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ABSTRACT

The temporal variability in abundance, composition, and prcduction
of an arctic-marine inshore zooplankton community was investigated near
Point Barrow, Alaska from May through August, 1972, Significant
temporal differences (P < 0.05) in population abundance over the summer
were noted for 29 of 30 species. Changes in community composition
resulted from the summer intrusion of Bering Sea water into the study
area; southern copepods were observed during July and August. This
intrusion imposes a temperature regime favorable for the rapid
development and high production of meroplankton, particularly barnacle
larvae. The meroplankters were largely responsible for creating a
more diverse and productive community than that occurring in the
epipelagic zone of the central arctic, Extensive recruitment of
meroplankton was correlated with periods of high phytoplankton standing
stock,

Community dry weight ranged from 4 to 41 mg/m3, with the maximum
occurring under the ice in late June one week after the phyteplankton

bloom.
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CHAPTER 1. INTRODUCTION

Zooplankton orgsanicems play a central rvole in the economy of the sea
through their conversion of phytoplaankton energy into protein and lipid
stores suitable for the necds of members of higher trophic levels in the
oceanic plankton food web. Shoaling fishes, some species of seals, and
whales, are either directly or indirectly dependent upon this scurce of
focd for their survival. Accordingly, emphasis has been historically
directed towards accumulating data on zooplankton with the intent of
examining ecological interactions of this energy pool witﬁ commercially
exploitable pelagic species in the world ocean. The approach taken
towvard evaluating these interrelationchips has been divided amcng field
and laboratory investigations. Baseline data collected in the field
is essential for establishing biomass, reproductive periodicity, and
the specific composition of the community in question. However, an
understanding of the basic energy requirements and physinlogical
processes of the zooplankton consumer organism should also supplement
field data in the estimation of secondary production and the efficiency
of energy transfer through the food web via the primary consumer level.
Such studies of biocenergetics are necessarily conducted in the
laboratorv under controlled conditions.

Zooplankton field studies in the world ocean date from the
mid-1800's and were characteristically descriptive in nature up through
the early part of the 20th century; laboratcry investigations concerned

wiih tiie Diology of the animal plankton have a more recent history.
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Field research in arctic polar regions has long been difficult because
of restricted access to many arezas and deterents imposed by a harsh
climate. These handicaps have been partially overccue threcugh use of
air transportation to previously inaccessible ice platforms and ice
floes but planktcon research in the Arctic Ocean is still conducted
almost exclusively on a seasonal basis.

The Arctic Ocean represents a unique marine euvironment, character-
ized by its annular ice cover, vertical stability of the water cclumn,
and low annual biological productivity. Exceptions to this stable
environment are found in the neritic areas of peripheral seas of the
arctic, which are ice~free and vertically mixed during éhort portions
of the summer and capable of producing rvather high plankton standing
stocks. Such a condition exists in the environment investigated by this
étudy, a location where the livelihood of a pertion of a large
Eskimo community is indirectly dependent upon the high production of
zooplankton organisms, manifested in the form of larger stocks of fishes,
seals, and whales.

Laboratory research on the tezeding bhinlogy and energy requirements
of grazing zooplankton has histerically been conducted in temperate
latitudes. Relatively little is Ywecun cof the bicenergetics and
physiology of arctic and subarctic species, with the excepticn of
Conover's work on Calanus hyperboreus in the Gulf of Maine (1962,

1966).
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1.1 Historical Arctic Plankton Investigaticne

Early studies of the plankton c¢f tne Arctic Ocean were condected
either from drifting icebound vessels or seasonally along the ice-frze
coastlines of the continent. Two expeditions were noteworthy for their
contributions te arctic plankton research up to the early 20th century.
The pioneering physical and biological oceanographic investigations
of the Eurasian basin and perimeter were undertaken from 1893-18%6 by
the Norwegian North Polar Expedition under the leadership of Fridtjof
Nansen. The identifications of the collections of marine planktonic
Crustacea from this voyage by G. 0. Sars (1900) set a precedent for
subsequent investigations into the diwversity and gensral zoogeogreghical
patterns of arctic zooplankton. The collections of the Cahadia; Arctin
Expedition of 1913-1916 resulted in the preliminary description of the
planktonic fauna along the arctic coastline of the Northwest Territories
and Alaska and a good portion of the western Alaskan coastline. Major
groups of plankton reported from the expedition incinded the hydromedusae
and ctenophores (Bigelow, 1920), amphipods (Shoemzker, 1920), ccpepods
(Willey, 1920), and the schizopod crustaceans (Schmitt, 1919). The
results trom these pioneering descriptive surveys indicated that the
primary constituents of the zooplankton of the Arctic Ocean wers
crustaceans, most particularly the Copepoda.

For the past four decades, major contributious by the USSK,

United States, and Canada have broadened our uriderstanding of boreal
and arciic zooplankton ecology. The first extensive, systematic

etudies of the ralancid copepod fauna in the Bering and Chuk 2

)
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were initiated by the Soviet State Hydrological Institute in 1932,
The.advent of the Sadko expedition and the drift of the icebound vessel
Sedov from 1937-1939 further extended Russian research on plankton
biology inte the Eurasian basin of the high arctic. The analysis of
the Sedov collections by Bogorov (1946} corroborated Sars' earlier
conclusion that many copepod species found in the central arctic
were Atlantic in origin.

The use of air transportation to ice floes and ice islands by
the Soviets in the late 1930's added a new dimension to conventional
sampling platforms in the arctic. Early Soviet investigations from
ice stations North Pole I in 1937, and most notably, Nofth Pole 1L
from 1950-1951, permitted the first long term and deep water
collection of the zooplankton in the central arctic. A number of
vertically divided hauls doﬁn to 3000 m depth were taken from NP II
and provided material for the description of 19 additional copepod
species not previously recorded. It was concluded that most of these
species were endenic to the deeper waters of the basin (Brodskii and
Nikitin, 1955).

The cruise of the U.S. Coast Guard Cutier Chelan in 1934
represented the initizl major American effort toward the collection
and study of marine zooplankton in the Bering and Chukchi seas (Johnson,
1934) . This and later United States surveys in the vicinity by Johnson
(1953) as well as Soviet investigations (Stepanova, 1937) provided
much information on the composition snd reproductive biology of the
native species. The results from these studies also demenstrated the

existence of z northward transport of endemic Kering Sea planktcen




through the Bering Strait and delineated their zones of expatriation
in’the Chukchi Sea. Subsequent to these investigations, the icebrecaker
v.S.5. Burtom Teland made an extensive survey of the zooplankton at
106 stations throughout the Beaufort and Chukchi seas during the
gummers of 1950 and 1951. Johnson {1956) reported on the copepod
constituents of the Burton Island collections and discussed zoogeo-
graphical distributions of selected species in relation to the
hydrography of the Beaufort and Chukchi areas. Handrand Kan (1961)
provided a description of the hydromedusae and their breeding ranges
and also included a discussion of the influence of the hydrography
on species distribution. |

American cceanographic investigations expanded into the central
arctic with the establishment of Station "Bravo" on Fletcher's Ice
Island (T-3) during the International Geophysical Year, 1952. The
objectives for the research effort at this permanent station were
not biological, but rather primarily to collect meteorclogical data,
support geophysical research in the arctic, and establish a base

for sutcequent biological research. Initial American investigaticns

.into the plankton of the high arctic began with the occupation cf

IGY drift station "Alpha" during 1957-1958. Ur to this time, a feature
common to most previous plankton research in peripheral seas and the
polar basin was an emphasis on systematics and the definiticn of
general zoogeographical patterns. Research on "Alpha" provided
continuous and deep water samples down to 2000 m depth from June, 1957

to February, 1958, and ezpand=d yvpon previcus research by emphasizing
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zooplankton biomass and primary productivity (Inglish, 1961) in
addition to systematics (Johnson, 1963).

The occupation of T-3 by the United States for studies of
zooplankton biologyr began in 1658, six years following the establishment
of Station '"Bravo" én the fce island. The results of these
investigations are well reported in the literature, concerned mainly
with seasonal variation in biomass, plankton associations with water
masses in the central arctic, and seasonal vertical distributions of
organisms (Grainger, 1965; Mohr and Geiger, 1968; Hughes, 1968;
~ Hopkins, 1969; Scott, 1969). Supplemental data from the ARLIS
series I-1V, in particular ARLIS II from 1964-19635, proVided
additional information on seascnal changes in zooplankton biomass
in the Eurasian basin north of Greenland (iMinoda, 1947). Fletcher's
Ice Island is the only ice station presently occupled by the United
States in the central polar basin.

Knowledge of annual cycles of biomass, population dynamics, and
production of the zooplankton communities in neritic areas of the
arctic comes principally from research in the Canadian eastern arctic
by Grainger (1959, 1562Z): east Greenland by Digby (1953, 1954); and in
the Barents Sea, as reported by Zenkevitch (1963). Extensive studies
have not been conducted aleng the Alaskan arctic coast. Early
investigations in the marine eavirconment near Barrow, Alaska adjacent
to the Naval Arctic Research Laboratory by MacGinitie (1955) were
concerned primarily with the beunthos and included only a limited

discussion of the macroplankteon, this being generally descrintive in




nature with some data on reproductive periods and the relative
abundances of selected species in the plankton. Johnson (1958)
provided data on the qualitative and quantitative composition of the
inshore zooplankton community adjacent to NARL for a one month period

during the summer of 1957.
1.2 Laboratery Studies of Zooplankton Feeding Biology

Since the beginning of this century, much atteﬁtion has been paid
to the feeding biology of grazing zooplankton, most particularly to
the copepods of the genus Calanus. Early investigations were largely
qualitative and included gross examination of gut contents (Dakin,
1908; Esterly, 1916; Lebour, 1922; Marshall, 1924), ZLater experiments
emphasized measurements of filtration rates to determine whether
utilization of filtered particulate matter was sufficient to meet the
minimal metabolic requirements of the species (Fuller and Clarke,
1936; Harvey, 1937; Gauld, 1951). Recent work has been directed
toward measuring growth rates and the effect of fcod type, develop-
mental stage of the organism, and temperature on growth (Hullin, 1983;
Mullin and Brooks, 1967, 1970); tihe relative grazing rafes of nauplii
and copepodid stages of copepods has also received attention in the
literature recentiy (Paffenhofer, 1971).

