 20-0 m haul was taken at station 15.
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Fie. 25. Abundance of Pseudocalanus spp. (number nix 102).  Upper nunmber represents 20-0 m haul ;
lower number represents 10-0 m haul. No 20-0 mhaul was taken at station 15.
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27. Stations where Thysanoessa inermis Was present (P).
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Fig. 28. Abundance of anomuran zoea (number nf). Upper nunber represents 20-0 m haul; |ower
number represents a 10-0 m haul. No 20-0 m haul was taken at station 15.
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Fig. 33
| ower nunber represents 10-0 m haul

Abundance of Oikoplewra spp. (nunber nix 10%).

No 20-0 m haul was taken at station 15.
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Calanus cristatus Kreyer

This large copepod is abundant in the North Pacific and Bering Sea and
Is characteristically a bathypelagic species of cold waters (Brodskii 1950).
It occurs in the Beaufort Sea as an expatriate fromthe Bering Sea. It
was not present in vertical ring net hauls, but two stage V copepodites
were collected in a bongo tow from20 - 0 mat station 25.

Calanus glacialis Jaschnov

Calanus glacialis was one of three wi despread, large, truly arctic
calanoid species which occurred at all 12 stations (Fig. 17). Maxinum
abundances were found at station 198 for both 20 - 0 mand 10 - 0 m hauls.
Al'l devel opmental stages were present with stage I, 111 and IV copepodites
generally nost abundant. Adult females were present in small nunbers.
Calanus glacialis appears throughout the water colum with |arge nunbers
present in the 200 - 0 m haul taken at station 21.

Calanus hyperboreus Krpyer

This | arge calanoid copepod is one of the dom nant copepods of the
Arctic Basin, and is usually found in large nunbers in deeper water of the

central Arctic. The species generally does not occur south of the northern
Chukchi Sea (Brodskii 1950).

Calanus hyperboreus Was observed at 6 stations, but did not appear in
the western-nost stations near the Pt. Barrow - Cape Sinpson area (Fig. 18).
Maxi num abundances occurred at station 18 for 20 - 0 mand 10 - 0 m verti cal
net hauls.  Specimens observed were stage 1, II, 111, and IV copepodites.
No stage V copepodites or adult fenales were found.

Calanus plumchrus Mar ukawa

Calanus plumchrus is anot her expatriate menber of the Beaufort Sea
pl ankt on comunity usually found in abundance in the Bering Sea. It has
been reported in the Pt. Barrow area, but disappeared from the plankton
community by m d-August (Redburn 1974). This species was found in 50 - 0 m
vertical net hauls only at stations 23 and 24 (Fig. 19). Five stage V
copepodites were taken at station 23 while 1 female and 2 stage V cope-
podites were collected at station 24.

Centropages abdominalis Sat 0

This copepod appeared in only one sanple collected at station 24 in
a20- 0 mvertical ring net haul, Only stage V copepodites were observed.
Centropages abdominalis 1S a neritic species at tinmes abundant in the North
Pacific off western Canada, in the Bering Sea, and in the southern Chukchi

Sea, and, therefore, is probably indicative of Bering Sea water in the
Beaufort Sea.
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Derjuginia tolli (Linko)

A neritic species of slightly less saline waters, Derjuginia tolli

occurred at four stations predom nately as stage IIl, IV, and V copepodites
(Fig. 20). No adult females were taken. Maximum abundance was found at
station 15 in a 10 - 0 mvertical net haul. The occurrence of this species

at station 21 and in sanples collected from AIDJEX, 1975, indicate that
Derjuginia tolli is Widely distributed and may show a greater tolerance to
hi gher salinity water than other characteristically neritic Species.

Eucalanus bungii bungii Johnson

Only two specinmens of this species were collected. At station 21, one
adul't female was taken in a 100 - 0 mvertical ring net haul while one
stage V copepodite was taken froma 50 - 0 mhaul at station 24 (Fig. 21).
Eucalanus bungii bungii 1S a large copepod expatriated fromthe Bering Sea.

Euchaeta glacialis Hansen

This large carnivorous copepod is characteristically a deep-water
species found in greater abundances in offshore plankton. One adult female
and five copepodites (stages IV and V) were taken in a 200 - 0 mvertica
ring net haul at station 21. Stage |V copepodites were also present in a
20 - om vertical ring net haul at station 17.

No specinens of Euchaeta norvegica, previously reported fromthis area
(Johnson 1956) were collected in either vertical or double oblique net hauls.

Burytemora richingsi Heron and Damkaer

An unexpected nenber of the inshore plankton of the Beaufort Sea is
Eurytemora richingsi. This Nnew species was previously found in three of 54
sanpl es collected fromFletcher’s Ice Island (T-3) from May to Septenber,
1968 (Heron and Damkaer 1976). Mbst of these sanples were collected at
depths greater than 500 m

In the Glacier sanples, one adult female was collected in a double
obl i que bongo net haul from20 - 0 mat station 25, providing additiona
information on the distribution and ecology of this species. Identification
was confirned by Gayle Heron

Limnocalanus grimaldii (Guerne)

OCccurring primarily in the upper 10 mof the water colum, this neritic,
| ess saline water species was present in sanples fromfive stations (Fig. 22).
Though abundant at eastern stations, it was absent from sanples collected
at station 15.  Maxi num abundances were found at station 18 for both 20 - 0 m
and 10 - 0 mhauls. Abundances at other stations were nuch |ower. Adult
femal es and mal es were nost numerous, while stage 11, 1V, and V copepodites
were also collected.
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Metridia longa (Lubbock)

Metridia longs is primarily a deep-water copepod characteristically
found in large nunbers offshore at depths between 175 and 300 m except
during winter nmonths when it is found in the upper 50 mof the water colum
(Tidmarsh 1973). This species was collected at stations 17, 18, and 21,
although at station 21 it was collected only in 100 - 0 mand 200 - 0 m
vertical ring net hauls. Maxi mum abundance occurred in the 200 - 0 m haul s
at station 21. Metridia longa occurred in the upper 10 mof the water
colum only at station 17, where stage | and Il copepodites were collected.
Stage IV and V copepodites were nost abundant in the deep hauls at station
21. Few adult females were present.

Microcalanus pygmaeus (G O Sars)

Microcalanus pygmaeus was found in sanples collected at the eastern-
nost stations off Prudhoe Bay only (Fig. 23). Maximum abundances for both
20 - Omandl O- 0 mvertical ring net hauls were found at station 17.
Stage V copepodites were nost abundant, although adult females and nal es
were also nunmerous. Stage ||l copepodites were the youngest devel oprent al
stage collected. The species is usually abundant in the offshore waters of
the central Arctic.

Oithona similis Claus

Oithona similis was the only cyclopoid copepod collected in the upper
20 mat all 12 stations (Fig. 24). At sone stations, it was the nost nuner-
ous copepod species, reaching a maxi num abundance at station 13. The species
was poorly represented in sanples collected fromstation 14. Al devel op-
mental copepodite stages were observed, with stage IV and V copepodites
general ly nost nunerous. Adult fermales were nobst numerous at station 17,
al though few were ovigerous. A few adult nales were found in sone sanples.

Oncaea borealis G O Sars

This cyclopoid copepod was col lected only in the 200 - 0 mvertical
ring net haul at station 21. Only adult females were found. Oncaea bore-
alis was collected in |arge nunbers in the upper 150 m of the water colum
from AIDJIEX, 1975, and is wi despread throughout the Arctic (Sars 1900, 1903).

Pseudocalanus spp.

By far the nmpbst abundant copepod category, Pseudocalanus spp. was
collected at all 12 stations (Fig. 25). Two species, possibly three, com
prise this category, but were grouped together in view of current taxonomic
revision of the genus and difficulty in identifying juveniles. Pseudo-
calanus minutus (Kreyer) appeared to be the npost abundant species. However,
Pseudocalanus major G. Q. Sars, a larger formcharacteristic of |ess saline
water, was nunerous at stations 14, 15, 17, and 18. Johnson (1956) al so

recogni zed a larger formbut made no attenpt to distinguish it fromP.
minutus.
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Maxi num abundances for Pseudocalanus spp. were found at station 198.
Stage |1l and IV copepodites predominated in the Prudhoe Bay area, while
stage |V and V copepodites were nunerous in other areas. Qher devel opnental
stages, including adult males, were collected, but in fewer nunbers. More
adult females were found in deeper hauls from station 21, but none was ovi-
gerous.

Seaphocalanus magnus (Scott)

A wi despread species, Seaphocalanus magnus occurs primrily in water
deeper than 50 m Only two specinens, an adult female and a stage V cope-
podite, were collected in the 200 - 0 m haul at station 21.

Uni dentified copepoda

VW0 speci es of calanoid copepods could not be identified. One species
appeared to belong to the famly Aetideidae and was especially preval ent at
stations 15 and 18. only stage IIl, 1V, and V copepodites were collected.
One species of cyclopoid copepod could not be identified because of small
size and damaged specimens. Two species of harpacticoid copepods were col -
| ected, but no attenpt was made to identify themto genus and speci es.
Harpacticoids were collected from all stations except station 17.

Copepod nauplii

Copepod nauplii were collected at all stations with the exception of
station 15. Maxi mum abundances were found at stations 13 and 19B. Mbst
speci mens col | ected were greater than 0.4 nm although a |arge nunmber of
nauplii [ ess than 4 mn were collected in sanples containing |arge anounts
of phytoplankton. This is in part reflected in those stations show ng
maxi num abundances.

CIRRIPEDIA

Nauplii and cyprid | arvae of Balanus spp. were abundant at nost stations,
often conprising the largest percentage of the total zooplankton in the
upper 20 m except at Prudhoe Bay where they were poorly represented (Fig.
26) . Maxi num abundances for nauplii were found at station 13, while naxi-
mum abundances for cyprids were found at station 26, two weeks |ater.
Redburn (1974) suggested that the devel opmental period between nauplius
and cypris stage in the Barrow area was 31 days.

Balanus crenatus Bruguiére and Balanus balanus Li nnaeus have been

reported in the Barrow area with B. crenatus being the nost abundant (Mac-
Ginitie 1955).

EUPHAUSI ACEA

Three species of euphausids were collected during the two-week sanpling
period. Although few nunbers were present in our sanples, euphausids are
apparently an inportant part of the diet of the marine birds and mammal s of
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the area.
Thysanoessa inermis (Krpyer)

This species was the only euphausid caught in vertical ring net hauls.
It was found at four stations, although never nore than one individual was
caught at a station (Fig. 27). Specimens collected were approximately 15
to 17 mmlong. No specimens were collected in 10 - 0 mvertical net hauls.
Johnson (1956) reported T. <rermis at three stations in the Chukchi Sea,
but not in the Beaufort Sea.

Thysanoessa raschii (M Sars)

Thysanoessa raschii was caught only in a bongo tow from20 - 0 m at
station 25. N ne specinens were caught in the two nets, giving a concentra-
tion of 27/100 m. Specinens caught ranged from 14 to 17 mmin size.
Johnson (1956) reported T. raschii to be the predom nant euphausid of the
ar ea.

Thysaﬁoessa longipes Brandt

One 14 mm speci nen was collected in the 20 - 0 m doubl e oblique bongo
tow at station 25.

Thysancessa spp. |arvae

Thysanoessa SPP. nauplii and calyptopid larvae were collected at sta-
tions 21, 23, 24, and 26, but were never very abundant.

OSTRACCDA

Two species of ostracods were found. Johnson (1956) reported that
ostracods of the area prefer deeper water,

Conchoecia borealis maxima Brady and Nornan.

Ten specinmens were collected at station 21 in the 200 - 0 mvertical
ring net haul.

Philomedes globosus (Lilljeborg)

One specinen was collected in the 20 - 0 mvertical net tow at station
23.

CLADOCERA

One unidentified nenber of the fam |y Pol yphem dae was collected in
the 20 - 0 mvertical ring net haul at station 25. This specimen was
ei ther Podon leuckarti G O Sars or Evadne nordmanni Loven, both of which
are characteristically found inshore in less saline waters.
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MY SIDACEA

Tvwo species of nysids were collected although adults and |arger juve-
niles were caught in the bongo net hauls only.

Mysis litoralis (Banner) and Mysis oculata (Fabricius) were present in
bongo net hauls fromstations 20 and 25. Swmall Mysis spp. juveniles were
present in vertical ring net hauls from stations 20 and 21. No gravid
femal es of either species were found.

DECAPGDA

The decapods were divided into three categories: anonuran crab zoea,
brachyuran crab zoea, and caridea or shrinp |arvae. Decapod |arvae were
never very abundant relative to other zooplankton categories, but were
general |y w despread throughout the sanpling area.

Anonuran zoea were represented primarily by menmbers of the famly
Paguridae, “although Redburn (1974) reported larvae of the king crab, Para-
lithodes camtschatica (fam |y Lithodidae) near Pt. Barrow. Maximum abun-
dances were found at station 13 in 20 - O mand 10 - 0 mhauls (Fig. 20).

Anomuran zoea were absent fromstations 15, 17, and 18 in the Prudhoe Bay
ar ea.

Brachyuran zoea were generally the nost abundant decapods throughout
the area, although relatively few were present in stations toward the east
(Fig. 29). These zoea were represented primarily by nenbers of the fanily
Maj i dae and were probably the zoea of the snow crab, Chionoecetes opilio
(O Fabricius). No megalopa |arval stages were found in the Glacier-76
sanpl es.

Caridea, or shrinp larvae, were found at all stations except station
15 (Fig. 30). This category appeared to be prinarily represented by menbers
of the fam |y Hippolytidae. Maxi mum abundances were found at stations 13
and 20. The large size, up to 10 nm nake these larvae prey for marine
vertebrates in offshore areas where other prey are not available (Frost
personal conmuni cation).

AVPH PCDA

Anphi pods were grouped into two taxonomic categories, suborders Gam

maridea and Hyperiidea. No attenpt was made to identify specinens to genus
and speci es.

Ganmar i dea

The gammarid anphi pods were represented by three or four species,
most of which occur in the top 10 mof the water colum as under-ice
organi sns.  Ganmarid anphi pods were collected at all 12 stations sanpled,
wi th maxi num abundances found at station 20. No gravid fenales were
col l ected.
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Hyperii dea

Only one species was found representing this category. It was absent
from all of the 10 - 0 mvertical net hauls, and was nost abundant at
station 14 in the 20 - 0 mvertical net haul

PCOLYCHAETA

Pel agi c | arvae of polychaetes contributed a great deal to the mero-
planktonic conponent of the zooplankton throughout the area, being second
in inportance to barnacle larvae. Polychaete | arvae conposed of trocho-
phores, internediate and |late |arval stages were present at all 12 stations,
al though in fewer nunbers at the eastern stations (Fig. 31). Maxi num abun-
dances were found at station 26 for vertical net hauls.

Redburn (1974) reported that nenbers of the fam|ies Phyllodocidae,
Syllidae, and Polynoidae were abundant in the plankton off Pt. Barrow.

APPENDICULARIA
Fritellaria borealis Lohmann

One of two species found in the sanpling area, Fritellaria borealis
showed a wi despread distribution, occurring at all stations except station

15 (Fig. 32). This small species showed maxi mum abundances at stations
13 and 21

Oikopleura spp.

Questionabl e taxonom c characteristics resulted in grouping menbers of
this |arger appendicularian genus into one category. Although trunk |engths
exceeded those of 0Oikopleura lebradorietsis Lohmann, gastrointestinal char-
acteristics did not match those of 0Zkopleura vanhoeffeni Lohmann

Oikoplewra spp. showed a wi despread distribution, being absent only
at station 15 (Fig. 33). Maxi num abundances were found at stations 198
and 25. Mbst specinens collected were imature.

CHAETOGNATHA
Sagitta elegans Verrill

Sagitta elegans was the only chaetognath species collected during the
sanpling period. It was widely distributed throughout the area, although
absent or sparse at those stations |ocated near Prudhoe Bay (Fig. 34). Mx-
i mum abundances occurred at stations 13 and 21. Mst speci nens were i nma-
ture, although mature specinens were always present. Sagitta elegans ap-
parently did not occur at depths greater than 50 mat station 21
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CNIDARIA
Hydrozoa

Ei ght species of hydrozoa were collected in the sanpling area, including
one unidentified species. Only two species were present in appreciable
numbers and were w despread in distribution.

Aeginopsis laurentii Brandt

A comDN circumpolar SPeci €S, Aeginopsis laurentii was found in
sanples from only two stations. One 8 nm specinen was taken in a 10 - 0 m
haul at station 18 while a 9 nmm specinen was collected in a 20 - 0 m haul
at station 20. Aeginopsis laurentii i S a holoplanktonic hydrozoan spendi ng
its entire life in the plankton.

Aglantha digitale (Muller) var. camtschatica (Brandt)

Thi s holoplanktonic species was by far the nmost numerous hydro-
zoan nedusa. It occurred at 10 stations, primarily in the upper 10 m al-
though it was poorly represented in sanples collected in the Prudhoe Bay
area (Fig. 35). Maxinum abundances were observed at station 26 for both
20 - Omandl O- 0 muvertical net hauls. Stations 23, 24, and 26 showed
| arge nunbers of small, immature specinens, while at other stations, |arger
juveniles and mature specimens predoni nat ed.

Bougainvillia superciliaris (L. Agassiz)

This species was absent fromall of the vertical ring net sanples.
One immature specinen was collected in a 10 - 0 mbongo net tow at station
20.  Polyp colonies generally occur at depths of 1 to 17 m (Naumov 1960).

Corymorpha flammea Linko

Corymorpha flammea was poorly represented in the zooplankton of the
area, occurring at only tw stations. One immture medusa was collected at
station 17 in a 20 - 0 mvertical haul, while another i mmature nedusa was
taken from the 100 - 0 mvertical haul at station 21.

Perigonimus yoldia-arcticae Birula

Thi s hydrozoan medusa was found at five stations although in few
nunbers (Fig. 36). Maxinum abundance was 7/nfin a 20 - 0 mhaul at station
14, At station 25, the species was taken in a bongo tow from20 - 0 m

Plotoenide boreal i S Wagner

A rare species, one immture nmedusa was collected in a vertical
ring net haul from10 - 0 mat station 198. The polyp generation of this
species is unknown (Naumov 1960).
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Rathkea octopunctata (M Sars)

Thi s species was second in abundance to Aglantha digitale and
was found in sanples collected at seven stations (Fig. 34). Maximum abun-
dances were found at stations 23 and 26. No mature speci mens were found.

Uni dentified hydrozoa

Included in this category are specimens too damaged to be iden-
tified. However, one immture specinmen taken froma 50 - 0 mvertical ring
net haul at station 21 mght be Coryne princeps (Haeckel).

Scyphozoa
Cyanea capillata (Linnaeus)

Cyanea capillata was the only scyphozoan found in sanples collec-
ted fromthe sanpling area. The species was sparsely present at nine
stations, and was absent in sanples collected in the Prudhoe Bay area (Fig.
3) . Maxi num abundances were found at stations 4 and 6. Al though capable
of reaching 500 mm specinmens collected were 8 to 30 nmin dianeter. The
distribution of this species may be of sone inportance, as an association
between-it and the arctic cod Boreogadus saida has been suggested (Redburn
1974) .

CTENOPHORA

Two species of ctenophores were found in sanples collected fromthe
area. However, one species remains unidentified because of the poor condi-
tion of preserved specinmens. A quantitative analysis of the abundance of
species of this phylumis difficult because of the poor preservation. Only
conplete or nearly conplete specinens were counted.

Beroe cucumis Fabricius

Al though present at four stations, Beroe cucumis was NDSt abundant at
station 14

Uni dentified ctenophores

Two unidentified ctenophores were found in vertical ring net sanples
collected at stations 21 and 23 and bongo net tows at stations 20 and 25.

MOLLUSCA

Spiratella helicina (Phipps)

This pteropod species was the nost abundant and w despread representa-
tive of the Mollusca in the zooplankton population. It was present in

sanpl es col I ected from 10 stations. Maxi mum abundances were found at
stations 17 and 18. Mbst specimens were small, generally < 0.5 nm although
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| arger pteropods, 1 to 2 mm were also present.

Unidentified |arvae

Two categories of molluscan |arvae were distinguished: lamellibranch
or bivalve larvae and gastropod veligers.

Lamellibranch | arvae were abundant at tines although primarily bel ow
10 m  Maxi mum abundances were found at stations 13, 21, 23, and 24. Lamel-
libranch |arvae were found at eight of the 12 stations sanpled.

Gastropod veligers were present in sanples collected fromsix stations.
Maxi num abundances were found at stations 24 and 26.

ECHINODERMATA

This phylum was represented in the zoopl ankton sanples by plutei
| arval stages of ophiuroids (brittle stars) and echinoids (sea urchins).
Bipinnaria .larvae were also found. Echinoderm|arvae were present in
sanpl es collected from 10 stations w th maxi num abundances occurring at

station 18 where large nunbers of ophioplutei were the only echinoderm
| arvae encountered.

PI SCES

Three or possibly four species of fish [arvae were encountered in the
sanpling area, two of which were found only in bongo net sanples from station
20. Nofish eggs were collected.

Boreogadus saida (Lepechin)

The arctic cod Boreogadus saida was the nost abundant and wi despread
fish larva observed. It occurred in vertical ring net sanples at stations
14 and 198 in 20 - 0 m hauls, and at stations 23 and 26 in 10 - 0 m hauls
(Fig. 39). No nore than one larva was caught in any one vertical net haul.
Speci mens ranged from1l to 14 mmin |ength.

Boreogadus saida was also caught in bongo net tows at stations 20 and
25.  Seven larvae ranging from9 to 16 mmwere caught in a double oblique
haul from10 - 0 mat station 20. Seven larvae, caught at station 25 in a -
doubl e oblique haul from20 - 0 m ranged in size from14 to 18 mm

Lumpenus Sp.

This fish larva was present only in the bongo net tow at station 20
where 4 |arvae were caught in al0 - 0 mhaul. Larvae were 15 to 16 nmin
| engt h.

Uni dentified Cyclopteridae

This species, probably Liparis sp., was caught in bongo net tows at
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stations 20 and 25. One 17 mmlarva was caught in the 10 - O m haul at
station 20, and a 28 nm specimen was collected in the 20 - 0 mhaul at
station 25. .

Uni dentified Gadi dae

This category was represented at station 25 in vertical ring and
bongo net hauls with one 19 nmlarva collected in a 20 - 0 mring net hau
and two larvae, 21 and 24 nm collected in the bongo net haul from20 - 0
m These fish larvae may be Boreogadus saida, although pigment patterns
on these specimens do not match those described for this species.

vii . Discussion
A Prudhoe Bay

Adverse ice conditions in the sunmer of 1975 prevented plankton
sanpling except for a fairly intensive programin Septenber wthin Prudhoe
Bay and in the |agoon area between Prudhoe Bay and the M dway Islands.

Carbon assimlation and chlorophyll a concentrations were gener-
ally variable throughout the study area except that higher values were
usually found in deeper water, which agrees with the findings of Honer
et aZ. (1974). Standing stock was also variable. Chaetoceros furcellatus,
unidentified pennate diatons, and unidentified flagellates were the nost
common organi sns present. The pennate diatons appeared to be species
usual Iy associated with the ice and conprising a large part of the ice
al gae community in spring. Chaetoceros furcellatus i s al so considered to
be a spring species and frequently occurs with resting spores during ice
breakup. Several species of the genus Thalassiosira were also present and
are usually spring species. It appears that the phytoplankton conmunity
sanpled in Septenber 1975 consisted of species characteristic of the spring
bl oom that usually occurs about the tine of ice breakup

O her indications that the spring bloomwas occurring in Septem
ber were the relatively high nutrient concentrations, suggesting that the
phytoplankton had not yet utilized the nutrients. The average nitrate plus
nitrite concentration was about twice as high as that reported by Homer
et al. (1974) for August 1972

Homer et al. (1974) reported the presence of three phytoplankton
communities within the Prudhoe Bay area. No such specific communities were

found in this study. The most common taxa were distributed throughout the
area and in the water colum.

Annual variation in species conposition, distribution and produc-
tion in the shallow bay and the | agoon area inside the barrier islands in
the Prudhoe Bay area is apparently a function of |ocal weather and ice
conditions along with available nutrient concentrations.
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B. USCGC Glacier
1. Phytoplankton standing stock and productivity

Nearly all the species reported for the Chukchi and Beaufort
seas (Bursa 1963, Honmer 1969, Coyle 1974, Homer et al. 1974, Hsiao 1976)
are common and wi despread in north tenperate and subarctic (as defined by
Dunbar 1968) waters. Many species, especially pennate diatons and flagel-
lates, are only found in the epontic ice comunity in spring (Homer 1976)
and are not listed in Table 6. Some species, including Nitzschia frigida
Grunow and Nitzschia grunowii Hasle, are found in ice and in the water
colum. Nitaschia frigida i s a domi nant menber of the ice comunity and is
occasionally found in the water colum, while Nitzschia grunowii is often a
maj or conponent of the spring phytoplankton bloom in the water colum.

Anot her maj or conponent of the spring bloomin the water
colum is Porosira glacialis (Grunow) Jorgensen, which was not conmmon in
the Glacier-76 sanples. Thalassiosira Antarctica Conber was present at
stations 15, 17, and 18near Prudhoe Bay. These two species have been
tentatively called bipolar species by Hasle (1974) because they are found
in extrene inshore waters or near ice in both polar regions. This distri-
bution is difficult to explain, although Smayda (1958) suggested that bi-
polar distribution could be explained only if the species were cosnopolitan.
Qoviously nore sanples fromlow |atitude oceanic areas nust be exam ned
bef ore any decisions can be reached.

Chaetoceros furcellatus, Ch. wighami, included in Chaetoceros
spp., and Ch. septentrionalis often occur in the water colum either in
spring or associated with ice. Chaetoceros atlanticus, Ch. conpresses,

Ch. concavicornis, Ch. decipiens, and Ch. subsecundus commonly occur in
the Barrow area in summer.

Nitzschia closterium and Leptocylindrus minimus wer e abundant
in Bering Sea water at stations 23 and 24. Nitzschia closterium i S an ubi-
qui tous species, conmonly found in tenperate and Arctic waters, and is
al ways present in nearshore waters of the Chukchi and Beaufort Seas
(Bursa 1963, Honmer 1969, Honmer et al. 1974). Leptocylindrus minimus
is the only species in Glacier-76 sanples that has not been reported pre-
viously fromthe Beaufort Sea. Its distribution is not well known, but
it has been reported fromthe Bering Sea (Ohwada 1972, Motoda and Minoda
1974) . It is possible that L. minimus has been present in other Beaufort
Sea sanples, but not recognized because of its small size and superficial
resenbl ance to broken Chaetoceros spines. Its presence in Beaufort Sea
water indicates that it is probably an expatriate.

The di at om Eucampia zoodiacus Ehrenberg occurred nore fre-
quently in Glacier-76 sanples than in earlier collections, but its distri-
bution was nore restricted, occurring mainly at the inshore stations 15,
17, and 18 near Prudhoe Bay. |In WEBSEC-73 sanples from the Beaufort Sea,
it was found fromPt. Mlintyre to Flaxman |sland, offshore as well as
i nshore.
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Smal | flagellates are difficult to identify in preserved
phytoplankton sanples because of poor preservation, small size, scattered
reference material, and the enuneration technique, i.e., use of the in-
verted mcroscope and settling chambers. No preservative currently avail-
able will work equally well on the wide variety of organisns in a phyto-
plankton sanple. Formalin appears to be as good as any other preservative
and does not require a bleaching step as does Lugol's iodine. Mny of the
smaller flagellates, those < 10 um in dianeter, require study under the
transm ssion electron mcroscope before positive identification can be
made. Mst of these organisns, therefore, have been grouped into size
classes based on the length and dianeter of the cells. \Were possible,
they have been identified to famly or phylum

Dinoflagellates are also often difficult to identify in in-
verted m croscope counting chanbers, because they frequently settle at odd
angles, so that identifying characteristics cannot be seen. This is espe-
cially true of species having relatively heavy thecae or spines, including
speci es of Peridinium and Ceratium. Qther forns, which are usually smaller
in size, have very thin thecae and may be poorly preserved as are flagel-
lates. Many of the smaller forms have probably not been described in the
scientific literature, and they have been grouped as undetermned Pyrro-
phyta

The lack of information on species distributions based on
adequate taxonom c data nmakes it difficult to separate the phytoplankton
into categories based on hydrography. Mst of the species listed in Table
6 are considered to be neritic species, but many of them including spe-
ci es of Thalassiosira, Chaetocercs, Nitzschia, and Navieula, have been
reported fromthe central Arctic as well (Kawamura 1967).

Hasle (1976) di scusses early attenpts to group phytoplankton
by habitat and points out some of the difficulties. She also resorts to
sinple termnology such as “warmwater” or “cold water” assenbl ages.

Qur use of a constant 1ight incubator, while practical for
the conditions under which we were working, gives relative production. The
average |ight value used here, ea. 2100 lux, is sonewhat |ower than the
light levels reported by Al exander et al. (1974) for 6 m near Barrow when
no ice is present. Photosynthetic efficiency was probably not inhibited
by the light levels we used.

The tenperature in our incubator was usually 5to 7° C
hi gher than the <n situ tenperature. This might have enhanced photosyn-
thetic rates sonewhat, but the low light levels probably conpensated for
the higher tenperatures

some estimates of annual production in the Chukechi and
Beaufort Seas have been nade, primarily from data collected in shallow
nearshore areas (Coyle 1974, Honer et al. 1974, A exander 1974, and
Hsiao 1976). Coyle (1974) and Homer et al. (1974) based their figures
on data collected in Prudhoe Bay and the |agoon area between the coast
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and the Mdway Islands for the water colum and on Barrow for the ice
al gae and benthic microalgae; therefore their estimates nmay be sonewhat
high. Total annual production within Prudhoe Bay was estimated to be
<10 g Cmw2.yr-1, and ¢q. 13 t0 23 g Cu2-yr~!in the lagoon. Al ex-
ander (1974) estimated the annual production of the water colum in
Harrison Bay and Sinpson Lagoon to be ea. 10 to 15 g € m™2 + yr-1.

Using the assunptions given below and Hsiao s (1976) average
integrated productivity value of 28.14 ny C m2 . yr~! for inshore and off-
shore stations, annual production in the southern Beaufort Sea is about
8 g cw?2.yr-!, |In the eastern Canadian Arctic, Gainger (1971) reported
annual production in excess of 40 g C w2 . yr~! from Frobisher Bay.

Estimates of annual production for the northeastern Chukchi
Sea and western Beaufort Sea have been cal cul ated using Glacier-76 dat a.
The cal cul ations assune 24 hr days in June and July, 20 hr days in August,
and 15 hr days in September. It is also assumed that tw ce as much produc-
tion occurs in June during the spring bloomas occurs later in the sumer
and that essentially no production occurs during other months. The ice
al gae and bent hi ¢ microalgae have not been included in these estimates. In
the northeastern Chukchi Sea, annual production is ca. 18 g ¢ m2. yr-l,
while in the western Beaufort Sea it isea 99 Cmw?2.yr-1

2. Zoopl ankt on

The zoopl ankton of the western Beaufort Sea may be grouped
into 4 categories: species which are expatriates fromthe Bering and
Chukchi Seas, species occurring throughout the Arctic Basin, species char-
acteristically found in neritic, | ess saline environnents, and species
contributing meroplanktonic life history stages to the zoopl ankton. The
abundance, distribution, and diversity of these categories is prinmarily a
reflection of hydrographic conditions resulting fromthe clockw se circu-
lation of the Polar Basin gyre, w nd-driven upwelling, and fromthe
easterly intrusion of warmer, nore saline Bering Sea water.

The northward flow and subsequent easterly intrusion of
Bering Sea water is not an unusual phenonenon in the western Beaufort Sea.
Huf ford (1973) has docunented a warm high salinity layer in 10 - 60 m of
water in 10 of 16 years examned. This layer may extend as far east as
1439 w. Hydrographic data during the summer of 1976 indicate an eastward
extension of this layer to 1510 19.0° W((station 20).

Eastward extension of Bering Sea water is also indicated by
the occurrence of expatriate copepod species Calanus eristatus, Calanus
plumchrus, Centropages abdominalis, and Eucalanus bungii bungii (Johnson
1956) .  The cladocerans, Evadne nordmanni and Podon Zleuckarti, may also be
expatriate species (Redburn 1974). These species were not found east of.
station 20, thus substantiating hydrographic data. The absence of these
species at stations 13 and 26 may be due to the small volunes of water
filtered relative to their abundance.
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O her species reported by Johnson (1956) in the western
Beaufort Sea as coastal expatriates from the south were Acartia claust,
Eurytemora herdmani, and Tortanus discaudatus. Redburn (1974) found these
speci es only when surface tenperatures exceeded 7° C. These species were
not found during the 1976 sanpling period, possibly because surface tenper-
atures were always less than 70 C

The majority of species occurring throughout the Arctic Basin
were well represented in the inshore zooplankton of the western Beaufort
Sea. Included in this category are Calanus glacialis, Oithona similis,
Thysanoessa spp., Fritellaria borealis, Oikopleura spp., Sagitta elegans,
and Boreogadus sai da. Redburn (1974) suggested that distributions and
abundances of these species are less directly affected by advective proces-
ses than they are by biological interactions and characteristics of these
species, including predation, food requirements, natural death and sinking
and reproductive success.

Amphipods in this region are primarily under-ice organisms
and therefore influenced by the presence or absence of ice. The wi despread
distribution of anphipods during the 1976 sanpling period may be due to
adverse ice conditions and little open water during that period.

_ There renmains sone question as to the distribution of Eury-
temora richingsi, al though its presence at station 25 and in deep hauls off-
shore makes it appear to be a w despread, though rare, species.

O her widely distributed species showed distributions and
abundances which were affected by advective processes. Johnson (1956)
suggested zoopl ankton distributions in the Beaufort Sea are influenced by
the prevailing circulation in the Polar Basin in which clockw se circulation
introduces cold central Arctic water fromthe north into the eastern Beaufort
Sea. Using data collected in 1972, Hufford (1974) described the presence
of a wind-driven, upwelling regime on the eastern half of the North A askan
shel f which apparently is not a regular feature of the shelf circulation
(Mountain 1974). English and Homer (1976) reported Seaphocalanus magnus,
Heterorhabdus norvegicus, and Gaidius tenuispinus in WEBSEC-72 sanples
collected from50 moff Barter Island (1430 45 W. These copepod species
are characteristically deep water species in the central Arctic.

O Brien and Hurlburt (1972) suggested that the upwelling
regi me proposed by Hufford (1974) shoul d be acconpani ed by westward novenent
of water in the upwelling region, which wll be in opposition to the east-
erly flow of Bering Sea water. The influence of this circulation regime
is apparent in the Prudhoe Bay area, where copepods which are nore abundant
offshore or in deeper water, such as Calanus hyperboreus, Euchaeta glaci-
alis, Metridia longa, and Microcalanus pygmaeus, were collected in 20 - 0 m
net hauls in greatest abundance or only at stations in the Prudhoe Bay area
in 1976

Hand and Kan (1961) suggested a simlar advective influence
on the holoplanktonic hydrozoans Aglantha digitale and Aeginopsis laurentii
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collected in 1950 and 1951. These species were poorly represented in the
Prudhoe Bay area during the sanpling period in 1976.

Aglantha digitale, however, mmy show a response to the in-
trusion of Bering Sea water. Large nunbers of this species were reported
at the easterly front of intruding Bering Sea water in 1950. Hand and Kan
(1961) suggested a downward novenent of water at this front wth an accunu-
lation of A digitale as aresult of attenpts by this species to remain
close to the surface. During 1976, large nunbers of A digitale were col -
lected at stations where Bering Sea water occurred. Wether this accunul a-
tion of individuals is a result of downwelling or is the result of recruit-
ment of juvenile medusae into the plankton cannot be determined with pre-

sent data, although the presence of |arge nunbers of juvenile A digitale
at station 26 suggests recruitnent.

Sonme species collected during 1976 are characteristically
found in the Beaufort Sea and are neritic in nature. Pseudocalanus Spp.
is the largest representative of this category occurring throughout the
sanpling area, but absent fromwaters of the central Arctic. Pseudocalanus
minutus and Acartia longiremis are characteristic of those species whose
distributions and abundances in the inshore environment are nmore likely in-
fluenced by biol ogi cal phenonena.

Pseudocalanus major, Derjuginia tolli, and Limnocalanus
grimaldii are neritic speci es whose distribution and abundances are primar-
ily influenced by the extent of |ower salinity water resulting from runoff
and nelt water. Pseudocalanus major was restricted to -the eastern stations
during 1976, while Derjuginia tolli showed a wi der distribution resulting
froma higher tolerance to nore saline waters.

In addition to the extent of |less saline water, the distribu-
tion of Limnocalanus grimalditz iS apparently influenced by advective proces-
ses. Johnson (1956) found L. grimaldii off the Colville River (ea.
150° 30" W in 1950 when Bering Sea water extended to 143° W English and
Homer (1976) reported L. grimaldii in WEBSEC-72 sanples collected off
Barter Island (143° 45 W. 1In the 1976 sanples, L. grimaldii was found
only east of the Colville River. This distribution pattern suggests that
L. grimaldii is a nmore eastern species, whose distribution in the western
Beaufort Sea is restricted by the easterly flow of Bering Sea water.

Meroplanktonic |ife history stages of barnacles, polychaetes, "
hydrozoans, gastropod, and echinoderns conprised the largest part of the
zoopl ankton in the western Beaufort Sea. Johnson (1956) suggested that
meroplanktonic production was greater in the Chukchi and western Beaufort
seas than in the eastern Beaufort Sea because of the larger area of shallow
water in the western areas. Except for echinoderm|arvae, meroplanktonic
| arval stages were npst abundant at stations 13 and 26 during 1976.

~ Maxi mum abundances of barnacle [arvae were found northwest of
Pt. Barrow in 1950 and 1951, suggesting that a sizeable portion of barnacle

larvae in the western Beaufort Sea may be due to advection (Johnson 1956).
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This would seem a plausible hypothesis as barnacle larvae dimnished in
abundance at the easternnost stations.

Abundances of barnacle larvae collected at offshore stations
were simlar in 1951 and 1952, but were greater at inshore stations in 1976.
Cypris |arvae were nore abundant in 1951, while nauplii were nore abundant
in 1976, although sanples for both years were collected the |ast two weeks
in August. This is probably due to the later rel ease of meroplanktonic
| arval stages associated with adverse ice conditions in 1976.

Hand and Kan (1961) suggested that meroplanktonic hydrozoan
medusae were advected into the western Beaufort Sea from the Chukchi Sea.
During 1976, nost meroplanktonic hydrozoans were not found in sufficient
numbers to describe distributions and responses to advective processes.
Rathkea octopunctata, however, was w despread in the western Beaufort Sea

in 1976 and many snmall individuals were found suggesting a locally repro-
ducing popul ation

vii1 . Concl usions

Conclusions listed here, especially for the phytoplankton, must be
consi dered prelimnary because so few data are avail able.

A, Phytoplankton

1. Individual phytoplankton species have w despread distribu-
tions in the nearshore Beaufort Sea, but standing stocks of
phyt opl ankton are variable and patchy.

2. Sonme apparently expatriate species occur when Bering Sea
water is found in the Beaufort Sea.

3. Primary production is variable and patchy, wth highest

production occurring between 5 and 20 m and where di atons
are the nost abundant organi sns.

B.  Zoopl ankton

1. Zoopl ankton species can be grouped into four categories:

a. Expatriates fromthe Bering and Chukchi seas;
b.  Species occurring throughout the Arctic Basin
c. Species fromless saline, nearshore areas;
d. Species contributing meroplanktonic Stages.

2. Distribution of sone species or larval groups is patchy and
is influenced by hydrography.
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3. Expatriate species occur when Bering Sea water is found in
the Beaufort Sea

4, Meroplankton conprise a large part of the zooplankton in
the western Bering Sea

5. Species utilized as food by birds and manmals generally were
not caught by our sanpling gear. The presence of ice pre-
vented use of horizontally-towed nets and |arger, faster
nmoving species are able to avoid vertically-towed nets.

Ix. Needs for further study

Information currently available on the phytoplankton and zoopl ankton
of the Beaufort Sea consists primarily of species distributions and abun-
dances during the summer, usually August and early September, and usually
west of Barter Island. This kind of information should be extended to
include all seasons of the year and the area from Prudhoe Bay east at
| east to the Canadian border

Essentially no data are available on life cycles of any phytoplankten
or zooplankton species. A little information has been obtained fromdistri-
bution and abundance surveys, but there have been no concerted efforts to
determne |life cycles of even the npbst common species.

No information is available on the vertical distribution of plankton

species or on diel vertical mgrations of zooplankton species in the
Beaufort Sea.

No information is available on year-to-year variability of plankton
popul ations, with the exception of the phytoplankton cycle in the nearshore
water at Pt. Barrow.

There is very little information available on trophic dependencies.
Some of the inportant food species for fish and mamual s are anphi pods,
shrinps, euphausids, and Arctic cod, but distribution patterns, life
cycles, and food habits of these organisns generally are not known. It
I's not known what role the ice algae play in the food web of the Beaufort
Sea, although it has been suggested that this commnity |engthens the
grow ng season by about two nonths (Honer 1976). In addition, Schell
(personal comuni cation) has suggested that the ice algae act as a nutrient
punp, especially in water < 10 m deep, and that ice algae serve as food
for grazers and al so concentrate nutrients that will be released into the
sedinents or water colum when the algal cells disintegrate, thus increas-
ing the nutrient supply to benthic and planktonic m croal gae.

Critical species or groups of species have not been identified. These
critical species mght be inportant food species, rare species that woul d
be adversely affected by pollution, or abundant speci es.
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Very little information is available on the effects of oil on plank-
ton in the Arctic. Hsiao (1976) has shown that rates of primary produc-
tion vary with type and concentration of oil, nethods Of preparation Of oil-
seawat er m xtures, species conposition of the plankton, and duration of
exposure. Diatons especially were inhibited by crude oils and m xtures
of crude oils and Corexit (a compound used in oil spill clean-up). A
slick of oil on the water surface would reduce light penetration, thus
reduci ng photosynthesis and growth of phytoplankton. Organic pollutants
m ght also contribute to changes in the species conposition of the phyto-
pl ankt on, changing the popul ation from one conposed of diatoms to one
conposed of microflagellates (Fi sher 1976). This change in structure of
the phytoplankton community could seriously affect other levels of the food
chain.  Some |ife cycle stages have been shown to be nore sensitive to
pol lutants than other stages; in particular, larvae are often nore sus-
ceptible than adults

Environmental information should be collected at the sanme time as
bi ol ogi cal information. Know edge of current regimes, for exanple, would
hel p biol ogi sts determ ne dispersion patterns for plankton which could be
inportant in repopulating an area after an oil spill

x. Summary of 4th quarter operations

R.U. #359 had no field program during this quarter. Qur activities con-
sisted of finishing the |aboratory anal yses of sanples, primarily sorting,
counting, and identifying plankton sanples, and working on data anal ysis
for the final report.

X1. Bibliographies

Extensive bibliographies for phytoplankton and zoopl ankton have been
conpiled. Al references have been checked, and key words identified
nearly all are available in the University of Washington |ibrary system
and UWcall nunbers are given along with the location in the UWIlibrary.
Journal abbreviations are fromthe Wrld List of Scientific Periodicals
or follow the Wrld List abbreviations for individual words where possible.
Some publications have been witten out in full to facilitate finding the
reference. Bibliographic style generally follows the CBE Style Mnual
third edition, American Institute of Biological Sciences, Wshington, D. C
Foreign | anguage references, journal abbreviations, library call nunbers,
and punctuation marks have been nodified (use of capital letters, no
umauts, no degree signs, asterisks in place of quotation marks and apos-
trophes, etc.) to accommodate the conputer.

Many of the references are taxonomic in nature and are not limted to
Arctic taxa. The literature search has been designed to include references
for the whole Arctic Ccean and peripheral waters, including the northern
Bering Sea, Norwegi an Sea, Denmark Strait, Baffin Bay, and Davis Strait,
because it is inpossible to separate the Beaufort Sea biologically fromthe
rest of the Arctic,.
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The ichthyoplankton bi bliography is not extensive and contains nore
references to adult fish than to larvae and juveniles. A nore extensive
bi bl i ography for ichthyoplankton was done for R.U. #349 (English 1976).
The present bibliography is limted primarily to the nearshore Beaufort
Sea and streans entering into this area.

All three bibliographies are appended to this report, section XV.
Xl . Archived sanples and unpublished data

Archived sanples and unpublished data concerning zoopl ankton and
phytopl ankton are primarily from WEBSEC (Western Beaufort Sea Ecol ogical
Cruises) cruises sponsored by the U S. Coast CGuard from 1970 to 1973.
Wng (1974) published the results of zooplankton collections nmade during
the 1970 cruise in the eastern Chukchi Sea; Cobb and MConnel| (unpubl. ins.)
descri bed the species conposition, relative abundances, and distribution,
of zooplankton fromthe 1971 cruise. Wng also collected zoopl ankton
sanpl es during the 1972 WEBSEC cruise. Some of these sanples have been
processed as part of the present OCSFAP project, and four tables included
in our first annual report (R.U. #359), 1 April 1976 (English and Honer
1976), are reprinted here (Tables 17 to 20).

Homer col | ect ed phytoplankton standing stock and chl orophyl!| a
sanpl es during WEBSEC-73. Al of the sanples have been processed, but
the results have not been published. Chlorophyll a and phytoplankton
standing stock sanples were collected in 1974 fromlIcy Cape to Barrow and
from Barrow to Barter Island. The chlorophyll a sanples have been anal yzed,
but the standing stock sanples have not (Homer unpubl.).
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Nurmber of fish larvae found in two WEBSEC-72 Isaacs-Kidd
md-water traw sanples

Fi sh
Station Dat e Dept h Sample Larvae
009 7 Aug 72 0 AB 72-157 29
(70°30.8'N, 40 -159 15
144927.0'W) 20 -160 0
010 7 Aug 72 20 -163 26
(70°919.3'N, 15 -164 38
144946.5'W) 10 -165 59
0 -166 272
Table 18. Fish eggs and larvae fromtwo vertical net hauls
Fi sh Fi sh
Station Dat e Depth (m Sanpl e Larvae Eges
005 5Aug 72 500 AB 72-137 0 1
(70°51.7'N, 800 -138 0 1
143%945.4'W)
010 7 Aug 72 30 -161 1 0
(70019.3'N,

144046,5'W)
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Tabl e 19. Copepods sorted from station 005, AB 72-132 (70°51.7'N,
143945.4'W), 5 Aug 1972, 50 m The total number of copepods was 1742.

Speci es Stage % Tot al
Calanus hyperboreus vi? 38. 80
v 19. 17
IV 2.46
|1 0.40
| 0.11
Calanus glacialis Vi e 14.12
" 3.32
v 0.74
111 1.32
11 0.74
I 0.11
Metridia longa Vi ¢# 4.53
vVio® 1.03
Ve 2.58
' 0.80
Ivzy 0.92
IV 0.45
Euchaeta glacialis VI ¢ 0.86
vV 2 0.63
vV & 0.63
v ¢ “0.11
v & 0.11
I11 0.06
11 0.23
I 0.05
Pseudocalanus minutus VI ¢ 3.20
St aph. oeal anus magnus VI ¢ 0.28
vV ¢ 0.17
Voot 0.06
Iv 2 0.06
Heterorhabdus norvegicus VI ¢ 0.46
Vi o 0.22
Gaidius tenuispinus VI ¥ 0.11
Vi ¢ 0.11
Ve 0.17
V o 0.11
v ? 0.06
Aetideopsis rostrata Vi ¥ 0.29
Limmocalanus grimaldii VI ¢ 0.11
VI o 0.06
V ¢ 0.06
V » 0.06
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Table 20. Copepods sorted fromstation 019, AB 72-199 (71°09.0'N,
146°29.0'W), 11 Aug 1972, 250 m. The total nunmber of copepods was 265.

Speci es Stage % Tot al
Calanus hyperboreus VI Q 2. 64
v 4.15

|V 0.75

L1 0.75

Calanus glacialis vIi? 4.15
VI o 0.38

v 3.01

|V 9.81

II1 35.09

I 8.30

I 0.38

Metridia |ongs VI? 3.01
v ? 7.17

V o 7.92

Euchaeta glacialis VI & 0.38
vV 2 0.38

[V ? 0.38

IV o 0.38

I1L 0.38

Pseudocalanus minutus VI ? 12.83
\% 0.75

Seaphocalanus magnus vi? 0.38
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Mdlvvs Ae  LlvyzYe  THLE MARINE DIATOMS UF THE CANADLIAN ARCTIC EXPEDLTLUL~,
L9ls=.918. Ki&P. CAN. ARCT. EXPED. IVs BULTANYs PTe Fa 33 PP, {SPECLES
L1STy GLOGRAPHLIC ODISTRIBUTION) 2uded Cl6R FG

MoanNlTons Les oo SUTHERLANDS AND Bs Se Ce LuADBEATLER. 1975. FLUR Nt
SPeCIES OF LrOANOFLAGELLATES FROM ARCIIC CANADAS PRCCe Re JuUCe 3
loGtiv=c?, (TAAUROMY s MORPAHOLICY» ECOLUOGYs GEUGRAPHICL DISIRLIBUTIONS)
2o k{JP SK

MARSHALLY Po T L9249, PRIMARY PRIOULUCTICON 4w THE ARCTIC. Jo C3hde 2ERM,
LNle LAFLUKS Mirae 232173-177, (CRITICAL UEPTHy PRYTCPLANMKTJNy SPRING
sLGOM) Yvlew2 INaD FO

HATHOKES Go bLe fe  L973s Tebt £COLUGY UF THE BENTHIC MICRDALGA® IN THE
SUBLLITTGRAL ZUNL OF THE CHUKCHL SEA NcAR bARROWs ALASKA,. MeSe THESISS
UnNLVe ALADKA, 132 PP. (BENTHIC DIaTUMNS, PRIMARY PRCDuUCTIVLIIYS
SPrlCied Pried>bolsy CHLOGRCPHYLL A, ScUDIMeENT 5IZES) %

MATHERKES Ge e Masp ANU Ro HORNER, 1974 PRIMARY PRODUCTIVITY JF Ihc
BERNTERIC MICRUALGAL IN Tdt CHUKCHL Sta NEAK BARRGws» ALASKA. ve FLldH.
KE3e BD CAN. 31807791796, (PRIMARY PRODUCTIVITYs CRLOROPHYLL Ao
PHYVTUPLANKTONS oPECIES LIST, SeASUNAL agUNCANCE) 57065 Cio J 0

ACROYs Le Pes AND e 3o ALLEN. 1974. [Cr STKESSED COASTSs PPe 17-3o. IN
tte 1o OUUULMs e Je COPELANDs AND to Ae MCMAHANS EDSes» COASTAL cCLLUGICAL
SYSTENS Ut THE UNITED STATES I11. THE CONSERVATION FCUNDATIUNs JASH-
INGTONs De Ca {HYDROGRAPHY, BENTHLIC +L0ORA AND FAUNA) OH  Y4l.9
to  Ceb  FC

MEwURTs Hes Ko [T0y AND He FUKUSHIMA, 1960. DIATOMS AND THE ECULLGLCAL
CUNULTIUNS UOF THELR GRUWTH IN ScA 1Ct LN THE ARCTIC CCeANe SCIENCES
NoYe Lbeilubb%=idYue (DIATONS, grIWE Crlbss CHLOROPHYLL) 505 S
NI

AebUKDs Hes Ko [70s AND He FUKUSHIMAS L9907 ICE FLORA (BOTTOM TYPEH):

A MECHANISM UF PRIMARY PROUODUCTIUN IN PULAR SEAS AND THE GRUWITH CF
ULATUMNS IN S>uA 1CE. ARCTIC 20:il4=133. (ODIATOMS, CHLOROPHYLL A
NUTRLENT CUnCenTRATIONSs PRIFARY PROUJCTLULN, OSHUGTIC EFEFECTS, wlJEL
FUrn ProubuCTILN) 919,832 AR FO

o UNLERY A 19lue MICRTUPLAMKTON De> HMERY Uk BARENTS ET Ot KAKA,. LJC
LEGELEANY CAMPASNe ARCTIQUE DE 19YU7. Ay PP (TAXGNGMY» SPeClbo
LiSTos SKelLrud OF SPECIES: GLOGKAPALCAL DISITRIBUTIONS) 2G1l. 02
||.")?:“ﬂ' Fu

XA



NeorYBAs >es Go to BtARDSLEYs JKRy» Vo T. NtAls AND Ko CARCLR. L1958,
LivotHT CATTokilhe IN CENTRAL ARCTIC OCeAN: SCME WINTEFRF PRUFILES.
oCIehlls HeYse L0z231267-1268. (PhRYTIOPLARNKION, LIGHT PENLITRATLON,

Juxd1Dlily) 592 S FO .
Geolxurs be  LY¥9%. 1MARINE DTATOMEER FRA OSTGRONLAND. MEDDK GRJINLAND 18:@
397470, (TAXGNTMYs GEDGRAPHIC DLISTKIBUIIDN) 508e993  U4LM SR

CeoTkUPsy Ee  1YlU. OLATCMS FROM NURIH-EAST GREENLAND (N. CF 70 de LAde)
COLLecleu 2Y Thco *DANMARK EXPEDIVTION=®, MEODR GRUNLAND 4332 19£-=255,
(SPELLES LISTos» FRESHWATERs MARINGE) 5Cte998 V41N SR

I>TeEiFELLDs Ca Ho 1910+ MARINE PLANKTUN FRUM THE EAST~GREENLAND StA (W
Jdr o owe LUNGSs awD No JF 73 20 Ne LATS) CULLECTED DURING THE *DANAARK
LAPEQLTIUN® 190u-1904. 1. LIST LE DLATUMS AND FLAGELLATES. MEJUR
GRONLANL 4332297=C05 (SPLCIES LISTSy WISTRIBUTIONS) 2ute¥IL
Ua LM Sk

PAULSENy Do FRCIVEISIN PERIDINIALES Xvlll, PP. 1=124. NORD» PLANKTS. 80T
Teiis (TAXUNGMYy SPECIES LISTSs DISTRIEBUTION RECCKDS, KieYS)

S0ble¥d NTYs td

PAULSEN, Ue 1wiCe MARINE PLANKTON FROM THL cAST-~GREENLAND SEA (Ae JF
0 We LUNGs AND wNo OF 73 60 N. LAT,) CULLECTED DURING THE #%UANMARK
CXPEUDITION® (L9un-1903). ITIe PEKIDINLALES, MEDDR GRUONLAND 432:301-

3ig. (SPeCleS L1ISTy DISTRIBUTIUNS) 508.998 D4alv R
PAULO>ENy Do Ll949Ye UBSERVATIONS ON UINDFLAGELLLATES. Ko DANSKE vIOL I3Ke
SeloKe SKR. 0(4)i11-67. {(TAXONUMYs SPECLES LIST) 570.6 D23b> SR

PLTER>LNy Go He lvo4. THE HYDROGRAPHYs PRIMARY PRODUCTIONs BATHYMETRYS
AND %*TAGMAQ* JF DISKO BUGT, WEST GKEENLAND. MEDDR GRONLAND 199(L0):
=4y, (AYORLGRAPHY s PRIMARY PRUDUCTION) YOBL.998  D4IM SR

REYNULDSs No L5755 PHYTOPLANKTON 1IN THE SURFACE WATERS UF THY BARENTS
SkhAy 1973, ANNLS BICL.» COPENH. 30:56-%b (CHLOROPHYLL Ay PATCHINESS)
291.92 INBA FO

KU>bs R LGu4s ALUGAE: PLANKTONIC, PP, 400-41lc, IN Ne Vo POLUNINS ET AbLas
CRYPTUGARLIC FLUGRA OF THE ARCTIC. bOfe KEVe 20, (ECCLOGY) H3Jd+H
vr Sk

RUuHiJALINCENy Mo T L1Yyd54 A COMNIRIBJTIUN Tu THE BICLCGY OF 1THE #MASS
>PtCits UF THE PoYTIPLANKTON IN The SJUIHULRN PART CF THt BA4arENI> SEA.
LIN KUSSLIANy ohollSt SUMMARY] bLle ZHe USSR L0:1943-453, (HYORU oRAPHY
DEASUNAL DISIRILJIITONSy VERTICAL AND HORLILZIONTAL DISTKIBUTIONSs (otl

A}



>iZus RESTING 3PUXKE FORMATION) 980.5 52 SR

SAGELLINAY M Mo 1931 EINIGE NEUE DATEN UEBcR DAS PHYTLPLARKTUN DES
KARLIDMUHEN MLERLO . [IN RUSSIAN, GERMAN SUMMARY T ISSLED. MCREL 3535R
13datu=143. (G UGRAPHIC DISTRIBUTLIUNS >PLRES) - 59le.72 Lunl FDO

SCHiLLEKks Je 19335=1%37e DINIOFLAGELLATA: (PexIDINEAL) IN Le RABENADQRST,
KRYPTUGANMEN=FLURA VON DEUTSCHLAKRDy, OSToAKELICH UND DER SCHwkLZ X(3)»
Tell 1s 509 PP.; TEIL 2, 590 PP, {TAXONOUMYs GrOGRAPKIC DISTRIBUTIONSS
MUKPHOULLOY) »36 kil SR

StlbbivkaDENY G 194T7e MARPINE PHYTUPLANKTUNS IN No Ve POLUNINs 8BLTANY
UOF irc CANWDIAN =aSTeRN ARCTIC. Ple 2« BULL NATNs MUSe Caile 973138~
Li7. (SPeCleS LISTSsy GECGRAPHIC DISTRIBULIIGNS) 5571 ~Cliosk SR

THrGHRDSLINS Je 1vo09, FLAGELLATES OF NURwWEGLIAN COASTAL WATERS. wWYTI MAG.
suls, ittibl=zic,. (TAXONCMYs SPECIES LIST, GEOGRAPHIC ULLTRIBUTLINS)
DbJed Y S K

THKONDSENy Je  1970s SALPINGUCECA SPINIFERA SPe NUVes A NEW PLANKTURM
SPeCLES JF Trb CKASPEDCPHYCEAL KECURDED IN THE ARCTIC. BKae PHYCJL
e 20787, (TAXONIMY, MORPHOLOGLYs GEUGLRAPHIC DISTRIBUTION)
wWKoz4 Bl SR

THRLHDS Ny ve 1974 PLANKTONIC CHUANOFLAwELLATES FROM NORTH ATLANTIC
WATERS s  SARSIA 50195~122. (TAXUNUMYy ODvSCRIPTIONS CF NEW TAXAS
3i0L06Ys GLIGRAPHLC DISTRIBUTIONS) H5491.920% SA  FU

TioBos Je te 1967. UON SOME PLANKTONIC PROTUZDA TAKEN FROM T1Ht TRACK OF
URIFT STATLJN ARLLIS 1y 1960-1961. ARCTIC 20:247-204. (SPECIts LIST,
GrUGKAPHIC OISTRIGUTION, ABUNDANCES) 519.005% AR FO

USACheVs Po Lo 1946. FITOPLANKTON PO SBURAM EKSPEDITSII NA L/P *G.
Sebhuv® 1937-L939 GGy PP. 371-397. IN Ve KHe BUYNITSKIY» ED.s» TKRUDY
UKELEUYUSHCHLT cK3PEDITSII GLAVSLVMORPUTL Nao LEDOKOL#NUOM PARUKHCULE
¥Go SEDULV™E LYa7=-1940 GG VOL. 3, BLOLUOGLYA, [IN RUSSLANy ENGLIMH
SUMMARY ] (JUDAY NET» SPECIES LISTs wLGGLRAPHIC DISTRIBUTIONs RuLATIVE
ABUNDANCE, DIvIDING CELLS) 919.8 cK7LT MA

USACHEVSs Pa L. L9C L PHYTOPLANKTON JF THt NOLRTH POLE. {TRANSL., FRJN
KUS>IAA)  FLISHe RtSe 8D CAN. TRANSL. >tke i28: (19651}
LoarPcCLES LISTSy GEOGRAPHIC DISTriIBUTIONSy ECULLGGY) %
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3 TBLICGRAPHY UF AKCTIC ZOOPLANKTCN
INCLUDINVUREFERENCES TO

TAAUNUMY s GLIGRAPHIC AND SEASONAL DISIRILUTIONSs VERTLICAL DISTRIBUTIONS
SPECIES COMPOSITIUN, STANDING STUCKs cCOLUGYs HYDROGRAPHY, SAMPLLING
FOTHUDS, HMCRPHLLOGY, LIFE CYCLES, CAbMICAL CCMPOSITION

ALL KEFERENCESHAVEBEENVERIFILEU; JOUURNAL ABBREVIATIONS AREFRIM THE
wURLDLISTOF SCIENTIFIC PERIQDICALS; CALL NUMBERS ARE UNIVERSITY OF
WASHINGTUN NUMEERSS LOCATIONINIHAzUW LIBRARY SYSTEM IS GIVEN ACCORDI NG
TO [k rOLLOWLIMNG AB3REVIATIONS:

MA AL LIBRARY  (SuZzaLlQ)

PR PERIODICALS MAIN LIBRARY

>R SCLENCE READING RGUM MAIN LIBRARY

HS tHHeEALTH SCIENCES 1231 HcALTH SCLENCES BLULG

8] t ISHERIFS OCEANOGF'APH% i%1 OCEANOGRAPHY TEACHLING3LDG

BIBLIGGRAPEIC STYLE GENERALLY FULLGAS THE Ck S T Y L E MANUAL»s THIFD

eDIT IUN (AMERICAN INSTITUTE OF BLIULOGICAL SCIENCES, WASHINGINs D. C.)
FUREIGN LANGUAGE kEFERENCESs JUURNAL ABBREVIATIONS, AND LIBRARY CALL
HUMBLERS HAVLE BEENMODIFIED (USE LFECAPLITALLETTERSy NO UMLAUTS, 2TC.)
TU ACCLMILDATE THE COMPJTER. APUOSTIROPHES AND QUOTATICON MARKS LN A
reFLrENCE ARE IWNuiICATED BY %, QULrSTLON PakKS BY T AND NUMBER 8Y #.
AL Idie eNU OF A RebFzRENCEL wHerRe Tdt CALL NURBER SAOULD Boes INDICATES
fb RLbeRENCL Lo NOT I N THE Uw LLIdBRAKY 5Y3 Tk,

0sTt
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. Summary of objectives, conclusions, and inplications with respect to
OCS oil and gas devel opnent

The objective was to obtain a description of the plankton in the

pel agi c environment of the Beaufort Sea beyond the continental shelf during
the summer season.

Nitrate depletion was observed in the upper 40-45 min June and
remai ned depleted throughout the sunmer. Wthin the sanme depth and time
interval the phytoplankton popul ation (estimated by chlorophyll a) was
low, suggesting nutrient limtation. The disappearance of snow cover and
formation of nelt ponds resulted in a gradual increase in submarine |ight
levels through July. Active growth of phytoplankton at the pycnocline
(45 m was observed. The highest chlorophyll a concentrations occurred
at this depth in late July and’ early August. Gaduated |ight experinments
i ndi cated the phytoplankton popul ation was adapted to low light |evels
The zoopl ankton popul ation was sanpled and vertical distribution for eight
species on eight dates is presented.

The inpact on the Beaufort Sea beyond the continental shelf fromthe
devel opment of coastal oil and gas reserves is difficult to assess. Apart
froma major oil spill, only slight concentrations of oil and its by-
products m ght be expected to reach this area by ocean and wi nd circul ation
Their presence might directly alter the albedo, the thermoconductivity of
the ice, and rates of ice growth. The sensitivity of the ecosystemto
changes in these paraneters is not known.



I'l. Introduction
A. General nature and scope of study

The oceanic waters of the Beaufort Sea are separated fromthe
northern coasts of Alaska and Canada by a 60 - 100 mle wi de continenta
shelf.  Proceeding seaward from the coastline, the marine ecosystem
changes from a neritic environment to an oceanic one. The sea surface
al so changes. Inshore, the presence of shorefast and drifting sea-ice is
hi ghly seasonal. O fshore, the pack-ice becones nore concentrated and
perennial. The Beaufort Sea thus provides two extrenes: a shallow
wat er, seasonal ice environnent, and a deep water, perennial ice environ-
ment

The Quter Continental Shelf Environnental Assessnent Program
included several studies describing the shallow water, seasonal ice en-
vironment, including fisheries (Roguski R.U. #233), benthos (Carey
R.U. #6, Broad R.U. #356), microbial activity (Morita R.U. #190), and
marine plankton (English and Honmer R.U. #359). These efforts were con-
centrated in the 1975-1976 field seasons and sone are still in progress.
An additional part of the marine plankton studies (English and Honer
R.U. #359) was conducted during summer 1975 at the Arctic lce Dynamcs
Joi nt Experinent (AIDJEX) main canp, Big Bear. The research took place
within the perennial ice zone over deep water.

B. Specific objective

The objective of the biological oceanography program at Al DJEX
was to devel op an understanding of the seasonal changes in abundance and
distribution of planktonic conponents of the marine pelagic ecosystem
Equi pment and time limtations resulted in enphasis on the primry pro-
ducer |evel though zooplankton was al so sanpled regularly.

The research program was designed to progress toward the ultimte
goal of understanding the marine ecosystem well enough to formulate a
predictive model (Fig. 1). W are presently in the descriptive phase

c. Relevance to problens of petrol eum devel opnent

The energy fixed by photosynthesis is transferred through her-
bi vorous zoopl ankton to arctic cod, waterfow, seals, whales, and polar
bears. Sone of these are inportant to the subsistence and econonmic wel-
fare of coastal natives. An understanding of primary and secondary pro-
duction dynamics is a prerequisite to assessment of the inpacts of oi
devel opment in the Arctic Ocean periphery. No previous ecosystems
studi es have been nade in the deep water perennial ice zone of the
sout heastern Beaufort Sea.

The fate and consequence of oil spilled in the Arctic are
| argely unknown. Biodegradation would be slow due to the extremely | ow
water temperatures. It is possible that oil woul d be trapped between
ice floes or within brine channels and eventually swept out into the
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Pacific gyre of the Beaufort Sea. The oil could cause |owered albedos,
reduction in thermoconductivity of the -ice, and reduced rates of ice
growth (Seelye Martin, semnar at UW 22 May 1974). In addition, it
could change the submarine light regine by reducing transm ssion proper-
ties of the overlying ice or open water areas. The sensitivity of the
ecosystemto the latter type of perturbation will be tested in the
modelling phase of this research.

111. Current state of know edge

In the past 80 years, in excess of 40 expeditions and field pro-
grams have been staged in the Arctic Qcean or its periphery. Approxi-
mately 25 have yielded biological information (Table 1). Mich of this
information is descriptive in nature with only narginal efforts made to
relate species to their environnent or to each other (Shoemaker 1920,
Farran 1936, Brodskii and Nikitin 1955, Barnard 1959, Hand and Kan 1961,
Hilsemann 1963, Shirley 1966). Early attenpts to associate higher levels
of phytoplankton abundance with environmental factors enphasized the
i mportance of |ight and tenperature (Gran 1904, 1912). Later investi-
gators discussed the effects of mixing and nutrient supply on phytoplank-
ton devel opment (Sverdrup 1929, Braarud 1935), and tenperature and salin
ity on zooplankton distribution (Bigelow 1920, Bernstein 1932, Johnson
1956, Grainger 1965, Tibbs 1964).

Quantitative estinates of phytoplankton abundance, prinmary produc-
tion, and zooplankton standing stocks and life cycles were nmade at the
Soviet North Pole stations (Brodskii 1956) and the U S. drift stations
Al pha (English 1961, 1963; Johnson 1963 a, b), Bravo (Apollonio 1959,
Grai nger 1965), Arlis || (Kawamura 1967), and T-3 (Harding 1966, Hughes
1968, Hopkins 1969, English unpublished data). From these investigations
energed a general recognition of the conponents and processes of possible

inportance in determning changes in the marine ecosystem bel ow the ice
pack.

Thisunder st andi ng was based prinmarily on data collected in the
central Arctic Ocean (north of 800 N) and in the western Beaufort Sea.
Wth the exception of two studies on protozoa (Tibbs 1964) and nedusae
(Shirley 1966) at Arlis |, there is no published biological infornmation
for the oceanic perennial ice zone of the southeast Beaufort Sea where
the AIDJEX platforms were |ocated.

V. Study area

The field program was conducted from2 June to 1 Cctober 1975 at
the AIDJEX main canp, Big Bear. During this time, Big Bear drifted
approxi mately 870 kmin the southeast Beaufort Sea (Fig. 2). Sanmpling
ended on 1 Cctober when the nmain canp ice floe broke apart and canp
menbers had to evacuate.



Table 1. Expeditions, years of field collections, authors and years
of publications of marine biological studies in the Arctic Qcean

Expedi tion or Vessel Dat es Papers Published
Fram 1893- 1896 Sars 1900
Nansen 1902
Gan 1904
Gan 1912
Canadi an Arctic 1913-1918 Shoenaker 1920

Willey 1920
Bigelow 1920

Maud 1922-1924 Sverdrup 1929
Sedov 1925-1929 Bernstein 1932
gst . 1929 Braarud 1935
Nautilus 1931 Farran 1936
Har dy 1936
Garstang and Georgeson 1936
NP-1 1937-1938 Shirshov 1938, 1944
Sedov 1937- 1939 Bogorov 193”8, 1939, 1946a, b

Shirshov 1944
Usachev 1946

N- 169 1941 Shirshov 1944
NP- 2 1950- 1951 Brodskii and Nikitin 1955
Burton Island 1950- 1951 Johnson 1956
Hand and Kan 1961
M.V. Cancolim || 1951 G ai nger 1965
NP-2,3,4,5 1954- 1957 Brodskii 1956
T-3 1954- 1955 Bar nard 1959
G een 1959
Knox 1959
Mohr 1959

Hiulsemann 1963

Bravo 1957- 1958 Apollonio 1959
G ai nger 1965



Table 1.  (continued)

Expedi tion or Vessel Dat es Papers Publ i shed
Al pha 1957- 1958 English 1961, 1963
Johnson 1963a, b
Seadragon 1960 Gice 1962
Arlis I 1960- 1961 Ti bbs 1964
Shirley 1966
Pol ar Conti nent al 1960-1961 G ai nger 1965
Shel f Project
M.V. Salvelinus 1960- 1962 Grainger 1965
Arlis || 1964 Shirley 1966
Kawamura 1967
Minoda 1967
T-3 1964 Harding 1966
1966- 74 Hopki ns 1969

Hughes 1968
Scott 1969
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v. Rationale and nethods of data collection
A Rationale

W first fornulated a general description of the ecosystem based
on published and unpublished accounts. Fromthis description, a suite
of variables was selected to be measured in the field.

1. General description

Incom ng solar radiation is low from Cctober through February
in the Arctic Ccean. Solar elevations and day |ength increase fromlate
February until the sunmmer solstice on 21 June. Although solar radiation
al so increases during this period, the anount that is transmtted to the
wat er bel ow the pack ice is very small. Maxi mum submarine radiation
occurs in early to md-July after the snow cover has nelted and the ice
surface is domnated by nelt ponds which have a | ower albedo than either
snow or bhare sea-ice.

Phytoplankton abundance in the water below the ice remains
| ow t hroughout winter and spring. |In response to higher levels of sub-
marine radiation in late June and early July, phytoplankton bionmass in-
creases in the surface mxed layer (upper 25 - 50 mj). The extent and
duration of the devel opnent nay depend on:

(1) availability of light, which is influenced by degree of melt,
frequency of sunmmer freeze-ups and snow storms, solar angle, day |ength,
and timng of the first sustained autum snowfall;

(2) availability of nutrients, which is influenced by initial
spring nutrient concentrations, and their maintenance through turbulent
m Xi ng, convective overturn, and remineralization processes; and

(3) Losses of biomass fromthe phytoplankton popul ation through
sinking bel ow the pycnocline, or from grazing by herbivorous zoopl ankt on.