The research of tlershall aud Orr on the calanoid copeped Calanus
finmarchicus spanned four decades and introduced a high degree of
sophistication to feeding studies and proposed the examination of new
problems and methods. Marshall and Orr (1935a) were smong the Finst

14—

to use radioactive tracers (77P) to study the upiake and assimilation
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so g - 14
of algae Ly zogsplanktcu. With tue aevelopment of the use of C by

Steemann Nielsen (1952) for the measurement of primary production, a
new method was evolved that ceould be similarly applied to basic research
on the consuner level for the measurement of assimilation and ingestion
(Marshall and Orr, 1955b).

Lasker (1960) applied 14C techniques to a study of the feeding
biology of the Pacific euphausiid, Fuphausia pacifica, and emphasized
assimilation and the daily ration necessary for metabolic maintenance.
Lasker also endeavored to estimate secondary production; a subject
presently being evaluated (for a review see Mullin, 1969).

The methods developed by Sorokin (1969) allowed for the measurement
of the total energy balance of aquatic grazers using radieactive carbon,
providing direct measurements of growth, respiration, reproduction,

4
excretion, and egestion through use of l‘C.
1.3 Purpose of the Investigation

Quantitative studies of the dynamics of a nearshore zooplankton
community along the arctic coast of Alaska are nonexistent. In
contrast, the taxonomy and seasonal standing stock of the phytoplankton
community in the coastal waters of the Cnhukchi Sea near Point Barrow
have been investigated for eight years (Horner, 1969, personal
communication). A logiczal extensicn of this research was a study of
the animal plankton and its interaction with the phytoplankton community.
Such an investigation on the inshore zooplankton community near NARL

was initiated in 1972 For a threze rmenth period concurrent with

i
H
H
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investigations on the phytoplankten in the same area by Horner. My
research expands upon previous taxonemic work along thc Alaskan coast-
line and provides more ecological data. The following objectives were
cited for this study: (1) to quantitatively descxribe the pattern of
temporal variability in species abundance, compositicn, and standing
stock of the inshore zooplankton community in the Point Barrow
vicinity during the study period of May 25 through August 29, 1972;

(2) to examine relationships between the variability of this community

and changes observed in the state of the local hydrography and phyto-

- plankton community; (3) to describe the life histories, associaticns,

and recruitment periods of major zooplankton species; and (4) to
investigate trophic interrelationships of the plankton in the
laboratory.

A study of the plankton in tlhie Chukchi Sea near Point Barrow was
of special interest because of the dynamic state of the hydrography
during the summer period and its expected influence on the dynamics
of the pelagic communitv. The coastal oceanic environment of northern
Alaska annually experiences two distinctly different hydrographic
phases: (1) an open water period from July to September, characterized
by extensive mixing of the water column with associated nutrient
enrichment and relatively high productivity in the warm surface
waters, and (2) an ice cover period from Qctober to Jumne, characterized
by uniformly stsble hydrographic conditions, low temperatures,
reduced light transmission, and low productivity, These fluctu

conditions are unique and in opposition o the relatively uwnifcrn

O
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oceanographic state and stable plankton community persisting year
round throughout the central basin and much of the periphery of the
Arctic Ocean.

It was hoped that my research would provide a more complete
understanding of the dynamics of the nearshore summer plankton
community in the seasonally variable marine environment near Point

Barrow, Alaska.




CHAPTER 2. MATERIALS AND METHODS
9.1 Field Investigations

The objectives of the field investigation were to describe the
pattern of temporal variability jn abundance and composition of the
summer zooplankton community, to exardne the relationship of this
variability to the local hydrography, aand to study life histories,

associations, and periods of recruitment for dominant species. A

Ezcalendar week was chosen as the time unit for comparisons and

wlstatistical testing of variability in species abundance during the

sSumner season.

= 2.1.1. Equipment

The selection of diameter and mesh size of a zooplankton sampling
nef reflected both a previous knowledge of the minimun size range
of dominant zooplankters in the community as well as consideration
of which size fraction of the animal community was to be quantitatively
examined.

The nets chosen for the majority of the work were of conical design
with a 0.75~m diameter opening, tapeving approximately.300 cm to a
removable polyvinyl chloride collecting cup of 9-cm diameter. The
netting was Nitexl high-capacity, monofilament nylon cioth with a mesh
aperture of 0.308 mm; a short 8~cm nylon collar proceeded the filtration

cone for attachment to a galvanized steel ringz. A 3:1 cpen area ratio

——

1

J. J. Ross Mill Furnishing Companv. Seattie. Washingtor 98115

1
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was realized as recommended by UNESCO (1968). In addition, a small
number of qualitative samples were obtained during the sampling period
with a Nitex 25-cm diameter, 0.046 mm-meshed net. One series of
zooplankton samples was taken in February, 1972, with a Nitex 0.50-m
diameter, conical net of mesh aperture 0.57} mm borrowed from the

Institute of larine Science, University of Alaska.
2.1.2 Station Locations

The sampling area included the 17 km (ten mile) stretch of coastline
from Point Barrow to Barrow Village (Fig. 1). Collections of plankton
in Februsry and from May 25 to June 28 were obtained from a single
ice station located approximately 1 km north of the NARL airport. Open
water sampling was similarly carried out in the vicinity of NARL,
roughly 1 to 2 km seaward of the coast in water depths of ten meters
or less. Horizontal surface tows were taken 4 km from shore on July 22
and August 3, 4, and 5 at the 30 m depth contour for comparative purposes
with the shallower nearshore cocmmunity. A single sample from a vertical
tow was also collected on August 4 at this depth.

A single series of evenly spaced samples was taken along a coastal
transect from Foint Barrow to Barrow Village on August 19. Three pairs
of duplicate samples were collected within two hours for determining
vhether statistically significant spatial variability in the zocplankton
community existed along the coastline at this time. One diel series
of hauls was taken on August 28 to determine whether day-night

differences in shundance existed fer major zooplankters. A listin

of

il

sampiing effort au tne various station locations is included (Table 1).




Figure 1. Map of the northern Alaskan coastline near Point Barrow.

Accompanying insert shows the study area in relation to
the state
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Table 1. Relative sampling effort at various station locations

near Point Earrow, summer 1972, Listed as total number
i of samples collected

LOCATICN L
Qutside
Barrow Point Pressure
NARL Village Barrow Ridge

1 to 2 km seaward 3 to 4 km seaward

94 6 2 2 2
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2.1.3 Zooplankton Sampling Design

The field effort was divided between under-ice and open water

E2

sampling. A schedule of two to four sampling days per week was

maintained with few excepticns thrcughout a period from May 25 to

£ August 29, 1972. During this time, 107 samples were collected, the
: majority between 0900 and 1550 hours.
%@. Shorefast ice was present in the nearshore environment near NAEKL

through June 27. A permanent 1 x 2 m ice hole and wanigan hut were

it

maintained for net sampling and diving purposes approximately 1 km

from shore until ice conditions became treachercus. Water depth at

this station was 6 m,

Under-ice sampling was accomplished usiug SCUBA divers or a puliev

%

piag

system. Divers would pull nets out manually to a prearranged distance
(usually 17 to 23 m) from the hole where a release was made at mid-depth
for retrieval, This operation was duplﬁcated at each sampling date.
e Care was taken by the divers to avoid filtering water as the net was
carried to the release point., The retrieval speed of the net was
approximately 0.7 m/sec. The volume of water filtered by this method
ranged.frcm 7 to 11 m3, under the assumption oi 1007 filtration
efficiency.

Retrieved nets were rinsed twice and the sample contents placed
in 250 or 500 ml (8 or 16 oz.) jars and returned tn the laboratory
for preservation in 10% sodium acetate-buffered formalin.

The sampling procedure described above was very demanding cf the

divers, and aun undcr-ice pulley system was installed on June 20 to

T




relieve the problem. A hole was drilled through the ice 156 m from
the ice hole and a small block suspended beneath the ice. Nylon line
was run through the pulley and the ends tied off on ice pitons at the
diving hole. This method proved to be extremely convenient and
excellent replicate hauls could be cbtained with little effert.

Ice conditions during breakup prevented sampling from June 29
to July 7. Following this period, a 5-m (16 ft.) aluminum skiff
became available for zooplankton sampling.

Consistent towing procedures were followed while operating the
skiff. A horizontal tow of about 300 m was chosen, providing a total
filtered volume of 130 m3. It was thought that this distance would
be sufficient to provide an adequate sample and would also integrate
any small scale patchiness that might exist in the plankton community.

Tow distance (300 m), speed (1 m/sec), and methods of rinsing nets were

standardized tc reduce sampling error. . Skiff speed was estimated and

W

B

adjusted accordingly by measuring the time for a floating object to

travel the 5 m distance from the bow to the stern while the net was

" fishing.

= A nylon line of 0.65-cm thicknass (1/4 in.) was attached to the
» net at the middle of the ring crossbar and ithe wet was placed in the
.

water while the skiff was in neutral gear and allcwed to sink two or
three meters below the surface. Tishing depth was munitored during

each tow by measuring the wire angle and the length of line extended.
Duplicate hauls were taken on each sampling date and sample contents

treated as previously described.