The maj or decrease in phytoplankton biomass usually occurs in the latter
hal f of August, and |ow concentrations prevail throughout the ensuing
dark period.

Though much is known about the species conposition of the
her bi vor ous zooplankton and their depth distribution, there are no stu-
dies showing the extent to which they interact with the phytoplankton
popul ations.  There is evidence fromcollections nade in 1970-72 at
T-3 (English, personal comunication) of a general novement toward the
surface fromdepths exceeding 100 - 200 m by Calanus hyperboreus early
in the spring, and later by C glacialis. The intensity with which they
graze upon phytopl ankton is not known.

2.  Selection of variables

The biol ogical variables selected for measurement included



chl orophyl | a, phytoplankton cell nunbers, radiocarbon assimlation, and
net zooplankton. Environnental variables included reactive nitrate, in-
comng solar radiation, ice surface nelt conditions, air tenperature,
wind speed, island novement, and seawater tenperature and salinity.

B. Methods
1. Field observations

Water sanples were taken with a 5-8 PVC water bottle. Sub-
sanples were drawn for the determnation of nitrate concentration (50 m),
radi ocarbon assinmilation (125 m), chlorophyll a concentration (4-1.),
and phytoplankton cell counts (120 ml)}.

The analysis of nitrate concentration was done on station
using the methods of Strickland and Parsons (1968).

To determine assimlation potential, paired |ight and dark
subsamples were inoculated with a known anount of !“C and incubated in
a 0 - 10 ¢ water bath under controlled fluorescent lighting. The maximum
light intensity was 117 microeinsteins.m~2 ® S-|. |n graduated light
experinents, nine additional bottles were treated and fitted with netal
screens.” The screens were constructed to transmt 2, 4, 6, 8, 14, 1s,
19, 49, or 74%of the total light available. Al incubation periods were
6 hours. The subsamples were filtered through 25 mm Millipore HA
(0.45 ym) filters, and the filters were placed in liquid scintillation
vials. Radioactive uptake was neasured using a Packard Tri-Carb Liquid
Scintillation Spectroneter with Aquasol (New England Nuclear) as the
scintillation cocktail.

The subsamples drawn to determne chlorophyll a concentration
were filtered using 0.47 um glass fiber filters treated with saturated
MgCO, solution. The filters were frozen for later analysis (Strickland
and Parsons 1968).

Subsamples desi gnated for phytoplankton cell counts were fixed
in 4% formalin.

Zoopl ankton was sanpled with depth-to-surface vertical tows
using a non-closing conical |-mdiameter ring net with 73 ym nesh. Sam
ples were preserved in 4% buffered formalin. Large copepods were first
sorted fromthe whole sanple, counted, and identified. Small copepods
and nauplii were sorted from a known volume of the sanple. Copepods were
counted and identified to species; naupliiwerecounted and separated
into size classes ( <0.3 mmand > 0.3 nm).  Zoopl ankton counts were ad-
justed to depth increment (O - 50, 50 - 75, 75 - 150 m) and volume fil-
tered by the I-mring net assumng 100%filtration efficiency.

Zooplankton and chlorophyll a sanples were taken and assinla-
tion potential was nmeasured every 3 days (Table 2). The vertical zoo-
pl ankton net tows were taken from 10, 20, 30, 40, 50, 75, 100, and 150 m
to the surface. Chlorophyll a and assinilation potential were measured



Tabl e 2.

Vari abl e

Nitrate

Chl orophyl | a

Assim | ation

Zoopl ankt on

Sol ar radi ation

Type of Sanpling

Depth profile

Hel i copter transect

Depth profile

“Replications
Hel i copter transect

Depth profile

Replications
G aduated |ight
In situ

Vertical tows

400 to 700 nm

Sanpling program at AIDJEX main canp during sumer 1975

Dept hs

10-70 m 10 mintervals
46-64 m 2 mintervals
80 and 100 m

10 and 20 m

3m5-60m 5 mintervals

46-64 m 2 mintervals, and
80 m 100 m

5 10, 20, 30 m
10 and 20 m

3 m 5-50 m5 mintervals,
and 60 m

5, 10, 20, 30 m
5, 10, 20, 30 m
10 m

10, 20, 30, 40, 50, 75,
100,150 m to surface

1 m above ice surface

Frequency

3-6 day intervals
Eight tines

Seven tinmes

Once

3 day intervals
3-6 day intervals

7-10 day intervals
Once

3 day intervals

7-10 day intervals
3day intervals
22 tines

3 day intervals

30second intervals

0t
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at 12depths from3 to 60 m Less frequently, chlorophyll a was mea-
sured at 12 depths from46 to 100 m Nitrates were neasured in the
upper 40m every3 to 6 days, and to 100 mless frequently. G aduated
light experiments at 5, 10, 20, and 30 mwere run every 3 days.

Ten replication experiments were run at four depths (5, 10,
20, and 30 m every7 to 10 days. In each experiment, four water sanples
were taken within 5 min fromthe same depth. Two subsamples for the
determ nation of assimlation potential and one subsample for the deter-
m nation of chlorophyll a were drawn from each water sanple.

Twenty-two Znsitu assimlation experiments were conducted.
For each experinment a water sanple from 10 mwas taken and 6 to 9 sub-
sanples were drawn. These subsamples were inocul ated with ¢ and
separated into three groups of 2 or 3 bottles per group. Each group was
taken to one of three prepared locations and |owered to 10 m  The first
| ocation was the center of a melt pond which was 4 min dianeter, with a
freshwater depth of 25 cm covering ice 1.6 mthick. The second |ocation
was an area of bare ice, 2.3 mthick, and situated 80 mfromthe melt pond.
The third location was a lead, 100 mw de, 50 m from | ocations one and
tw . The bottles were suspended at each site for six hours, and then
processed as previously described. Due to mshaps, only 19 of the 22
experinments allow inter-site conparisons

Chl orophyl| a and nitrate.were sanpled on 3 and 4 August
along helicopter transects frommin canp to the two satellite canps,
Caribou and Blue Fox. Distance covered was 75 miles. Sanples from
10 and 20 m were taken every 7 - 10 mles.

Solar radiation (400 to 700 nm was nmeasured daily at 1 m
above the ice surface using a quantum neter (Mdel LI-COR-185, Lambda
Instruments Corp.). Melt conditions were |ogged daily and aerial photo-
graphs were taken by helicopter asscheduling and conditions pernitted
Air tenperature, w nd speed, island nmovenent, and seawater tenperature
and salinity were recorded by other research teans on AIDJEX.

2. Data analysis

Data analysis of chlorophyll a and assimlation potentia
measurements from depth profiles, replication experiments and in situ
i ncubations has been conpleted (Table 3). A1l chlorophyll « and assimla-
tion potential data were transformed by taking logarithns to the base 10
to make variances and means independent.

The ten assimlation nmeasurements of each graduated |ight
experiment were fitted to a curvilinear assimlation-light relation
(Steele 1962):

_ 1-1_ /1
P=P, . Irel/Ik'e rel” "k

where P is assimlation (my C w3 - hr-1); Pmax is calculated maxinum
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Table 3. Summary of sanples taken and anal yzed

Type Nurmber Taken Nurmber Anal yzed
Zooplankton 994 24
Phytoplankton Standing Stock 209 0
Chl orophyl | a 1096 1096
Radi ocarbon Assinilation 2941 2941
Nitrate 272 272
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assimlation (my C nr3 . hr~1); Iperislight intensity expressed as a
fraction of 117 microeinsteins « m~2.s”!; and Iy i s relative light
intensity at which P_occurred. The curve fitting procedure required
substitution of paired assimlation and |ight measurements into the
equation and iterative adjustment of P_and Iy to mnimze the sum of
squared differences between cal cul ated and observed P. Measured assimla-
tions were then divided by the calculated P, to allow relative conpari-
son of curves fromdifferent depths and days.

Addi tional conparisons were made by calculating the initia
slopes of the curves. First, |ight measurements were converted to W: o2
using the relation 1 microeinsteinsrm=2:8-! =0.22W “ w2 of photo-
synthetical ly active radiation (PAR), where 1 microeinstein “6.02 x 107
quanta, and 1 W= 2.77 x 10!8 quanta - s~! (Morel and Snith 1974). The
initial slope (mg C- ng Chl a™! - hr~!+ (W.n"2)~1) was cal cul ated as
the partial derivative of P fromthe fitted curve with respect to Irei
as Irel approaches zero:

Initial slope = e 'Pmax/ (I..I, - chl ay ,

where Iy is full light intensity (W. m2);and Chl ¢ is ng Chla m3.

The assinilation number (my C - ng Chl a-! -hr~1) is the
ratio of observed assimlation potential to chlorophyll a concentration.
Assim | ation nunbers were calculated for all depth profiles and graduated
light experinents. Since the neans and variances of initial slopes and
assimlation nunbers were positively correlated, they were transforned
by taking logarithns to the base 10 before further analysis.

Data .for chlorophyll a and assimlation potential depth pro-
files, graduated |ight experiments, assinilation potential replication
experinents, and zoopl ankton counts have been submtted in previous
reports (Appendices). Data for nitrate determnations, chlorophyll a
replications, <n situ assimlations, and the helicopter transects are
submitted in this report.

3. Variance analysis

The variability of chlorophyll a, assimlation potential
Ix, initial slope, and assimlation nunber arises fromthree |levels.
Each higher |evel contains variabilities associated with all |ower |evels
in addition to that of the level itself. The first level, experinenta
error, includes variations in the physical or chemcal treatnent of the
sanpl es, and, for assimlation potential, light variations in the incuba-
tion chanber. The first level of error includes all variations intro-
duced after the sanple is brought to the surface. The second level of
error is small-scale patchiness introduced fromvariations in measured
properties over distances of less than several meters. This level has
no tenporal conponent. The third |evel of error includes the conbined
effects of tenporal changes in the neasured property, advective changes
resulting fromlarge scale patchiness (> 10°s of neters), and differentia
motions of the ice with respect to the water
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The magnitudes of the two |owest levels of error were esti-
mated using results of replication experinents for chlorophyll a and
assimlation. A one-way analysis of variance was done on replicated
chl orophyl | a subsamples froma single depth. For each depth there were
10 experiments of four replicates each. The resulting nean square error
(MSE) is an estimate of the combined variability of experinental and
smal | -scal e patchiness error. A nested one-way analysis of variance was
done on assimlation potential measurements from a single depth. For
each depth there were 10 experiments with 4 water sanples per experinment
and 2 replicate observations per water sanple. The resulting MSE esti-
mat es experinmental error.

The third or highest level of error was estimated for chlor-
ophyll a, assinmlation potential, assimlation nunbers, Iy, and initia
slope. This was done by dividing the 4-nonth sanpling period into equa
time intervals and pooling observations within each interval. Five-day
interval s were selected for chlorophyll a, assimlation potential, and
assinilation numbers, and two-day intervals were selected for Iy and
initial slopes. All chlorophyll a nmeasurements made from a single depth
inthe same time interval were pooled, including sanples from depth
profiles and graduated |ight experinents. Measurenents of assimlation
potential were pooled simlarly. Initial slopes and Iy val ues were
pool ed” fromthe four sanpled depths (5, 10, 20 and 30 n). Assinmilation
nunbers fromall sanples in the upper 30 mwere pool ed.

One-way anal yses of variance were done on the grouped data
to determne the within group mean square error (MSE). The MSE termis
an estimate of the conmbined effects of variation due to experinental
smal | -scal e patchiness, spatial, and tenporal errors. Ninety-five per-
cent confidence intervals (c1) about cell neans for chlorophyll a,
assimlation potential, Iy, and initial slope were calculated as:

- 1
€1 = X x/+ antilog (ty g5 4¢-(MSE/R) T

wher e X equal s the geonmetric nmean, n equals the nunber of sanples in a
tine cell, and df equals the within group degrees of freedom Confidence
intervals for assimlation nunbers were determned as:

1
CI =X .(MSE/n)*

+
- t0.0S,df

where X equals the arithmetic mean. Sanple size (n) was typically 3 or 4
for chlorophyll a and assimilation potential, 4 for 1, and initial slope,
and 7 for assimlation nunber

A one-way anal ysis of variance was done on each in sttu
assimlation experiment for which an inter-site conparison was available.
There were 2 or 3 sites, with 2 or 3 replicates for each site,
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The zooplankton counts have not been analyzed statistically.

Sol ar radiation measurements and phytoplankton standing stock sanples
have not been anal yzed.

VI. Results
A Ntrate

Nitrate concentrations were below detectable limts in the
upper 40 m throughout the sunmer (Table 4). Sanples taken during the
hel i copter transects showed that nitrate depletion in the upper 20 m
was W despread (Table 5). At the bottom of the pycnocline, 48 to 52 m
nitrate was undetectable until early Septenber. Trace amounts (< 1.0 ug
at £~ 1) were nmeasured at 42 mby late Septenber. Concentrations in-
creased with depth across the pycnocline at 50 to 60 m Ntrate at 100 m
was >10.0 ug at 2. At 1.0 pg at 2! concentrations, ex erimental error
results in-the correct value being within * 0.05 ug at & * of the nea-
sured value (Strickland and Parsons 1968).

B. Chlorophyll a

Chl orophyl| a concentrations in the upper 40 to 45 m were about
0.10 nmg w3 in early June. Chlorophyll a in this depth range declined in
late June and renained bel ow 0.03 ng m’throughout July and August.
Simlar low chlorophyll a concentrations were found along the helicopter
transect (Table 5). Concentrations increased in the upper 40 to 45 m
inlate Septenber (Figs. 3 and 4). During July and August, a major in-
crease in chlorophyll a occurred in the pycnocline at 58 to 64 m At
m d-summer the concentrations in this depth range were above 0.25 ny o3,
but declined thereafter. Chlorophyll a below 70 mrenained |ess than
0.10 my w3,

The total chl or ophyl | a integrated over the upper 100 m showed
two peaks (Fig. 5). The first, of about 6.0 my w3, occurred in early
June due to increased chlorophyll a in the upper 40 m Following a
decline to less than 2.0 ng w3 in late June, a second peak of about
6.8 nmg m~3 occurred in early August due to the chlorophyll a increase at
t he pycnocline.

Aone-way analysis of variance performed on the transforned
chl orophyl|l a data pooled into 5-day intervals indicates that at the 4
depths anal yzed, there is a highly significant (P < 0.01) variance
conmponent added between tine periods {Appendix B). The variability of
the chlorophyll a concentrations pooled into individual time periods is
20 to 31% of the total variability. The 95% confidence intervals about
5-day neans extend from about 71 to 140%Z of the neans (Fig. 6). The
anal ysis of variance perforned on the chlorophyll a replications indicate
that the conbined effects of experimental and snmall-scal e patchiness
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Table 5. Ntrate and chlorophyll a neasured at two depths during helicopter transects

Canp Cari bou Bi g Bear Bl ue Fox

M| eage +35 +27 -|-18 +10 +4 0 +12 +22 i-32 +42

Nitrate

(ug at &~} 10m 0.0 0.0 040 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 m 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Chl a

(ng m~3) 10 m 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02

20 m 0.01 0.01 0.01 0.02 0. 02 0. 02 0.02 0.01 0.02 0.02

L1
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error was only 5 to 14% of the variability of chl orophyl | a concentra-
tions pooled within 5-day intervals (Table 6 and Appendix B).

c. Assimlation potenti al

The assi m | ation potential of the upper 40 t045 m was
0.1- 0.2y Cnr®-nhr!in early June (Fig. 7). The potential in this
depth range declined in late June and remained below 0.1 ng ¢ o %@ hr-|
until late Septenber, when it increased slightly. The mgjor increase in
assimlation potential occurred at the pycnoclme in late July and early
August (Fig. 8). Values of 0.48 - 0.50 ny C mw=3- he-—1were neasured
during this period. Assimlation potential decreased at these depths
through the rest of the sumer.

The anal ysis of variance perforned on the transforned assimla-
tion potential data pooled into 5-day intervals indicates that at the
4 depths analyzed, there is a highly significant (P < 0.01) variance
conmponent between tine periods (Appendix A). The variability of the
assimlation potential pooled within each time interval is 33 to 41%
of the total variability. The 95% confidence intervals of 5-day neans
extend from about 68 t0147% of the mean (Fig. 6).

The nested anal ysis of variance perforned on the assimlation
potential replications indicates there is a significant (P < 0.05)
conponent of variance added between water bottle sanples (Appendix A).
The variability due to experinental error was about 35-57% of that
found anong sanples pooled within 5-day intervals. The variability due
to small-scale patchiness errors was |ess than that due to experinental
error. The conbined effect of experimental and small-scal e patchiness
error is 47 - 90% of the variability of assimlation potential pooled
wi thin 5-day intervals.

[).  Assimlation nunmber

Assinilation numbers ranged from< 1.0 to 8.3 ng C-mg Chlg !« hr-l,
Val ues were generally higher in July and August than in early or Iate
summer (Fig. 12. The 95% confidence intervals about the means of the
5-day periods extend from about 80 to 125% of the mean. The regression
of a55|m|at|on potential on chlorophyll a was highly significant
(P <0.01, r =0.90) and resulted in a slope of 1.73 ngy Cemg Chl g% « hr~!
for sanples conbi ned from20, 40, and 60 m(Fig. 9).

E.  Gaduated |ight experinents

The curvilinear relation of assimlation versus light (Steele
1962) was fitted to 120 graduated light data sets (Fig. 10). 1y, con-
verted fromrel at|ve to absolute light intensity (W. cm=2PAR) was
1.0- 4.0 x 1073 W-cem’(Fig. 11). Values were highest in August. The

95% confi dence |nterval about the nean of the 2-day periods was the
nmean + 0.8 x 107w - cnf



Table 6. Chlorophyll a (ng 3

10 days

x 100) neasured during the replication experinents at four depths on

Depth (m)

Dat e 5 10 20 30

0703 1.7 1.6 1.6 1.9 1.2 1.3 1.8 3.2 2.8 2.7 2.4 2.8 3.3 3.3
0712 2.1 2.2 2.4 2.7 1.5 1.8 1.5 2.3 2.3 2.1 2.1 2.6 3.6 2.9
0721 1.4 1.5 1.3 1.3 1.1 1.2 1.0 1.2 1.2 1.3 1.4 2.2 2.2 2.1
0731 1.3 1.4 1.3 1.3 1.7 1.8 1.6 1.8 1.8 1.7 1.8 3.0 2.9 2.9
0809 2.5 2.3 2.5 2.6 2.2 2.4 2.4 4.4 4.5 4.2 4.1 3.4 3.4 3.6 ™
0818 1.4 1.7 1.6 1.4 1.8 1.5 1.5 2.0 2.6 2.2 2.2 3.2 2.9 2.8
0827 2.5 2.2 2.3 2.0 2.5 2.6 2.6 3.3 3.2 3.4 3.9 5.4 5.1 3.6
0905 3.4 3.3 3.3 3.8 3.0 3.2 3.3 3.6 3.8 3.9 4.3 56 4.4 4.4
0914 3.6 3.4 4.2 3.9 4.1 4.2 5.0 3.8 3.4 3.6 3.6 5.0 5.4 5.3
0929 4.4 4.2 5.3 4.2 5.1 5.4 5.1 3.9 4.1 4.0 4.4 4.0 3.8 3.5
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Fig. 10. Relative assimlation (P) versus relative light (1))
for observations from graduated |ight experiments at five depths,
Month and day are indicated to the left. The last five graphs are
from 60 m
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Initial slopes ranged from0.10 to 0.69 ng C ny Chl a”! -
(W-m2)-1.hr"! (Fig. 11). Slopes were highest in the second half of
June and at the end of summer. The 95% confidence intervals about the
mean of the 2-day periods extend from about 68-147% of the geonetric
nean.

A slight photoinhibition at high light was noted in some exper-
inents (e.g., 5 mon 12-13 June, Fig. 10).

F. In situ assinmlation

In situ assimlation, averaging the 2 or 3 replicate observations
per site, ranged from0.005 mg C nT3 - hr~! below bare-ice drafted with
snow on 28 July, to 0.076 ny C m~3. hr™! below a nelt pond skinmed with
ice and some slushy snow on 14 August (Table 7). There was a significant
(P <0.05) variance conponent added between sites in only 6 of the 19
experinents where inter-site conparison was possible. |n situ assimila-
tion was generally the same for the pond and lead sites. Assimilation at
the ice site was usually less than at the other sites.

G Zoopl ankton

Twenty-two copepod species were identified (Table 8). The snaller
speci es, Mlcrocalanus pygmaeus, Olthona similis, and Oncaea borealis,
were nore abundant (Table 9). Calanus glacialis and Buchaeta glacialis
were | east abundant. Nauplii were much nore abundant than adults. Males
were rarely encountered except in Oithonasimilis and Oncaea borealis.

Calanus hyperboreus adult fenmales were present in the upper 75 m
all summer (Fig. 12). Stage I appeared in mid-July and was present in
the upper 75 muntil md-August. Stage II appeared in md-August and
remai ned until md-Septenber. Stage III was nost abundant in Septenber.
Stages IV and V were present throughout the sunmer in the upper 50 m

Calanus glactialis adult femal es were nost abundant in July (Fig.
13) . Stage | appeared in md-July, and stages II and 111 appeared in
early Septenber and md-August. Stage |V (possibly individuals that over-
wintered) was present in June and early July. Stage V was nost abundant
in July, though present all sunmer.

Euchaeta glacialis adult fenmales were present after md-July
(Fig. 14). Stage Il was present in early sumer, nainly in the 50to
75 m stratum. Stagesllland |V were abundant in August and Septenber.
Stage V was present fromlate June onward. Except for stages Il and 111,
this species was generally below the m xed layer (O - 50 ).

Metridia longa adult fenmales and nal es were present all summer
(Fig. 15). Stage IIT was present mainly in Septenber. Stages IV and V
were present all summer. The species was generally bel ow 75 m.



Tab 1le 7.

and the associated average assimlation (my C w3 - hr!).
added variance conponent between sites.

Surface characteristics of the nelt pond, lead, and bare ice sites during %in situ incubations,
An asterisk denotes a significant (P < 0.05)

Pond Lead | ce
Dat e Character Assim. Character Assim  Character Assim,
0722 Skim ice 0.010  Open 0.009  Snow veneer, bright 0. 006
white
0723 Open 0.007  Open 0.011  Snow veneer, bright 0.013
white
*0725  (pen 0.007  Open 0.011 Melting greyish ice 0.008
0726 Skim ice 0.008 Ice bergs but open 0. 009 \iﬂp;/v veneer, bright 0. 008
ite
*0728 lce and snow 0.008  Qpen 0.007  Snow drifts 0. 005
*0729 Snow, ice and slush 0.043 Ice bergs but open 0.021  Fresh snow, 6-7 cm 0.034
0801 2 cmice, 1/3 snow 0.042 Open 0.024 Fresh snow, 5-6 cm
covered
0803 Split by |ead lce raft 0.014  Frost and snow, 4-5 cm 0.012
*0807 New pond, skimice 0.022  50% nush 0.030 Snow, 2-5 cm 0.021
0809 Snow drifted Open 0.039  Wnd-bl own snow, greyish 0.036
0811 Clear, some ice chunks 0.051  Open 0.047  Snow veneer 0. 040
0812 Open 0.044  QOpen 0.052 Bright white, frosty 0. 049
0813 Open 0.025  Qpen 0.030  Snow frosted 0. 026
0814 Skim ice, some slush- 0.076  Open 0.061  Snow frosted 0. 052

Snow

€



Table 7.  (continued)
Pond Lead | ce

Dat e Character Assim  Character . Assim  Character Assim.

0815 Skimice, grey slush 0.033  QOpen 0.040  Snowy, nelting 0. 032

0816 Open 0. 066 Open 0. 050 Mel ting 0. 053

0818 Skim ice 0.030 Skimice 0.026 Frosted 0. 020
*0821 4 cmice 0.030 2 cmice 0.025 Melting, grey 0.025
*0824 Blue ice 0.019  Open 0.024  Frosty white 0.021

0902 Drifted snow Open 0.053 Drifted snow

0908 Drifted snow lce and snhow 0.059 Drifted snow

0914 Drifted snow Mish, drifted snow 0.053 Drifted snow

6
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Table 8. Copepods identified in sanples taken at Al DJEX

Aetidiopsis multiserrata
Calanus glactialis
Calanus hyperboreus
Chiridius obtusifrons
Derjuginia tolli
Euchaeta glacialis
Gaidius brevispinus
Gaidius tenuispinus
Heterorhabdus compactus
Heterorhabdus norvegicus
Lubbockia glacialis
Metridia | ongs
Microcalanus pygmaeus
Microcalanus sp.

Oithona similis

Oncaea borealis

Oncaea notopus
Seaphocalanus magnus
Seolecithricella m nor
Spinocalanus longicornis
Spinocalanus Sp.
Temorites brevis
unidentified copepeda
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Table 9. Maxinum nunbers of aninals per 100 nifor species and

stages collected at Al DIEX

Speci es ¢ O _y v 1 || I
Calanus hyperboreus 417 0 143 99 832 239 109
Calanus glacialis 69 2 38 5 20 41 76
Buchaeta glacialis 41 2 41 10 90 36 0
Metridia longa 239 5 265 66 132
Microcalanus pygmaeus 4455 0 10182 15273 31818 38818 27364
Oithona similis 7000 1273 7318 3500 3818 7000 20682
Oncaea borealis 5091 21636 Oncaea spp. juvenil es
Oncaea notopus 1061 0} DL —
Nauplii - small 371148
Nauplii - |arge 9866

Nauplii - total 373545
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life history stages.



Depth (m)

39

100

10

I
0 [ﬂj H 1 -
:L‘_"‘]. lv

i N —

100} “
150

— 11

i I I

7 Jun 24 Jun 12 Jul 30 Jul 17 Aug 4 Sep 13 Sep 28 Sep

Fig. 13. Relative abundance of Calanusglacialis, females and
stages | to V, for 3 depth intervals and 8 dates. The width of rec-
tangles indicates’ the relative abundance at depths and dates wthin
life history stages.



40

Depth (m)
=]

® f L] ' lJ_'g 0 I

100

150

" | | L 1 O 0 n 11

7-Jul 24 Jun 12 sut 30 Ju1 17 avg 4 Sep 13Sep 28Sep

Fig. 14. Relative abundance of Euchaeta glacialis, females,
mal es, and stages || to v, for 3 depth intervals and 8 dates. The
W dt h- of rectangles i ndicates the relative abundance at depths and
dates within [ife history stages.
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Mierocalanus pygmaeus adult fenmales were present, usually bel ow
50 mall summer (Fig. 16). Stages | through V were present all summer
and generally remained above 50 m  Stage | was in greatest abundance
inlate June, sStage Il in late July, andstagesIII and |V in m d- Sep-
t ember.

Oithona similis adult femal es and males were most abundant in
the 50 to 75 m stratum, whereas the juveniles were generally in the upper
50 m (Fig. 17). Stages | through V were present all summer.

Oncaea borealis adult females and nales were present all sumrer,
the fenal es being somewhat deeper than the males (Fig. 18), Oncaea
notopus femal es were abundant in early summer and remained deep (Fig. 18).
Onecaea sSpp. juveniles wre present inthe upper 50 mall sumer.

Large and snal| copepod nauplii were present all summer and
mai nly associated with the upper mxed layer (Fig. 19). In general,
the juveniles and nauplii were in the upper 75 m There wasapattern
of devel opnent shared in common by Calanus hyperboreus, C. glacialis,
and Microcalanus pygmaeus, wherein the juveniles passed from stage |
through stage III during the sumer. Euchaeta glacialis juveniles
passed fromstage |l through stage IV during the sumrer.

H  Environnental observations

Air tenperatures increased and renmained near the freezing point
about 22 June (Fig. 20). In late July, tenperatures tenporarily decreased,
snow accunul ated, and pond surfaces froze. These conditions |asted until
| ate August when abrief rainy period caused a slight nelting of the
surface. The autumm snow began to increase in Septenber as tenperatures
decreased. Though there was a brief rise in tenperature to near freezing
inthe first half of Septenber, snow continued to accumul ate.

Observed changes in the ice cover can be delineated roughly into
ei ght periods:
1-22 June: pre-melt, crusty, snowy, bright white surface

22 June - 1 July: heavy nelting, nelt ponds increasing,
intermttent rains

2-9 July: maximum meltwater (40 to 60%), intermittent snow
10-15 July: pond drainage, increased leads, intermttent snow

16-25 July: |little change, grey ice, pond surfaces frozen,
SOme snow

26 July - 19 August: heavy snow accumul ation, ponds drifted
over, bare ice covered with snow

20-20 August:  brief rain, warmmelt period, grey ice, slight
melt water accunul ation
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30 August - 30 Septenber: final snow build-up, ponds and bare
ice all snow covered

Wnd speed was rarely greater than 20 knots (Fig. 20). There
were roughly seven periods of sustained high winds (> 12 to 13 knots).
The initial and |ongest period was in |late June and early July. The
hi ghest winds were recorded in late September. The response time of the
ice novement (Fig. 20) to the increased winds was on the order of hours.

A sharp salinity increase narked the base of the m xed |ayer.
There were small incremental steps in salinity within the mxed |ayer
itself. From June through md-July, the bottom of the mxed |ayer was
generally at 50 to 60 m At present, we do not have the tenperature
and salinity data for the remainder of the sumrer. The depth of the
subsurface chlorophyl|l a maxi num during July and August was at 55 to 60 m
Nitrate concentrations increased substantially at these depths. W in-
ferred fromthese two variables that the sharp increase in density re-
mai ned at about 50 to 60 m aisummer [ong, though there were varying
degrees of shallower density stratification.

VIl . Discussion

Qur observations conmrenced on 2 June and ended on 30 Septenber.
Experience on Fletcher’s Ice Island, T-3, has shown this time interva
to enconpass the annual active growth of phytoplankton in the ice-covered
areas of the Arctic Ccean. The initial chlorophyll a concentrations in
the upper 40 min June 1975 were 0.06 to 0.11 ng w=3. In early June at
T-3,chl orophyll a in the upper 40 maveraged 0.10 nmy w3 in 1968,
0.05 ng m3in 1971, 0.09 ng w3 in 1972, and 0.02 ny w3 in 1973.
Though these initial concentrations were conparable, the pattern of
devel opment during late June and July was markedly different at AIDJEX
conpared to T-3. The 1975 summer increase in phytoplankton occurred at
t he pyenocline (50 to 60 m). On T-3, the active growth occurred in the
upper 40 m and maxi mum concentrations were found in late July. In 1975,
phytoplankton in the m xed |ayer declined in late June and remai ned | ow
until September

A mgjor difference between T-3 and AIDJEX was the nutrient regine.
Qur first measurenents of nitrate were not made until 11 June. At that
tinme and until md-Septenmber, there was no detectable nitrate in the upper
40 In.  June nitrate concentrations on T-3 averaged about 0.5 - 3.0 ug
at 271, Conceivably, nitrate nmixed into the upper 40 to 50 m through
turbul ence and convective processes during the winter was depleted
during the initial spring phytoplankton activity. Wether there were
ever any substantial concentrations of nitrate prior to June is unknown.

We propose that the growth of phytoplankton at the pycnocline
effectively limted the flux of nutrients across the density gradient
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into the mxed layer and that this lack of nutrients severely curtailed
t he phytopl ankton devel opnent that would normally have occurred above
40 m  Visual mcroscopic exam nation of Thalasstosira and Chaetoceros
Spp. cells lend support to this argument. During md-sumrer, cells
taken fromthe upper 50 mwere very pale in color conpared to those in
the pycnocline. Toward the end of summer, as nitrate spread into the
upper 50 m chlorophyl|l a increased and the cells were gol den brown and
heal t hy.

The devel opnent of phytoplankton at the pycnocline was stinul ated
by changes in the surface of the pack ice allowi ng greater transm ssion
of incident radiation to the waters below. The nost rapid increase in
chl orophyll @ was during the |ate June ablation of snow and the devel op-
ment of melt ponds and frequent rainy periods during July. During this
period the average surface albedo generally declines to about 50 to 60%
(Veller and Holmgren 1974). Considering the floe ice to average 3 min
t hi ckness (Maykut and Untersteiner 1971) and have an absorption coeffi-
cient of 1.1 m™! (Weller 1968), the radiation at the ice-water interface
is about 1 to 2%of the radiation incident on the ice. Using 0.04 m™!
for the absorption coefficient of water (Smith 1973), the light at
50 to 60 mdepth is only 0.1 to 0.2% of the incident radiation

The phytoplankton popul ations seened particularly well adapted to
these low light intensities. This conclusion is supported by the val ues
of I, initial slope and assimlation number. The Iy's deternined for
1975 were 2.0 to 2.5 x 10°w. cm®’.  Ryther (1956) reported val ues
converted to W.cmf“PAR (1 ft-c natural sunlight = 4.6 x 10°W. cm’PAR,
Strickland 1958), of 4.6x 10°W cm “for diatonms and 11.0 x 10°W.cm™2
for dinoflagellates. |Initial slopes for 1975 were generally 0.20 to
0.30 ny Cemg Chl ¢~ ® hr-1 .(w-w2)-!. Plact (1969) reported initia
sl opes for coastal populations of 0.01 to 0.20, and Parsons and Taka-
hashi (1973) reported slopes of 0.09 to 0.10 for Arctic and Antarctic
waters. Assimlation numbers for 1975 were mainly 2.0 to 4.0 ng C-
mg Chl a1 < hr-!. These are conparable to values reported by Parsons
and Takahashi (1973). The above indicates that the phytoplankton popu-
| ations observed in 1975 were able to use low light intensities with high
ef ficiency.

The best period for growh wasduring July. On 26 July, |owered
tenperatures put skimice on ponds and snow rapidly accunul ated. The
ponds were rapidly covered with drifted snow. This period of |owered
subnmarine light levels lasted until about 20 August. Then, for about a
week, warmer tenperatures and some rain caused the ice surface to nelt
and turn greyish. There was a slight accunulation of nelt water, but
most ponds renai ned snow-fill ed.

Chl orophyl| a abundance at the pycnocline did not increase in the
second half of August. Sun elevations were |ow and days short this time
of year. Through Septenber, phytoplankton abundance at depth declined
Nutrients not utilized at the pycnocline were spread into the
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m xed |ayer during periods of higher wnds, contributing to the brief

fall increase in phytoplankton above 30 m

The pattern of early sunmer and | ate fall devel opment of phyto-
pl ankton in the nmixed layer, coupled with a mid-summer devel opnent in
t he pycnocline, resulted in generally high anpunts of total chl orophyl|
athroughout the summer. Only in late June did any substantial decrease

occur .

The sanpling done by helicopter enroute to the satellite canps
i ndi cates observations at main canp may be representative of a broad
geographic area. At md-sumrer, the chlorophyll a values were |ow and
nitrate not dectected over this 75-mile transect. This indicates
that nutrients may be limting over large areas. The results further
suggest that the variability in observations due to short termisland

nmoverment may be small

The zoopl ankton counts show that the juveniles of several of the

copepods advanced through 3 to 4 stages during the sumrer.

Thi's period

of higher food abundance was probably inportant to the survival of the
cohort. Unfortunately, our sanpling program was constrained in time
and space, and changes due to migration in and out of the sanple space
cannot be assessed. Nor can conclusions be drawn about the surviva

inthe fall or over-wi ntering process.

VIl . Concl usi ons

A The phytoplankton popul ations in the upper 40 mremained
| ow during sumer and were probably nutrient-limted.
Nitrate wasnot detected in this depth range through July

and August.

B.  The period of increased submarine light was confined to
late June through July. This was also the period when

active growth of phytoplankton occurred at the pycnocline.
This growth inhibited nutrient transfer to the mxed |ayer.

Phytoplankton was | ow and nitrate was not detected in the
m xed | ayer over a large area.

D. Gaduated |ight experinents indicated the phytoplankton
were wel | adapted to low light intensities. In conparison
to other oceanic areas, Iy was low, initial slope was high,
and assim|lation nunbers were average,

E. Statistical analysis of chlorophyll « and assinilation po-

tential indicated that the conbined effects of variability
due to experinmental and small-scal e patchiness errors was
a nmuch higher proportion of the variability wthin 5-day
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intervals for assimlation than for chlorophyll a.

F. Though the surface conditions associated with the three
in situ incubation sites were very different, a significant
difference between assimlation measured at the different
sites could only be shown in 32% of the experinents.

G Eight species of copepods, Calanus hyperboreus, C. glacialis,

Euchaeta glacialis, Metridia | ongs, Microcalanus pygmaeus,
Oncaea borealis, O notopus, and Oithona similis, were the
most abundant calanocids out of 22 species identified.

H  Small er species of copepods, Microcalanus pygmaeus, Oithona
similis, and Oncaea borealis, were nore abundant than |arger
copepods.  Nauplii were nore abundant than adults. Males
of all species were rarely encountered except in Oithona
similis and Oncaea borealis.

“I'n general, juveniles and nauplii were in the upper 75 m

—

Juvenil es of Calanus hyperboreus, C. glacialis, and Micro-
calanus pygmaeus passed from stage | through stage Il during
the sumer. PEuchaeta glacialis juveniles passed from stage
Il through stage Iv during the sumer.

| X.  Recommendati ons

A longer timeseresi S required for this region to allow the
assessnent of trophic dependencies and seasonal changes of the vertical
distributions of zooplankton. A sequence of zooplankton sanples through-
out the year, to depths of 300 m could be enumerated to species and
stages within species to elucidate the over-wi ntering process, and
determne survival rates and the critical periods of devel opment.

Her bi vore devel opment may depend on the depth and timng of increased
phytoplankton activity. Therefore it is inportant to know if significant
yearly differences occur in the cycle of phytoplankton abundance due
to summer melt patterns, nutrient fluxes, mxing, or other environmental
factors.  The continued eval uation of the changes in the character of
the pack ice surface, as well as the nutrient regime and mXxing processes
in the mxed layer, would allow assessment of inportant driving forces
of the marine ecosystem It should include a synoptic sampling program
in order to assess small and |arge scal e patchiness.

If no platformcould be put in the perennial ice zone, it would
still be very useful to make helicopter or aircraft transects fromthe
edge of the ice northward. These could be made hi-weekly, if not nore
frequently, throughout the summer, to evaluate the devel opnent of
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chlorophyll a and nutrients. These transects, along wth icebreaker
transects fromthe coast to the edge of the pack ice, would furnish
information useful to determning geographic differences in the dynamcs
of the marine ecosystem especially those associated with the transition
fromthe coastal shelf systems to the deep oceanic type.

Sampling of the various environmental properties as well as the
phytoplankton and zoopl ankton popul ations at close intervals in tine
and depth would allow the variability in these dinensions to be assessed
This assessment would allow a nore efficient field programto be fornu-
| at ed.

Only with the estimation of variability inherent in the environnent
and several conplete tine series of sanples will we be in a position
to attenpt an evaluation of short and long term changes that may be
attributable to resource devel opment on the outer shelf.
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Table 1. Analysis of variance of the transformed radiocarbon assinmlation
potentials pooled into 5-day time cells at 4 depths

©9

Pool ed ,

Dept h Sour ce DF Ss MS F
5m Between tine cells 22 3.090 0.140 5.0%
Wthin time cells 44 1. 242 0.028

Tot al 66 4,332

10 m Between tinme cells 22 3.408 0.155 7.3%
Wthin time cells 50 1. 067 0.021
Tot al 72 4. 475

20 m Between tine cells 22 2.678 0.122 5.3%
Wthin time cells 45 1.027 0.023
Tot al 67 3.705

30 m Between tinme cells 22 2.273 0.103 7.1%
Wthin tine cells 44 0. 644 0. 015
Tot al 66 2.917

* P <« OFOL 0. 01 (22,44) = 2.24 ‘0. 01 (22,50) = 2.22



Table 2. Analysis of variance of the transforned radi ocarbon assimlation
potentials at 4 depths for 10 replication experinments

Replication

Dept h Sour ce DF Ss MS F
5m Bet ween days 9 6.561 0.729 48. 0*

Among water bottles 30 0. 456 0.015 1.3
Wthin water bottles 40 0. 464 0.012
Tot al 79 7.481

10 m Bet ween days 9 7.290 0.810 61.4*
Anong water bottles 30 0. 397 0.013 1. 8
Wthin water bottles 40 0.298 0. 008
Tot al 79 7.985

20 m Bet ween days 9 5.011 0. 557 17.1%
Anong water bottles 30 0.977 0.033 2. gk
Wthin water bottles 40 0.499 0.013
Tot al 79 6. 488

30 m Bet ween days 9 0. 957 0.106 4.2%
Among water bottles 30 0.767 0. 026 5.1%
Wthin water bottles 40 0.202 0. 005
Total 79 1.926

*p< 0.01 Fo oy (30,40) = 2.20 o o1 (9 30) =3.06

< 0.05 = =
*% P ‘0. 05 (9,30) = 2.21 F5.05 (30,40) = 1.74

19



Table 3

62

Depth series '“C assimilation experinents

Expl anation of Table Val ues:

1.

25

Date:

St andard

Ti ne:

Eff

Dept h

Li ght:

Assi m

Chl a:

Nor nal i zed

Mont h, day, year of experinent

Total activity (microcuries) added to
wat er sanpl ed

Duration (hours) of incubation

Liquid scintillation external standard
(e.g. 13) and resultant percentage
counting efficiency (e.g. 75.6)

Depth (m of water sanpled

Light intensity (microeinsteins m~Zsec™!)
in incubation box during experiment

Light, dark, and net assimlation
(mgCm~3hr-1)

Measured chlorophyll a (ng nm) of incubated
wat er sanpl e

Assim | ation normalized on chlorophyll and
assimlation normalized on light intensity



Table 3 (cont.)

NATE

NESTH
()

2

ﬂ
1n
wﬂ
20
IS
3n
35
4n
45
5n
60

NATE

NEOTH
()

2

=
10
1=
2n
Pe
3o
3a
4n
48
5n
6N

NPATE

NEPTH
(M)

-

(=4
10
Hﬂ
o0
on
In
3=
40
L5
50
AN

A AT

LInuT
(ME /M2 ,5)

11+
1R
120
121
120
112
11n
117
114
11A
117
11A

6/ R/ITS

LTGHT.
(ME /M2 /5)
116
118
120
121
170
119
11n
117
114
114
117
114

A~/ 1V /7s

LIGHT
(ME /M2 /5)

114
118
12n
121
120
110
11n
112
114
11ea
117
114

63

STannaon T«70 MC/AMP
AggIv (MGC/M3/HR) CHL A
L N N (MG/M3)
+17 W01 o1 «NA
W13 W01 .17 06
09 0] «0R .09
27 «eNl o2 .08
cu\». 01 owV QOO
21 oD} 20 «06
13 N1 L1R + 05
17 N1 e 1A «08
17 D1 1A 11
o.—h, -Dw cHnu oamw
13 W01 «17 « 09
«0F o1} « 05 .06
STarinDADN 7,70 MC/AMP  TIME
AcgIm (MRC/M3/HR)Y  CHL A
L D N {(4G/M3)
12 o011 N9
L0901 L0R .10
09 LN] L0R .10
S N1 o173 +09%
«10 e01 « 00 .08
15 01 W14 11
wﬁm 01 W1R +08
11 <01 .10 « 06
-HV ODN owD oom
«13 o N1 «12 « 09
11 01 .10 .08
«01 «N1 «0N «04
STANDARN  7.70 MC/AMP
AgSIM (MGBC/M3/HR)  CHL A
L N N (4G /M)
210 N2 Or 0
. .08
1R N2 W17 «08
«1R3  aN1  L1A .08
7l «N] « 273 « 09
20 D] «19 «0DR
1R uD] «17 « 07
17 N2 <18 07
1A N2 L4 07
«173 «N} 12 07
13 W07 17 «08
-—nw QD~ o_.hr oOw
.ﬁv-N .au .Q\J .Db

TIME 640 HR

EFF 13/75.6

MORMAL IZEN
AyC AL
1.91 <0009
1.98 ,001n1
«85 L00044
2.62 L0017
1.32 000069
3.41 00177
3.60 L00144
2.03 L00145
147 00142
1.5 ,001727
_00N oOme.ﬂ
«B83 L,00043
6.0 HR EFF 13/75.6
NORMAL IZEN
A/C Asy
1.23 ,0002A

L80 ,0pnAaR”

« B0 L000a7
1e46 L0010R
1.16 00077
1.29 00120
] «84 00174
175 000094
._.omm .OOO%.N
1.34 «001n4
1.25 L,000RA

02 L000NY

TIME 6.0 HR

FFF 13/75.6

NORMAL I7ED

AsC

» 99
VQOQ
2.05
?.50
?e34
?.36
?.14
H-OW
unmvn._
.09
1.77
1.59

AsL

00040
00147
« 00117
«0018A
« 00154
«001729
« 00174
00127
+001n)
OOOH\.—P
«00121
OIS



Table 3 (cent. )

NATE

NEOTH
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20
1
3n
3
40
48
en
AN

NATE

NEOTH
()

A

[
N
15
2n
25
3In
38
40
45
Sn
6N

NATE

PEDTH
(+)

3

[~
in
1<
20
I
3In
34
4n
48
5n
&n

6714774

LTGHT
(ME /M2 /5

11A
1in
120
121
12N
119
11n
112
114
115
117
11~

AfY1/9

LTIGHT
{ME /M2 /S)

11A
1l1e
120
121
126
119
iin
11>
114
11m
117
114/

6/20/ 75

LIGHT
(Mt /M2 /S)

11A
118
120
121
12n
119
11n
112
114
11A
117
11A

64

STANDADD  7.70 MC/AMP
ASSIM (MGC/M3/HR) CHL &
L n N (MG/M3)
«13 L0272 11 « 05
S 7 | T «06
«13 «N1 « 17 . 06
o1& eNl «la « 06
el eN] e173 06
o166 D1 elR .07
1A e N1 «lé .06
«15 072 W17 .07
.lg onl '17 .07
el13 01 o1 .06
e17 N1 1A « 06
«OR N1 .07 «06
STAMDARN 770 MC/AMP  TIME
ASQIy (MGCA/M3/HR) CHL. A
L ] N (MG/M3)
09 01 o0On .07
A2 o7 11 .06
w17 01 o1 .05
o 11 « 11 e 09 .07
«173 « N1 . .0s
«17 o 02 e 10 .05
W12 o022 L1N .04
-lg 001 ‘ll‘ 05
«e11 N1  L1n « 04
<13 N1 W12 + N5
014 ‘nl 013 006
«l& o N1 o 17 .08
STANDAOND  7.70 MC/AMP  TIMEZ
ASSIM (MGBC/M3/HR) CHL A
L. N N (MG/M3)
007 .02 .oq .03
03 N2 L0F .04
W09 N2 W08 .03
-OQ -01 00’2 .03
11 N1 o1 .03
ol? Onl .l] 003
.Iq o n? -]7 003
«1R e 0] o 17 « 04
.17 « N1 s 16 04
«1h oN) W14 e 05
016 ‘nl .1‘4- .06
21 <Nl 2N .08

6o

e

TIME 6.0 HR

FFF 14/75.9

NORMALIZE
A C AlL
?.29 00009
2.(19  +001n%
1.93 00097
> 35 L00117
2.11 «0010A
2.09 «00123
2?37 «ND129
1.84 «00118
?2.47 00151
1.91 .0000" 2
?.67 .001-37
1.15 .00050

n HR FFF 2//7443
NORMALIZFEN
A/C AlL

1.10 00044

1.81 n00r

2.16 00010

1.34 L0nG78

7.33 .00007

1.97 «00027

7.53 .000Q7

2*75 L001273

238 00074

?7.38 L.,001n3

2.09 .001n7

1.62  ,0011°7

% HR FFF 33/75.7
NORMALTZEN
asC Azt

1.63 .000&7
1.55 L00053

2.54 00047

.76 00048

.25 «Npnaj

3.63 00047

4.4 L00120

443G «00135

3.94% 001722

?. 87 001724

?.39 .00123

2.45 L001A9



Table 3 (cont.)

NATE

NEDTH
(*)

2
q
1n
1€
2N
PC
3N
£ 1
4n
45
5n
AN

NATE

NEPTH
()

2

©
1n
1=
20
YN
3n
&
an
4
Sp
AN

NATE

NENLTH
(+)

3

q
1n
1&
2N
P
30
35
40
45
5n
AN

6/3/7%

LIGHT
(ML #M2 /S)

114
118
120
121
12n
119
11n
11>
114
11~
117
114

Alla/ 7o

LTGHT.
(e /M2 ,5)
114
118
120
12}
1720
113
110
117
ila
11~
117
114

672977

LTIGHT
(ML /MDD /S)

11k
11R
12n
121
120
119
110
11>
114
11lA
117
116/

STAMNAON  T.70 MC/AMP
ASSTIM (MGC/M3/HR) CHL A
L D N (MG/M3)
03 .02 W0A .04
.07 « N2 « 08 04
N7 407  LJ0A .07
07 W02 L 0A «03
N7 N2 W08 .03
.06 .01 .Oq 003
N7 N1 L0A .02
DG on] OOQ o 03
09 <01 007 .03
.10 Onl .OQ .03
[ ] 13 onl 017 e 03
165 N1 18 «05
STanDarh  7.70 HMC/AMO
ACCIM (MGC/M3/HR) CHL A
L D N (MG/M3)
.07 N2 .05 .03
LNS N1 L04 .07
AT V- L .02
L0701 «0A .02
07 W02 0A .02
e0A  «N1 .05 .97
«07 01 L0A 07
.14 e N1 o173 .02
OOR .01 007 002
e 10 001 .OQ e 03
1?7 .01 « 1N «03
o110 «N1 .00 .05
STaMDARPD 7470 MC/AMP
ASSTM (MGC/M3/7HR)  CHL A
L N N (MG/M3)
06 .07 W04 .07
05 01 L04 .01
05 N2 L013 .01
J10 0] DR .01
«06 N7 04 .01
e N9 01 « 08 «01
07 L0272 o0 .01
.07 .01 oCF .01
07 .07 08 .02
o 11 N1 e 0Q o 07
15 e 01 17 « N4
172 o0} e 1) .05

TIME S.R HR

EFF 27/78.4

NORMAL IZEN

A/C

1.55
1.18
?7.90
}«85
].78
l.?6
3.24
?.74
?.49
?2.80
3.85
?.97

TIME 6.0 HR

A/L

00054
00020
«0004aR
NODGA
00048
N0Jua
000359
« 00073
.00044
«00N773
00009
«001°8

FFF 25/79.3

NORMAYL IZENR

A/C

1.76
?.11
1.40
?.78
?.97
?.39
290
AeS51
3.29
3.06
.76
1.70

TIME 6.0 HR

A/L

0004k
.000-46
LO00Nn>273
00044
00049
«000an
00053
_Npoo==
00079
«000Nn7
00077

EFF 24/78.6

NORMALIZEN
asC AlL
2.12 000137
3,99 00024
3.09 L.00026
Q*37 +000A9
3.67 <000
R.24 «00049
5*53 +000=n
Se6l] QOOOQQ
7?35 .00(-)41
.63 4000920
3.30 001173
?.2°6 .000’27



Table 3 (cont. )

PATE

NFOTH
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1n
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3n
e
4un
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NATE

NEeTH
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.

q
10
1C
20
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3n
3
4n
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Sn
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NATE

NFBTH
(1)

?

c
1n
1=
2n
P
3n
35
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48
5n
AN

7/ 277

LIGHT
(ME /M2 45)

114
118
120
121
Y20
110
110
117
114
114
117
114

7/ w/7%

LTGHT
(Mt /M2 ,5)

11A
1la
12n
121
120
119
1ln
112
114
11A
117
114

7/ a/7%

LIGHT
(Mt /M2 /S)

114
118
12n
121
12n
119
1n
112
11a
116
117
116
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STanDaon  7.50 MCsraMo  TIME 6.
ASSTIM (M GC/M3/HR) CHL A
L N N (M G/M3)
o 0N e 01?2 « 04 .02
N7 » N} e 0/ 07
«05 W01 ) 0 4 .01
006 L.ny 0% .01
N7 «+ 0] e 06 «.03
« N5 N1 YA 0@
07 e D} P 1A « 01
o07 « N1 «0A 02
<08 .01 .07 .04
o111 « 01 o |- NG
«14 001 W13 .04
«13 e 01 12 o111
STANDA®DN  7.50 MC/AMP  TIME g4,
AcgIv (MGC/M3/4R) CHL A
L n N (MG/M3)
N9 G022 07 .03
.11 e ¢ OC .03
«09 .02 eOR + 072
«N9 N2 .07 .03
<13 W01 . OR .03
.10 07 « 08 e 03
OOQ 001 007 .03
) N1 «08 .04
11 N2 eo0a .04
o 1h N2 .14 » 06
23 001 «21 .05
P9 0 f e 23 N7
STANDAGD  7.50 MC/AMO  TIME 6,
ASSIM (MGC/M3/HR)Y  CHE. A
L D N (MG/M3)
0B 02 04 .01
‘OQ .n? .0':‘ 01
N - ¥ o o1
06 02 .04 .01
oN5 N2 073 «01
«08 «01 «0A .01
07 o0} 05 .01
«l1 N1 L09 .02
«N9 07 » 02 « NG
o7 01 o 2N f)%
o7 02 25 o OR
«30 0] 29 «12

0 HR

FFF 14/75.9

NORMALIZEN

AC

2%84
3.11
4.04
5.27
1.92
1.30
540
3.11
1.76
?.57
3.16
1.07

0 HR

A/t

«00049
«N00sR
D00
00004
«000nanr
<0003
00049
000~k
00K
+p0nQ
«00YNR
<001

EFF ?§/7408

VORMAL IZEND

41/c

?.38
3.10
3.75
?.45
?.75
?.64
2.372
?e11
?*?3
?.31

4.26
3.68

0 HR

A/L

00042
.N0079
000573
000A1
.000A9
«000~7
« 000473
00075
«N0078
«00120
« 0017
.002&0

FFF 4/75.2

NORMAL F7ER

AlC

4413
5.99
3.92
4.40
3.16
621
545
4.71
1.96
4,06
3,18
?.40

Azt

« 000724
<0001
1007373
- 00073A
00026
00037
00050
«IDpR4
L000AN
N0 7%
00277
.On7hq
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LIGHT
(M. 7M>/S)
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120
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7/ 0775

LIGHT,
{ME /M5 /S)
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121
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110
117
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7/17/77%

LIGHT
{ME /M2 /8)

11~
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1.21
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1109
11ln
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11la
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STANDAOD 7,50 MC/AMP
ACSSIM (MGC/M3/HR) CHL A
L N N (MG/M3)
«09 N2 .07 .03
09 002 .Oq 003
o(‘q ‘02 CO—} .03
.Oq .0? '07 003
«11 o2 «0C , 03
17 07 1 + 04
.10 ¢ Ol « 09 .03
11 01 .09 .03
«11 Nz 00Q .03
1A o037 o JiL .04
«28 W02 .27 « 06
«31 2 * 3Q 13
STANDASDH  7.50 MC/AMD
ASSIM (MGC/M3/HR) CHL A
L n N (MG/M3)
« 05 0] «0u + 01
05 01 « 06 ,01
N6 « 01 « 05 .01
eQ W01 .07 .02
.08 -01 '07 .02
0 1JQ N2 07 .07
<09 .n] .08 .02
W10 01 .09 e 03
.10 +71 .09 .03
17 002 oln « 04
.14 -01 olq 005
) ?2 001 .2]. 008
STANDASN 750 MC/AMP
ASSIdM (MGC/M3/4HR)Y  CHL A
L N N {MG /M)
.0‘* .DP .0(# .01
<07 ] o 06 .01
206 « 01 «0% ¢ 01
« 05 0] 07 .(IL
005 .01 OOL‘ .(IL
.07 eN¢ « 05 «01
N7 o 11 « 06 02
«0R «N1 .07 .02
.10 .02 o on .03
.l? « 01 17 « 05
.'JI .ﬂl e 33 012
«3? o 01} .31 .16

TIME6.5 HR

EFF 23/75.7

NORMAL TZED

a/C

?.32
2.53
1.06
?.47
3.10
264
3.00
3.12
3,08
?*40
4 .45
?.30

TIME 6.0 HR

AL

«00040
No0a4
«0p024A
00041
00078
0007
.0poa?
L000R4
L0000
00117
J0022R
00258

FFF 2a/77.9

NORMAL I 7F0
AlC AsL
3.52 00070
3.53 L0000
;006 oﬂﬁﬂ’;"
3.70 00041
3.30 00075
3.66 -000”"?
3.76 00048
?.84 ® (ing7h
3.05 .00070
?.51 «000RA
?,63 00113
2«58 «ND17%8

TIYE 6.0 HR

FFF 23/77.5

yoRMAL T7EnN

A/C

4.07
5.96
4.56
3.42
3.82
4.89
?.085
3.52
2.71
46
?.77
1.92

Azt

L 00S
.000=}
sNOD3R
«N0Q 2R
00>
«0004]
Nppe?
000473
L0p0n7)
00149
JAorEa
0D2AS



Table 3 (cont. )

NATE

NEETH
()

2

[
1n
1=
n
1~
In
R1
Ln
H=
50
AN

NATE

NEOTH
(M)

el
=g

1n
1=
N
A
3In
3
40
4=
Sn
aNn

NATE

NPELTH
()

g
[ =
1n
1a
2n
S
3n
£1~
an
LB
Sn
6N

1720778

LTGHT
(ME sM275)

11A
118
120
121
120
110
1io
112
11a
11A
117
11/~

7/23/7%

LIGHT,
(ME /M2 5]

11A
118
120
121
120
RS
110
11>
1la
11A
117
116/

7/26/775

LIGHT
(M /M2 /S)

11a
11R
120
121
12n
119
110
117
114
11F
117
114

68

STANDATD  7.50 MC/zAMP  TIME 6,
ASSIM (MGC/M3/7HR)  CHL A
L D N (1G/M3)
06 W02 W04 .01
o06 002 « 04 o 01
007 .01 ‘06 -0]
.N7  «D1 006 .01
L7 N1 L08 .01
o NAR « N1 e 0~ 002
® 10 « 01 00 .02
«08 o N1 07 .07
«11 +01 ®oOn .03
.()9 001 'OR .04
w11 «01] o 11 .05
P79 Wl e2R8 .14
STANDADN 7450 MC/AMD  TIME 6.
AcgIy (MARC/M3/HRY  CHIL A
L n N (MG/M3)
()4 Jop  #0R .01
.04 .Y .07 01
o .ny 07 .01
« N6 « 02 « 04 .01
06 o (7 L0 .01
o015 «01 04 07
«06 D2 0% .02
QOR On? ‘OA 00?
08 01 «0A .02
oR .02 .05k .03
.07. 01 «0A o 04
.39 « N1 3R 26
STANDADD  7.50 ymCc/aMp TIME g
AGgIM (MGC/M3/-R)  CHL A
L n N (MG/M3)
.04 Ve + 07 .01
. N5 N1 «07 .01
004 .01 003 001
004 .n? ‘09 001
o)+ 402 <07 .01
«NAh e 01 « 04 .01
«06  WNP .04 o (1
«NA  L01 «07 .07
L0R o)l .07 .07
*R .01 .07 .02
.ﬂ‘? onP 007 .0’%

0 HR FFF 2/75.1
NORMAL I7Fn
A/C A/L

44,12 «0007A

4.12 L00075

5.54 0004k

.62 oOOﬂﬁ‘S

S.646 00045

3.13 0 0083

4.43 L.00081

.38 J000 A0

3.06 .0n08n
1.95 .000K7
1.98 .0 noss

70l 00247

0N HR FFF 25/74.8
NORMAL TZFEN

“ay/C AsL

2.74 00074

?2.47 L0pn=1

?.R1 00073

.51 00023

7.46 «00079

2.25 L00N7AR

2.28 «000a?

2.99  L,000%3

3.13 00055

1.97 00031

1.50 «00051

1.47 00329

0 HR  FFF 3?/76.1
NORMAL I7EN
a/C AlL

1.9s .00017"”

3,42 00029

3.02 « 0025

168 oM 4G

1.97 O00YA

bo&a2 @ onf-177

367 000727

3.51  «000A3

?2.44 e ffnAfl

3.48 +0004n

?.45 000A7

?.22 «003r4



Table 3 {(cont.)

NATE

NEPTH
()

3

o
10
15
20
25
3n
3=
an
45
50
AN

NATE

NEDTH
(+)

1

o
10
1=
20
2%
3n
38
40
48
sSn
60

NATE

DERTH
(M)

3

[~
10
18
2N
75
n
38
1745}
45
5n
AN

7/29/7%

LTIGHT
(M. /M2 /S)

114
118
120
121
120
112
11n
117
114
11/
117
114

8/ 1/15

LIGHT,
(ME /M2 /5)

11A
118
120
121
120
119
1in
11>
114
11A
117
114

R/ 4/71%

LTIGHT
(ME /M2 /9)

1ls
118
12n
121
12n
119
11n
11>
114
11A
117
114

STANDADN  A£.9% HC/AMD
ASSTM (MGC/M3/HR)  CHL A
{. n N (4G/M3)
«1? NP eln «01
L VN T2 .01
<10 01  .0= .02
oNR o« 11 «0F 201
«09 01 L0% .07
c10 .01 .0« .03
N7 N1 L0 073
«08 W01 W07 .03
« N9 e N1 » OR «03
« 09 N7 <07 D4
«10 « N1 « 09 « 04
52 12 e5N ok
STLNDADN 6495 MC/AMP  TIME
ASS T (MGC/M3/HR) CHL A
L N N (MG/M3)
N7 N2 « 05 «01
.03 N1 L04 .02
N7 .02 08 .01
« 06 N2 « 05 +01
«0R 403 .05 W02
ell <02 0O .03
N 07 « 0A 02
O8] LNP L0A .03
«10 01 W00 04
14 oN1 «17 «06
«38 N2 3A .23
20 « 02 «19 «15
STANDAZN 695 MC/AMP TIME
ASSIM (MBC/MZ/HR) CHL A
L n N (MG/M3)
« 05 N2 04 .02
<03 02 0O .02
L0R 72 <« 04 .01
0h N1 =+ 04 «02
09  WD2 .07 .03
« 09 W07 « 0% .07
«0h  «01 405 N2
«0A « 0] + 05 +03
«0h «0] 0= « 04
10 « 07 «0R .08
s 11 02 1N «0N9
e 36 01 « 34 20

69

TIME 6.0 HR

FFF 20/77.0

NORMALIZER

A/C A/L
9.59 00027
.22 L0007A
4.11 +000nAG
530 +0006R2
F.94 «0004A
2.R0 L0007
2.01 00055
27«30 00047
v-nmm QOODT\J
1.73 00040
V.wm OOOO.ND.
?2.10 .00475

Sel} HR Mm.m‘ 24 /786

JORMAL IZEN

Lyl AsL
5:45 oOOQb«\
1.99 ,00074
4,96  ,00041
4.63 000728
Vo@@ QDODP\#
7?87 LOpNn7T2
2.95 ,L,000%4
2.06 L000=5
2,15 L.0Q075
VoQ@ oOOHD.N
157 « 00309
125 00142

6N HR EFF 19/77.3

NORMALIZEN

A/C AsL
2.03 .000°%
1.43 ,000>4
S.64 000407
2.25 L0007
2+45 L,0npa)
3.84 L000a5
2436 OOOOPJ
1.65 .0004c
1.15 .0004n
1.03 0007
1.07 000802
1.72 +002a7



Table 3 (cont.)

PATE

NEPTH
()

2

[~
1n
1=
20
»5
3n
K1
4n
49
Sn
AN

NATE

NEBTH
(M)

™

[y
1n
1=
2n
?_C
3N
ac
4n
4HC
Sn
G

NATE

PFETH
()

IS
40
5n
57
Sa
¥'3
5o
an
AP
64
an

100

8/ 7/7%

LIGHT
(ME /M2 /S)

114
11R
12n
121
12n
1%
1o
117
114
11A
117
11A

a/ln/vrc

LIGHT
(Mo /M2 25)

114
110
12n
121
120
11Q
11n
112
114
114/
117
11+

8/1ln/7x

LIGHT
{ME /M5 /S)

114
1R
120
129
120
110
11n
112
114
114
117
11A

70

STANDADD 695 MCzAMR
ACSIM (MGC/M3/HRY  CHL A
L )] N (MG/M3)
.ﬂq '02 .0—1 .02
o()c; on? 07 .Ol
oO? ‘01 ’OL’ -01
.11 02 00 .03
.15 o] A 06
s N3 e N1 .07 04
«NF Nz 07 .03
«10 « 02 « DR ® 04
«N9 .92 07 04
«15 01 J1a +06
<09 en «OR .06
2R *II1 .27 .13
STANDAZT 6495 MC/AMPD
A I (MARC/M3/HRY  CHL A
L p) N (MG/M3)
11 02 08 .03
«0R 07 .07 .03
1 1= S 4 1~ B ) § 3 .04
« 039 « N1 08 e B
«10 N2 s 09 ¢ 03
11 Lnz ()0 .04
14 o2 o eN3
« N9 o0e o 07 «N3
-nq On? AOD 04
«11 « N1 «01G .05
20 o02  e1R .08
o?q -02 ‘29 011
STANDADD  §.95 MC/AMP  TIME
ASS T (MGC/MI/7HR) CHL A
L D N (MG/M3)
« 10 N2 N0 .07
20 N2 elR .10
s19 N2 e ]Q o1l
o 7h N2 o 27 e 10
e 25 N2 .27 e lo
2 N7 + 21 +10
.lq .01 .lq .08
.17 « 01 « 15 « 09
1A WN1 W14 « NG
01:’ ‘nl oll‘ 010
N7 «01  «0A .06
00“ 001 '07 004

TIMEGB.0 HR

FFF 16/76.3

NORMALIZEN
A/C A/L
1.65 .0002R
2460 00007?
Aelb  L000S1
2.99 L0n074
2.27 00117
1.A3 .000c8
?7.23 400041
1.95 00070
178 000473
P«28 J0011R
127 00045
2.07 00237

TIME 6.0 HR

EFF 21/76.6

NORMALTZED
hic AsL
?.81 L0ng77
2.2 .0003A
1.39 .0p04aA
2.52 L00ne?
2*89 00077
?.24 00075
| «00112
2.39 0p0ARL
1.93 .0p0AR
1486 00080
2.28 ,L00156
1.96 .00186

6.0 HR EFF 22/76.1

NORMAL T ZEN

AlC

1.17
1,77
1.6}
?.72
?.26
?7.13
Pe2b
1.79
1.57
1.37
1.07

«60

AsL

00071
L001s0n
«00148
0011373
00119
00179
001687
N1 R WAA
00174
«00117
«NO0K2
.000?‘



Table 3 (cont.)

NATE

NFOTH
(M)

R

[ng
in
18
2n
2=
3n
RIS
4n
g
5n
60

NATE

NFeTH
()

3

€
10
1=
’n
=
n
34
4n
4L
50
60

NATE

NEPTH
(™)

2

0
in
1€
2N
2%
3n
35
40
48
Sn

AN

B/13/7%

LIGHT
(Me /M2 /5)

11A
11R
120
121
120
11Q
110
117
114
114
117
11A

R/la/7

L TGHT.
(ME /M2 /5)

114/
11m
12n
171
120
11e
11n
117
114
114
117
11A

R/1as7c

LIGHT
{ME /M2 /S)

11~
118
1720
121
120
119
iln
11>
114
11A
117
114

L

STANDADPN (.95 MC/AMP
ASQIM (MGC/M3/HR) CHL A
L n N (MG/M3)
<11 <072 <09 .02
172 W02 L10 .02
e 13 07 o |l 02
J11 e f2 «0° .02
«11 o N7 o009 .03
J10  .n2 .07 .03
«173 N2 «11 o 04
ol—q 00? o 1| 006
20 oJ0) 1% .09
« 3R N7 .34 .19
50 eQ? *4AQ ® 29
17 0P e F « 08
STANMDASY  fe95 YC/AMP
AsgId (MGC/M3/HR)Y  CHL A
L N N (MG/M3)
14 02 W17 .03
ol? 002 ‘1(‘ 002
10 WN2 08 .03
17 L0272 W15 .05
W15 WnZ el .04
19 07 «17 .04
«13 <01 172 « 04
o 14 N1 «13 .07
«17 N7 1A e 05
olq 002 'lF’ 066
2} N7 «10Q .07
bl ) g .47 «18
STanDAZN 755 MC/AMD
ASqiM (MGC/M3/HRY CHL 4
L D N (Y4G/M3)
0 S - | L o011
07 JD2 L08R .02
N7 N2 L0858 .01
N7 02 08 .02
L03 N2 L0A .02
L9  ,ne  L,07 02
.OQ 001 -Of% 003
. N8 02 «07 «03
011 ‘nl oln .0"3
o 20 01 17 « 10
« 2R N2 «27 14
01(‘ Cnl .14& .Oq

TIME 6.0 HR

FFF 28/77.9

NORMAL I7Fn

a/C

bota?
4s93
S5.54
C".E?
?.99
?.R2
?.77
1.83
?.03
1.81
1.65
1.87

TIME 6.n HR

Ast

«00077
00084
000072
00071
JA007H
00071
«001n1
«000GR
+Ng1an
QP14
00409
«001°9

EFF 2R/77.9

NORMAL T7EN
AsC AsL
4,04 00105
5,00 ,00005
2.72  L000AR
.05 L0012A
—;.57 .OOIIQ
.18  ,0p0141
?2.96 L001n%
1.81 00113
.12 L,00117
?2.67 L0017R
?2.74 00144
?2.34 034k

TIME 6.0 HR

FFF 24/75.2

NORMALIZFD
AsC AsL
S.08 00044
2.50  ,0n00a?
4,53 L0p0R
?.54 00042
?.81 00047
3.60 00040
7.14 -000=%
2.26 00040
1.98 00Nc7
1.R8 001472
1.91 0022
1.58 001273



Table 3 (cont.)

NATE

NFOTH
(r)

-
[ g
1n
1=
20
IS
3n
358
an
4=
5n
AN

NATE

NEDLTH
(M}

K]

c
1n
1
20
28
3n
35
Ln
45
5n
An

NATE

NELTH
(M)

2

g
in
18
20
25
3n
38
4n
45
S50
AN

R/CP/75%

LIGHT
{ME /M2 /S)

11~
1118
12n
12
120
11e
110
112
114
11~
117
116

R/2c5/7%

L}GH%
(ME /M2 /5)

11A
11@
120
121
12n
119
110
112
1l4a
114
117
114

8/2/75

LIGHT
(ME sM»> /%)

114
118
12n
121
120
119
iln
11>
114
11A
117
11¢

STANDARN

ASS M
L

« 09
07
07
.OQ
e
« 11
W10
«10
12
15
I?l‘
20

STasMDa=2n

755

72

(MGC/M3/HR)

N

N2
«NZ
<07
N7
« 17
N2
02
« 01
o]
o1
+ N2
01

N

«07
« 06
« 05
«07
olr'
s 00
e DR
« 8
10
15
e2)
.IQ

MC/AMO  TIME 6,

CHL A
(MG/M3)

.03
.02
002
.02
o0&
.04
«03
.03
04
o 07
11
.09

7.55 C/AMP TIME 6.

AQSIM (MGC/M3/HR)  CHL A
L D N (MG/M3)
oNB W02 LOF .02
LB N2 L0A .02
.03 02 L0A .02
<09 W02 .07 .02
N8 W02 <0A 02
011 N ile 10 e 03
«12 o022 .1n 03
012 N2 10 .03
.lQ 002 01? ‘05
«”l 07 273 .07
e31.. 02 29 11
W29 WN2 27 1s

STanDARN  7.55 “C/AMD  TIME 6,

ASSIM {MGC/M3/FR)  CHL A
L n N (MG /13)
10 W02 LOR .03
<0R N2 «0A .03
«09 N2 W07 03
09 072 «07 .03
L10 .02 L08R * 93
10 407 08 .03
+ 10 o 07 o« 00 .04
17 N1 W1 o 05
el W02 17 .05
18 402 L1F .06
.?0 .0? .IQ COR
<20 D] L1R .08

0 HR

EFF 33/75.7

NORMAL IZEN

8/C

2.35
? .85
el
3.59
?7.53
?.29
.64
2.75
?e6]
.13
1.95
2.07

0 MR

AsL

<000/
«0004%
00040
«00059
L0004
00077
00077
.00074”
« 00091
.00129
00184
« 00141

EFF 31/7hA«6

MORMALIZEN

AsC AL
3.11 00054
3,01 00031
.15 00052
3.32 .00055
3.06 . 000
3*20 00071
Y44 00004
3.46 00027
.46  L00108
3.24 e 00IQEJ
?.66 00231
1.78 « 00230
1] HR EFF 3A/74.3

NORMALTZEN

Alc AlL
2e62 00048
2.13 00054
?.48 00047
?.39 ,L,000c59
?.75 «000A0
2.6 L,0004R
2.17 00079
2?14 «00D0US
2.36 L001n73
.67 (00118
2.30 .001=7
P27 « 00157



Table 3 (cont.)