Towing velocity was selected as a compromise between an effort

to maximize filtration efficiency and reduce the problem of net

avoidance characteristic of certain micronekton at low towing

{29

[
e

speeds (UNESCO, 1968). Horizontal rather than the more mechanically
difficult obliguve hauls were used for the opan water design beacausce
vertical salinity profiles during this period indicated the water

t

column to be homogeneously mixed to the bottom. It wac assumed little

or no vertical zooplankton stratification existed in the area under

these conditions.

2.1.4 Environmental Observctions

Water samples were taken concurrently with zooplankton collecticns
for the determination of salinity, nutrient concentratiocans, and

chlorophyll a content {See UNESCO, 1966). Samples were consistently

Ei collected at the surface during ice cover and also at 1, 3, and 5 m
§{ as melting progressed. Open water collections were generally made at
B

E» 0, 1, 3, and 5 m. A 6-liter PVC Van Dorn bottle {(1956) or modified

% Sceott~Iichards water sampler were used for all collections. Rotties
L

é. were lowered tc the desired depth and tripped with a brass messenger.
;ﬁ A small aliquot of each water sample was removed and placed in a 230

ml squat jar for future phytoplankton identifications and zounts (Merner,
personal communication). In addition, samples of the larger phyto-
plankton were collected periodically during the summer with a Nitex
net of mesh aperture 0.046 mm. Surface water temperature to the u
°n

C and transparency were also recorded on all zooplankten zamp

EP S - S o)




Rodiaulii

e

.

! T ‘1

CEIN L B

53

13

dates. The disappearance of a white 30-cm diameter Secchi disk was noted
to increments of 0.5 m.

Phytoplankten primary preductivity experiments emploving radioactive
bicarbonate were also conducted regulorly throughout the summer in the
insheore waters c¢ff NARL (Hornmer, pcrsonal cormunication).

The general current directicn, pack ice movement, wind velocity
and direction, and the level of incident radiation were observed

regularly in the Barrow area.

2.2 Laboratory Analyses

Zooplankton samples were returned to NARL for idenfification,
counting, length measurements, and dry weight analysis. An cccasional
examination of gut countents was included for selected species. The
analysis of material was completed at the University of Alaska Muscum,
Aquatic Division. Samples collected im February were only qualitatively
examined. Specific ideatifications wore made using the following texts:

Shirley and Leung, 1970 Hydrozoa

Bigelow, 1920
Naumov, 1969

Pettibone, 1954 Polychaeta
Barnard, 1969 Amphipada
Tencati, 1970

Sars, 1900 Copepoda

Brodskii, 1967
Rose, 1933
Tanaka, 1956
Vidal, 1971
Fulton, 1968

Leuvng, 1970 Fupheous
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Dawson, 1971 Chaetognatha
Wimpenny, 1966 Larvacea
Walters, 1955 Pisces

2.2.1 Identification and Enweralicn

Each zcoplankton sample was poured into a 50 x 75-cm white
photographic trav, diluted with water, and evenly distributed and
sorted under an overhead light. Larger zooplaﬁkton were removed
prior to subsampling and individually identified and counted, sized,

: and placed in vials for future reference. Groups of this type include
larger hydromedusae, scyphozoan medusae, pteropods, pol&chaetes, amphipods,
euphausiids, juvenile shrimp, mysids, chaetognaths, and larval and
juvenile fishes. Small, rarer specimens were treated similarly.

The remaining, relatively homogeneous sample was placed in a

,é? calibrated 1000 ml wide-mouth graduated-beaker and diluted to

400 ml in preparation for subsampling. The water height associated

kild with this volume was ideal in minimizing the potential for wvertical

gradients in plankton concentrations due to settling during the

subsampling process.
) 2

. . . &~ .
e Subsamples were removed using Hensen~Stempel Pipets” equipred

m with interchangeable sampling spoocls of 1, 2, 5, or 10 ml. Zocplankters

e were stirred in & random fashion with precautions taken to aveid

[

introducing localized eddies or pockets of high concentration.

Duplicate aliquots were removed in twenty-three cases to determine

the orror associated with subsampling techniques.

E L

Wilco Scientific Supply Co., Saginaw, Michigan.
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Subsamples were placed in 60 x 15 or 100 x 15-mm Pyrex petri
dishes and the organisms identified, counted, and measured under a
variable power (0.7 to 6.0X), stereoscopic microscope; a minimum

of 100 specimens were examined.
developmental stages of copepcd srpecies were determined by direct
counting or roughly estimated as fractions of the total count for

the species. Copepod nauplii were not differeatiated by stage,

but grouped together and counted.
the other zooplankton groups were more easily determined, where
direct measurements alone were usually adequate to distinguish
life history stages. Chaetognaths were grcuped and quaﬁtified in
size ranges of greater thanm 30 mm, 20 to 30 mm, 13 tc 2C mm, and

less than 13 mm to reduce the labor involved in measuring each

specimen individually.

Size grouping procedures were also followed

T TN

o5
1

and less than 0.308 mm for countini.

Total numbers of each species in the sample were determined

SAREE..E B o

by multiplying counts ir the suksample by the inverse of the

s aliquant fraction removed. Divisien by the volume filtered

& . . X . aos ,

s provided the estimate of the number of individuals per cubic
“ meter of water sampled.

) 2.2.2 Size of Organisms

Size measurements were wmade on all zooplankton

establish life history stages.

The relative abundances of various

Size-frequency relationships for

for some species of hydromedusae and occasionally for the euphausiids.

Barnacle nauplii larvae were grouped into sizes of greater than 0.308 mm
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Measurements on all species were made ueing a calibrated,
transparent, millimeter rule. Spzacimens were placed directly

on the ruler and measurements made under the stereomicroscope.
Copepods, ostracods, barnacle larvae, and larvaceans were measured
to the nearest 0.1 mm; other zooplankton groups were sized to

the nearest millimeter. Methods of mzasurement were coansistent with
presently acceptable standards. Copepods were sized from the tip of
the cephalosome to the end of the caudal rami, edphausiids and mysids

from the anterior tip of the carapace to the end of the telson; bell

 height was determineG for hydromedusae and the head length for

larvaceans. The diameter of scyphozoans was determined. Chateognaths
were measured along the pivotal or central axis. Bent organisms

were straightened prior to measurement.
2.2.3 Dry Weight

Dry weight analyses were performed on 107 preserved zooplankton
samples to examine temporal variability in biomass. The procedure
involved dividing the samples into halves using a modified sand
splitter (Cooney, 1971). ' Rarer crganisms removed in prior sorting
operations for purposes of organizing a museum reference collection
were not processed. Large scyphozoan medusae and juvenile fishes were
also not considered in dry weight measurements.

Each sample was divided into two parts and after rinsing the
splitting apparatus, one half was returned tc the original sample

Jar, preserved in 1007 fcrmalin, and stored in the University of

22
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Alaska Museum, Marine Collections. The remaining half-sample was
flushed in running tap water for 5 minutes, drained, and poured
into a tared, aluminum foil tray. Sampies were dried to constant
weight at 56°C for 18 to 24 hours (Lovegrove, 1966). Newly removed
samples were cccled in a desiccator for 10 minutes and thern weighed
to the nearest milligram on the Mettler3 F160N balance.

In addition tc tctal zooplankton biomass, the average individual
dry weights were determined for selected develnpmental stages of
the copepods, Calanus glacialis, Pzeudocalanus minutus, Acartia sp.;
the chaetognath, Sagitta elegans arctica; the pteropod, Liracina
helicina; the hydromedusa, Aglantha digitale; and the firriped,
Balanus nauplii and cyprid larvae. Fifty indivicuals of each
developmental stage of the Copepoda were selected for weighing. The
same number of individuals of the Chaetognatha were chosen in each
of the size ranges previously described; a variable number of pteropods
and hydromedusae, generally from 15 to 30, were weighed and average
values obtained. Five ml aliquots of a sample known to consist
predondinantly of barnacle larvae were removed for weighing. Organisms
were placed in tared, aiuminum foil travs of the ftype used in total
dry weight analysis, dried, and weighed on a Mettler Type B6 pan
balance to 0.1 mg accuracy. This method provided a fracticnation of
total dry weight for any given sample into the relative percentages

of biomass contributed by the major species.

2
“Mettler Instrument Corp., San Francisco, Califernia 94119




2.3 Statistical Prcceduras

Statistical analyses were performed to evaluate the variability
associated with several levels of sampling and to test differences
between means. Three levels of sampling variability were examined:
cubsampling, field or replication error, and within-week error.

Data transformation, one-way analysis of variance, confidence limit
estimation, and correlation analysis were techniques employed in the
treatment of data. Notation and description of terms follow

Snedecor and Cochran (1967). -

"

2.3.1 Data Transformation

Counts of all species were recorded as number cf individuals per
3 . -
100 m” of water filtered. These data were then transformed icto
logarithms for one-way analysis of variance (English, 1961). The

following transformation was used:

~ X, = log g (X +1)

where Xi ig the transformed variable; and Xo is the original
observation. The addition of 1 to the or? variable allevicotzs
the problem of teking the logeiithi. ¢f 0 when organisms are absent
in hauls (Taylor, 1953).

Means, sums of squares, and mean sguares were obtained using a

BMD 01V progiam for one -way analysis cf variance (Dixeu, 1965).

<

mputations ware made by an IBM 300 computer. The geometric mesns




2%

of original cbservations were obtained by taking the antilogarvithm

minus 1 of the transformed mcans.

»Ivsis of varviance was used to

exesming the statictical g

for all zooplankion species for the swaser peried. Variasbility

associated with subsampling techniques, within--day or field methods,

and within-week sampling, represented the levels of sampling
examined. A weekly

.
for the statistical

interval of 7 days was chosen as the time unit

analysis of summer population trends for all

o AT

species., A geometric nean for weexly periads was obtained by

aver aging the daily mcans within the week; the daily chbzervations

within weeks then formaed the basis for testing differences be

tween

weekly periods.