NATE

NELTH
()

3
[ g
In’
1%
20
o=
INn
3=
4n
4
Sn
AN

NATE

NEDTH
()

2

[
1n
18
2n
25
3n
3
40
4
5n
AN

NATE

NEPTH
(~)

2
[ g
1in
15
20
ppd=
3N
35
4n
P
5n
AN

R/31/7%

LTIOHT
(Me 7M2/5)

114
118
120
121
12n
119
1in
112
114
11+
117
114/

9/ /7%

LTIGHT.
(M /M2 /S)

11a
118
12n
121
120
115
11n
117
ila
114
117
114/

Q/ A/75

LIGHT
(ME /M2 /5)

11A
11R
120
121
120
119
1ln
11?2
1la
11A
117
114

~J
(8]

STArDADD 7.55 MC/AMP TIME 6,
ACSIM (MBRC/M3/9R)Y  CHL A
L n N (MG/M3)
00 N2 .07 .02
10 N2 L0OR 02
«N9 02 ()7 « 02
N9 N2 07 .04
o1l WNZ 009 .04
N3 .02 07 .03
.09 «01 a0# 04
14 o072 17 .04
P4 oN2 W27 .06
LN LN2 2R 12
«36 L0237 .19
ePh W02 W25 .13
STatiDA>™N  7.55 ¥C/aMp TIME 6.
ASqIM (MGC/M3/FHR) CHL A
L D N (MG/M3)
N6 02 .07 .03
N7 N2 05 <03
07 N2 05 .03
010 on? .Oq 05
1D 02 L0R .05
08 oN2 e 0A .03
o]l 00? e |0 .04
.10 .01 eoOn .04
10 W01 e on .04
15 N2 W14 « 05
20 W02 L1R N8
21 N2 0 ]Q .13
STanDpapn 7055 MC/AMD  TIME 6.
ASGId (MAC/M3/HR)  CHL A
L D N (MG/M3)
10 .01 .00 .02
L1001 L.0R .03
.ﬂﬂ oq? 00{3 03
.09  ,n1 .07 .N3
«09 N1 .07 .02
SIN W02 W09 04
.10 .01 <00 .04
o 11 N} s10 NG
.I‘; .01 ol] 04
27 W01 .21 .05
23 W02 e 2) e |0
W27 WN2 .25 ° 12

n HR

FFF 21/77.8

NORMALIZEN

A/C AsL
3.49  L,00040
6.24 L,00072
3*39  .000%7
1.74 L0005R
7?28 <0076
?¢33 « 000G
1.89 000~
3.03 ..001nR
3.80 .00?'\’)
?.36 0204
171 00278
1.86 .0021°
" HR FFF 21/77.8

NORMAL IZED

asC AsL
2.46 «000R4
2.67 ,00047
1.7& L00NL
1.67 L,000AO
166 +000A9
1.96 «0p0nQ
?.44 00029
2.09 ,00075
.11 00074
.77 L00119
2.28 L0p15A
1.44 <001&7
0 HR FFF 15/76.2

NORMAL TZEN

AlC

4.60
2.71
2.02
?ebh
3.56
2.08
?.22
?.44
?.83
!4.27
213
.05

AsL

00079
ONNARY
<0001
L 000A)
00059
00070
00091
0007
00009
00134
00127
H0212



Table 3 (cont.)

NATE

PEPTH
()

J

=
10
1<
2n
25
3n
I8
an
45
50
AN

NATE

PEETH
()

2

5

1A
1S
2N
L
30
e
40
45
SN
AN

NATE

NEDT A
(M)

3

=4
1n
1=
2n
el
3n
e
4n
45
5n
AN

g/ Q/7%

LIGHT
(ME sM2 £S)

114/
iR
172n
121
1720
11¢@
110
117
11a
114
117
114

LIGHT'
{ME /M2 /S)

114
11=
12n
121
120
112
110
117
114
115
117
114

9/ la/7s

LIGHT
(Mo M2 ,S)

114
11R
120
121
120
119
11n
117
114
1 1A
117

74

STAMDADRN  7.59 MC/ZAMPR  TIME 6,
ASSIM (MGC/M3/HR)Y  CHL A
L n N (MG/M3)
172 N7 W11 « 04
«11 « N7 1N +05
<10 N2 .0R 04
LN N2 W07 04
o 14 NP P « 04
o1l oNe «0Q «+03
ow\w o3~ ONU OON
W12 Wn2  eln 04
o 17 02 + 18 0
17 W02 &15 «06
e19 o0} 19 <08
27 N2 o2 «09
9/12/7=  STannann  7.55 MC/AMP  TIME 6.
AcgIsMm (MGC/M3/=R) CHL A
L D N (MG/M3)
«19 012 W17 « 05
o153 eNZ W13 + 05
«17 N2 15 06
<12 N2 « 1N D&
172 N2 L1n 04
14 N2 17 « 04
R T b T e <04
15 «N1 173 04
«13 oi7 «17 «06
2l WNZ2  L1Q .09
20 W02 1R .09
19 02 17 <07
STAMDATN  7.55 MC/AMP  TIME ¢,
AgclM (MGC/M3/HR)  CHL A
L N N (MG/M3)
..,—\u ODV QH? oDmu
13 .01 .12 .04
10 .02 L.om 04
o1 N2 .09 «03
17 NP 1N N4
10 W02 QR «03
11 « 01 «10 RO TA
17 01} « 1N + 05
e17 D] 14 .08
e PG o1} 2R P
34 W01 437 14
«l13 N} o 17 L09

114

n HR FFF »4/78.8
NORMALLIZEN
A/C A/L

270 000073

1.92 200021

2.00 000A7

1.77 00069

3.12 00106

2«87 00072

384 «00105

V.nw\u -ODDCH

3.86 L,00175

2.54 L0013

2.20 L00150

222 00172

0 HR FFF 24/7B.6
NORMAL IZEN
A/C AsL

J-wm OOOH\«A

2.53 001n7

a4 L00102

?2.55 .000Ra4

.60 L.0p087

3.05 L001n7

3.33 001

3.32 L00119

7.80 .00147

Pel2 00145

2:.N0 L00154

247 400149

N HR FFF 15/76.2
NORMAL TZEN
AysC AsL

.32 .00170

3.00 .001n7

?.05 .0004R

284 . 00070

251 00074

.78 00070

VQD.O .3330&

2.23 «0010nn

1.95 00177

2.30 .0027R

.34 L002an

1.29 400100



Table z (cont.)

DATE

NERTH
()

u

[~
1n
16
20
PIS
an
3c
an
4C.
50
60

NATE

NFDTH
(M)

3

(=
10
1=
2N
IS
3n
35
40
45
5a
AN

NATE

NEPTH
()

g

ﬁ
1n
15
2n
25
n
3
&n
45
50
AN

Q/las7rs

LIGHT
(ME /M2 /S)

114
119
120
121
120
110
110
112
114
114
117
114

9/21/7=

LIGHY
(ME /M2 /5)

114
1P
120
121
120
i1@
11n
117
114
11A
117
11+~

orfeu/1n

LIGHT
(ME /M2 /8)

11a
114
120
121
120
119
11n
117
114
114
117
116

75

STAMDAON 7455 “C/AMp  TIME 6,
ASSIM (MGC/M3/-RY  CHL A
L N N (MG/M3)
«1h W07 W14 .05
15 WN2 L1 06
120 N2 W1 04
e 17 V4 o1n NG
«1? eN} « 11 <02
«173 N7 e 11 <03
Owu\ .OM au.ﬂ»l .ON*
«18 N1 17 «04
« 17 02 e 15 +05
«1® « N1 1A « 05
e Pl «N2 W27 «09
16 N2 Ll4 .08
STAMDAODN  T.55 MC/AMD  TIME 6,
AcgIm (MGC/M3/RR)  CHL A
L n N (MG /M3
e~ N7 10 .04
L19 L0217 .05
e20 <072 W17 .05
«19 o072 $17 « 05
o 17 N2 o 15 .05
«13 o0} s 1A «05
21T W07 W1 .05
12 401 W1} 05
numw oDH. QHD. nOﬁ
1A « N1 « 15 «07
21 N2 20 .08
15 «0N1 o 14 +08
STAMDADN  T7.55 MC/AMP  TIME @,
ASSIsM (MGC/M3/HRY  CHL A
L n N (4G/M3)
ela N2 L1P .05
14 N2 L1°7 .05
«1” 02 oin <05
17 o NP «1In «05
«13 N7 el) «05
auw ODN -wa ocﬁ
s13 02 o1 «05
e15 N1 W14 06
el WN2 W17 « 06
OM.U .Dw .Hq .Oﬂ
«15 o011 .14 .10
214 N1 o173 07

N HR

EFF 15/76.2

NORMALTZEN

A/C AL
7.80 ,001°]
Pe22 00117
2«70 00030
?.43 L,000an
5.726  00naR
3,60 «0g0aR
.80 «001R
4.20 00180
.03 «00173
1,29 JO0014?
2«48 00121
1.77 «001272
3 HR EFF 14/75.9

MORMAL TZEN

aA/C Az
.66 L0014
3,44 L00146
3.62 L00151
JFe34 «0017R
02 00175
3.23 00174
2:20 001nN
2.25 00100
?2.82 00174
?7.16 200170
2«46 +ND14AR
1.80 «00124
5 HR FFF 13/75.6

NORMAL I ZFn

A/C AsL
?7.39 00111
2.39 L0010
?.06 «0nnas
2.04 L00094
?.14 L,000R3
215 «00N9)
7.19 000309
231 00174
2.00 «001nS
?el6 00149
1.36 00116
1.81 .001N19



Table 3 (cont.)

NATE

NEETH
(M)

-

€
1n
15
20
oK
In
38
4n
45
50
60

NATE

NEPTH
()

!

(o
in
15
2N
25
3In
3«
4n
4He
S0
AN

Q/c7/7%

LTGHT
(A /M2/5)

11+
11R
120
121
120
ila
110
112
114
11+
117
11A

Q/3n/7¢C

LIGHT'
(ME /42 ,5)

11+~
11@
120
121
12n
119
110
117
114
114
117
11~

76

STANDAGD 7455 MC/AMP

ASSIM (MGC/M3I/HR)Y  CHL A
L N N (MG/M3)
W15 402 413 N4
13 W02 W17 «04
17 <02 Ll0 « 04
10 N1} «09 «0 4
el N1 .10 .04
11 o1 <00 04
.13 « N1 17 «04
«12 N1 el D4
«11 N1 o100 «05
el 01 .09 .06
10 «01 « 09 06
«. 09 02 «07 .05

STANDADDY /635 HC/AMP  TIME

AcSIM (MGC/MA/HRY  CHE A
L D N (MG/M3)
o156 WD} 15 04
«15 4Nl e lé « D4
el 01 L4117 «04
R T I 04
J14 407 1IN 04
14 W01 e 13 « 04
«15  WN1 W14 N4
«16 o401 15 « 04
o156 W02 W17 + 06
10 01 + 09 .06
11 N 09 .07
«+N3 o0} «0R « 05

e

TIME 6.0 HR

FFF 13/75.6

MORMALIZFP
A/C A/t
3.30 .00114
2,93 L.00009
2.38 00079
.18 W00072
.43 000
?.35 00079
?7.91 00105
Noﬁhv oOOw)V
1.92 00084
1.3 .00079
1.47 00075
1.36 00059

N HR FFF »23/78.3
NMORMAL TZEN
AsC AsL

374 001729

.47 00117

327 D103

3.50 L0011%

?.81 00094

3.22 L0010R

3.48 00127

.66 LJ001Y

217 00114

lead 00074

1.35 .000n~8]}

1.63 .00070
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Table 4. Results of replicated “C assimilation experinents

Expl anation of Table Val ues:

10.

Dat e:

St andar d:
Ti me;

Eff:

Dept h:

Replicate assimlation:

Mean net assimlation
Standard devi ation:

Standard error:

Coefficient of wvariation:

Mont h, day, year of experinent

Total activity (microcuries) added to water
sanpl e

Duration (hours) of incubation

Liquid scintillation external standard (e.g.
14) and resultant percentage counting effici-
ency (e.g. 75.9)

Depth (m of water sanpled

Li ght, dark, and net assinilation (mgCu3hr-!)
for 8 experinents on water sanples from sane
depth.  (Darks were not replicated.)

Mean of 8 experiments (mgCm™3hr~1)

Pertains to above 8 data val ues

Pertains to nmean of above 8 data val ues
vStd dev/8

Pertains to above 8 data val ues, the nean
divided by standard deviation tinmes 100%



Table 4 (cont.)

PATE 7/ W75

NFoTH &5 M

STaMDADD

RPEPL ICATFD

78

750 “C/AMP  TIME 6.0 HR

ASSIMILATION

EFF 14/75.9

(MGC/M3/Hr)

Llr-HT o NK 00’38 NG .017 0029 0047 «042 .036
vADK « 016 L0014 014 o014 .014 .0l14 o014 .014
NE T + 25 024 + 031 023 «.015 « 033 029 .023
MEAN NET AQSIMII ATINY e 0252 MGLC/M3/HR
STAMDARY)Y NHFrYIATION «N056 MGC /M3 /HR
STAMNAKDY FRROR (MN=R) 0020 MGC/M3/HR
CNEFFICTEMT OF VARTATINN 22,10 '
NATE 77 /75 STAMNDADY 750 MC/ZAMP  TIHE 6,0 HR FFF 14/75.9
NFOoTH 10 ™ RECLICATFD ASSIMILATION (MGC/M3/HDL)
LinHy e NGl . 0135 039 040 034 .036 04> L0552
U“JK oﬂ]? .0!3 00]3 9013 0013 0013 001—2 0013
NET .03] aO?? 00?6 0027 .021 .0?3 002’) .039
MEAN NET AQSIMILATINM « 0273 MGC/M3I/HR
STaANDARD NFVIATINN « 0059 MGC/M3/HR
STANMDARN F2ROR (m=12) +00”1 MGC/M3/HR
COLFF1ICIENMT OF VARIATION 21.76

NATE 77/ 4/7%

NEPTH 20 M
LloHT
DAbK
NET

MEAN NETASSIMIL ATIN™
STANDARD nEyIATIOM

STANDARN F2ROR
COEFFICTIENT OF VARTATION

NDATE 17 4/715

NEPTH 30 M
LInHy
VALK
NET

STHMNDADN  7.50 MC/AMP  TIME f,n0 HR FFF a8/ 76Gen
ODEPLICATFD ASSIMILATION (MGC/M3/HD)
eNRI  L062 0722 W0N61 .056 .N59 060 .068
e 014 014 0164 «N14 <014 014 e 014 .014
0 04Q L0048 <0ONB 047 .042 .045 e 047 .054
04724 MGC/MI/HR
0142 MGL/MI/HR
(N=8) L0000 MGC/M3/uWR
33,51
STANDADN  7.50 MC/AMP  TIME 6.0 HR EFF a5/74.08

OFPL ICATFD ASSIMILATION (MGC/M3/HD2)

MEAN NET AQGSIMILATINON
STANMDARN NAEVIATION

STANMNDAKD FRROF
COEFFICTEMT OF VARTATION

«N4&3 L05] .074 072 .053 «052
oNl14 014 014 +N14 014 .014
0?9 ,038 «0A0 L08R 040 038
<0800 MGC/M3/HR
e 0156 MGC/M3I/HR
{HN=R} « 0085 MGC/M3/HR
31.27?

«8% 080
e 016 .014
e 071 066



Table 4(cont.)

79

NATE 7/12s7c  STANDADD 7,50 MC/AMD  TIME 6.0 HR FFF 20/77.5
NERPTH & M DEPLICATFD ASSIMILATION (MGC/M3/H0)
LInHT .N78 @050 ,L,050 L.N4BR 048 ()40 06> .054
VALK LY7o 0YT7 W0Y7 L (5)17 L0117  L017  W017 .017
NET eNAl N4 o074 031 .031 .023 eo0&& L0338
MEAN NET ASSIMI{ ATINNM «U3R5 MG /MI/HR
STANDARD RNEVIATINON « 0115 MGL/M3/HR
STANNARD FRROR (N=R) 0041 MGC/M3/HR

COLFFICTENT OF VARIATINN

30,n0

COEFFICTENT OF VARIATINN 16,09

PATE 7712775  STAMDAON  TF.50 mC/aMP  TIME 6.0 HR FFF 20/77.5
NEDTH 10 o PEPLICATFD ASSIMILATION (MGC/M3/Ho}
LIrHT 043 L0355 .03  «042 035 .036 e (4% 049
VALK ¢eN15 .015 015 «015 .015 .015 015 015
NET VOEF?  «NP0  «0P1  e1127 .020 021 031 .034
MEAN NET ASSIMILATIAM 0254 MGC/M3/HR
STANDARN NFVIATION <0085 MGC/M3I/HR
STANDARN FRROR (hi=R) s 0019 MGC/M3/HR
COEFFICIEMT OF VARTATION 21.A5
NATE 7/13/75 STANDADD 750 C/AMD  TIME 6.0 HR  EFF 22/77.9
NDEPTH 20 M DEPLICATFD ASSIMILATION (MGC/M3/H2)
LIGHT © 045 .043 050 ,051 059 .055 e (57 .055
UAoK e 0lQ 018 «018 018 .018 .018 e()Q .018
NET «NP7 075 072 ,033 L0641 937 030 .037
MEAN NET acsSIMILATINN e 0339 MGC/M3/HR
STANDARN NEVIATION « 0055 MGC/MI/HR
STANDARN £RROR (N=R) e 0019 MGC/M3/HR

NDATE 7/713/75 STANDARPN  7.50 WC/AMP  TIME 6.0 HR EFF 29/77.5
NFOTH 30 ™ PEPLICATFD ASSIMILATION (MGC/M3/H%)
LInHT «NAR  LO0T7TB  +0A9 .NGA .094 101 2054 L N56
DAnK «eN15 .015 .015 «015 .015 .01s 015 .015
NET oS3 054 «054 043 080 086 e 04 .041
MEAN NET AQSIMIL ATINM «NST76 MGC/MI/HR
STANDARD NEVIATION 0178 MGC/M3/HR
STANDAKD FRROR (M=3) «00A3 MGC/M3/HR
COEFFICIENT OF VARIATION 30.91
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Table 4 (cont.) .
NATE 7/21/775 STAMDADN 7450 MC/zAMD  TIMVE 6,0 HR EFF 3n/77.0

NFOTH 5§ M . DfEPL ICATFD ASSIMI{LATION (MGC/M3/HR)
LlanTt «N39 031 L0041 041 037 .036 L04” L0043
UADnK .N13 ,013 ,013 ,013 ,013 ,013 .01 ,L013
NET «NPA 017 027 027 «023 4023 035 030
MEAN NET AQSIMI{ ATINM e 0241 MGC/MISHR
STANMNDARN NEVIATINN Q082 MGC/MI/HR
STANNDAKN FRROR (NMN=8) «0018B MGC/MILHR

COEFFICTIERT OF VARTATINN 19,87

NATE 7721775  STANDARD 750 MC/AMD  TIME 6.n HR EFF 15/74.8

NERTH 10 ™ DEPL ICATHD ASSIMILATION (MGC/M3/HD)
LinnT N385 038R L0331 033 ,L031 L0037 .032 ,L039
UA’JK onl3 .013 00]3 0013 0013 0013 'Ol.l 0013
NLT ‘ 00?? .0?5 0018 -020 0018 0024 OO?n -026
MEAN NET asSIMILATINN « 0216 MGC/M3I/HR
STANDARN NFVIATION « 002 MGC/M3I/HR
STANDARA FRROR (MN=8) + 0011 MGC/MI/HR

CoEFFICTENT OF VARJATINN 1445

NATE 7722775  STAMDATN 7450 MC/AMP  TIME 6.n HR EFF 30n/77.0

NERPTH 20 M PDEPLICATFD ASSIMILATION (MGC/M3/H2)
LIcHT «1P5  .9?25 L0335  ,032 .052 .036 eo04 .046
VASK e113 «N1I3 0013 €013 013 .013 ()17 .N13
NET eN11 @012 021 +019 .039 .023 e031 .033
MEAN NETASSIMILATIOM « 0235 MGC/M3/HR
STANDARN NEVIATION « 0028 MGC/M3/HR
STANDARN reROR (N=3) « 0075 MGL/MI/HR

COtFFICTEMT OF VARTIATINN 41.A3

NATE 7722775  STANDADD  7.50 MC/aMP  TIME g.,0 HR FFF 2n0/77.0

NEeTH 30 M DEPLICATFD ASSIMILATION (MGC/M3/HD)
LIaky «NF2 L0657 <070 4058 L,078 .050 «0R”Rn  ,099
DASK «015 L0155 L0155 «015 L015 4015 .01 L.01S
NET «N4T L0472 L0585  4N43 03  .035 (065 L0B4
MEAN NET ASSIMII ATTAN c0564 MGC/M3/HR
STANDARD NEVIATION e 0140 MGC/M3I/HR
STANDARD FRROR (t4=R) 20057 MGC/M3/HR

COLFFICTEMT OF VARTATINN 29,43



nEPTH

NATE

NECTH 10 M

DATE

NER2TH 20 ™M

NATE

NEPTH 30 ™

Table 4 (cont.)

NATE

81

T7/3n/75  STANDARN 6495 MC/AMD
S M PEOL JCATFD ASSIMILATION
LIaHT «N&4 036 042 L0585 022
Uank «+N14 014 .014 014 014
NET «030 .022 .0?27 .04} ,008
MEAN NET ASSIMII ATInM «(IP20R MG /M3 /HR
STANDARY PEVIATION «0115 MGL/MI/HR
STANDARN FRROR (N=R)Y «0041 MGC/M3/HR
CocFFICTENT OF vARIATION 38,59 :

7/3n/75  STanDaon

LIaHT 056 L0306
DACK e015 L,015
NﬁT .ﬂ&l 024

MEAN NET ASSIMILATINM
STAMDARD NFVIATION
STANDARN FROROR (M=A)
COEFFICTENT OF vARIATION

7731775  STANDADD

LInKT e n74 LN53
DA LK «018 . .015
NET ® n5R .0.37

MEAN NET ASSIMI{aTINN
STANDARND NFVIATION
STANDARND FPROR (N=R)

6o

6495 MC/AMP

CEPLICATFD

RDEPLICATFD

TIME6.0 HR

TIME 6en HR

EFF 23/78.3

{MGC/M3/t10)

.050 +058 .045
014 +01l4a 014
«036 044 031

FFF 24/78+6

ASSIHMILATION (MGC/M3/H™)
.0':1 .06s .101 .061 'OQQ 0041
+015 0015 2015 015 NIR 2,015
0016 0049 .OQE’ ool‘ﬁ '03‘3 0026
0424 MGC/MILHR
e 0135 MGC/MI/HR
« 0049 MGC/MI/HR
460 ¢
95 MC/AMO  TIME 6.0 HR FFF 20/77.5
ASSIMILATION (MGC/M3/H?)
176 ,n76 138 159 172 L1997
.015 +015 .015 .015 eOQ% .015
120 <061 L1723 143 e157 ,182
1102 MGC/M3/HR
s 0522 MGC/M3I/HER
«01RS MGC/M3/HR

COEFFICIENT OF VARTIATINN 47.41

7731775  STAMDARD

LIy e N6 +NA3J
quK e 017 .01?
NET e 049 .071

MEAN NET acSIMI|I ATINN
STANDARD NEVIATINN
STAMDARD FRROR (N=9)
CoEFFICIEMT OF VARIATION

6.95 “C/AMD

.071
012
® 0'i9

« 0601
0()178
£ 0045
21432

pEep ICATFD ASSIMILATION

o 1565
«012
042

. 088
.012
.075

MG /M3 /HR
MGG /M3 /HR
MGC/M3/HR

TIME 640 HR

‘Z-FF 23/78.3

(MGC/M3/H2)

«059 eOR4 078
.012 <012 012
.047 e 072 «NAG



Table 4 (cont.)
NATE 8/ a/7%

NFETH S5 M

STANDADD

82

695 MCraMD  TIME 6.0 HR EFF 32/76.1

REPLICATFD ASSIMILATION (MGC/M3/HD)

LI~HT L1106 .098 e¢O9R3 097 ,111 ,116 .08BR 105
VADK Nl ,01a L0146 L014 014 ,014 L014 014
NET .093 o 000 ¢ 070 +083 097 . 102 o 07< .09l

MEAN NET ASSIMILATINN

STANDARDY NEVIATTON

STANNAKRN FDROR

(N=8)

« 0849 MGC/M3/HR
«0111 MGC/M3/HR
«N039 MGC/M3/HR

CHEFFICTEMT OF VARIATINN 12.74
NATE 8/ 9/75 STANDADN 6.95 4C/AMD TIME 6,0 HR EFF 22/75.1
NEPTH 10 M REPLICATFD ASSIMILATION (MGC/M3/HD)
LInHT 127 L0R& 0098 . ng?7 105 L105 <082 969
UAanK <015 L0115 ,015 .ni5 .015 <015 .g1= .015
NET ell12 071 003 ,nRZ L090 L0590 073 .054
MEAN NET AcSIMILATINN « 0817 MGC/MI/HR
STANDARND NEVIATION + 0189 MGC/M3/HR
STANDARA FOoROR (N=R) <000 MGC/M3/HR
COEFFICTENT OF VARTIATINN 20.,A9
NATE B/ a/75  STANDADN §.65 MC/AMD  TIME 6.0 HR FFF 34/75.2
NEPTH 20 M DEPLICATFD ASSIMILATION (MGC/M3/HD)
LIndT S147 L1127 o182 137 . 171 +190 +194 . 17.2
UADK «015 L0115 L0115 901ls .0]5 .015 015 ,915
Nt-T e 133 -1]? '168 0122 olq-, 175 ‘l'ql .}.58

MEAN NET ASSIMILATINN
STANDAKN NFVYIATION

¢ 1507 MGC/M3/HR
00254 MGC/M3/HR

STANDAKSD FRROR

{N=8)

« 0090 MGC/M3/HR

COEFFICTENT OF VARIATINON

NATE 8/ a/7% STanDapn

NEPTH 30 M

LInHy .047 « 058
UADK *916 «N16
NET e n32 .043

MEAN NET AQSIMIL ATINM
STANDARD NFVIATION
STANDARN FOROR (N=H)
COLFFICTENT OF VARTATION

6o

REPY ICATFD

16.R4
95 “C/aMP  TIME &.,0 HR FFF 3p/75.1
ASSIMILATION (MGC/M3/H7)

.044 .052 .104 .103 «07J. N6l
«016 «N16 016 .0D1A oD1lA 016
0?79 <036 .089 .087 e 061 046

« (0527 MGL/M3/HR

L0228 MGC/M3I/HR

«00°4 MGC/M3/HR

45416



Table 4 (cont. )

83

NATE R/la/s75 STAMDARN  7.55 MC/AMD  TIME 6.0 HR FFF 2/75.7
NERTH § M DEPLICATFD ASSIMILATION (MGC/M3/HD)
LIAHT «N49 054 .071 .052 L0857 .060 0Ks ,057
UADRK «N14 L0 L014 L0114 014 ,014 .014 L0114
NET «N35 « 040 . 057 -038 .043 sNG6 o 0% e 0G2
MEAN NET acSIMII ATINAN L0681 MGO/MTI/HR
STANNDARN NEVIATION «0071 MGC/M3/HR
STANNAKN FRROR (N=R) « 00?75 MGC/M3/HR
CotFFICTENT OF VARIATION 16,19 '
NATE R/18/75  STanNDADN 7,65 MC/aMp TIME g.n HR FEFF 33/75.7
NEPTH1IO M EPLICATFD ASSIMILATION (MGC/M3/HR)
LinHT « 042 4041 040 .030 .044 042 0S4 050
Net  © 028 026 L0726 <015 030 .028 #03Q .035
MEAN NET A<SIMILATINNM «02P2 MGC/M3/HR
STANDARN NEVIATION «0071 MGC/M3/HR

STANDARD FOROR (N=2)

20025 MGC/M3/KHR

COEFFICTIENT OF VARJATINN 25,72

NATE  8/17/75 STAMDADN  7.55 MC/AMP  TIME 6.0 HR EFF 3/75.7

NEPTH 20 ™ PERPLICATFD ASSIMILATION (MGC/M3/H9)
LInHT ecPps «0AA 071 «07TR 075 .096 e 09fl L0944
VADbK «N16 L0016 <016 «nN16 ,L,016 .0l16 e0]< 016
NET 0 fJ6Q 050 <054 L0A2 .059 (379 eOB? 077

MEAN NET AGSIMIt aTInw
STANDARD NFVIATION
STANDARN FPROR (N=8)

c06£6 MGC/MI/HR
«01P1 MGC/M3/HR
« 00463 MGC/M3/HR

COEFFICIENT OF VARIATINN

13.71

NATE 8717775 STANDARND  7.5% MC/zaMP  TIME 6.0 HR FFF 23/75.7
NFPTH 30 M DERPLICATFD ASSIMILATION (MGC/M3/H2)
LIﬁHT +NRA .OF’R .075 0079 .094 .095 -l]} -075
DAzK «N1R  LNIR  N18 018 ,L,018 .nl18 012 L0118
NET 70 . 050 « 056 + A1 « 065 077 « 097 . N57

MEAN N E T
STANDAKD NFVIATINN
STANDARN FOROR

AcSIMIT ATION L0662 MGC/MI/HR
« 01728 MGC/MI/HR

(N=H) « 0049 MGC/M3I/HR

COLFFICIEMT OF VARIATINN20.F4



Table 4 (cont. )

94

NATE R/27/75 STANDARD  7.59 MC/AMp  TIME 6N HR FEFF 3A/74.3
NFOTH § M REPLICATFD ASSIMILATION (MGC/M3/HD)
LInHT L0584 0062 <076 [n6ld ,062 .056 <077 070
VAnK LN01R  ,018 L,01B 018 ,018 .018 01R ,D18
NET « 036 DG4 089 4044 .044 -038 « (055 .0"-)3
MEAN NET AQSIMII ATINN e 04AT MGC/M3/HR
STANDARD NFEVIATION «002) MGC/M3/HR
STANDARD FOROR (N=R) 20029 MGC/M3/HR
COEFFICTEMT OF VARTATION 17.27
NATE B/27775 STANDASN 755 MC/AMP  TIME 6,0 HR FFF 18/744.3
NERTH 10 ™ PEPL ICATFD ASSIMILATION (MGC/M3/H2)
LIQHT e 113 0123 .1?6 0117 .1;6 0117 0147 .111
VAoK of-)2 017 «017  en17 017 017 e 017 .017
NET $036 106 <109 e o0 <139 L1060 e13n .(-)94
MEAN NeT aAcSIMI{ ATINN e 1NGZ2 MGC/M3I/HR
STANDAKN NFVIATION e01A6 MGC/M3I/HR
STANDARN FRROR (N=R) + 0059 MGC/M3I/HR
COEFFICIEMT OF VARIATION 15,18
NATE B8/24/77% STANMDADRD  7.55 MC/AMP TIME 6,0 HR © FFF 231 /7646
NDFOTH 20 M QEPLICATFD ASSIMILATION (MGC/M3/HD)
LinHT «121 J0R1 L1722 102 117 <128 117 131
UASK e N20 _.020 « 070 «N20 0720 « 0020 020 .020
NET «101 0R2 WJ1Pr2 L0RZ L0097 L10R  «09> 111
MEAN NET ASSIMILATINN « 0344 MGC/MI/HR
STANDARD DPEVIATION s 0140 MGC/M3/HR
STANDARD FRKOR (N=R) « 0057 MGC/M3/KHR
COEFFICTEMT OF VARIATION 16.06

NATE R/¢Rrs75  STANDARN

NFOTH 30 ™

LicHT «f}AS 060

UADK eN1S D15

NET ()50 .045
MEAN NET AcSIMILATINM
STANDARND nryVIATION
STAMDARN ERROR (=R}

Te55 MC/AMP

REPLICATFD ASSIMILATION

107
015
o 0Q2

Q0722
«0173
«00F1

COEFFICTEMT OF VARIATINN 23.G7

TIYE 6.0 HR FEFF 14/74.3

(MGC/M3/HD)
« 092 .093 082 <107 .091
115 .015 L015 e O< ,01s
.n?? .068 -O?B OOQD .076
MGC/M3/HR
MGC/M3/HR
MGC/M3/HR



Table 4 (cont.)
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NATE 9/ w/7=  STANDA®N  7.55 MC/AMb  TIMEG&.,N HR EFF 15/76.2
NEPTH § M DEPLICATFD ASSIMILATION (MGC/M3/H2)
LInHT NG9S L0098 110 4135 L1191 127 <135 .1?7
UARK 015 015 .MS  L,01% 015 .015 015 .015
NET «0RN 00Q3 L0095 L1720 .176 112 el?2n .113
MEAN NET AGSIMII ATIAN e1123 MG /M3 /KR
STANDArN NEVIATION s U301 MGC/M3/HR
STANDARD FREOR (M=R) «0106 MGC/MI/HR
COEFFICIENT OF vARIATION 26,78
NATE 8§/ 5/75 STAMDADN  T7.55 “C/AMD TIME 6.0 HR EFF 15/76.2
NESTH 10 ™ RPEPLICATFD ASSIMILATION (MGC/M3/H9R)
LInHT «116 L1775 s101 «NB8 .096 121 R4 .088
Dask eN173 «013 «013 «+N13 «013 «013 017 013
NE T «103 L1133 .09 L0755 L0833 L1109 L0717 L0775

MEAN NET ASSIMILATIOM
STANDARN NEVIATION
STANDARND FRROR (NMz=R)

« 0808 MGL/M3/HR
e 0143 MGC/M3/HR
<0058 MGC/M3/HR

COEFFICTEMT OF VARTIATION 18,17
NATE 3/ 4/75 STANDADN  T7.55 MC/AMP TIME G.n HR FFF 21/77.8
NERPTH 20 M DEPLICATED ASSIMILATION (MGC/M3/H2)
LInHT «NB6 LN70 009 ,096 .078 .083 e 104 .091
UAaK .015 ,018 015 enl5 015 .01s eo015 .015

MEAN NET ASSIMILATIAM
STANDARND nFVIATION «01n3 MGC/M3/HR
STANNARN FOROR (N=8) + 0036 MGC/M3I/HR
COEFFICIENT OF VARTIATINN14.37

o 07] 8 MGC/M3I/HR

DATE 9/ 4/75 STANDA®DN  7.55 ucszamMp TIME 6,0 HR  FFF 19/77.3

NEPTH 30 M PEPLICATFD ASSIMILATION (MGC/M3/HR)
LInHT eN73 06K <108 110 .100 «118 e |oo 102
UAK «015 .015 015 015 .015 e4)15 e0Ql=l 4015
Ner e 058 .053 #0003 4095 L0B8S 10?2 .p9a .087

MEAN NET agSIMI| ATINM
STANDARD nEVIATINN .0121 MGC/M3/HR
STANDARD FOEROR (N=R) «30AG MGC/M3/HR
COEFFICIENT OF VARIATIONZ1 .48

« 1836 MGC/MI/HR



Table 4 (cont. )
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PATE Q/l4775 STANDAPN  7.55 MC/AMp  TIME 6.0 HR FFF 15/76.2
PECTHR & M ofEPL ICATFD ASSIMIL ATION (MGC/M3/HD)
LinkHT .1ng o124 133 196 .170 .127 197,171
UADK <013 ,L,013 ,L,013 ,L,013 013 .013 017 .013
NET 096  L111 «120 L4183 L.157 .113 e ]7a .168
MEAN NET ASSIMI| ATINY 01305 MGC/M3/HR
STANDARY NFVIATINN e 1325 MGC/MI/HR
STANNAKN FOROR (N=R) «0119 MGC/MI/HR
COEFFICTENT QF VARTATINN 24,03
NATE G/1la/75 STANDADN  7.55 MC/AMD  TIME &.,n HR EFF 15/76.2
NEDTH 10 M P ICATFD ASSIMILATION (MGC/M3/H?)
LlaHT «131 080 114 e 115 ,100 1846 4111 .110
VALK e 013 013 013 0013 L0113 .013 e01? .013
NbET e N\H «0A7  L1nl e 101 e NQ7 171 o (397 .097
MEAN NET AGSIMILATINM « 1047 MGC/M3/HR
STANDAKNO NFVIATION «3Nn3 MGC/M3/HR
STANDARN FRROR (N=1) «01INT MGC/M3/HR
COEFFICTEHT OF VARIATION 28.97
NATE 9/13/7% STANDADD 7,55 HMC/AMO  TIME 6.0HR FFF 13/75.6
NEPTH 20 ™ DEPLICATFD ASSIMI{LATION (MGC/M3/HD)
LinHT «1NG @121 006 «N97 .097 L1107 <104 101
YEPL «013 013 013 013 013 4013 e 017 .013
NET 795 L1107 <0R3 ellQ3 ORI ,094 e 093 LOAS8
MEAN NET ASSIMII ATInNM « 0907 MGC/M3/HR
STANNDARN NFVIATION <0024 MGC/M3I/HR
STANDARN FRROR (N=R) + 0030 MGC/M3 /AR
COEFFICTENT OF VARIATION 9,711
NATE Q/1/75  STANDARD  7.5% MC/AMD  TIME 6.0 HR EFF 13/75.6
NEOTH 30 ™ QFERPLICATFD ASSIMILATION (MGC/M3/HD)
LIAHT 113 L1725 L1187 114 L1100 e 117 <092  .096
UVAnK 164 014 <014 L,014 014 .014 e 014 L.014
NET «N39  L111 093 4100 086 .103 e07$7 L0B2
MEAN NET aAcSIMI{ ATINN «N938 MGC/M3/HR
STANDARND NFEVIATTINN «0111 MGC/M3/HR
STANDARN FOROR (N=A) « 0039 MGC/M3/HR
COEFFICTIENT UF VARIATINN 11.R6



Table 4 {cont.)