The following fixed rod

w

1 was used for the analysis of variance:

IS

Y.,=u+a. +e.,
1] 1]
where X4j is the transformed observation of average nusbers of specimencs
e
per 100 m3/day, p is the overall rezng a; is the time 2ffact in woeks,
i=121,2,3, ... 32; and e4j is the ervor term, j =1, 2, 3, . . . u,

Assumptions impiicit to the nodel zve: (1) the swmmation of the

treatment ef{fccts equal zero (Ta, = 0); and (2) the error terms are

normally distyributed zbout a uean

of 0 with standard deviation

6(eij = 5(0,8)).
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2.3.3 FEstimation of Confidence Limits

Ccenfidence limits were calculated about subsampling, daily, and
weekly means to define significant differences in abundances of

organisms for the summer., The following equaticn was used as the model:

_ oE
CL = X + antilog (t =
geo

whereiigeo is the weekly geometric mean; * is Student's t at P = 0.05
and the degrees of freedom associated with the mean square; MSE is

the within-week mean square error; and n is the number of observations

contributing, to the weekly mean,

2.3.4 Correlation Analysis

It was desirable as part of the present study tc examine species
associations in the zooplankton in relationship to certain major

parameters influencing the variability in abundance of organisms with

time as well as factors responsible for changes in community composition.

o
14

=]
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regression was chosen for the analysis (Dixon, 1565). A correlation

matrix was generated for 31 parameters, including 28 zcoplankton

categories and temperature, salinity, and chlorophyll a.

2.4 Trophic Studies

As a supplement to field research, the present study inciuded

laboratory investigations of the feeding biclogy and ererg

r budcet

1/
of selected zooprankton species fed ~ C-labciled phyt



Estimates of filtration and ingestion rates, assimilation efficiency
and the relative zpportionment of ascimilated emergy into growth,
respiration, and excretion were obtained under varying biological
and physical conditions in the laboratory. Energetics were examined

on both the community and individual speciec level of organization,
2.4.1 Experivental Organisma

Zooplankters used for the laboratory studies were generally chosen
for theilr numerical dominance in the plankton. These included adult
females or stage V copepcdids of the copepods Caldnus glacialis,
Pseudocalaniiz minutus, Acartia spp., and Calanus hyperboreus; a random
sample of the zooplanktoa community of August 28 was used in one
experiment, consisting of Bulanus nauplii and cyprid larvae, echinoderm
and polychaete larvae, some juvenile C. glacialis and adult Acartic, and
hydromedusae. Investigations also included the study of the physiology

of a Bering Sea expatriate species, Calanus plumchrus stage V.
2.4.2 Algal Culture and Cell Cownting Techniques

All phvtcplankton species used in the experiments were common
to the Barrow area and included a unialgal, solitary Chaetoceros sp.,
a mixed population of the diatoms HNitzschia closterium, N. seriata,
Navicula sp., and 2 green biflagellated "Chlamydomonas-type" alga.
Phytoplankion were cultured in 250 ml Erlenmeyer flasks or squat jars,

to which were zdded 40 tc 30 m) of Millipore~filtered seawater and 20




ml of half strength Provasoli culture enrichment medium. Solutions
were occasionally enriched with 1 drop of NaSiO3. Algae were incubated
in culture chambers at 5°C in cither continuous or 12-hour daily light
cycles. Incident radiation in the culture chambers varied from 2800
to 4800 lux.

Inoculations were made with radioactive carbon in the ratio of
5 to 10 uCi NaHlACO3 per 50 to 70 ml culture solution; the culture
flasks were then capped and returned to the chamber for further
incubation, usually 2 days to 1 week.

Cultures were prepared for experiments by centrifugation in 50
ml tubes, in{tially at 2000 rpm for 3 minutes and then at 1560 rpm
for an additional 2 to 4 minutes. After decanting and resuspending
the cells in double Millipore-filtered seawater, centrifugation was
repeated at 1200 rpm for 3 minutes. The "hot" cells were then placed
in a 2000 ml beaker and a stock solution prepared by diluting with
activity-free filtered seawater to the desired volume. Aliquots of
unialgal stock solutions were removed immediately prior to experimen-
tation for establishing initial cell density per unit volume.

A model B Coulter Counter was made available for determiniug
cell concentrations per unit volume of unialgal Chaetoceros culture
at the beginning and end of the experiments. Five or sgix replicate
counts were taken cn 0.5 ml aliquots of Chaetoceros culture and the
average of these counts used as the cell concentration. Aliquots of
double Millipove-filtered seawater were used for establishing background

counts,




2.4.3 Experimental Feeding Procedures

The mass balance equation for an individual organism established

the premise from which the experimental methodology developed. A

general form of the equation is as follows:

ingestion = growth + reproduction + respiration + excretion + feces

(D (® (EP) (RS) (E) (F)

where G + RP + RS + E = assimilation.

Studies of the energetics of single copepod species involved the

use of 250 ml squat jars as feeding containers, to which were added
150 m1 of algal cnlture from a stock solution and 2 to 4 organisms.

: Community feeding experiments employed 1000 ml wide-mouth beakers as

;

3

.8

#

%; holding vessels and 450 ml of siock culture. Two or three replicate
E feeding jars or beakers were used in all cases. In addition, a phyto-
g, plankton control jar was used in all experiments to accoun; for any

E possible respiratory, excretory, or photosynthetic activity by the
algae during the experimental duration.

\11 experiments were conducted in culture chambers or in avGilson
respirometer with a water bath at 7% citu temperatures. Feeding jars
were gently agitated periodically during the experiment to keep the
algal cells in suspension.

The cellular activity and the activity of the filtrate were

determined at the beginning of each experiment by filtering aliguots

Ppe:
?w of algal stock solution through a Millipore HA filter (pore size 0.45
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After an experimental time period of 4 or 24 hours, the organisms
were removed from the feading jars, rinsed, and placed in 2 ml of
Protosol4 tissue solubilizer end 2 drops of water for a 12 hour
dissolution period. Ten ml of Aquascl and 3 ml of water were added

to form a thick gel before counting.

Faecal pellets were removed from the feeding jars under

a dissecting scope, rinsed, and dissolved in Protosol as described
above. Twenty ml aliquots of the cell-filtrate solution were removed
from control and feeding jars for establishing cell density of unialgal
cultures, The remaining 130 ml of solution were filtered through 0.45 ux
Millipore filter paper, to separate the cells (particuiate labelled
matter) from the filtrate (dissolved labelled matter).

Two methods were employed ir the analysis of filtrate activity:
the phenethylyamine process and direct volume aliquot method. Both
were used to measure the relative amount of assimilated energy
diverted into respiration and excretion. The advantage of the
phenethylamine method over the direct aliquot measure is that it is
possible to differentiare respiratory and excretory losses ﬁith the
former; the later method measures the composite total activity of
respiration and excretion,

The phenethylamine technique used followed the procedures developed
by Harrison, Wright, and Morton (i571)., The procedure involves
capturing liberated 14C02 on phenethylamine-soaked filter paper after

acidification with H,S0,. Excretory (crganic carbon) and respiratory
'

)
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(inorganic carbon) losses were differentiated by using progressively
stronger acids. Filters were added tc scintillation cocktails as
previously described and counted.

As a check against the efficiency of the phenethylamnine process,
direct aliquots of filtrate (3 ml) were extracted with volumetric pipets
and the radioactivity of both methods ccompared. The phenethylamine
process was abandoned after the first experiment because of the time
involved and when it appeared that it considerably underestimated
respiration and excretion in comparison to the direct aliquot method.
This latter method was used in all other experiments.

All radicactive samples were counted on a Nuclear;Chicago Model
6848 liqgid scintillation counter for 10 minutes; extremely "hot"
samples were counted at a threshold of 1000 X counté. Quenching was
corrected for using the channels ratio method and ccunting efficiency
determined. Absolute disintegrations per minute (DPM) were then
calculated by the following formula:

pawe — CPM channel A - CPM background
s Counting Efficiency

-

Equations used for the calculation of filtriiica rate, total
ingested activity, and assimilation and gross growth efficiency are

included in Appendix II.




CHAPTER 3. RESULTS

3.1 The learshcre Hydrography

A dynamic hydrographtiic regime during the summer season is
evidenced by the ohserved temporal distributions of temperature,
salinity, and ice cover (Fig. 2). Surface temperatures increased
gradually from a low of -2°C in late May to 1°C the week of June 23.
During the period July 21 to August 4, a rapid thermal increase to 6°C
was noted, while the surface water maximum, 8.5°C, did not occur until
the last week of August., The highest salinity values of the summer,
32.6%°/ .0, were recorded between June 2 and June 8. A decline in
total dissolved salts from 30.4°/., to 26.6°/.., occurred from July 7
through Julv 20, sfter which an increase to 20.1°/,, was observed the

last week of July. Salinities fluctuated between 29.2°/.,, and 30.3°/..

for the remainder of the summer.

was free of ice with few exceptions. Drift ice ususlly accompanied
a westerly or northwesterly wind and was recorded near shore on iche

following days: July

—

9; and August 2, 6, 10, and 12. The permanent
ice pack was cften times obszrved or the near horizon, but rarely
moved in closer than two miles from shore., 3iIce conditions hampered
ﬁi;. the sampling oparations only during the breakup period.

The nesrshore current directicn was generally northeasterly
toward Point Barrow from late May tc Tate July. At this time, a

corplete reversal in direction to the souihwest ¢

@8]
(S

Following breakup in early July, the inshore open water environment
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Figure 2.

Temporal distributions of the state of the sea surface,
coincident with (a) surface water temperature, and (b)
the average water column salinity, averaged for each of
14 sampling weeks, summer 1972
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condition that persisted to early August. After August 4, the current

showed no ccnsistant directional tendency.
3.2 Tre Zooplankton Cormunity

Forty-five categories of zooplankton, including 9 phyla and 28
categories identified to species, comprised the inshore community near
Point Barrow, Alaska, during the summer, 1972.(Fig. 3). All organisms
in my collections were previously reported from the area (Willey, 1920;

MacGinitie, 1955; Johnson, 1956, 1958; Hand and Kan, 1961).
3.2.1 Statistical Studies

The results of the statistical studies demonstrated significant
differences between weekly mean abundances and in variability asscciated

with sampling levels.
3.2.1.1 Levels of Variability

Estimates c¢f variability from the one-way analysis of variance
were used to calculate upper percentage confidence limits about weekly,
replication, and subsampling mean abundances for comparison of
variability assocated with these sampling levels. The upper percentage
confidence limit increased from subsampling, to replication, to the
within-week level for 28 of 37 categories of zcoplenkton examined ou
these levels (Table 2). In no casze did the subsampling error exceed

the replication or within-wesk vari=bilitv.
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Figure 3.

Qualitative distribution of the constituents representing
the Barrow zooplankton community from May 25 to August 28,

1972
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Table 2. Upper percentage confidence lir:.ité, P = 0.05, for observations at the
subsampling, daily replicatiorn, and within-week sampling levels for
selected categories of zooplankton

Percentage Confidence Limits

Catepories Subsampling _Q_}ia Field Replication _l_)f_a Within-week _[Ea
Hydrozoa
Aegiropsis laurentii - - 179 10 1,390 5
Aglantha digitale 131 10 580 40 442 24
Bowvatnvillea superciliarts - - 2717 15 240 8
Euphysa flarmea - - 232 11 339 5
Obelia longicsema - - 2,471 13 7,280 S
Leuckartiara sp. - - 455 ’ 22 569 15
Rathkea octopunctata - - 638 16 4,677 9
Ctenophora
Mertensia ovum - - 250 15 420 8
Pteropoda
Clione limacina - - 595 15 - 1,380 5
Limacina helicina - - 970 28 1,660 14
Polychaeta
larvae 128 22 508 41 295 25
Amphipoda
Gamnaridae - - 487 29 281 17
Hyperiidae - - : 364 28 422 15
Cirrepedia
Balarius nauplii > 308 um 131 18 ) 270 39 1,320 22
- Balarus nauplii < 308 um . 164 17 627 34 7,413 18
Balanus cyprids 136 19 441 31 596 17
Copepoda .
Acartia sp. 170 21 316 40 270 25
Calarnus crisictus - - - - - -
C. glactalis : 152 18 o 283 39 379 24
C. hyperboreus - - 546 4 584 A
C. plumchrus - - 180 10 317 7
Centropages abdominalis 164 10 230, 21 259 10
Eucalenus bunpii bungii - - - - - -
EBuchaeta =p. : - - 502 3 854 3
Eurytemora herdmanni - - C - - 344 9
Metridia longa - - 818 3 2,206 3
Oithorna similic 150 19 : 211 40 264 25
Pseudocalmus minutus 171 21 195 41 225 25
Tortenus discaudatus - - - - - T -
copepod nauplifi 158 12 55¢ 34 251 21

AR & B & N
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Table 2 (continued)

Percentace Confidence Linmits

Degrees of freedom corrected for cells contzinirg no organisms.

Categories Subsampling BE? Field Replicaticn an Within-veek Eia

Decapoda

Crab zoea larvae 183 10 364 26 295 13

shrimp larvae - - 467 18 897 19
Euphausiacea

Thysano¥ssa raschit - - 753 14 2,190 6

furcillia larvae 224 10 1,660 6 9,660 3
Ostracoda

Cenchoecia sp. - - 222 4 1,259 2

Evadne nordranni - - 229 13 1,660 5

Podon leukarti - - 181 13 944 5
Chaetognatha

Sagitta elegans arctica 167 16 334 41 284 25
Appendicularia

Otkopleura sp. - - 925 9 7,762 2

Fritillaria borealis - - 468 18 69,183 7
Pisces - - 451 32 344 17

Organisms were not subsampied or were too few in nuwber for stutistical analysis.

R
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3.2.1.2 Tests of Hypotheses

The observations within one calendar week provided the basis for
testing differences between average weekly abundances for all zooplankton
categories during the summer. The nnll hypothesis of no difference
between weekly means was tested using the F-statistic and wac rejected
for 29 of 30 categories (P < 0.05; Table 3).

Two additional hypotheses were tested statistically: (1) the
effects of sampling location on the avcrage abundance of iashore
zooplankton; andr(Z) the effects of time of day on the average
abundance of zcoplankton sampled at one location.

The effect of sampling location on zooplankton numbers was of
interest in determining whether significant spatial differences
existed in the inshore zcoplankton community along the Barrow coast.
The data from the coastal transect tzken on August 19 were used for
the analysis. Three pairs of replicaté tows were collected within 2
hours, one set each at Barrow Village, NARL, and Peint Barrow. The
replicates taken at the usual summer sampling site (NARL) were used
as the standard to which the other areas were compared. Average
abundances were caliculated for 9 categories of zooplankton from each
set of replicated tows taken at the three arveas. Within-week upper
and lower confidence limits previously determined for each zooplankton
category were applied about the mean abundance cf organisms sampled
off NARL, the reference location. These limits were then compared
with the average abundancez fer categories from Point Barrow and

1

Barrow Villagze. If the meen abundance of the zooplankton categery



Table 3. Statistical evaluation of the effects of time on the
variability of weekly mean population abundance for
selected categories of zooplankton from May 25 to
August 28, 1972

Statistical Significance

Time
Zooplankton Category E? af
Hydrozoa
Aglantha digitale k% 12,25
Bougainvillea superciliaris *% 12,25
Leuckartiara sp. k% 12,25
Obelia longissema *k _ 12,25
Rathkea octopunctata * : 12,25
- Pteropoda
Clione limacina NS ' 12,25
Limacina helicina * 12,25
Polychaeta *% 12,25
Amphipoda .
Gammaridae *% 12,25
Hyperidae *% 12,25
Cirripedia
Balanus nauplii larvae %% 12,25
Balanus cyprid larvae k% 12,25
Copepoda
Aeartia spp. , k% 12,25
Calanus glaciclis k% 12,25
Centropages abdominalis *% 12,25
Eurytemora herdnanmi ik 12,25
Ot thona simiiis * 12,25
Pseudocalanus rinutus fk 12,25
copepod nauplii ; *% 12,25
Decapoda
shrimp juveniles *% 12,25
Chionoecetes zoea larvas *%k 12,25
Paralithodes zoea larvae K%k 12,25
Euphausiacea

Thysanoéssa raschit *% 12,25




Table 3 (continued)

Zooplankton Category

Ostracoda
Evadne nordmani
Podon leukarti

Chaetognatha
Sagitta elegans arctica

Appendicularia
Fritillaria borealis
Otkopleura sp.

Pisces

Zooplankton community biomass

Statistical Significance

=1

*k
*%

*%

x%

k%

Time

12,25
12,25

12,25

12,25
12,25
12,25

12,25

not significant (2 > 0.05)
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tested fell within the limits of the standard interval, no
statistically significant spatial difference in abundance was assumed.
Means falling outside the limits were consldered significant (P < 0.05}.

The results of the analysis indicated the null hypothesis was
accepted (i.,e., no spatial differences in abundance existed) for 16
of 18 cases (Table 4). Significantly fewer numbers of Balanus nauplii
were present at Barrow Village relative to NARL cn August 19. Also,
significantly larger numbers of polychaete larvae existed at Point
Barrow.

The test of the effects of the time of day on population abundance
for selected categories of zooplankton was conducted similarly to the
previous test. Data from a diurnal series of tows ;aken on August 28
and 29 were used for the analysis. The standard time of day selected to
which the data from other times were compared was 1530, since the
majority of summer sampling had been conducted nearest to this time,
Within-week confidence limits were applied abcut mean abundances for
zooplankton categories sampled at 18530 for cemparison with mean nuxzbers
at 0930, 2330, and G630.

The resélts of the test indicated that the null hypothesis of no
diel variation in abundance (P < 0.05) was accepted rfor 31 of 36 cases
(Table 5). Significant diel differences existed for Acartia spp.
(higher concentrations at 2330 or €430), Oithona similis (higher
concentrations at 0930 and lower concentrations at 0630), and

polychaete larvae (higher concentration at 2330).
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Table 4. Statistical evaluation of the effects of sampling location
on the mean abundance of selected zooplankton categories
collected on August 19, 1972

Statistical Significance

Location'
NARL Point Barrow Barrow Village
Zooplankton Category
Hydrozoa
Aglantha digitale - NS NS
- Polychaeta 3
pelagic larvae - +¥% ' NS
Cirripedia 4
Balanus nauplii larvae - NS . -%
Balanus cyprid larvae - NS NS
Copepoda 2
Acartia spp. - NS NS
Calanus glacialis - ‘ NS NS
: Oithona similis - NS NS
;s Pseudocalanus minutus - NS NS
£ Ostracoda
- Podon leukarti - NS NS
o
3 1 ' .
Ho: Bi = 0 (location effect equal zero)
2

NS = rot significant (P > 3.05)

+*% = P < 0.05 of larger numhers of organisms

-k

[

P < 0.05 of fewer organisms




Statistical evaluation of the effects of time of day on the
population abundances of zooplankton categories sampled at
one location, August 28/29, 1972

Statistical Significance

Time of dayl

Category 0930 1530 2330 0630
Hydrozoa
Aglantha digitale NS - : NS NS
Polychaeta
pelagic larvae NS - +% NS
f Cirripedia
k. Balanus nauplii larvae NS - NS NS
i Balanus cyprid larvae NS - NS NS
g Copepoda 9 4
. Acartia spp. NS - +% +%
o Calanus glacialis NS - NS Ns ,
Oithona similis +* - NS -%
Pseudocalanus minutus NS - NS NS
Chaetognatha
Sagitta elegans arctica NS - NS NS
Appendicularia
Fritillaria borealis NS - NS NS
1

H : ay = 0 (diel effects are zero)

2 NS = not significant (P > 0.05)
3 +% = P < 0.05 of larger numbers
4

-% = P < 0.05 of smaller numbers at given time




3.2.1.3 Corrzlation 4nalysis

The results of the correlation determined between selected
categories of zooplankton, chlorophyll a, surface water temperature,
and average salinity in the water column showed a number of species
associations among the plankton as well as strong individual affinities
. to very specific temperature and salinity regimes.