NATE 9/29/77%  STAMDARD
NFOTH 5 ™
LinkT « 159 . 173
UA K .18 015
NET «143 L1158

MEAN NET AQSIMII ATTN
STANDARN NFEVIATION
STANMDAKN FRROR (N=3)

hel3dS MC/AMPD

87

TIME 640 HR FFF 23/78.3

PEPLICATFD 455 IMILATION (MGC/M3/H?)

o Jafj ,129 .166 .164 <17 .160
«015 018 015 L0155 015 .015
1270 0113 151 4149 152 .145

01413 MGC/M3/HR
«0160 MGC/M3/HR
0056 MGC/M3/HR

COEFFICTEMT OF VARIATION 11.729
NATE /27775 STANDADN  Dp.35 MC/AMP  TIME 6N HR FFF 23/78.3
NEeTH 10 A REPL ICATFD ASSIMILATION (MGC/M3/Hv)
LI’;HT nla“; 0145 « 1 ARG 0165 .166 .167 e 177 0164
DasrK: eN11 011 L0111 011 e 011 e 011 o ()1 011
NeT 134 136 4153 4154 155 <156 1641 .153
MEAN NET ASSIMILATINM «1501 MGC/M3/HR
STANDARD NFVIATION <0102 MGO/M3/HR
STANNDARN FRROR (M=R8) o026 MGL/M3/HR
COLFFICIENMT OF VARTIATION 6.R2
NaTE gs/2a/s75% STANDASN  6.35 MC/AMP TIME 6.0 HR FFF in/74.8
NEPTH 20 ™ PEPLICATFD ASSIMILATION (MGC/M3/HD)
LinRKT «115 1723 .1?24 L140 .119 .135 .144 .097
DAoK 013 L0013 .013 013 ,013 013 erla .013
NET 01?2 110 111 <127 106 .123 e 131 .084
MEAN NET ASSIMIL aATInN el 117 MGC/M3/HR
STANDARND DFVIATTION « 01852 MGC/M3/HR
STANDARN FRROR (N=R) <0054 MGC/M3/HR
COEFFICIENMT OF VARIATION 13.64
NATE 9/23/7= STANDADD 6635 MC/AMD  TIME 6.0 HR  FFF 11/75.1
NEoTH 30 ™ RPEPLICATFD ASSIMILATION (MGC/M3/HD)
LInHT «09R +098 « 0936 e117 « 175 «104 1672 122
DA')K oNl4 D14 00]'{6 014 00]4 oOlQ o114 014
NET «NR4 N8R4 «0DR3 104 +112 « 091 s 140 .108
MEAN NET acSIMIi ATINN ¢ 1N1B MGC/MI/HR
STANDARN NFVIATION «0P21 MGC/MI/HR
STANDAKRND FRROR (N=R) 20078 MGC/M3/HR
COEFFICIENT OF VARTATINON 21,74
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Table 5. Results of graduated light series %
assimlation experinents

Expl anation of Table Val ues:

1. Date: Mont h, day, year of experiment

2. Standard: Total activities (microcuries) added to water
sanpl e

3. Time: Duration (hours) of incubation

4. FEff: Liquid scintillation external standard

(e.g. 12) and resultant percentage
counting efficienc (e.g. 75.4)

5. Depth: Depth (m of water sanple
6. Dark Assim Dark bottle assimlation (mgCm™3hr=1)
7. Light: Light intensity (nicroeinsteins m™2sec”!) in

i ncubation box during experinent

8. Mx: Light intensity expressed as percentage of
maxi mum light in box (i.e., Z of 117
microeinsteins M 2sec )}

9.  Assim Light, net assinilation (mgCm~3hr~!)
and net assimlation normalized on, and
expressed as a percentage of, the maximum
net assimlation that occurred during the
experi ment

10. Normal i zed: Net assimlation normalized on light intensity
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Table 5 (cont. )

NATE &7 A775%  STANDARND  Te70 MC/AMP  TIME 6.0 HR FFF 12/75,.4

nEoTH 10 M DARK ASSIM .01 MA/M3/NR
{ TGHT ASSTM (MARC/M3/HR) NORMALIZED
(ME/M2/S) Max L N Max AlL
240 2 W02 .01} 3 .N0P6R
500 /-0 c”q .02 10 .0016?
7.0 IS NG np 13 .001345
10.0 <] NS NG 21 LN0396
17.0 a4 «.NR 007 37 00407
19.0 15 .10 .09 49 LN048B4
2.0 13 L1272 .10 55 .90473
57e0 49 17 16 86 .00285
B87.0 74 +16 .15 80 .00175
117.0 100 o0 19 100 00162

nATE 67 Q775 STANMDARD  T7.70 MC/AMD  TIME 6.0 HR  EFF 13/7[5.6

NEPTH 20 M DARK ASSIM .01 MA/M3/HR
y IGHT ASSIM (MAC/M3/HR)Y NORMALTZED

(MF /42/5) MAY | N MAX A/l
20 ? e01 N0 1 .00067
Sel) 4 01 GN2 10 LN0308%8
7e0 I3 sfis N7 16 .00353
100 R «NA  ,05 32 «00488
1790 la 7 JNA 41 +001362
19.0 14 +0N9 0% 5¢ «0N041S
220 19 «0N3  ,n8R 55 00374
57.0 49 el1h <15 100 N0264
8700 T4 «15 .13 85 «N01S3

NATE 6710/75  STANNADD  FJ470 YCAAMP TIME 6.0 HR FFF 14/75%.9

NEBTH 30 M DARK AsSIM ,01 MG/M3/HR
 I6nT ASSIM (MAC/M3/HR) NORMALTIZED
(MF/M4c2/7SH  May L. M MAX 4/ L
2.0 ol 072 N0 2 N0167
5.0 A N4 03 14 LNNG4EK
7.0 “ N4 .N3 20 .0042R
10.0 R N6 .05 32 .0N048N
17.0 la ¢ OR N7 44 N0392
13.0 1k «.NG N8 52 .(1)0417
2.0 19 o 11 .N9 63 00430
57.0 4Q «15 L1 94 007250
87.0 T4 1A L8 100 .N0174

117.0 100 1A 15 96 (-)0125
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Table 5 (cont. )

NATE 6713775 STAMDADPD  7.70 MC/AMD  TIME 6,0 HP  FFF 13/75,.6

NEFTH 5 ™ DARK AggQIM .01 MG/M3/HR
1 16AT ASSIM (MGC/M3/HR) NORMALTIZFD
(e /M/S) May L H MAX 4/L
2+0 7 o (1] .00 1 «N0067
5.0 & 07 .01 11 «N0241
740 o) «N3 N2 17 00277
100 3] e 4 N3 c4 +N0267
170 la « 07 .6 51 .(-)0334
1900 16 -OR 006 57 .00?3R
2240 19 R 07 59 «N029R
5?.0 49 «J1 L10 845 «00172
B7.0 74 <12 W11 100 «00128
1170 100 «11 .10 g0 «00086

NATE 6/l?/7ﬂ STANDADD 7470 #C/AMD  TIME 640 HR FFF 13/75.6

NEPTH 10 M DARK ASSIM .01 MG/M3/HR
t I1GAT ASSTM (MAC/M3/HR) NORMALIZFD
(MF/M2/S) MAx L N MAX A/L
2e0 ? .03 ,.n? 14 .00936
Se0 4 en3 o Q2 13 .00348
T0 A N4 N3 13 00363
10.0 ] 05 ,04 27 +N0368
17.0 14 07 .05 43 .00350
19.0 1A e 08 .07 53 00384
22.0 19 «10 ,N8 61 .00380
57.0 40 e11 .10 72 «00175
87.0 Ta .15 J14 100 .00158
1170 100 .14 12 90 00106

NATE 6712775  STANDADPND 7470 MC/AMP TIME 6.0 KR FEFF 14/75.9

NEOTH 20 M DARK AggIM 01 MGB/M37HR
t 1617 ASSTM (MAC/M3/HR) NORMALI7FD
(MF/M2/S)  MAY 3 3] MAX AlL
Pel 2 e N} . N0 3 001133
Sl 4 « 01 o nl-l 1 N00173
7.0 I3 N2 0 0] 9 .00133
10.0 A o N e n? 23 e 0074il
17.0 14 N4 N3 25 .00157
169.0 14 04 N3 29 .00161
?2.0 19 « NS .N3 32 .00154
57.0 4Q o 1N < NR 8¢ .00146
8700 fa o]? .10 100 .00120

217.0 100 11 ¢ 0Q 90 00080



91
Table 5 (cont.)

NATE A/713/75 STANDARD  7.70 uC/zaMp  TIME 6.0 HR FFF 14/75. 9

NENPTH I M DARK AggIM .01 MG /M3/HR
11GHT ASSIM (M GC/M3/HR) NORMALIZFD
(MEF/M2/S)  May L M MAX AL
2.0 ? « 0] L0 1 «00067
Sa A en7 .n) Y .001?277
760 'S <03 .0} 14 .N0209
100 A 0 02 183 LN0187
17.0 14 N ,n3 32 «N01G64
13.0 1A~ A 05 45 N0247
220 12 «NG Nk 41 00191
5740 49 10 (N8 82 .00148
B7.0 Ta 11 «10 95 <0113
1170 100 e ?1 .10 10U +000RA

NATE AALG/75  STANMDADT) 7670 MC/ZAMO  TIME f.N HR  FFF 14/7%.9

NEPTH S5 ™ DARK ASgIM .01 MG/M3/HR
1 16HT ASSTM (MAC/M3/HR) NORMALIZED
(MF/M2/7S) MAx { M MAX All-
2% (I ? «01 0D 0 .0000(-)
560 A . N o fll 11 L00107
7.0 A N7 oA 20 .N0133
10.0 Q 02 o0l 31 200147
17.0 14 «H3 N2 46 .00129
19.0 1A NG N3 56 .00140
22.0 1@ N3 N2 41 +00NARR
57.0 49 NG NG 71 00064
87.0 74 N6 NS 9y .00054
117.0 100 N6 .05 100 00040

PATE 615775 STANDAOD 7.70 MC/AMP  TIME .0 HR  FFF 14/75.9

DECTH 10 ™ DARK ASSIM ,0] MG/M3/HR
i IGHT ASSTIM (MnAC/M3I/HR) NORMALIZED
(MF/M2/S)  Max L N MAX AsL
2.0 2 « 01 .NO b 00067
Se0 4 N7 N1 Q .00147
7.0 A 02 .01 15 .N0181
10.0 A « 173 .N1 14 L00147
17.0 la N4 n3 33 00157
15.0 1/ «NS  _Nn& 4y 00210
22.0 13 « 05 NG 473 00161
57.0 49 sN9 07 10 .(-)0130
87.0 T4 «09 .N8 9y .00093

117.0 100 «08 0% 100 .00070
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Table 5 (cont. )

NATE 6/16/7s STaMDARD  T7.70 #Cz7AMPp TIME 6,0 HR FFF 18/756.2

NEPTH 20 DARK AGSIM ,01 MG/HM3/HR
{16 T ASSTIM (MGC/M3/1R) NORMALIZFD
(MF/ME/S)  Max L N MAX 4/L
20 > «N) «NO 0 «00000
5.0 A NP ® 1] 8 .90120
7*0 I N2 W01 15 . 00161
10*0O = 003 N2 25 00179
1700 la 04 .03 42 «00180
190 1a NS NG 54 «00206
?200 IQ oﬁg .”h 54 000178
57.9 49 end .07 100 00128
1170 100 . «NR  .n7 96 00060

PLTE A71h/75  STANDAPD  7.70 MC/ZAMP  TIME 640 HR FFF 15/74 8

NEPTH 30 M DARK ASSIM ,01 MG/M3/HP
I F1GHT ASSIM (MGC/M3/HR) NORMALIZFED
(ME/MA/S) My | N MAX AL
2.0 2 N2 U0 ) .00271
S0 A °0? .0l 12 00167
7*0 ~ N3 02 22 LN0P27
10.0 8 .0N3 .02 29 00203
1-?.0 14 e NS NG 558 00239
19.0 1A N6 N5 67 00246
22.0 1o 05 .06 52 .0016A
57.0 49Q « (1A . NS 71 +N00R7
B7.0 71, «N7 N5 76 L00061
117.0 100 .08 ,n7 10U 00060

NATE /13779  STAMDADD  T7.70 MC/AMP TIME 6.0 HR FFF 5/74.8

NEPTH 5 M DARK ASSIM .01 MG/M3/HR
{ I6HT ASSTI# (MRC/M3/HR) NORMALIZED
(MF/MZ/S)  May L N MaX A/L
2.0 ? 02 .01 12 .00338
Sa0 4 .07 .01l 20 .N0230
7.0 4 0?2 .01l 17 .00145
10.0 ] 01 N1 26 .00149
17.0 14 NG N3 50 .00171
1?.0 14 N5 ng 67 00206
P2.0 19 05 .04 63 00166
570 40 07 .08 92 LN0N94
87.0 14 N7 N6 97 L0065

117.0 100 07 .06 100 . 00050
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Table 5 (cont. )

NATE AZLlR/778 STANDAGN  T7.70 4C/aMPp  TIME 6,0 HR FFF 18/74,8

NEOTH 10 ™ DARK ASSIM 01 M5/M3/HR
P T6HT ASSTM (MAC/M3/HR) NORMALIZFD
(MF/M2/S)  Max L. 3| MAX 4/L
200 ? « 07 .ﬂl Q .0030‘+
5.0 A NP «.N1 12 N0162
70 £ on3 on 21 00213
100 R «N3 N2 2 «N0156
170 la N5 NG 53 .00219
190 1A en5 ,ng 53 «00195
P20 13 «NA NS 69 «00”209
570 49 « (R N5 92 «+N0114
R7+0 Ta «08 .n7 Q4 L00076
117.0 100 enR .07 100 00060

NATE 6/19/75  STANDADN 7070 MC/AMD TIME 6D HR  (FF aG5/7648

NERTH 20 M DARK AcgIM .01 MG/M3/HR
t I6nT ASSIM (MRC/M3/HR) NORMALIZED
(MF/M2/S)  May L N MAX A/L
2.0 ? o) . N1 13 .00406
Sel 4 N3 N2 30 .(")036S
7*0 é on-? . ne 28 00242
10.0 a «N3 ® n? 33 000196
17.0 la ol .03 49 .N0175
19.0 1A NG L N4 60 .00189
22.0 1q NS N3 54 .N0154
57.0 4Q 07 .06 100 .N0106
87.0 A LNA N5 87 ,N0N60
117.0 100 <07 .05 94 .00049

NATE 6713775  STanDARN 7.70 MC/AMP  TIME 6.n HR  FFF 74/75.2

NDEGTH 30 DARK ASSIM ,01 MG/M3/HR
I TGHT ASSIM (MGC/M3/HR) NORMALTIZFD
(MF/M2/S) MAY L N MAX A/L
2.0 ? N2 0l 3 .00168
GehN 4 + N7 ® 02 1‘0 .00336
2.0 A P P/ e 23 +.N0384
10.0 R NG o> 26 .00309
17.0 14 N7 NA 52 .N0364
19.0 14 «NA N7 54 .NDD36R
P20 10 .09 N8 65 .0035]
57.0 49 172 Y1 94 N01RA
B7.0 76 13 Y2 100 +.N013A

117.0 100 e 13 .11 96 ‘00097



Table 5 (cont.)

NATE 6721775  STanDAaon

NEOTH S M

b IGHT ASSTHM
(MF/MZ2/5) Max L

20 ’ « 01
Sel 4 a0}
7.0 2 o ()?
1000 R .ﬂ?
17-0 la ¢ 03
19*0 1A o NG
220 10 o fit+
57.0 49 e NA
K70 Ta NG
1170 100 « A

NATE AR/C?2/75 STAMDADN

NEPTH 10 ™

' 16RT ASSTM
(MF/M2/S) Max L

2.0 ? .02
5.0 4 N2
7e0 A .3
10*0 R N3
17.0 14 A
19.0 1ha o n4
22.0 1o ® n&
57.0 49 .07
97.0 74 o OR
117.0 100 07

NATE =~ A/22/75  STANDADN

NEPTH 20
1 TGRT ASS M
(MF/M2/S)  May L
2.0 > 1P
5.0 A «N?
7.0 A 07
1040 R 03
17.0 la NS
1940 | YA
220 19 e N5
57.0 49 N7
A7.0 74 «07
117.0 100 .07

94

7.70 MCs/AMP  TIME 6.0 HR FFF 27/78,.4
DARK AggIM ,01 MG/M3/HR
(MGC/M3/dR)Y NORMALTIZED
N MAX h/L
.00 1 .N0N32
N0 0 00000
e Ol 18 00129
N1 2c «N0110
o i? 38 «N0114
«N3 61 «00163
.02 43 .(-)0100
A 86 LNONTT
.N5 96 00056
NS 100 00044
770 MC/AMD  TIME g,0 HR FFF 27/78.4
DARK ASSIM ,02 MG/M3/HR
(MAC/M3/HR) NORMALIZFD
N MAX A/L
0N 3 L0097
.00 6 .00077
N1 15 LN013R
ne 28 LN00174
.N3 44 00163
.n2 38 00126
N3 41 LN0117
N5 82 .N0n91
.06 100 LO0N73
.05 86 00044
7.70 MCsAMP TIME &.0HR  EFF 27/78.4
DARK ASSIM 02 MG/M3/HP
{(4AC/M3/HRY NORMALIZEN
N MAY 4/L
.0 Y +N025R
SN0 s 00090
o 0L 1z .00101
N2 21 .00155
N3 52 SN0175
.N3 449 .N0149
. N3 60 «+00155
N6 94 .00098
.05 99 N0065
Ln6 100 N0N49



Table 5 (cont. ) !

NATE /24775  STANDARD

NEFOTH 9

! IGHT ASSTM
(MEL1A2/S) May {
2el} ? s NP
S-O & .Q.))
7.0 'S + N3
100 A « N7
170 14 o 23
190 | «N3
2240 142 o N4
57*0O LG e NS
87.0 A « 05
1170 100 00

(MAC/M3/HR)
N MAX
.01 13
N1 27
. N1 34
.Nn1 27
.01 37
N2 40
N2 60
. N4 100
NG 100
NG 97

NATE 6/2:4/7= STanDaRn

NFeTHd 10 M

1 IGHT. ASSTHM

(MF/M2/S) May L
20 ? 017

Se0 4 .M
7.0 4 N?
100 n N2
17.0 1a e N3
19.0 1A «N3
220 13 «03
57.0 49 NS
87.0 T4 o NG
117.0 100 « 05

(MARC/M3/HR)

Ni

N0
N0
.00
N0
.01
.01
N2

NATE 6/25/75  STANDADRD

PERTH 20 M

1 IGHT ASSIM
{MF/M2/75) May l.

2'0 7 .ﬂ?
5.0 4 NP
7*0 A 9(1?
10.0 R N7
17.0 14 « 04
19.0 1A o N&
2240 19 ®
57.0 49 e 05
87.0 74 o NAH
11700 100 o 05

(G0 /M3 /7HR)
N MAX
- N0 3
.01 13
. N1 21
N1 30
N3 61
N2 S0
Y 76
e n3 71
N5 100

«NG

7.70 M C/AMP

7.7(1 MC/AMP

770 MCrAMP

95

T1 ME 6.0HR F'.FF 37/TQ,Q

DARK AgSIM .01 MA/M3/HR

NORMALIZED

A/ZL

.00258
.00219
00194
«00110
.00087
(0085
«N0109
.00070
«00046
.00033

TIME 6.0 HR FFF 27/78.4

DARK ASSIM 01 MG/M3/HR

Max

B

0
10
8
39
32
49
94
80
100

NORMALIZED
AlL

00161
.0000N
. 00055
»00032
.00087
.0N0N6S
. 00085
.N0066
«000n35
.00033

TIME6.nN HR FFF 27/78.4

DARK ASSIM ,01 MGg/M3/HP

16

NORMALIZED
AlL

«N0065
«0N0129
.00147
.N014R
.N0175
.00129
.(-)0170

00061
.00056h
.00032



Table 5

NATE
NELTH 3

t ToHAT
{MF 142/

0

~

.O
o0
10.0
17.0
19.0
220
57.0
87.0
117.0

NAaTE

NEeTH

IIGHT
(MF /M2 /

* .

—

— DO N e

~N NNV O WO Ui
L ]

oooooonQoso

NATE
NERPTH 1

t IGHT
(MF/M2/

2-0
Se0
70
10.0
17.0
19.0
e2.0
5-?.0
B7.0
117.0

(cont.)}

K/E5/T=

n M

s) May

Ta
100

A/CT/STS

5 M

S} Max

100

/2T

0 M

5)  Mavy

100

96

STANDAPN 7470 MC/AMP  TIME 6.0 HR FFF 24/78.6
DARK ASSIM 0] MG/M3/HR
ASSTIM (MAC/M3/HR) NORMAL TZFD
L N MAX Azt
o 01 2 N0 1 .00032
N7 N0 5 LN006Y
02 .01 15 .00129
«N73 N1 19 N011A
04,073 51 00178
o004 N3 48 .00157?
«.N5 .03 55 00149
06 .05 75 00079
N7 N6 92 00064
07 N5 100 .00051
STANDADPN 7.7y MC/AMP  TIME 6.0 HR FFF 24/78.6
DARK ASSIM ® O1lMG/M3/HR
ASSIM (MAC/M3/HRY NORMALIZED
L N MAX A/L
072 N1 15 LN01RN.
S SN | 17 .00165
of3 02 2y L00167
«eN3 N2 31 .N0110
« 05 JNG 66 L0207
T N2 34 .001027
«0N7 e OF) 92 NO0S7
N4 f-)2 39 00027
07 .06 100 00051
STANDARN  7.70 MC/AMP TIME 6.0 HR FFF 24/7R.6
DARK ASSIM 01 M53/M3/HR
ASSIM (MAC/M3I/HR) NORMAL I Z7FD
I M MAX 4/L
I - B 1 2] 00129
0«02 .01 24 00154
«03 .0l 40 N0184
02 .01 24 L00090
N3 .N1 44 00083
«03  ,n2 52 .00N8BK
«N3 « N1 42 LN0061
o ()4 N3 94 .00053
04 .03 86 .00Nn37
« (15 LN3 100 00028
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Table 5 (cont.)

NATE 6728775 STaNpaon  7.70 Me/AMP TIME 6.0 HR FFF »4/78.6

NFOTH 20 M DARK ASSIM .01 MG/M3/RR
t 1GHT ASSIM (MAC/M3/7HR) NORMALTIZFD
(HME /M2/5) MAX L Y MAX 4/L
2.0 2 en? ,nl 15 «00322
5.0 4 ¢0? .00 Y .00077
7.0 A «03 .01 23 .0("")175
100 [ «0N3 .01 31 .N013%
17.0 14 e0h  .NE 50 «.00129
19.0 14 oNG O O0P 51) «00115
22*0 19 Nl 02 51 .(-)(-)102
57*0 49 o6 L0G 99 «00076
87*0 74 «0S5 eno 94 «00047
11740 100 «06 .06 100 .00037

NATE /23775  STANDARD 7.70 MC/AMP  TIME 6.0HR FFF 24/78.6

NERTH 30 M DARK ASSIM .01 MG/M3/HR
i IGRT ASSIM (4RC/M3/HR) NORMALIZFD
(MF/M2/S) May | N MAX AL
?.0 2 2 .0} 20 00384
5.0 4 0?2 .00 8 .0N0064
7.0 A 02 .01 14 .00101
10.0 Q «N3  _nj 34 00148
17.0 14 NG N3 66 .N0151
19.0 14 N T % 70 «N0144
22.0 19 .05 .04 93 .00167
S7.0 49 «NG 06 90 «00062
87.0 74 .05 N4 97 L00NG4
117.0 100 « 15 «N& 100 .00034

NATE 673n/75  STANDAPD 7.70 #C/AMP  TIME 6,0 HR FFF 14/75.9

PDERTH & M DARK ASSIM 01 MG/M3/HR
\ 1G6HT ASSIM (MGC/M3/HR) NORMALTIZFED

(MF/M2/S) May 1. N MAX AsL
2.0 2 N2 .00 6 00100
5.0 [ « N1 -nn 4 -00027
Te0 A 027 N0 H +0ND003R
10,0 o N2 N 2% «NNDA8’N
17.0 la W02 N1 a5 N0N67
1.0 14 N2 N Yol 000427
22.0 1o 03 0] 4() 00058
57.0 49 NS .03 100 L N0NGA
87.0 74 e0& 03 81 «00030

117.0 100 N4 03 BS 00023



Table 5 (cont.)

NATE 6/3n/7%

NEOTH 1p M

1 IGHT
(RF/M2/S)

~N N
<O O O

1040
17*0
19.0
22*0
57.0
87*0
11740

NATE 7/
NERTH 20 ™

LIGHT
(ME/M2/S)

-
L
L

~No Ut
D0 DD 2

10.
17.
19.0
220
57*0
87.0
117.0

NATE 7/

NEPTH 30

! IGHT
(MF /M2/5)

[=BENENG V]
D20 O @

17.0
19.0
22.0
57.0
7.0
117.0

100

1/78

May

7(4
100

1775

MAay

ASSIM

L

o N1
e N1
o]
«0N]
N2
N7
NP
«N3
« 03

ASS M

L

N7
N2
o N3
eN3
« 073
« 04
+ N3
NG
e 05
«05

ASSIM

L

o N2
«n1l
02
N2
eN3
Nk
oN3
A
TA
YA

98

STANNDAPA 7470 uC/zamp T

STANDADRD 7470 MC/AMP T

IME 6,0 HR FFF

DARK ASSIM ,01 MR /M3/HR
(MGC/M3/HR) NORMALIZFD
M MaX A/L
.00 0 .00000
.no 8 .00(?27
e NO 19 «N004R
.N0 15 00027
.01 62 .N0063
N1 58 «00n53
N1 54 .00045
N2 88 N0027
.02 83 +0001R
.02 100 00015

IME 6.0 HR FEFF

NDARKASGIM ® Ol MG/M3/HR

STAMDADD 7450 MC/AMP T

DARK ASSIM

(MGC/M3/7HR) NORMAL IZED
N MAX A/L
N0 13 «007233
.00 11 .00080
N1 40 00200
N2 53 00207
.02 55 .N0114a
N2 62 JN011h
.Ne 54 «N0N94
N3 94 00058
N3 g8 00040
N4 100 e f)0030

IME 6.0 HR FFF

01 MG /M3/HR

{MARC/M3/HR)Y NORMALIZED
N MAX A/L
N1 20 (-)0?74
.00 12 .N0068
N1 20 LND0TA
.01 37 L,00103
.02 83 00137
.Ne 73 ® 190108
N2 71 .00090
A3 100 .00049
.N3 9Y LN0031
.03 33 L0N0Nn22

14/75.9

]/;/7%-9

14/75.9
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Table 5 (cont.)

NATFE 7/ /75 STANDADD  7.50 sC/ZAMP TIME 6.0 HR  FFF 14/75,9

NFOTH 5§ ™ DARK AGSIM .01 MG/M3/iil?
I TGHT ASSIM (MAC/M3/HR) NORMAL I7FN
(MF/M2/S)  Max I N MAX 4L
20 2 .01 .00 3 «N0034
50 A N7 W01 26 .00137
7.0 6 02 .01 23 .000RS
10.0 a N2 0] 36 .N0096
17.0 14 003 .02 56 .N0NBY
19.0 1~ 007  .nl 31 e 00043
57*%9 40 NG 03 100 00047
87.0 74 (4 a3 97 .00030
117.0 100 & JN2 92 e 00021

NPATE 7/ /75 STanparD 750 MC/7AMP TIME 60 HR  FFF 14/75.9

NEPTH 10 ™ DARK ASSIM .01 MG/M3/HR
1 IGHT ASSTM (M5C/M3/HR) NORMALTI7ED
(MF/M2/S)  Max | N MAaXx 4/1-
2.0 Pl « ) .00 0 .000no
5.0 4 ey .01 22 L00137
Te0 [S «N3 . N1 40 001764
10.0 = .07 « N1 18 L ONNSS
17.0 14 07 «N1 31 00054
19.0 14 fy? .ni 29 .00047
272.0 lo en? ol 36 .00050
57.0 49 )4 .02 78 200042
87.9 74 ()4 N3 8“2 .00Nn29
117.0 10n eN4 003 10 000248
NATE 7 az78  STANDAON 7,50 "C/AMP  TIME 6.0 HR FFF 25/764.8
NEPTH 20 ™ DARK AGSIM .02 MR/MI/HD
I TGHT ASSTM (MAC/M3/HR) NORMAL IZFED
(MF/M2/S8)  Max L N MAY 4/ L
20 2 «eN3 0} 25 « 00625
Sal) 4 e 04 .n7 51 «00814
Tl I3 0 ()6 NG Ba . n0605
10.0 IS NG N2 44 . 00?43
170 14 r-)s .03 63 «00188
19.0 1A o6 NG 90 .00741
220 19 ofl5 ,n3 58 00133
570 49 0 fl7  ,n5 10wy e 00089
870 Ta ® P6 LNG 88 0051
117+0 10n N6 .05 89 .00039
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Table 5 (cont. )

NATE 7/ 4775  STANMDARD  7.50 MC/AMP  TIME 6.0 HR FFF R4/75.2

NEOTH 30 M DARK ASSIM 07 MA/M3/HR
¢ IGHT ASSIM (MAC/M3/HR) NORMALTIZFN
(MF/M2/51) MaY L Y MAX 4/L
Pe 0 ? 02 ° () b 00138
S0 4 N2 N0 B LNONAG
7.0 A N3 0] 27 .00168
10.0 R’ i-)? o n] 23 L0NN97
17.0 la N6 N2 47 200118
19.0 1a NG .03 61 .ND013R
220 19 « 04 .Ne 4 +.D00R2
57.0 49 NS N3 73 00054
87.0 1(. NA . ne 109 .00049
117.0 lot-I NG N3 60 .00dnzz

NATE 71 /75 STANDADD 7«50 MCrAMP TI4E 6.0 HR FFF 24/75.2

NELTH 5 M DARK ASSIM .01 MG/M3/HR
{ IGHT ASSIM (MARC/M3/RHR) NORMALIZED
(ME/42/S)  MAY | N MAX AsL
2.0 ] 012 .01 14 .00310
5.0 4 072 N0 10 L00N83
700 A W2 .01 24 .00147
10'0 B « 13 .nl 2‘) .00124
17*0 la «0N3 .02 3K .00097
19.0 14 «N3 N2 46 .00105
22.0 19 N3 02 37 L0N0072
S7.0 40 .05 .04 86 00065
B7.0 74 L0A NG 97 .00048
117.0 10n N6 04 100 .00037

DATE 7/ A/775 STANDAOD  7.50 MC/ZAMP  TIME A,n HR FFF 34/75.2

NFeTH 10 ™ DARK ASSIM ,01 MG/M3/HR
' IGHT - ASSTM (MAC/M3/HR) NORMALIZFD
(MFE/M2/S)  MAax L. N MAaX ‘A/L
2.0 > NP2 N0 21 .n02a)
S5ef) 4 «01 . NO 3 .00014
7.0 A N2 N0 12 .,00Nn39
in.o R N2 0] 36 e 0l)rR3
17.0 la R - | 30 L00040
19.0 14 o2 N1 39 L00047
P20 19 oM N1 58 .00059
57.0 49 .N3 @ 76 L00030
8'7.0 T4 NG e 100 .0(-)026

117.0 100 Ce0a L02 100 .0001%
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Table 5 (cont. )

NATE 7/ 7775 STANDAOD 7,50 uC/AMD  TIME 6.0 HR  FFF R46/75.2

NELTH 20 M : DARK AQSIM (01 MG/M3/HR
1 16HT ASSIM (MAC/M3/HR) NORMALTIZED
{ME/M2/75) MAX L 3| MAX A/L
20 ? 0P .01 13 00275
5.0 4 02 ,Nn0 5 00041
70 A (17 N0 be] «00N49
10.0 R «NP .00 7 .0N00728
17.0 14 0 02 .01 22 « 00053
19.0 14 N3 .02  4H 00105
2240 1a et .02 52 e !lon97
57*0 49 T L 1A 93 + 00068
870 71, o (76 «.N& 100 ~00047
1170 100 0fl6 NG 100 2« 00035

NATE 7/ 7775 STANDAOD 7450 MC/AMP  TIME .0 HR  FFF 213/75.7

PEFOTH 30 ™ DARK AgSIM 01 MG/M3/HR
I 1GHT ASSIM (HMAC/M3/nR) NORMALIZFD
(MF/M2/S)  Max L. M MAX 4/L
2.0 ? 01 .00 7 .00103
5.0 4 ® o1 N0 0 00000
70 I3 NP 0N Y .00039
10.0 R «01 @i 7 00021
17.0 la .07 0| 29 .00n52
19.0 1A 02 01 2% 00047
22.0 1o .02 0] 38 .N0053
57.0 49 03 N2 73 ,00040
87.0 74 .04 ,0n3 96 L0003
1170 100 . 0s Q3 100 .00026