The significance of the simple correlation coefficients (r) of
27 zooplankton categories and community dry weight with surface water
fémperature, average water column salinity, and chlorophyll g were
determined for the l4-week summer sampling period (Table 6). Sixteen
categories showed significant negative or positive correlations

(P < 0.05) with temperature and three categories were significantly

correlated with salinity. Nome of the zooplankers tested showed
e significant correlation with chlorophyll.

The results of the species to speéies correlation analysis allowed
differentiation of the Barrow community into two distinct groupings
of asscciated zooplankton (Table 7). Group 1 consisted of Pseudocalanus
minutus, Sagitta elegans arctica, crab zoea, hyperid and gammarid
amphipods, Leuckertiara sp., and juvenile shrimp. Group 2 included
Ceniropages cbdominalis, Eurytemora herdrmanni, Evadne nordmanni,
Podon leukarti, and Aglantha digitale. Several minor subgroups,
showing fewer consistant affinities, were also discerned from the
results of the analysis. The members within each of the two major
, iz azdidition to being significantly correlated to one

aacther, alss shared a2 common significant correlation to temperarure

JT—
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Table 6. Statistical evaluation of the correlation of 27 categories
of zooplankton and community dry weight with surface water
temperature, average water column salinity, and chlorophyll
a from May 25 to August 28, 1972

Statistical Significance

Parameter

Category Temperature Salinity Chlorophvll ¢
Hydrozoa
Aglantha digitale +% NS NS
Leuckartiara sp. - NS NS
Rathkea octopunctata NS NS NS
Pteropoda
Clione limacina +* NS NS
Limacira helicina NS NS _ NS
Polychaeta larvae NS NS NS
Amphipoda
Gammaridae -% NS NS
g Hyperidae -% NS NS
{ Cirripedia
}i Balanus nauplii > 308 um NS . NS NS
. Balanus nauplii < 308 um NS NS NS
Balanus cyprids +%k ~-%
Copepoda
Acartia spp. I NS NS
Calanus glactaltis NS NS NS
Centropages cbdominaiis — +*# N3 NS
Eurytemora herdmcnry +HE NS NS
Oithona similis NS N> NS
Pseudocalarus minutus NS NS NS
copepod naupliii NS N8 NS
Decapoda
Chionoecetes zoea -k N NS
Paralithodes zoea %% +% NS
Shrimp juveniles % NS NS
Euphausiacea

Thysanndssa roschii NS - NS NS
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Table 6 (continued)

Statistical Significance

Parameter

Category Temperature Salinity Chlorophyll ¢
Ostracoda

Evadne nordmanni +% NS NS

Podon leukarti +% NS NS
Chaetognatha

Sagitta elegans arctica  -*% . NS
Urochordata

Fritillaria borealis 5% NS - NS

Pisces NS NS ' NS

Zooplankton dry weight NS NS NS
Ly - P < 0.05 :
2

%% =P < 0.01

(V2]

NS = not signifcant (P > 0.05)
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Table 7. Major groups of associated zooplankton based on category to category correlation

Group 1 Leuckartiara sp. Amphipoda Pseudocalanus  crab shrimp Sagitta
minutus zoea larvae elegans
Leuckartiara -
Amphipoda 0.830 -
Pseudocalanus n.811 0.765 -
MINUtUs
crab zoea 0.820 0.770 0.910 -
shrimp larvae ¢.025 0.827 0.671 0.797
Sagitta elegans 0.655 0.704 0.776 0.840  0.754 -
Group 2 Aglantha Centropages Eurytemora  Evadne Podon
cigitalz abdominalis herdneomi  nordmanni leukartt
Aglantha -
digitale
Centropages 0.595 -
abdominalis
Eurytemora 0.705 0.787 -
herdmanni
Evadne nordmanni 0.622 0.555 ' 0.766 -
Podon leukarti 0.625 0.567 0.7%94 0.995 -

1 critical r = 0,566 (P < 0.05);

0.745 (P <0.01)
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The constituents of group L were in greatest abundance in the
coldzr water period of the summer, thair population cycles chowing a
highly negztive correlation to temperature as well as a high correlatien
to one another.

The zocplankten within group 2 all thrived in the warmer waters
during August, in positive significant correlation with temperature
and to one another.

Calanus glaciaiis, copepod nauplii, and Balanus nauplii representeil
a fairly well defined third group. The correlation coefficient
determined between copepod nauplii and C. glacialis was highly
significant at 0.790.

Many zocplankton categories showed no consistent asseociations
with either group 1 or 2. 1Included here are the polychaeste larvae,
Thysanoéssa raschii, and fish larvae. Lirmacina helicina and Citlona
simi1is each correlated with only one parameter. Rathkea octopunctata

was the only organism exhibiting no significant correlation to anv

physical parameter or biological category.

Zooplankton biomass correlated poorly with chlorophyll a
coencentration (r = 0.084). Figure 9 indicates that the initial ;
summer zooplankton biomass peak at Barrow lagged behind the chloronhyll
maximum by zpproximately two weeks.

Both Pseudocalanus minutus and Sagitta elegars arctica were closely

correlated to total zooplankton biomass during the summer.
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3.2.2 Temporal Distribution and Life History Patterns

Variability in abundance for all categories of =zooplankton was
examined during a i4-week sampling period with attention paid to
periods of maximal abundance, reproductive periodicity and recruitment,
and life histories where possible. Weekly mean abundances for all
zooplankton categories are depicted in Table 8. Where mention is made
in the text of specific increacses or decreases in the concentration of a
given category with time, these comments refer only to those trends
shown to be statistically significant (E < 0.05). Major taxa are
presented in systematic order with all zooplankton categories listed

alphabetically within these toxa.
3.2.2.1 Hydreczoa

The Hydrozoa were second only to the Copepoda in the number of
species contributed to the Barrow zooplankton community; six species,
seven genera, and two unidentified medusae were collected. The taxa
included two holoplanktonic species, Aeginopsis laurentii and Aglantha
digitale, while the remaining categories were meroplanktonic, or
temporary menbters of the plankion community.

Aglantha digitale was the only hydrozcan taken in all of the
samples; other categories persisted under a wide variety of
environmental conditions: (1) exclusively under the ice, (2) in open
water only, or (3) inteymittently distributed between the ice phase

and oper water phasc of summor,




Table 8,

Weekly mean abundsnces for all categories of zooplankton

as numbers/100 m3, from May 25 to August 28, 1972

*(4) 2 __(2) (2) 4 (&) » __(2) @5 I ) I C)) (3)__ )

CATEGORY 5725 6/2 6/9 6/16 6/23 6/30 7/7 7/14 7/21 7/28 8/4 8/11 8/18 §/25
Hydrozou

Aaginopaia laurentid 30 57 4 0 6 - + 0 0 0 0 0 0 0

Aglemicha digitaie 55 93 183 174 186  ~ 16 8 8 266 448 1143 385 1887

gowrainmilica awperctliaris 0 0 0 0 o - 1 1 1 4 + 1 + 0

Fuplna flanwnes 17 21 2 10 8 - + 0 0 0 0 0 0 0

Chalia longissena 0 0 0 0 o - 0 0 164 0 1 13 13 4

Lewshortiara sp. 35 22 32 1 159 - 6 2 2 0 + 0 0 0
_dmts e ootopunctata 0 0 0 0 4 - 18 23 1148 90 5 7 0 J
Scyphozoa

Awre lia aurita 0 0 0 0 0o - 0 0 0 + + 0 +

Coyevi1_captllata 0 0 0 0 5 = + + + 6 S 5 3
Ctenophora

HBorie cusimls 0 0 0 0 0o - + + + 0 0 0 0 0

Bolinupsis infwdibulum 0 0 0 0 + - 0 0 0 0 0 0 0 0

thootennia ovwn 10 43 18 20 44 - 0 0 + + + 0 0 0
_Plovosobrachia pilews 0 0 0 0 + - + + 1 + 3 + 0 G
Jteroroda

Cliene limaeina 2 3 3 2 0 -~ + + 0 + + 0 0
L Lireeina helieina 3 9 11 Q 2 - 80 23 48 + 4 + 0__ 22
Polyciaeta L
_ larvae 1221 1325 12192 48887 23130 - 5557 1293 5730 114 10494 931 72172
Am peda

Camnaridae 2 26 63 4 46 - 1 5 2 + + + 0 0

Hvoeriidae 13 3 6 0 9 - 2 3 3 0 + + + +
Cirripedia '

Ealenue nauplil > 308 um 77941 150383 397648 62230 - 35392 3730 12114 246 3793 25050 26424 65705

" " < 308 im 9 13747 260555 562340 27618 -~ 27 69 1735 0 208 5157 22264 54777
" cyprids 0 0 0 0 19 - 5750 2264 15630 671 2936 13280 16444 13634
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CATEGORY

Copepoda
teartia sp.
Calanus crigstatus
C. glactalis
C. hyperboreus
¢, olmehrus .
Centropages abdominalis
Lucalonug bingii buigit
Fucharta sp.
Ewrytemora herdmannt
Motridia longa
Githoma similis
Peoudecalanvs rminutus
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carepod nauplil

[}
AV
=]

(¥4

RO LOOODOLO
COOOO0O®O

[¥L]
o
—
—
wn
[o 0 -
-~ i
SO SO COCOOCOND

[
[
@
<
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Appendicularia
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ORDER NARCOMEDUSAE

Aeginopsic laurentil Brant

Fifty-twe specimens of Aeginopsis laurentiti were taken, of vhich

44 were collected under the ice from May 27 to June 15. Only immature
individuals were found in the material, diameters ranging from 3 wm

to a 15 mm specimen collected on June 23. The majority of organisms
(33) ranged from 6 to 10 mm in diameter. This species disappeared

from the plankton after July 10, approximately 10 days after breakup.

ORDER TRACHYMEDUSAE

Aglantha digitale (Muller) var. camtschatica (Brandt)

This species was the most common and abundanct hvdrozean in the
Barrow area. Aglantha was often present in concentrations exceeding
1000 individuals/100 m3. The establishment of this geographical
variety of the North Pacific and Arctic Oceans distinct from the
Atlantic populations of A. digitale, is based on the shorter peduncle
length and smaller size of the individuals found in the Pacific and
Arctic material (Hand and Kam, 1961).

The poprlation showed no significant variavilitv during Mav and
June, but dramatic changes occurred during open water conditiono
(Fig. 4). The lowest summer concentrations were recorded the week of
July 21 to 27. A rapid significant increase occurred through mid-August,
to levels of 1148 individuals/100 m3, and stabilized for the rest of

the month.




rfﬂFigure 4,

Quantitative distribution of Aglantha digitale from May 25
tb August 28, 1572, with associated bell height-frequency
histograms. Vertical bars indicate the 957 confidence
limits of the weekly means
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A shift in size-frequency groupings throughout the summer sampling
period is evident. Both large and sma2ll individuals (rarely exceeding
ﬂ' concentrations cf 100 ind/100 m3) were major constituents cf the
population through mid-July. Beginning the week of July 21, a large
number of 3 mm, saucer-shaped specimens were recruited to the population,
a phenomenon continuing to the end of August. Large increases in
overall abundance accompanied these periods of recruitment,

Aglantha digitale is reported in the literéture to be primarily
carnivorous (Hardy, 1965). An examination of gut contents of several
10 to 14 mm specimens on August 28 indicated an omnivorous, rather than
strictly carnivorous, feeding habit for this northern vériety at
Barrow. Animal matter in the gut included: tintinnids and copepod
appendages; Nitzschia closterium, Coscinodiscus sp., and Navicula
spp. were recognizable algae present in the gut contents. Detrital

material was also present in modest abundance.

Immature, 10 mm high individuals of A. digitale were recorded from

the February samples. No other hydrozoan was found at that time.

ORDER ANTHOMEDUSAE

Bougainvillea supercilicris (L. Agassiz)

A total of 66 specimeas of Buugainvillea superciliaris were taken
during the sampling period, the great majority inm July. Mature and
- juvenile individuals were collected consistently in small numbers
from a first reported occurrence on Jmme 7, through August 3. After

this time only 3 specirens were fourd in the samples. Population

&




density was always small (less than 1C organisms/100 mz), the greatest
concentration existing on July 27 just prior to breakup. Bell height
for the species measured from 2 to 10 mm. Sexually rature specimens
were present on July 17 (1) and July 23 (3), and August 3 (1). The

majority of individuals exceedad 5 mm in bell beight.
Euphysa flamnea (Linko)

Euphysa flammea was taken consistently in small numbers from
May 27 to June 12. Thirty-two specimens were collected in total, all
immature. This species occurred only very rarely from June 12 to
July 10, its last reported presence in the plankton, Bell height
ranged from 3 to 10 mm, with the greatest porticn of individuals
between 4 and 5 mm. Maximum bell height for Z. flammeaq is reported

to be 17 mm (Naumov, 1969).
Leuckartiara sp.

Leuckartiara was found commonly in the plankton under the ice
during early summer, but rather infrequently once open water conditions
prevailed. Hand and Kan (1961) report two species of this genus in the
Chukchi Sea, L. brevi2onis and L. nobiliz. Their description of L.
nobilis more closely resembles the present material. All specimens of
the genus were immature and showed no advanced gonadal development.

The maximum population density observed for the species was 159
organisms/100 m3 in late June. The final record of Leuckartiara cf.

L. nobilis in the Barrecw area was August 4,

(3}
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Eathkea ociopuncicta (M. Sars)

This small hydromedusa was first cobserved in the plankton on
June 27, immediately prior to breakup in the nearshore area. Concen-
trations during this final week of the ice phase were about 5
individuals/1C0 m3. The population increased significantly to a
high of 1148/100 m'3 from July 21 to July 27, but disappeared by
mid-August. The bell height of most specimens varied from 1 to 2 mm.
Larger individuals were sexually mature and were observed to be

"budding" smaller medusae from the manubrium.

ORDER LEPTOMEDUSAE

Obelic lorgissema (Pallas)

Species of this cosmcpolitan meroplankionic genus were differen-
tiated on the basis of the extent c¢f the perinheral location of the
gonads on the radial canals (Naumov, 1969). Cbelia longissema was
not taken under the ice, its first occurrence coming on July 22.

Rather large concentrations of individuals (up to 1000/100 m3),
Q  measuring from 1 to 2 mu in diameter, were collected sporadically
through August. Specimens in various stages of maturity ranging
fromw fully mature to juvenile were represented.

Any significant trends in population abundance for the species

were masked by the extremely high replication and within-wcek

k' variability (Table 2),



Unidentified ifedusae

Several unidentified medusae, rone of which were abundant in
numbers, were among the constituents of the plankton. Specimens of
each species have been sorted and stored as part of the overall
zooplankton reference collection at the University of Alaska Museum,
Marine Division. It is hoped that future identification of these

species will be assisted by this reference collection.
3.2.2.2 Secyphozoa
Aurelia aurita (L.)

Aurelia aurita was found only rarely in the nearshore environment,
exclusively from August 8 to the end of August. A totsl of 14
organisms were identified and measursd. A wide range in size was
evident, with the following relative frequencies observed: 10 to 20 mm
in diameter, 6 specimens; 20 to 30 mm, 3; 30 to 40 mm, 2; and 50 to 60

?

mm, 3. The largest individuals were taken on August 14 and August 28.
Cyanea capillata (L.)

Cyanea capillatc was the most common scyphozoan taken from the
inshore waters off Barrow. A tctal of 288 individuals were identified,
of which 239 were collected during August. The first reported
specimens on June 28 measured 4 mm in diameter, and prcbably represented
the ephyra stage of the species. Size generally increased up to 25 mm
diameter during July, with manv larcer individuals beginning to appear

in early August. One 90 mm and two 85 mm :

o
iy
0
I

cimens were sampled on




August 9; the largest individuals (100 mm) appeared on August 14 and
also on August 19, when collections were made at Barrow Village and
Point Barrow in addition to the usual sampling site.

Cyvanea was observed on calm days to congregate in patches,
scattered irregularly throughout the surface waters of the nearshore area.
On these same days, an association was directly observed between the
bolar cod, Boreogadus satda, and C. capillata. The cod could hte seen
swinming amongst the tentacles of the scvphozoan, apparently unaffected

by the nematocyst discharge.
. 3.2.2.3 (Ctenophora

Four species of cteunophores were present in the summer collections
. OT visually observed in the field. The following species were

i identified: Mertensia ovwn, Bolinopstis injundibulum, Berde cucunis, and
Pleurobrachia pileus. Attempts were made to identify the specimens
'J:before preservation because of the extreme difficulty involved in
{Aadequately preserving these fragile organisms. The contribution of

¥ the group as a whole to community biomass was siight.
Berce cucwnls Fabricius

Beroe cucwmis was absent from the nearshcre area until July &,
owever, collecticus teken on June 12 at the edge of the shorefast
e 1ce, seaward of the pressure ridge, proved the species was present

that time.
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A total of 27 organisms were taken in open water, most ranging
in height from 4 to 8 mm; two 10 mm individuals were collected on

July 22, the last reported cccurrence of B. cucwnis at Barrow.
Bolincpsis infundibulur Fabricius

This species was rarely seen in the field, and the only specimen
collected was taken directly with a bucket on the evening of July 26.
Exact measurement of the organism was not possible because of extensive

damage during collection. The approximate length was 200 to 250 mm.
Mertensia ovun (Fabricius)

A total of 73 specimens of Mertensia ovwsn were collected, 64 during
the ice covered phase of the summer. This species was the most common
ctenophore in numbers and duration in the plankton. Most individuals
were 30 to 40 mm in height, with a few specimens 10 mm high. Large
numbers were directly observed under the ice at times by SCUBA divers.
Mertensia was also found in the February material collected at Barrow.

Mertensia ovum was found to possess bioluminescent capability

as evidenced by agitation of specimens in laboratory darkness and

T

t

resultant flashing of its comb plates. Such 3 phencmencn was net
directly observed in the field bec=use of the conrtinuous light

conditions during much of the summer.
Pleurobrachia pileus (Varhoflern)

The presence of this common arctins species, often times czi

the "sea gooseberry", was first noted cn June 26 and 2 toral of 5%
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organisms were encountered up to its disappearaince on August 9. The

majority of the material was > to § mm in length. Two 17 mm specimens

were taken on June 28.

3.2.2.4 Pterovoda

These pelagic molluscs, commonly called 'sea butterflies,"

were represented by two species, both ¢f which were discontinuously

distributed in space and time.
Clione limacina (Phipps)

Sixty~-three specimens of Clione limacina were recorded from the
collections. No significant temporal population wvariability existed
for the species over the summer sampling period (Table 3).