NATE 7/ 2775 STAMDADPR 7,50 4Cs,aMp TIME f.n HR  FFF 32/76h.1

NEPTH 5§ M DARK ASRSIM ,02 MG/M3I/HR
1 1GHT ASSTM (MAC/M3/nR) NORMALT7ED
(MFE/MZ2/S)  May L N M A X AlL
20 2 N2 .0} la 00307
5*Q 4 I R TR B 32 <N0273
7.0 A (12 .00 H : «N0049
10.0 ] N2 ,0D 6 .000°?7
17.0 14 «03 N1 27 N0N5A4
19.0 1+ N3 o1 21 N004&7
22.0 19 «03 .0} 22 : .000473
57.0 472 05 .n3 7} .00054
87.0 /4 «NB  ,NG 35 N0047T

117.0 100 «0A .04 100 L00037
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Table 5 (cont. )

NATE 71 az7a  STAMNDADND  T7.50 MC/ZAMP  TIME 6,0 HR FFF 13/75.7

NEPTHIN M DARK ASSIM .07 MG/M3/HR
1 T6RHT ASSIM (MGC/M3/RR)Y NORMALIZED
(ME/142/7G)  Max 1 N MaX AlL
20 2 N2 L00 9 00206
S.0 A « N7 « N0 5 «0004)
Te0 IS N7 0D 6 00039
10.0 f «N2 00 ) 00027
1780 14 «03  .n] 31 .00081
19.0 14 03 .0? 3? o f)of)137
22.0 19 «N3 N2 4.3 «N0NAB7
57.0 49 o055 N3 63 .(-)0053
A7.0 14 o(6 en& 100 e 000s1
117. () 100 06,04 9“2 00037

DATE 7710775 STaMDA®PDR 7050 MC/ZAMP TIME 6.0 HR  FFF 23/75.7

NECTH 20 'M DARK AggIM .02 MG/M3/HR
t IHT ASSTM (MAC/M3/HR) NORMALIZED
(MF/M2/7S) MAY 1 N MAX AlL
2.0 ? - 0 .(-)0(-)00
5.0 4 04 ® 02 34 .00412
7.0 3 oN3 N2 28 .(-)0235
10.0 A 03 .0l 2(1 00117
17.0 14 *nd 02 41 .00145
19.0 14 NG 02 34 .00108
220 1a NG 012 34 L001073
57. (I 49 .07 .05 90 .00094
B7.0 T4 « N8 <NhH 98 LNONAT
117.0 100 0B 06 100 .00051

NATE T/la/775  STANDADD  7.50 MCrAMP “TIME 6.0 HR FEFF a2/76.}

NEPTH30 M DARK ASSIM ,02 MG/M3I/HR
1 1GHT ASSIM (4~C/M3/HR) NORMALTIZED
(v Frz4 Z/s) MaY L M MAaX AlL
20 ? 07 ) 0 000000
S0 0 NP .nl ll 00010(‘;
7.0 'S N N2 33 L007224
100 f A RCE B | 16 .00(-)75
170 la eNL N2 41 00116
19.0 14 0173 «.N1 b LNONES
22. (I 1a 04 .02 40 sN0NB7
57.0 4? 07,05 100 «N0NKBG
R70 74 £ 15 .03 73 .00(-)40

117*0 100 05 .04 77 .(-)0031
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Table 5 (cont. )

NaTE 7712775 STANDADRD 7450 MC/AMp  TIME 6.0 HR  FFF 29/77.5

NEPTH 5 ™ DARK ASSIM 072 MG/M3/HR

1t IGHT ASSTIM (MAC/M3/HR) NORMALIZED
(ME/M2/S) Max | N MAX A/L
20 ? «03 .07 30 .N0908
Sef) 4 N7 .00 5 00NnA7
7.0 A eN3 N2 27 .(-)0?3'3
10.0 R ¢0? .nQ ) .00047
17.0 14 enil  ,n2 35 00126
1790 1A~ 003 N} 24 .NONTA
2240 19 o nd «. N3 43 L.N0119
57-0 40 o o7 .03 79 .OOORL—)
8700 74 o 07 .(‘5 85 ® oonb9
1170 10n M (NH 100 «000862
NATE 7712775  STANDARN 750 MC/AMO  TIMZ &,0 HR FFF 29/77.5%
NEOTH 10 ™ DARK ASSIM .01 MG/M3/HR
1 1GHT ASSIM (MGC/M3/RR) NORMALTZFD
(HMF /92/8)  Max L 3] Max AsL
20 ? N2 .N1 36 005073
5.0 4 07 .00 14 L00080
7.0 6 .n2 .0 24 .N0N9A
10.0 A onj en] L8 L00134
17.0 14 «N3 N2 &4 N0106A
19.0 14 - | 31 LO0N4LA
22.0 1o .03 e n? 60 00076
57.0 49 o004 .03 9s N0N4Y
87.0 Ta .04 ® n? B8l .N002A
117.0 100 04,03 100 00024
DATE 7713775  STANDAPRD  7.50 MCs/AMP  TIME 6.0 HR  FFF 28/77.9
NECTH 20 M DARK ASSIM 02 MG/M3/HR
g 16RT ASSTM (MGC/M3/HR) NORMALTIZEDN
(MF /M2/S)  MAX L. M MAX A/lL
2e0 ? NP2 0N 4 .0n0233
S0 4 N2 .00 U 00000
7.0 A «03 .01 13 .00?200
10.0 2 03 0l 13 00140
17.0 14 «03 .01 B .00051
19.0 1A N3 N} B .N0NAKY
22.0 10 .03 .01 11 .N0055
57.0 4q 13 11 100 00194
87.0 T4 YA .03 23 .NoNn2q
117.0 100 N5 .03 25 .00024
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Table 5 (cont.)
NATE 7/11/7%  STANDABD 750 MC/AMP  TIME 6.0 HR FFF 29/77.5

NFEFOTH 30 ™ DARK AgsIM .01 MG/M3/ZHR
¢ IGHT ASSIM (MAC/M3/HR) NORMALIZFD
(ME/M2/S)  Max | N MAX AL
2.0 ? 04 03 49 01307
5.0 A .02 .0l 16 .00174
7e0 ~ .03 .0 28 «N0211
1In.0 R .N3  oRl 2 .00147
1740 14 «NA ot 74 «N0244
190 1~ ond  .N2 42 eN0116
2720 17 o fit  ,n3 S6 00134
5760 49 DA 04 80 .(")0074
B7e0 12 '(16 .05 90 .00055
1170 100 N7 .05 100 .00045

NATE 7715776  STAMDADN 750 “C/AMP  TIME g.0 HR  FFF 28/77.9

NEPTH 5 M DARK ASSIM ,01 MGB/M3/HR
t I1GHT - » ASSTM (MAC/M3/HR) NORMALIZFD
(¥ /MS/S) Maxy L N MAX A/L
20 2 sH2 N0 13 L.00200
Se 4 N3 .01 37 00227
7.0 A NG N3 96 «00419
100 & N4 02 78 00240
17.0 14 .03 . n? 63 .00114
19.0 14 N2 .0l 24 ® (1)OQ3Q
22.0 19 .06 .03 84 LN0118
57.0 4G N4 073 &7 ® oo0r-147
87.0 Tu N4 03 100 . 00035
117.0 100 S04 .03 91 «00024

NATE 7715/75  STANDADPD  7.50 MC/AMP  TIME 6.0HR FFE 29/77.5

NERTH 10 M DARK ASSIM .01 MR/M3/HD
i 16HT ASSTM (MGAC/M3/HR) NORMAL IZFD
(MF/M2/S) Max L N MAX AlL
2.0 ? N2 0] 17 003072
5.0 4 N3 N1 26 . 00255
7.0 A 03 .02 34 .00239
10.0 a N3 0 27 .N0134
170 la N3 02 3o 00103
19.0 1A NG 0P 45 +0011A
22.0 1o .03 n? 4 o 001-1Q4
57.0 4Q N5 naG 75 L0065
87.0 T4 oNS .04 82 LN004A

117.0 100 .0Ah .05 100 00042
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Table 5 (cont. )

NATE 7/16/775  STANDADN 7,50 MC/AMD  TIME 6.0 HR FFF 29/77.5
NERTH 20 ™ DARK AGSIM .02 MG/M3/HP
 IGgHT ASSTIM (M C/ M3/HR) NORMALIZFD
(HF/M2/S)  Max L N MAX A/L
?2*Q 2 o f-in b «00101
5.0 A AT N2 44 00335
Te0 A N3 N 2l 00105
100 o] 07 N1 17 + 00060
17.0 14 en3 .01 27 .N0NSS
190 | « N3 o Pl 37 200067
22'0 10 cn? .ﬂl 3:'3 .000‘3"—3
570 49 o5 e )3 93 «N0060
870 T4 NG N3 75 00030
117.0 100 05 .03 100 «00030
NATE 7/ 6775 STAMDADN  7.50 MC/AMP  TIME 6.0 HR FFF 20/77.5
NEDTH 30 M DARK ASSIM .07 MG/M3/HR
) [GHT ASSIM (MGC/M3/HR) NORMALTI7FD
(4F/M2/7S) Max L M MAX A/L
2.0 > LN2 . an H .00701
S.0 “ « 073 N1 20 LN0201
7.0 A NP2 0] 12 .00086
1(-).0 2 NI N1 19 .00094
17.0 14 . NS e n4 76 .N0221
19.0 1A N5 0> 57 .N014R
57.0 49 06 04 73 00063
87*0 T4 LN7 005 100 .N0057
117.0 100 07 . N5 96 00041
DATE 7/718/75  STANDADND  7.50 MC/AMP TIME .0 HR  FFF 253/77.5
NEeTH 5 M DARK ASSIM .01 MG/M3/HR
P I6nT ASSTM (MAC/M3/HR) NORMALIZFED
(ME/M2/S)  Max L N MAX Azt
20 ? N2 0} 20 .N0299
5*0 4 o072 () 13 LN0080
7.0 3 «N3 L,02 51 .00218
10.0 R 0P N} 29 L00086
17.0 ia N2 .01 272 .0(-)039
19.0 1A ) 2 TR N0V 54 L0091
57.0 4Q N3 N2 67 .00035
B740 74 NG n3 89 «00031
117.0 10n +N4a 003 100 .00026
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Table 5 (cont.)
PATE 771”775  STANDARN  7.50 MC/AMP  TIME 6.0 HR  EFF 29/77.5

PEeTH 10 M DARK AggIM 01 MG/M3/HR
1 I16HT ASSIM (YMGC/M3/HR) NORMALIZED
(M /M2/S) Max ( d] MaXx &/L
2ol > N2 .Nn1 19 .00299
5.0 4 NP2 L0} 19 «00119
7.0 'S .03 .n) 47 .N0209
100 a NP2 o] 32 «00100
1740 la 03 ,nl 45 e OOOR?
19.0 1A Y- BN | 19 «0n0031
220 19 0 (3 . N1 40 «NONS7
57.0 4qQ «04 N3 a6 200057
B7eN T4 o 04 .N3 94 .00N34
1170 100 05 N3 100 00027

NATE 7/19/75  STANMDARD  7.50 MC/aMP TIME 6.0 HR FFF 2a/77.5

NEPTH 20 ™ DARK ASSIM .01 MG/M3/HR

vIGhT ASSIM (MGRC/M3/7HR) NORMALIZED
(ME/M2/5)  Max { N MAX 4 /L

2.0 P .D3 .0} 27 .00568
Sl 4 N3 @ n2 42 .N0361
7.0 A N3 02 47 .00286
10.0 ﬂ 004 LN2 53 00227
17.0 16 «03 .01 34 .000RA
19.0 15 N4 02 590 L00113
22.0 10 W04 e Q2 4n .N0094
57.0 40 .05 NG 86 .00064
B7.0 T4 N5 .04 91 .N0045
117*0 100 A NG 100 <N0037

DATE  7/19/76 STANDAPN ~7.50 “C/AME  TIME 6.0 HR FFF an/77.0

NEOTH 30 M DARK ASSIM ,02 MG/M3/HR
L I6RT " ASSIM (MGC/M3/HR) NORMAL IZFD
(MF/M2/S)  Max (. N MAX AsL
2e0 ? N2 .ND 4 «N0101
Seh 4 02 N1 10 .0010R
70 A N3 .01 20 00154
10.0 a «03 .01 14 .00094
170 14 B /S 4 34 00123
190 1+~ NG N2 35 .N009%
22.0 }a e .Nn? 35 «NONRA
570 49 o (If] NG 70 L00N6S
B7+0 T4 N N4 70 «0004R

117.0 1on N7 .NS 100 00044
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Table 5 (cont. )

NATE 7721775 STANDADD 7.5y mMCsAMB TIME 6.0HR  FFF 10/77.0

NFOTH  © M DARK ASSIM .01 MG/M3I/HO

v 16HT ASSTIM (MGC/M3/HR)Y NORMALIZED
(MF /142/S)  MAv L ) MAX 4/ L
2.0 o e 0? .n0O 10 .(-)0134
5.0 4 N2 N1 28 00147
7*0 A o072 0] 23 00086
1040 Q N2 00 10 00027
1290 la o2 eofl 18 .00(-)27
170 14 en? ol 23 00032
2240 19 N3 n) 5h «00067
S7.0 40 oty N2 3n .n004l
H7.0 76 « NG ._ﬂ? 85 oQOﬂES
1170 100 N4 ,03 100 . 00022

PATE 7721775  STArDAUn  7.50 MC/ZaMe TIME .0 HR  FFF 1n/77.0

NELTH 10 M DARK ASSIM ,01 M3/M3/HP

1 IGHT ASSIM {(MGC/M3/HR) NORMAL TZED
{ME/M2/5)  MaxY 1 N MAX A/L
2.0 2 N7 a0 19 .00200
5,0 & 072 N1 34 ,(-)0147

70 A 07 01 25 LN0076
10.0 2 02 0] ) .00060
17.0 la N2 ,nY1 28 . 00035
19.0 16 N - 1)) 19 00021
2?.0 1o N2 ,ND 27 e oori2l
57.0 49 L0 0] 66 .0002S
B7.0 ?4 N3 ,n2. 75 .00018
1170 100 « N3 N2 100 +ND001R

NATE 7/22/775  STANDARN  7.50 #C/aMD TIME 6.0 MR FFF 10 /77.90

NERTH 20 # DARK ASSIM .01 MA/M3/HP
{ IGHT ASSIM (MAC/M3/0R) NORMALIZFD
(ME/M2/S)  Max L N MAX AsL
20 ? N2 .01 32 « 30768
5.0 4 072 .00 20 «+N0067
70 6 I B | AR .00"163
10.0 a ¢ 02 « N1 32 «00054
17.0 la on? .0} 44 .00(-)47
1540 1A N2 0D 16 «00014
22.0 12 N7 .00 12 «00009
57.0 40 « 073 . N1 72 00021
R7.0 74 e 03 .n2 100 00019
1170 100 N7 N1 60 200009
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Table 5 (cont.)

NATE 7722775 STANDARD  T7.50 ~C/AMo TiME 6.0 HR EFF /7646

NEOTH 30 M DARK ASSIM .0? MG/M3/HR
1 1G6aT ASS M (MAC/M3/HR) NORMAL TZFD
(MF/M2/75) MaY L N MAX AZL
20 d 07 «00 1 000234
5.0 4 02  L01 12 00122
70 A o (13 .0l 20 .N0145
10.0 R o012 0] 18 +NONRRA
17.0 14 ¢ 0? .n] 26 «0007h
19.0 15 0L ,n2 39 .00104
22'0 IQ. «03 .ﬁ] 3(-| 00006;3
57*0 4q o |)6 « NB 91 « 00080
87.0 74 007 N5 100 .(-)0058
117.0 100 elf  ®ns 93 .00040

NATE 7/725/75  STANDARN 7050 MC/ZAMP  TIME 6.0 HR FFF 4/75.2

PEOTH 5 M* DARK ASSIM ,02 MG/M3/HR
P TGHT ASSTIM (MAC/M3/HRY NORMAL IZED
(ME/M2/7S) MAY L. N MAX 4/L
20 .2 012 .N0 19 « 00204
5.0 4 02 0] 25 .N0109
7.0 A 172 .01 31 wN0097
10.0 & 0 0? o N1 31 L0068
17.0 Ya 02 N1 34 00044
19.0 14 .03 .0l 44 .00050
22.0 19 02,0} 28 .N002R
57*0 49 «03 ,02 75 (-)0(-)?9
87.0 74 .04 ,n2 loo 00025
117.0 100 003 .02 &1 00015

NATE 7726775 STANDADPD  7.50 MCs/AMD  TIME 640 HR  FEF 35/74.8

NEETH 10 o NDARK ASSIM .01 MG/M3/HR
t IGHT ASSTM (MGC/M3/HR) NORMAL I7ED
{MF/MZ2/S)  Max L N MAX A/t
240 ? NP LND 17 «N0171
5.0 4 «02 .00 7 .00n27
700 A 02 .00 7 00020
10*0 R 00?7 .00 20 «00041
17.0 * 1la «03 .02 100 .00121
1900 | S 02 .00 10 «0N0011
22.0 19 N2 L0n 17 «000156
570 49 N2 N1 47 +LN0N17
B7.0 74 003 .01 67 «0001A

1170 100 003 ,L,n2 93 «N0016A
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Table 5 (cont. )

NATE 7/24/775% STANDARN 750 MCszaMp TIME 6.0 HR EFF 35/74.8

NEPTH 20 M DARK ASSQIM 0P MG/M3/HR
1 IGHT ASSTIM (MAC/M3/HR) NORMALIZED
(MF/M2/S)  Mav L N MAX AsL
240 > .0? .00 10 .00138
Sef} 4 «NZ2  L,0N0 | <0006
7.0 A .02 .0 25 .00108
10*0 ] 02 .01 19 .N0055
17.0 la SN2 0D 17 00028
19.0 14 L0272 LN 29 «N0044
22.0 lo N2 01 26 .00036
57.0 49 NG N2 T4 .00038
87.90 74 oNG4 .03 9 .00033
117.0 100 «05 .03 100 «N00N2s

NATE 7724776 STAMDARND 750 MC/AMP  TIMEG.N HR FFF n5/74.8

NREOTH 30 ™ DARK ASSIM .02 MG/M3/HR
1 IGHT ASSIM (MAC/M3/HR) NORMALIZFD
(MF/M2/5) MAY L N MAX All
2.0 ? 0 0? .00 & 00138
5.0 4 e 02 ,np 0 00000
7.0 A 02 .00 8 «0D004N
10.0 R <02 .01 17 .00055
17.0 la 0e02 .NO 10 .00020
19.0 14 «N3 LN} 33 ® 00f)5Q
22.0 19 02 0] 17 00025
57.0 49 N& ®© QZ 7] L0041
87.0 T4 .04 03 77 ., 00N29
11700 100 «0S .03 100 .0002??

PATE 7/27/75 STANDADD  7.50 MC/AMP  TIME 6.0HR FFF IN/77.0

NEPTH S M DARK ASSIM .01 MG/M3/HR
v 1GHT ASSIM (MGC/M3/HR) NORMAL IZFD
(MF/M2/S)  May L N MAY Azt
20 o N2 N1 42 .00497
5.0 4 0?2 .0l 31 «N0144A
7.0 A L0 N0 3 ,00000
10.0 ] .02 N1 42 .00099
17.0 la .n? .0 36 .N0051
19.0 14 SN2 0] 39 .(-)0049
22.0 la 007 .0l 39 N0042
57.0 49 03 02 69 .00029
87.0 74 NG .02 100 L0027

117.0 100 .04 .02 100 .00020
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Table 5 (cont. )
NATE 7/28/75 STANDARN 6.95 MC/AMD  TIME 6.0 HR FFF 1/76.6

NDFPTH1I0O M DARK ASSIM 01 MG/MI/HR
I IGHT ASSTM (HMAC/M3/HR)Y NORMALIZED
(MF/M2/S) MaxX 1 M MaXx A/
?_-0 ? -ﬂl '00 "‘3 -|00072
5.0 b N7 Nl 22 200115
7s0 A o o Q] 35 00134
100 A « 04 N2 972 +00245
17*0 14 «03 .02 68 .00106
190 14 e N2 oN1 19 L0027
220 19 e 0?2 .01 24 «»00029
570 49 « 03 .N1 49 00023
870 T4 0o 04 LN2 84 . 00026
1170 100 <04 0193 100 .00023

NATE 7/27/75  STAMDAPN 7450 MC/AMP TIME 6.0 HR FFF 21/76.6

PFPTH 20 M DARK ASSIM .01 MG/M3/HR
I IGHT ASSTIM (MEC/M3/HR) NORMALI7ED
(MF/M2/75) May ] N MAaX A/
240 ? .01 .00 0 .00000
5.0 & 02 .00 12 00081
7.0 A «0N2 eno 6 ® 0002Y
10.0 A N2 01 24 .00081
17.0 la of)3 01 41 .0D0079
19.0 14 W12 01 24 00043
22.0 1a f-)3  en] 3 7 .00055
57*0 49 NG 02 65 .00038
87.0 74 «05 .,n3 100 .(-)0039
11740 10n N4 03 82 .00023

NATE 7/27/75 STANDADN 6095 MC/AMC  TIME 6,0 HR FEFF 31/7646

NFeTH 3n ™ DARK ASSIM 02 MG/M3/HO
y TGHT ASSTM (MGC/M3/HR) NORMALIZFD
(MF/M2/S8)  MAX L ] MAaX AsL
20 2 sNZ2 .00 7 « 001446
5.0 4 «07 .00 7 «N0NSAH
70 A Of)z’ « N0 Q9 «N0NS?
100 I+ N3 N1 24 «NONG9S
17*0 14 NG N2 54 «00124
1.0 1A e n2 . N1 20 0047
57*0 4aQ « 015 073 87 eN0O6N
87.0 T4 NS NG G «N0041]

117*0 100 N6 .0n& 100 «0N0034
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Table S5 (cont.)

NATE 7730775 STANDARD 6495 MC/AMp  TIME 6.0 HR W FFF 23/78.3

NEPTH 6 ™ DARK ASSIM 01 MG/M3/HR
t IGHT ASSIM (MGAC/M3/HR) NORMALIZFD
(MF /MZ/S) MAX L N MAX A/L
20 ? o « N0 6 «+N010A
5.0 4 02 V() 14 « 00099
7.0 I 072  L01 16 +00080
10*O Q 002 L0 18 « 00063
17*0 la 0P L0} 28 00058
19«0 16 003 .02 46 «0008S
22.0 1o 002 NI 26 00042
57.0 49 04 407 60 00037
87.0 74 005 L4064 100 00040
11740 100 o004 .03 84 .00Nn2S

NATE 7730775 STANDAPD 6095 MC/AMP TIME 6.0 HR EFF 24/78.6

NERTH 10 ™ - DARKASSIM @ O? MG/AM3/HP
t IGHT ASSIM (MRC/M3/HR) NORMALIZFD
(MF/M2/S)  Mav L N MAX ali_
2.0 ? 03 0] 23 .00491
Se0 4 .04 02 53 .00463
7.0 A .N3 .01 2.3 0040
10.0 f N3 .02 35 00154
17.0 14 03,0} 27 00070
19*0 1A +N3 .01 34 .(-)0078
220 1q .04 ® Q2 56 (-)0112
57.0 49 D6 004 100 ..00076
87.0 T4 06,06 97 00048
117.0 100 06,04 94 00035

NATE 7/31/75 STANDA®D 6495 MC/AMP  TIME 6.0 HR FFF 29/77.5

NENPTH 20 ™ DaRK ASSIM 02 MA/M3/HR
t I1GHT ASSIM (MRC/M3/HR) NORMALIZFD
(ME/M2/S)  Max L N M A X A/
20 ? N7 0D 5 .N0180
5*0 I NI 01 22 +ND0ZRA
7.0 A «02 00l 10 00093
10.0 ! .0? o(Q] 14 00094
1700 la N3 .01 16 00064
19.0 15 N2 .01 13 N0044
22.0 10 N4 003 38 .00115
57.0 49 .N6 NS 75 .N0NB7
87.0 74 eO0R N7 100 ® 00r-)7FJ

117.0 10n N7 L06 88 .00050
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Table 5 (cont. )

PATE 7/31/75  STAMDAON 6,95 MC/AMP  TIME 6.0 HR FFF 29/77.5

NEPTH 30 M , DARK ASSIM 01 MG5/M3/HR
1 16T ASSTM (MGC/M3/HR) NORMALIZED
(MF/M2/S]) Max L X MAX 4/L
240 ) f)? .01 14 «N0399
S0 4 003 Nl 2l 00247
7.0 I3 on? 0] 15 .00155
1000 R N3 N7 31 «N01R1
170 la «03 .02 37 «+ 00128
1900 14 o007 .02 28 «NONRY
20 1a o (-5 L 60 00162
57.0 49 o 16 o« Nt 75 +NONTA
B7.0 Ta oln7  +NB 100 00068
1170 100 e 06 N5 &3 .00042

NATE R/ /75  STANDADPD  £.,95 MC/AMD  TIME &.NHR FFF °n/77.5

NEPTH 85 ™ DARK AsSIM .01 MG/M3/HR

t IGHT ASSTM (MAC/M3/HR) NORMALIZFD
{MF/M2/7S) MAY L 3 MAaX A/l
2.0 2 of) N0 25 .,00213
5.0 4 .N1  ,.Nn0 B .N0028
700 A «01 ® no 8 L00N20
10.0 R 0?2 N0 25 .N0047
17.0 la Y | 71 00071
19.0 14 e 0? N0 21 L00019
22.0 19 «02 e QO 29 .00023
57.0 49 A R I B 75 00022
87.0 74 03 .02 100 00020
117.0 100 N3 .02 92 00013

NATE R/ /75  STAKNDAPD (.95 MC/aMP TIME 6.0 MR  FEFEFE 20/77.5

NFETH 10 M DARK ASSIM ,01 MG/M3/HR
| 16RT ASSTM (MGAC/M3/HR) NORMALIZED
(ME/M2/5)  MAY L N MAX AsL
2e0 ? «NP2 o] 21 LN078R4
5*0 4 «0? N 16 .N0085
7.0 S N7 00 8 .00030
10.0 ] N2 N1 26 L00071
17.0 la Q2 o) 26 00042
19.0 1A N3 0 (] 42 00060
22.0 10 N2 el 37 00045
57.0 40 L0402 87 L00041)
87.0 74 N4 ne 87 00027

117.0 100 «04 .03 100 «00N23
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Table 5 (cont. )

NATE g/ 2775 STAMDADN 6,95 MC/AMP  TIME 6.0 HR FFF 23/78,3

NEPTH 2n M DARK AggIM,02MG/MI/HR
1 16HT ASSIM (MGBC/M3/HR) NORMALIZFD
(MF/M2/S) Max L M MAX 4/L
240 ? °(? .NnO 5 00246
Se0 4 N3 .0l 11 .00197
760 A NP .01 7 .00090
100 2 03 N} I b .00148
17.0 la «N5 .03 33 200178
190 14 o 03 N2 20 «N0N95
2240 19 N5 NG 41 .00170
57.0 49 «00 .07 79 “.00176
B7.0 74 01() .08 93 « 00097

NATE 87 2/7=  STANDALD  £.95 Me/AMP TIME &.0HR FFF p2/78.1

PEPTH 30 M DARK AGSIM ,02 MG/M3/HR
FIGHT “ ASS 1M (MGC/M3/HR) NORMAI_I7FD
(MF/M2/S)  MAX {. N MAX AlL
2.0 P N4 ® N3 43 oN1472
5.0 4 02 0D 7 .00086
7.0 [N « 17 NN Q A0000
100 Q N2 N0 5 L.00029
17.0 14 «03 ,nl 19 L0006R
19.0 14 NG 0 Q 34 .00125
22.0 1o 03 )72 31 .N008R
57.0 4q 05 el 62 00067
87.0 74 N7 . N5 G5 .00068
117.0 100 <08 .06 100 .00053

DATE 8/ /7% STAMDADD 6.95 MC/AMP  T|ME 6.0HR FFF 76/74.3

NEPTH § M DARK ASSIM ,01 MG/M3/HP
1 I6HT ASSImM (MGC/M3/HR) NORMALIZED

(MF/M2/S) MAxY L N MA& X AlL
2.0 2 0] L00 S 00074
5.0 4 ' (2 .nn 14 +0H0NRY
740 A 003 0Q? 60 00264
19.0 Q eN3 .01 43 200133
17*0 14 e .nl 31 .00057
190 14 N2 . n} 24 00039
2240 10 o (B .0 49 00057
57.0 40 eG4 .03 83 .00945
87.0 T4 NG .03 '100 «00036

117*0 100 03 .02 71 «00019
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Table 5 (cont. )
NATE A/ &/75 STANDAOND 699 MC/AMO  TIMEG6,0 HR EFF 21/77.8

NELTH 10 ™ DARK AGSIM . 0] MG/M3/HR
{ IGHT ASSIM (MAC/M3/HR) NORMALIZED
(ME/M2/7S)  Max 1 M MAX A/
2.0 ? fN?2 01 11 .00283
ST 4 N3 N2 3% «00126
70 A e N1 N0 b 00040
10N A 02 L0l 15 e f)oo78
17.0 14 N2 .0l 23 00071
19.0 14 02 N1 21 00056
220 19 N3 N2 32 «00074
5740 4q o055  ,N3 66 «00060
87.0 74 «NA  .0n5 100 +D0ONSS
11740 100 «0h o0n5 100 «00044

NATE 8/ 5§/7% STAMDADD  £49% MCA/AMP  TIME6eD HR FFF 2n/77.5

NEPTHZO0 M - DARK ASSIM 01 MG/M3/HR
t IGHT ASSTM (MGC/M3/HR) NOSMALIZED
{MF/M2/75)1  Max {. 8] MAX AlL
2.0 ? 07 00 2 JN0072
5.0 4 N3 .01 18 .00?29
7.0 A N2 N 8 L0072
10.0 ] 0?2 e 01 1% .00063
1?2.0 1a 03 N2 27 .N0101
19.0 1A 03 W02 24 .00079
2'2.0° 19 «N3 .02 31 «NO00RR
57.0 49 <08 @ O3 9y .N0108
87.0 74 «N8 .0k 100 ©.00072
11740 100 «N7 .06 94 00051

NATE 8/ 5/75 STANDADN 6£.95 4CrsaMp TIME g.n HR  EFF 2n/77.5

NDEPTH 30 M DARK ASSIM .01 MG/M3/HR
| IGHT ASSTM (MBC/M3/HR) " NORMALIZFD
(MF/M2/S) MAxY L | MAX AsL
2+0 ? N2 N1 & : «. 00285
Se0 4 N3 .01 22 0247
7*0O A o) .nl 13 «00104
100 ] en3 .nl 26 «N0166
17.0 la «N3 .02 29 .N0N9R
19.0 14 N3 N} 22 ® 1)0065
2240 12 o 04 Ne 40 2001073
57.0 4Q «N7 .06 100 00100
B7.0 T4 N7 4085 94 .00061

1170 100 N7 .06 37 «00047



115
Table 5 (cont. )

NATE 8/ 9775 STAMDADRD A95 MC/AMD  TIME 6.n HR FFF 372/746.1

NEPTH 5 M DARK ASSIM ,01 MG/M3I/HD
t IGHT ASSTM (MAC/M3/HR) NORMAL IZFD
(MF/M2/S)  MaX L N MAX A/L
20 ? { oY) .0 3 «0014S
5.0 4 o .00 5 +00N87
7.0 A o2 0|7 12 e 00155
10 R «03  .N1 13 .0N0123
1700 14 o (3 0Q2 22 «N0124
19.0 14" 0L .n2 26 e 00130
2?2.0 19 005 .n3 36 e 00155
57 .(-) 49 «NA NGB 52 .00085
8740 74 011 NG 100 .00107
1170 100 oIl NG 99 «00079

NATE B8/ 9/75 STAMDARN  6.9% MC/AMD  TIME &.0 HR FFF 22/76.1

PEPTH 10 ™ - DARK AssSIM .02 MG/M3/HR
{ IGHT ASSIM (MGC/M3/HR) NORMALIZED
(MF/MZ2/S) Max I N} MaX 4/L
20 7 «N3 .02 14 .90796
5.0 4 03 f)2 17 .N0376
TeD A L3 .01 12 LN0197
10.0 R 04,03 25 00782
17.0 la NG NG 32 00213
19.0 1A N5 N3 29 .00168
22.0 12 + NS o nd 35 .D0178
57.0 49 LN9  ,n% 69 00136
87.0 74 o1 L10 88 001172
117.0 10n «13 .11 100 00095

NATE B/ /75 STANDAOCN 6495 MC/AMP TIME 60 H R FFF 15/764.8

NERTH 20 M DARK AGSIM 01 MG/M3/HR
1 IGHT ASSTIM (MGC/M3/RR) NORMALIZFED

(MFE/M2/S)  Max L N MA&X 4/L
240 ? 13 .01 Q «00590
5.0 4 N3 .07 12 00324
70 A NG 02 17 .00326
10.0 R N3 N2 la .00192
17.0 14 «NG .03 20 .00160
19.0 1A T N 1 17 00116
22.0N 19 N7 N5 39 .N0?23R
57.0 49 14 17 93 .0N0217
R7.0 74 13,11 84 .00129

117.0 100 15 13 100 00114
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Table 5 (cont.)

NATE 8/ /775 STANDARD 6.95 MC/AMP  TIME 6.0 HR  FFF 32/7 Al

NEPTH 30 M DARK ASSIM .02 MG/M3I/HR
| IGHT ASSIM (MGC/M3/HR) NORMALI7ED
(ME/MZ2/8)  Max | N MAX AL
2*0 ? «03 0l 23 .0059)
Se0) 4 W02 .Nn1 12 «0011R
Te0 A N2 o0l 172 +N0N8RG
10*O ) NG N7 42 «00214
17*0 14 NG LN7 49 «00148
19.0 1A eoh N3 54 .00144
2240 19 i4  ,07 42 «N0097
57.0 49 07 .05 100 «.N0089
87.0 Ta A N5 Q7 .00057
11790 100 «08 N3 &2 .00027

NATE 8/ 1/75 STANDADPN 6495 MC/AMP TIME 6,0 HR FEFF w4a/75.2

NFPTH 60 ™ DARK AGQIM .02 M3/M3/HR
1 IGHT ASSIM (MGC/M3/nrR) NORMALIZFN
{(MF/M2/5)  Max L M MAX A/L
2.0 ? N2 eno | «N0154
Sel) 4 «etA 0 f)p 9 « 00969
7.0 A «NA N5 Y .N0AK81
10.0 Q «10  .n9 b 00877
17.0 la 34 72 58 .N1RG2
19.0 16 16 15 26 .00765
22.0 19 e 13 .32 57 +N1437
5700 49 «57 .55 100 .00966
87.0 Ta «I0 028 52 .00327
117.0 10n «?9 o 77 49 «N027233

NATE  8/1>/75  STANDARD 6495 MC/&MP  TIME 6.0 HR FFF 2R/77.9

NESTH S M DARK ASSIM .01 MG/M3/HR
i IGHT ASSTM (MAC/M3/HR) NORMAYL 17FD
(ME/MZ2/S) May L N MAX AlL
20 P e 0? Nl 10 «N02R4
Sel A N2 N1 14 200170
7.0 A N2 L0l 11 .00091
10.0 a «N3 N1l 24 «NO0142
17*0 14 N4 N7 35 «N0121
19.0 1+ o fld N3 4 «00149
220 19 N4 0P 3s « 00094
570 49 «N7T JnA 100 «0N0105
B7Te0 T4 «NT N6 96 «+00066

1170 10n 007 L.nb 99 .00050



Table 5 (cont. )

NATE 8/1?2 /75 STANDARD

NEOTH I M

b IGHT ASSTIM
(MF/M2/5)  MAX L
20 ? «07
5.0 4 o (-3
70 A <03
10*0 R N3
17*O la «05
19*0 14 * &
22*0 19 + 05
57*0 40 R
B87.0 74 * 09
1170 100 ° 10

(MAC/M3/HR)
S| MAX
.01 9
r-1] 12
in lq
N1 17
o f13 43
.N2 29
N3 32
«N5 77
.N7 91
«NA 100

NATE 8/11/75 STaupann

NERTH 20 ™

t IGHT ASSTM
(MF/M2/5) MAY L

2*Q ? 07
5-0 4 o O3
7.(-1 A NP
10.0 R « 073
17.0 la +« 04
19.0 1A A
220 16 + 06
57*0 40 08
87.0 74 .17
117*0 100 17

117

6495 MCsAMD  TIME 6.0 HR FFF 28/77.9

DARK ASSIM .02 MG/M3/HR

NORMALTZED
A/L

«N0355
.N0185
.n0162
.00135
.00705
00123
00116
«00108
.00(169

MC/aMP TIME go0N HR FFF 29/7745

DARK ASSIM .02 MA/M3/HR

695
{MGC/M3/HR)Y
N MAX
N1 7
.N1 13
. N1 7
° ] 12
e n? 27
N2 17
NG 36
e n5 56
11 100
.11 93
6 0 9 5

NATE B711/775  gTanNDARD

NFPTH 30 M

1 IGHT ASSTM
(MF/M2/5)  MAy L
2.0 e «N3
590 4 .03
7.0 A N3
10.0 Q e NG
17*0 14 A
13.0 16 NS
22.0 1q «N6H
57.0 49 .NQ
87.0 A 17
117*0 10n ®]0

(MGC/M3/HR)

N

.N1
‘nl
o fll
.02
.Ne
.03
GEA
017
10
« 17

NORMALIZED
AlL

® 1)0393
00286
L00112
.00136
.(-)0147
.00101
.N01RA
«N0113
.N0131
.00091

MC/TIME 6.0 HR EFF 2a/77.5

DARK ASSIM .02 MG/M3/KO

MAX

NORMALIZED
AsL

00435
00203
00135
L001R1
.00145
«N0149
.(-)0172

.00127
00118
.0014-!
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Table 5 (cont. )

NATE 8B/15/75  STANDARD 6.95 MC/AMD  TIME 6.nN HR EFF »8/77.9

NEPTH &5 M DARK ASQIM ,02 MG/M3/HR
t 16HT ASSIM (MAC/M3/HR) NORMAL IZFD
(MF/ME/S)  MaY L M MAX A/L
20 2 NG 0D 35 NIDDT
S5e0 IA A N4 65 .0N0733
70 A NS N3 52 00621
100 o] 006 .n& 71 «N0403
170 14 006 o!6 70 +N07233
190 iA o0 .n2 35 +N0106
220 19 o6 .ng 790 .00180
570 49 «07 + 05 86 +ND0RA
87«0 T4 DA NG 77 «0005¢0
1170 100 R .n6 100 «00049

NATE R/Lls/72  STANDADPN (.95 MC/AM2  TIME .0HR FEFF 27/78.4

NEeTH 10 M DARK AgsIM . 0? MG/M3/HR
1 16HT ASSIM (MGC/M3/HR) NORMALTIZED
(HE/M2/5) MAaY L | MAX AL
2.0 ? N4 N2 25 .00751
5%0 4 .03 Nl 20 .002473
7*0 A .03 .01 13 .00112
10.0 A 03 Nl 23 .00136
17,0 14 N& N2 35 00122
19.0 1A N3 01 12 .00038
2240 10 N4 02 27 A .N0N7S
57.0 49 eNA NG 69 .0007?3
87.0 T4 LN8  NA g2 LN0063
117.0 100 «DR .05 100 L00051

PATE  B/l4s75% STANDADD  6.95 MC/AMP  TIME 6.2 HR FFF 27/78.4

NEPTH 20 M . DARK ASSIM ,07 MG/M3/HP
t IGHT ASSIM (MAC/M3/HR) NORMALIZED
(MF/MZ2/S5)  Max I M MAX AlL
20 ? «03 .0l 11 .00s53
5.0 4 NG N2 18 LN03R7
740 A N3 .01 12 .00178
10.0 A « NG 02 20 «N020R
17.0 la NS .03 28 .00175
190 1A eNla N2 24 .00131
22.0 19 NS N3 27 .(-)0129
57.0 49 .11 N9 83 «N01573
87.0 74 12 L11 100 «N0121

1170 100 «172 .10 95 «NONARS
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Table 5 (cont. )

NATE AR/Z14/75 STANDADN 6695 MC/Z4MPp T ME &.NHR FFF 23/77.9

NEPTH 30 M DARK ASSIM ,02 MG/M3/HR
1 IGHT ASSIM (MAC/M3/HR) NORMAL IZED
(MF/M2/5)  Max L M MAX A/L
20 ? « 03 .N1 10 +006A83
Se0 A e n3 N1 Y 007244
7.0 A eN& N2 12 00236
10*0 R N6 NG 27 «00374
17*9 14 DA L0 3.2 ©.00?54
19.0 16 N6 011 27 .00197
2240 la 07 .05 37 .00229
57*0 49 o3 .10 77 «ND184
870 74 o IL .11 B84 «00131
1170 100 e 16 14 100 000‘17

DATE 871a/75 STAMDAPD 6495 MC/AMP  TIME 6.0 HR  FFF 44/75.2

NEDTH 60 M- "DARK ASSIM .02 MG/M3/HR

} IGHT ASSIM (MAC/M3/ZHR) NORMALIZFEN
(4F /M2/S)  May L M MAX AlL

2e0 2 .09 .07 12 «03A16
5.0 4 26 .25 42 .NG908
70 A 20 .18 31 .0N2ST72
10.0 ! ¢ Al e%Q 100 05886
17.0 14 .32 .30 51 01774
19.0 14 e 31 ,?2949 «N1527
22.0 19 35 .33 56 .01497
57.() 49 44 (62 71 .00734
87.0 74 JHR 0 4f 79 .00531
117.0 100 42 .40 6Y .00345

NATE 8/12/75 STANDARPD -?2.55 MC/AMP  TIME 6.0HR EFF 37757

NEERTH S M DARK ASSIM ,01 MG/M3/HR
LIGHT ASSTIM (MGC/M3/HR) NORMALTIZED
(MF/M2/S) Max 1. N MAX AlL
2.0 ? 02 .M 31 .N0538
S.0 4 <02 .01 19 00135
7*0 I3 0 0? ,ni 17 .N0NBA
1000 R «N3 .02 50 «N017S
17*0 14 N4 ,0? 62 00127
19.0 1A e Q3 ,0n} 38 «00071}
22.0 1o 03 N2 60 .0009’5
57.0 49 of)i .03 90 .000N55
B7+0 74 ol)5 .03 100 «N0040

11740 10n «05 .03 100 «D0N3Q0



120
Table 5 (cont. )

NATF B/1As75  STANDADN 7 .55 MC/aMP TIME 6.0 HR EFF 2/75.7

NERTH 1IN M. DARK AgS IM 01 MG/M3/HR
1 16T ASSIM (MnC/M3/RR) NORMALIZED
(MF/42/75)  May L N MAX AlL
20 ? 003 ,n) 4 1 .00605
5*0 A «03 02 52 +00309
7.0 A 02 01 34 .00144
10.0 R «03 .02 55 «00161
170 14 0Q3 .Nn2 Sv 200103
13.0 | «N3 Nl 50 00N78
22.0 19 NG 02 8¢9 .(’)0107
57..0 49 04 .Ne 84 00044
87.0 74 « N4 «N3 100 00034
117.0 100 ofi4 N3 33 .00024

NATE B/17/75 STANDARD  7*55 MC/AMP  TIME 6.0HR FFF R5/7448

NELTH 20 M DARK ASSIM ,02 MG/M3/HR
y IGHT ASSIM (MAC/M3/HR) NORMALIZFD

(MF /M2/S) MAx 1. N MAX AzL
2.0 ? 06 .05 65 .02315
5O 4 .95 .03 4y .00694
740 A o .0l 17 00175
10.0 ] 004 N2 28 «00197
17.0 la .04 ,n3 36 .00148
19.0 16 sNB .07 94 00351
272.0 19 .05 .03 47 .00152
57.0 40 « NG N7 10.0 .00124
87.0 74 « NR o n+ 84 L00068
1170 100 .09 .07 98 ,00059

DATE R/717/775 STANDADN 7 .55 MC/AMP  TIMEG6.N HR FFF 31/75.7

NPEETH30 M DARK ASSIM 02 MG/M3/HR
1 1GHT ASSTIM (MGC/M3/7HR) NORMALTZFD
{MF/M2/8) Max L N MAX AsL
20 ] NG W02 24 «00R4G
5.0 4 N .02 25 00353
10.0 R P Lo 1 11 50 00353
17.0 la 06 04 56 00232
1.0 14 en& Q2 35 00128
22.0 19 o006 N3 34 00120
5%?2.0 49 «N7T NGB 72 00088
87.0 T4 «08 NA” 82 JN00KA

117.0 100 «0G  eq7 100 «00060



Table 5 (cont.)

NATE R/720/7< STANDADD

NEPTH 60 M

| 16HT ASSIHM

(MF/M2/S) Max L
2.0 ? N3
S0 A 07
:NQO A cs_mu
1040 R o111
17.0 la 14
19.0 1A 13
22.0 1o «15
leO NQO .ww
87.0 T4 «?20
117+0 100 «21

121

6.95 MC/AMP

TIMZ 6,0 HR FFF 14/75,°2

DARK AGSIM ,02 MG/M3/HR

(MAC/M3/HR)
¥ Max
.01 1)

N5 25
N9 46
012 62
o131 60
.13 70
16 87
.18 98
<19 100

NATE B/21/75 STANDAPN

NERTH 10 M

1 I1GhT ASSTM

_ (MF/M2/S)  Max L
20 ol N2
mlo p .D.w
- 740 6 TN
Ho.o D .aﬂ
i7.0 14 eNé
19.0 1~ N3
220 19 A
S7.0 49 « N6
87.0 T4 «NAR
117.0 100 «07

7455 MC/AMP

NORMALTIZED
A/L

.00579
.01050
. 00915
00864
00686
“00589
00593
00286
00210
«00160

TIME m.: HR FFF 2/75.7

DARK ASSIM ,01 MG/M3/HR

(MGC/M3/HR)
N MAX
.Ne 32
N3 42
03 51
N3 40
.N3 33
N5 71
N7 100
N6 84

NDATE B/23/75 STANDARD

NEPTH 60 M
i IGHT ASSTM
{MF/M2/5) MAx L
NQO 7 ODJ
S.0 4 « NA
7.0 A 208
100 ] s 11
170 la e 1A
1.0 1A 16
22+0 | ] o1
57.0 44 e
87.0 T4 e 35
1170 100 « 3A

755 4C/AaMp

NORMAL I ZFD
a/1

.00636
.00429
.00602
.00349
.D01SA
N0074
00115
.00085
00078
«00049

TIME 6.0 HR EFF a2/76.1

DARK AGSIM ,02 MG/M3/HR

(MC/M3/7HR)

N

oN1
.04
06
N9
.13
14
'dD
."N
.13
BT

MAX

NORMALIZFD
AsL

00593
+O0R37
«N0ARLT
«00807
«N078R
«00738
«008B50
« 00553
+ 00375
00292
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Table 5 (cont.)

NATE B/724/75 STANDADN  7.55 MC/AMo TIME 7T.1HR EFF 31/76.6

NEPTH 10 M NDARK ASSIM ,01 MG/M3/HR
1 1GHT ASSTM (MARC/M3/HR) NORMALIZFD
(MF/M2/5) Max L N MAX 4/L
2'0 7 'n? onl 3? 000506
5.0 4 02 .Nn0 11 00067
790 A 07 Nl 18 «N0NRY
100 a e n? N1 2b «N00RG
17*0 la 00?2 ,N) 33 00063
19.0 1A o3 N7 6U .001(-)1
.22.0 l1q e 073 .N1 42 «N00B61Y
570 49 o n4 N2 75 ® i-l004?
B7.0 7-4 N4 N3 86 «00032
117.0 100 e 05 «N3 100 00027
NATE R/27/75 STANDABRND 7«55 MC/AMP TIME 6.0 HR FFF «5/76.8

DEPTHS M DARK ASSIM 02 M3/M3/HR
I IGHT ASSIM (MGC/M3/ZHR) NORMALIZED
(MF/M2/S)  MAY L M MAX 4/L
240 2 D4 002 54 .01086
5*0 4 «N3 .0l 19 .00149
7.0 A 02,01 17 .00097
10.0 f «03 .0l 32 .0N0129
17.0 la JN4 .02 56 .00132
19.0 16 .03 .01 2y «00061
272.0 19 «N3 N1 32 .N0059
57.0 49 N6 N4 93 00069
87.0 74 +NA .04 100 00044
117*0 10n «NS N4 90 <00031
NATE B/27/775 STANDARN  7.55 MC/AMP  TIME 6.0 HR EFF 1A/74.3

NEPTH 10 M DaRK ASSIM ,02 MG/M3/HR
I IGHT ASSTIM (MGC/M3/HR) NORMALIZE
(MF/M2/S) Max L N MAX A/L
P20 ? «eN3 N1 1u .008172
S.0 4 N3 +N1 13 «H 0259
7.0 [ «03 .01 9 N0Y27
10.0 2 N3 Nl 14 00143
17*0 14 NG 03 27 L.00157
1.0 14 N5 .03 29 .N0151
220 19 N7 0S5 52 00239
57.0 4q «NB .0k 63 .N0110
87.0 74 1?2 10 10(1 +N0115
117.0 100 11 L10 95 .00082
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Table 5 (cont. )

DATE B/2A/775  STANDARD  7*55 MC/s/aMe TIME 6,0 HR  FFF 11/76.0

NEPTH 20 M DARK ASSIM .02 MG/M3/HR
{ 1GHT ASSIM (MGC/M3/HR) NORMALIZED
(ME/M2/SY  uax L N MAX AlL
2.0 ? «NS .03 27 «N1524
5%0 4 05 ,n3 2 7 «00610
740 A 04 N2 1 .(-)0293
100 Q «05 N3 24 00272
170 14 N7 NS 42 (-)0?277
19*0 1A 003 .nl 12 «N0N73
220 19 07 e Q5 43 00223
5760 40 17 .10 89 00177
B7e0 74 13 .11 lo0n «00130
1170 100 17 L10 89 00087

NATE  8/2a/7= STANDAPD  7.55 MC/AMP  TIME 6.0 HR FFF 21/76.6

NEPTH 30 M DARK ASSIM ,02 MG/M3/HR
{ 1607 ASSIM (MAC/M3/HR) NORMALIZFD
(MF/M2/S)  MaYy L M MAX AL
20 > e 02 .00 U 00000
7.0 é +03 . N0 11 .N0048
10.0 R .02 201 1y .00081
17.0 la «.05 .03 66 «00163
19.0 1A N4 N2 37 .00082
22.0 ia <04 .02 50 .N0095
57.0 49 «0N6 ond 9 7 LO0NT71
87.0 T4 N4 0 O 94 00045
117.0 100 LO06 .04 100 ® 110t936

NATE  8/30/75 STANDAPND 7.55 MC/AMP  TIME 6,0 HR EFF 35/76.8

NEPTH 10 ™ DARK ASSIM .02 MG/M3I/HR
b IGHT ASSIM (MAC/M3/HR) NORMALIZEN
(MF/M2/S) MAY L N MAaX Az
Pl ? «03 0] 6 «N04607
5.0 A N3 N 9 N0244
7.0 A N7 0] S .00087
1000 R’ on3 .n1 9 WN0115
17.0 la N4 N2 18 00144
19*0 1A .04 n? 16 00111
22.0 19 NS 03 2l 00130
57.0 49 .11 ,n9 66 .00156
87.0 74 120 411 80 .N0124

117.0 100 15 14 100 00115
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Table 5 (cont. )

NATE 9/ 2775 STANDARN 7.55 “C/AMP  TIME 6,07 KHR FFF >21/77.8

NFe TH 10 ™ DARK AggIM . 0? MG/M3/HR
{ IGHT ASSIM (MRC/M3/HR) NORMALIZED
(MF/M2/S)  Max | N MAX A/L
200 ? o 97 N} & 00261
Sel 4 07 W01 10 00170
7.0 A e f)? .N1 10 o f-Jo121
100 f 09 L08R 86 «N075N
170 la end .03 29 .00150
19.0 14 «N3 N2 17 .00079
22+0 10 o084 LN2 23 ..000.92
57.0 49 17 .05 61 e f)on93
B740 14 e10 N9 100 .0,0100
1170 100 010 «NB% 99 .00074

NATE 9/ /75 STANDARD 7.55 MC/AMP TIME 6.0 HR FEFF 15/76A.2

NEDTH 5 M DARK ASSIM .01 MG/M3/HR
{ IGHT ASSIM (MGC/M3/HR) NORMALTIZFD
{MF/M2/S)  Max L N MAX a/L
2.0 ? 0 .00 0 ,N000Nn
S0 4 e02 .00 . 2 .(-)0027
7.0 A «N?2  ,0N] 7 LN0076
10.0 ] «N3 0] 13 .00107
17.0 la o nd LNe 29 00137
19,0 16 W04 N2 2! 00112
22*0 19 04 .02 31 .00112
57.0 49 N8 N7 93 .00131
87,0 74 09 .08 94 LNONBT
117.0 100 <09 .08 100 00068

NATE 9/ 5/75 STANDAPN  7.55 MC/AMP  TIME 6.0 HR FFF 15/7h.2

NEPTHI1O M DARK ASSIM . 0] MG/M3/HR
{ I6HT ASSTM (MGC/M3/HR) NORMAL IZFD
(MF/M2/S)  May L N MAX AlL
20 ? «N3 . nl 13 «N0K66
5.0 a «NP2 .01 11 N0226
740 A N3 .02 15 «00228
10.0 f? 03 .01 14 «00147
1700 la 04 o n? 24 «00145
12«0 1A N3 .07 21 «N0Y12
22.0 19 N4 .03 24 .0013.7?
57*0 49 «NB  .NH 61 .00110
87.0 74 N N7 63 JN007TS

1170 100 12 410 100 ® 009@J3
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Table 5 (cont.)

PATE 9/ 4y75 STANDARN 7 55 uCsAaMp  TIME 6.0 HR FFF 21/77.8

RERTH 20 ™ DARK ASSIM ,0P2 MG/M3/HD
¢ IGHT ASSTM (MGC/M3/HR) NORMAL IZED
(MF/M2/S)  MAx I M MAX AlL
2e0 > N2 WN1 7 « 00261
S50 4 N7 Nl 13 .(-)0183
7*0 I3 P - 1 b «00N6S
100 ] 03 .01 17 «00117
17.0 la o 04 .Ne 30 .N0127
19.0 14 oNG N7 29 «0N0110
220 1aQ .05 ,n3 43 ..00139
57.0 49 O A 4 3 74 «000973
87.0 [ZA 007 ,nbH 81 « 00066
1170 100 «09 . N7 100 «00061

NATE 9/ #7775 STAMDARN  T7.55 MC/ZAMP  TIME .0 HR FFF 2n/77.5

NEPTH 30 'M DARK AGSIM .02 MG/M3/HR
{ IGHT ASSIM (uMnC/M3/7HR) NORMALIZED
(MF/M2/S)  May L N MAX AlL
2.0 ? 02 N0 P L, 00065
5.0 4 02 N1 13 .00170
7.0 A SN2 o0 13 L00122
10.0 Q «03 .02 2y .00190
17*0 14 N5 N3 47 .N0181]
19.0 14 NG .(\3 46 ® ')015q
22.0 1aq e ny «.N3 52 00158
57.0 49 08  of)b 94 .00114
B7.0 74 w08 o0 Y06 L0074
117.0 100 W07 NG 87 .(-)0049

NATE G/ B/75  STANDARN  7.55 MC/aMP TIMEG.0 HR FEFF 1A/7644

NFPTH 10 M DARK ASSIM .01 MG/M3/HR
I T6HT ASSTIHM (MGC/M3/HR) NORMALIZED
(MF/M2/S)  May L N MAX AlL
20 ? «N2 .00 4 .00199
5*0 4 72  ,N) 5 .N0106
7.0 A N2 .01 6 . 00095
10*O ] N3 . n] 12 00126
17.0 la (4 Ne 20 «00129
19.0 14 06 .03 30 .00171
22.0 1o 05 ,n3 31 «00151
ST7.0 49 « NG .Qg 75 00142
B7.0 Ta «1?2 11 100 «N0124

117.0 100 «11 41D 90 «00083
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Table 5 (cont. )

NATE 9/11,75 STanDApn  7.55 MCs/AMD TIME 6.0HR  FFF 24/78.8

NPFDTH 60 M DARK ASSIM ,07 MG/M3/HR
| TGHT ASSIM (MGC/M3/HR) NORMALIZED
{MF/M2/5) May ! N MAX AL
2.0 ? o fl?  .N1 3 00374
50 4 NS N3 1.3 .N059AR
70 A «NS  oNG 16 00525
10*0 R .09 .07 32 ,00707
17*0 14 03 .07 30 .00409
19.0 1A Py ,n7 33 .00387
2240 la P4 L,22 100 .01017
570 49 017 W15 69 +00270
870 T4 «16 16 63 +00163
117+0 100 <19 .17 78 «00149

NATE 9/lq/75  STamparn  7.55 ucszame TIME 6.0 HR FFF 18/76.2

NEBTH 5 M DARK ASSIM 01 MG/M3/HP
t TGHT ASSIM (MAC/M3/HR) NORMALI7ZFD
{MF/M2/S) May l M MAX AL
Peb ? N2 N1 ] +00400
S.0 4 N7 o nj 12 00726
7.0 A .03 en] 13 .00181
10. R «03 .02 19 .00187
17.0 la 05 .04 34 «N0216
19.0 1A N4 N3 30 e 00151
220 19 05 NG 40 .00176
57.(-) 49 ,nNo e 09 80 .00134
B7.0 74 .09 . n8 gz .00090
117.0 100 .11 .10 100 .00082

NDATE  9/las75 STANDARN 7 .55 uCsaMp  TIME g,n HR FFF 16/76.4

NEPTH 10 ™ DARK ASSIM .01 MG/M3/HR
t IGHT ASSTM (MAC/M3/HAR) NORMAL I7FED
(MF/M2/5) MAY L N MAX A/L
20 ? N2 .01} 5 «0026A
500 4 N3 o) 10 00236
7.0 A N3 .01 10 «N0171
10.0 A eXB .n? 18 «N0206
1740 la i a3 24 00164
19*0 14 N4 .03 21 00133
22.0 16 05 NG 32 «N0172
570 49 010 .NAR 70 00144
87.0 74 «19 ,NR 64 «00NG2

117.0 100 e I3 .12 lou .00100
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Table 5 (cont. )

NATE 9/17/7% STANDa&nNn 7.55 uCszamp TIME 6.0 HR FFF 13/7S.6
NEOTH 20 M DARK ASSIM .01 MG/M3/HR
y IGnT ASSTIM (MRC/M3/AR) NORMALIZED
(MF/M2/G8) MAX L M MAX AlL
2e0 ? 72 N1 6 00768
Se0 4 N2 01 11 . 00215
740 A W02 0] 11 . 00144
10.0 g «N3 LNe 17 .N0161
17.0 la (14 .02 25 L00142
19.0 14 £N4 .03 27 .00134
57.0 49 of)R .07 75 .00125
87.0 74 .10 N8 89 ,(")0097
117.0 100 el] .10 100 00081
NATE 9/13/75 STANMDARD  7.55 MCsAMP  TIME 6.0 HR  FFF 13/75.6
NEOTH 30 M- DARK ASSIM ,0) MG/MA/HR
{ IGHT ASSIHM (MAC/M3/AR) NORMALIZFED
(MF/M2/S)  Max L N MAax Ayt
2e0 ? 00?7 on] 7/ .00369
5.0 4 «N3 .0l 14 . 00282
7*0 A N3 01 15 .00211
10.0 ] o0& .03 27 0026 2
17.0 14 AT L NG 44 00253
19.0 1A ® 05 LN3 33 .00173
22.0 la .N6 N5 4K .00213
57.0 449 N9 . Nn8 76 LN0132
87.0 74 o 11 .10 99 00112
117.0 100 *11 .10 100 00084
NATE 9/29775  STANDADN 6.35 uC/aMP  TIME 6,0 HR EFF 23/78.3
NEPTH 5 M DARK ASSIM ,02 MG/M3/HR
t 16HT ASSIM (MRC/M3/HR) NORMALIZED
(MF/M2/5) MAX L N MAX AlL
2*0 ? N2 .01 6 .00462
5.0 4 NG 012 14 .(-)0447
7.0 A NS .03 21 004773
10.0 =} 05 NG 2 00370
17.0 14 eNB .07 45 .N0408
19.0 14 OOR LNH 40 +N0328
220 19 «NQ .07 46 .0N0327
5?.0 QQ 0]% .13 Hb .00?31
R7.0 74 17 .15 100 e 0017%1
1170 100 ® 16 16 93 «N0122
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Table 5 (cont. )
NATE Q/29/75  STANMDAGH  6.35 MC/AMP TIME 6.0 HR FFF 23/78.3

NECTH 10 M DARK ASSIM .0] MG/M3/HR
IR - ASSTM (MAC/M3/HR) NORMALIZED
(MF/M2/S)  Max L N MAX A/L
20 ? 0S5 N4 31 «N2118
Sel 4 o004 .03 22 .(-)0585
7.0 A NG 073 22 0(-) 4.29
10.0 Q .NG 04 31 .0N0616
17.0 14 oNR N7 S1 00403
19.0 14 CeNB .07 49 .N0353
2240 19 .09 .NR 61 00378
57.0 49 .14 13 98 00234
87.0 74 15 16 100 00156
11700 100 .14 .13 99 .00115

NATE Q/29/75 STAMDARD 603% MC/AMP TIME g,n HR FFF 1n/7%4.8

NERPTHZ0 M D4RK ASSIM ,01 MG/M3/HR
| IGHT ASSIM (MGC/M3/dR) NORMALIZFD
(MF/M2/S) MAX L N MAX A/L
20 ? 03,02 1.2 00766
S0 4 o N4 f)? 20 «00500
7.0 A ¢ OF ,n3 28 .00495
100 4] N5 . N3 26 00322
17.0 la 07 NS 44 007322
19.0 16 .05 .04 30 .00195
22.0 )0 <08 06 52 .00293
57 .0 4Q 12 11 99 .N0194
87.0 74 14,12 100 .(’)014?
1170 100 .12 .10 83 .00088

NATE Q/28/75 STANDAZD 6.3% MCs/aMP  TIMEg.0 Hi? FFF 11/75.1

NFEPTH 30 M DARK ASSIM 0] MG/M3/HR
1 IGHT ASSIM (MGC/M3/HR) NORMAL I7FD
(MF/MZ2/S)  Max L N MAYX 4/L
2«0 2 o2 .n) 1 1 «N04R?
5% A v06 N2 25 .00466
7.0 A N3 02 23 e £3079Q
10.0 A NG N2 26 .N024]1
17.0 14 06 o 54 .00288
19.0 14 N VN A 46 .00220
22.0 la .N7 .05 57 00237
57.0 49 s11 (19 100 00161
87.0 T4 10 o8 89 .N0094

117.0 100 «10 N8 92 .0007.2
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Table 1. Analysis of variance of transformed chlorophyll a concentrations pool ed
into 5-day tinme cells at 4 depths

Pool ed
Dept h Sour ce DF Ss MS F
5m Between tine cells 23 5.574 0. 242 12. 9%
Wthin tine cells 51 0. 954 0.019
Tot al 74 6.528
10 m Between time cells 23 ‘6.153 0. 268 14. 1*
Wthin time cells 53 1.004 0.019
Tot al 76 7.157
20 m Between tine cells 23 4.539 0.197 13.1*
Wthin time cells 53 0.800 0.015
Tot al 76 5.339
30 m Between time cells 23 2.591 0.113 8.0%
Wthin time cells 51 0.720 0.014
Tot al 74 3.312

O¢T

E3 o~ ~
P < 0.01 Fy.op (23.51) = 2.18 Fy.o1 {23.53) = 2.15



Table 2. Analysis of variance of transfornmed chlorophyll a concentrations for
10 replication experinments at 4 depths

Replication .

Dept h Sour ce DF Ss MS F
5m Bet ween days 9 1.280 0.142 106. 1*
Wthin days 30 0. 040 0.001

Tot al 39 1. 320

10 m Bet ween days 9 1.712 0.190 88. 3*
Wthin days 30 0. 065 0.002
Tot al 39 1.776
Bet ween days 9 1.116 0.124 120. 1*
Wthin days 30 0.031 0. 001
Tot al 39 1.147

30 m Bet ween days 9 0.531 0.059 35.2*
Wthin days 30 0.050 0.002
Tot al 39 0.581

TeT

* < . 1 =
o < 0.0 o o1 (9:30) = 3.06
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- Table 3. Chlorophyll a concentrations measured at Al DJEX
mai n canp,
CHLOROPHYLL A {MG/M3) FOR JUNE197S

DEFPIH

(M) 2 5 8 11 14 17 20 23 26 29 DAY
3 |09 10 09 .08 .05 .07 03 .04 .03 .02
5 |el0 10 10 .08 .06 .06 e04 04 e02 .01
10 [+11 <09 .10 <08 .06 .05 03 .02 02 .01
15 [e11  e11 0% 009 06 07 403 .03 02 01
2V [.10 e11 eOB .08 .06 .05 03 e03 02 .01
29 | .08 09 .11 «07 007 L,05 .03 .03 <02 .01
33U | 409 .10 08 07 .06 .04 .03 o@ .02 L0l
35 [ e B o1l «06 007 407 .05 .04 .03 .02 .01
40 | 06 08B L08 .07 .07 .04 904 03 02 .02
45 | .06 +08 .09 .08 .06 .05 .05 e 03e O3 .02
46 ¢ 07 .06 .02
45 * 09 .05 .03
50 | .07 .10 0B .07 .06 .06 .06 €03 <03 ,03
oZ «06 .08 «03
Sa4 * 05 .09 .04
56 » .05 .11 .04
58 <04 .08 .08
60 .06 04 04 .06 .05 <08 605 605 .07
62 ° 04 .06 .05
o4 .04 « 04 .03
BU .02 .00 .01
100 .00 .00 .00
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Table 3.  (continued)
CHLOROPHYLL A (MG/M3)FORJULY 1975

DEPIH

(M) e 5 8 11 14 17 20 23 26 29
3 .02 .03 o0l .03 .01 0l .01 .01 .01 .01
S |.02 .03 <01 .03 .01 .01 .01 .01 .01 .01
10 1,01 .02 .01 .03 0l .01 .01 401 <01 .02
15 |01 .03 01 403 02 0l 401 .01 01 01
2y | .03 .03 601 <03 .02 .01 eOl .01 .01 02
> | .03 .03 .01 *.04 .02 .01 02 <02 o01 .03
30 | .01 <03 601 <03 02 .02 .02 e02 01 .03
35 | .02 <04 902 .03 03 .02 .02 e 02 .02 .03
40 04 .04 .04 *O03 .03 03 .03 02 .02 O3
45 [ 404 206 05 04 .04 .05 .04 e@B .02 O
40 .10 o 04 .06 02
49 .11 .06 .07 * 02
50 | .04 .11 .08 .06 .05 .09 eO05 .04 .03 .02
s2 1] 09 .10 +02
S4 .13 .09 .10 ¢ 04
56 ° 12 o11 .13 .07
58 11 . 08 W12 .12
60 [ 411 11 12 0¥ <08 012 el4 e 26 «19 .13
62 ° 12 .10 $13 e 13
o4 12 .09 W14 e 10
8u e O3 o 04 .0s .07
100 .01 01 02 .03

DAY
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Table 3.  (continued)
CHLOROPHYLL A (MG/M )FORAUGUST 1975

DEFPTH

(M) 1 4 7 10 13 16 19 22 25 28 31 DAY
3 .0} .02 .02 .03 .02 .03 <01 03 .02 .03 *0O2
5 .02 *02 01 <03 02 .02 .02 .02 .02 .03 .02
10 [e01 0} o0l .04 .02 .03 o0l .02 eQ2 .02
1o [«01 02 403 .03 e 02 05 02 02 .02 .03 04
20 [.02 03 .06 .03 .03 .04 .02 .04 .02 .03 eO4
23 03 02 «0& e04 *O3 .04 .02 .04 03 .03 .03
30 (.02 02 .03 <03 04 04 .03 03 603 .04 .04
45 (.03 .03 e04 .03 .06 .07 .03 .03 e03 .05 .04
40 | e04 .04 004 o004 009 .05 e05 04 05 .05 .06
45 [,06 .08 .06 .05 19 .06 10 .07’ .07 .06 12
46 | o 04 «06 007 e 19 08 07 .05 .08 10 07
48 | .07 .06 <10 14 e O7 elo 09 .08 el2 .09
50 | .06 0Q9 .08 el e 17 .10 13 12 e09 o1} .10
92 | .08 .12 o100 .17 L10 .16 .14 .12 .11
54 | .07 12 L10 .14 .11 16 .14 e12 .10 .18
S0 | .11 «10 10 e14 .18 415 .14 .14 .08 .17
58 [ .14 .14 08 .09 .14 410 el .12 .09 .14
60 [ .17 20 .16 09 .08 13 .08 @1l .12 Wll1 <14
62 .2? .15 09 607 .14 08 10 .10 .09 .11
64 | .24 el 10 .06 12 .06 410 elo .07 .08
80 | .05 0B .06 .04 .06 .04 04 .04 .05 05
100 1,03 .05 .04 e 02 .04 03 e O3 03 .02 .02
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Table 3. (conti nued)
CHLOROPHYLL A (MG/M ) FOR SEPTEMBER 1975

DEPIH

(M) 3 6 9 12 15 18 21 24 27 30 DAY
3 [.03 .02 e04 005 .06 .05 .04 05 04 eU4
5 .03 .05 05 .04 .06 05 05 04 .04
v .03 .03 .04 .06 .04 .04 .05 +05 04 004
15 [ .05 03 .04 <04 03 .04 .05 .05 .04 .04
€U | .05 +02 o0& 04 .04 .02 005 05 04 04
25 [ .03 +04 03 .04 .03 e03 €05 *O5 04 .04
30 .04 .04 .03 .04 e04 .04 05 <05 004 .04
3> | .04 .04 .04 .04 *O5 04 .05 .06 *04 .04
40 | <04 .04 .04 .06 08 .05 .05 e06 e05 .06
45 | .05 05 .06 eOY @12 05 .07 <07 .06 .06
40 | .05 .06 06 .10 .08 .07 «08 .06 .06
48 | .04 ¢07 .07 .08 .08 .07 «0B e07 .06
S0 | .06 .07 <07 10 .08 409 .08 07 .06 05
52 | .10 oG8 +08 <12 .08 .08 +06 005 405
O4 | 10 <09 08 e12 408 .07 .07 05 405
956 | .12 11 09 .11 .08 .08 .05 05 .06
58 | 411 012 10 e11 .08 07 .05 e05 .04
60 | .12 O 1 09 el0 .08 .08 .07 .05 .05 .06
b | «12 12 07 o110 o 07 .06 o004 04 .Os
64 | e12 el <08 <09 .06 .06 .04 03 .04
BU | e03 004 <04 .04 W05 .03 02 402 e
100 1 .02 02 002 oU2 403 ©02 e0l (2 *O2
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Table 1. Nunmbers of adult females and copepodite stages I-V
for Calanus hyperboreus, C. glactalis, and Euchaeta glacialis as
sanpl ed by 150-0 m net hauls-8 times duri ng summer 1975

June July August Sept enber

S““?*W 7 24 12 30 17 4 13 28

Calanus hyperboreus

Fenal es 20 54 71 73 20 35 54 26
Vv 39 44 47 47 I 34 43 14
|V 22 16 3 14 23 42 48 57
I 0 0 0 O 43 319 371 138
Il ' 0 0 0 O 115 32 8 0
| 0 0 0O O 5 0 0 0

Calanus glacialis

Fenal es 7 16 63 40 24 717 17
v 1 7 10 13 6 6 9 8
|V 1 1 0 0 0 0 0

|11 0 0 0 1 1 2 4 19
'l 0 0 0 O 30 24 17 17
| 0 0 43 25 67 7 21 11

Euchaeta glacialis

Femal es 0 0 2 5 3 2 5 3
v 0 3 6 8 9 5 7 5
|V 2 1 0 0 2 3 6 3

11 0 3 15 65 39 8 8 2
11 21 13 12 2 1 2 2 1
| 0 0 0 O 0 0 0 0