The size-frequency distribution for all combined organisms was
as follows: 3 to & mwmn length range, 27 specimens; 10 to 18 mm, 26;
and 20 to 25 mm, 10. The largest individuals of (. Ilimacina were
taken in open water, on July 16 and August 3 and 1l4; 3 to 8 mm specimens

were the dominant size class throughout the sampling period.
Limaciva helicina (Phipps)

Limacina helicina was present in 11 of 13 sampling weeks, with a
maximum concentration of 80 iundividuals/100 m3 the week of July 7
to July 13. Specimens captured during the under-ice sampling period
were almost exclusively of 1 mm size. As open water conditions
Prevailed, morc¢ mature organisms in the range of 2 to 4 mm in dismater

&<

became present. 7Yne 1 mm and less than 1 mm organisms represented



the quantitatively domirant size for tlie species averaged over the
entire summer. The largest specimens ccllected from the nearshore
waters were ttwo 6 mm individuals taken on August 4. Very few
L. helicinag were found in the plankton during August.
 §1 Comparative surface tows taken 4 to 6 km offshore on July 22,

August 3, 4, and 5 indicated a more mature population of L. helicina
.existing in these waters, with sizes commonly in the 5 to 6 mm diameter
range.

i: Limacina helicina was often visually observed to exhibit extreme

;A spatial patchiness; this distribution is reflected in the high field
replication and within-week sampling error determined fbr the species
(rable 2). Swarms of this pteropod were seen ir the shallow
shoreline waters from July 30 to August 3; such concentrations were

not present at a distance of 1 km from shore.

3.2.2.5 Polychaeta

Trochophore larvae, intermediate and late larval stages, and
i» fully developed adults were well represented in the Barrow collections
throughout the summer. All larval stages were combined as one and
enumerated.
Trochophore larvae became verv prevalent on June 17 and continued
;“to persist in high concentrations through Avgust along with a mixture
ﬁ' of post-trochophore stages. Individuals of the families Phyllodocidae,

W8yllidae, and Polynoidae, contributed a large fraction of this total.
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The polychaete larvae reached maximum concentrations Juae 16 to
;;une 22, 48,887 individuals/100 m3, after increasing rapidly from
4?arly June. The population cycle after early July showed no discernable
; rend until mid-August, when numbers significantly decreased to about

mlIO larvae/100 m3.

Gravid females of the species Autolytus fallax (Syllidae) wera

vﬂbserved regularly throughout the summer. Bright orange egg cases
E~re clearly visible on these specimens. The extended reproductive
‘1 iod of A. fallax was further exemplified by the presence of

‘fwgerous females in the late winter samples, ;o
= 2.2.6 Amphipoda o

The amphipods were very difficult to identify and in most cases
b y genera could be determined with certainty. Time did not permit

;uding the organisms to specialists for accurate specific identifi- 1

ation. Specimens were grouped into the families Gammaridae and

Bperidae and examined on this taxonomic level (Table 4). ~ u
Gammaridae

Specimens of the genus Pseoudaiibrotus were the dominant gammarid
Bphipods in collections from May through mid-August ir an admixture
I:Gizes ranging from 3 to 14 mu in length. A characteristic feature
Kithis genus was its yellow-brown coloration and bright red eyes.
‘:'reserves were also seen in many organisms, adding to the overall

ow color. o gravid females containing brood pouches with voung
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were observed for Feewdalilroius. Large numbers of the genus were
often directly observed at the shoreline scavenging on the bottom
and in onc instance on August 2 one individual was seen exhibiting
a cannabalistic feeding habit.

Examination of February collections showed Pseudalibrotus to
also exist at that time of year.

Several additional unidentified gammarids were present in the
plankton. A description of possible diagnostic morphological
characteristics is given here as a guide to future identificationm.

A form looking very much like Pseudalibrotus, but with black
rather than red eyes, was often sampled during the summer. This form
perhaps represents a different species of the genus. Another gammarid
species with long, brown speckled pereiopods (legs) and a brown pigmen-
tation of the thorax was collected on June 27, July 17, and August 5.
Measured lengths were 30, 8, and 15 mm, respectively. One reddish-
colored species with a long hooked rostrum was taken in small numbers
from June 28 to July 17, ranging in length from 5 to 10 mm.

A 5 um long, transiucent gammarid, with bright red pereiopcds
and first antennae, was observed in the July 17 material. One red-
eved individuail, rossessing one tooth on the dorsal wicline of each
thoracic and abdominal segment, was collected on August 3. The specimen
measured 22 mm in length.

The Gammaridae as a group were most plentiful during the ice phase
of the summer season. Population density experienced a significant
decline in the transition to open water conditions, A maximal ccncen-

2
tration of 66 individuais/iU0 n” was realized tha waelk of June § to 15.




Hyperidae

Hyperid amphipods were both quantitatively and qualitatively
less prevalent than the gammarids. The taxon Ayperia ci. E. galba
(Montagu) appeared to be the dominant member of the family based
on the structure of the processes on the fifth article of the first
gnathopod (Tencati, 1970). The majority of specimens were juveniles
of 3 to 8 mm rostrum to uropod length. One 18 mm long hyperid was
reported on June 1; a 23 mm long specimen of Hyperia was taken on
June 23,

Large numbers of hyperid amphipods were observed on several
occasions on the gravel beach above the water line. A probable
component of these assemblages is the genus Themisto, which although
not positively identified from the present material, was similarly
observed in small pools above the water line by MacGinitie (1955).

The temporal cycle of abundance of the Hyperidae showed a trend
similar to the Gammaridae, i.e., maximal concentrztions under the ice.

Specimens were rarely found in the material after late July.

3.2.2.7 Cirrivedia
Balanus spp.

Exceadingly large numbers of barnacle larvae of the genus Balanius

were observed at times in the Barrow collections, often exceeding

abundances of 250,000 individuals/100 m3. The species of Balanus

i

vesponsible for the high recruitment of larval stages to the plankton

(2}
~!
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was not determined; MacCinitie (1955) reported Dalanu: cirenaiuws to
comprise the greatest portion of the sessile cowmunityv near NARL, with
B. balanus comparatively subordinate in numbers,

The quantitative cycles of both the cypris and nauplius stages are
depicted in Figure 5. The initizl appearance of the nauplius develop-
mental stage was May 27. Recruitment was extremely rapid from this
‘period through mid-June. The pauplii concentration reached its summer
peak of about 400,000 individuals/100 m3 at this time. A population
low was experienced the week of July 28 to August 3, with a compensating
increase in numbers through the remainder of August.

Cyprid larvae first appeared on June 27, indicatiﬁg a 31 day develop-
mental period from the nauplius to the cypris stage in the Barrow area.

A rapid incresase in cyprid recruitment was apparent by early
July. The population cycle for this stage was closely correlated to
the dynamics of the barnacle nauplii from late July through the

remainder of summer (Fig. 5).
2.2.2.8 Copepoda

The copepods were easily the most diverse group of zooplankton
in the inshore communityv (14 species), and aleng with barnacle larwvae,
were the major constituents of the community during the summer. Four
species persisted in the plankton continuously during the entire
sampling period, withstanding a highly variable temperature and salinity
regime. Two of these four species in particular were most notable

r .

for their prevelance during the season, Fecudcenlous minutus (Xrdver),




»'_1gure 5. Quantitative distribution of nauplii and cyprid larvae
y of the genus Balanus from May 25 to August 28, 1972.
Vertical bars as in Figure 4
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and Calanue glacialis Jaschnov. The remaining, larger group of copepods,
occurred only at distinct times in relation to specific hydrographie
changes. Included in this group were species advected into the Barrow
area from the Bering Sea.

The duration of the reproductive period and the time of maximum
recruitment for individual species were highly variable for the group
as a whole. Three major divisiorns existed based on the above criteria:
(1) species whose breeding period was closely related with the blooming
of the phytoplankton; (2) species with an extended breeding period
during the summer, and (3) species showing indications of breeding
before the flowering of the phytoplankton.

The single most dyaamnic event witnessed corcerning the copepods
was the gradual decline in the population abundance of the late May
dominant, P. minutus, through the entire summer sampling period, with a
compensating exponential population increase to early July by
C. glactalis. The latter species attained its greatest concentration
and biomass the first week in July, after which it similarly declined
in numbters. No single copepod species was numeriéally dominant beyond

late July.
Acartia spp.

Two species of this genus were collected at Barrow, Acartia
longiremis (Lilljeborg) and Acartia clausi Giesbrecht. From late May
through July, the former was clearly identifiable as the dominant
species of the genus. However, after this period, it became

exceedingly more difficult to distinguich both epecies hased on




easily determined diagnostic characteristics and the twe species were
thereafter combined.

Acartia spp. was one of four copepods persisting continuously from
May through August. The population cycle showed no sustained trends,
but a series cof statistically significant fluctuations. A decline in
numbers from week 1 through June 22 was observed, with a slight
increase in abundance occurring just before breakup. Lowest numbers,
93 individuals/100 m3, were recorded during the eérly open water
period the second week of July. No significant changes in abundance
?i were noted thereafter until early August. From early August to the
end of the month, the pcpulation increased an order of ﬁagnitude over
late July stocks, reaching a maximum of 1600 ovrganisms/100 m3 in
late August. This represented the highest concentration attained by
any one copepod species since late July.

Almost all the specimens collected were in the late stages of
development, usually adults and stage V copepodids. Scattered
individuals of stages III and IV were captured periodically during
the entire sampling season.

Acartia longiremic was one of the few copepods present in both

» the summer and late winter (February) collectioms.

Calanus cristatus Kréyer

This very large conepod was sampled only qualitatively, appearing

in the nearshore waters on only two davs, July 16 and July 26. The

s

individuals taken ranged from 8.5 to 9.2 mm in length, indicating the

~
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organisms were adults or stage V copepodids. No ovigercus females
were present in the samples.
Calanus cristatus occurs commonly in high abundance irn the Bering

Sea during the spring and svmacr mornths (Heinrich, 1961).
Calanus glaciclis Jaschnov

This copepod was historically thought to be a larger cold water
form of the species Calanus fiwmmarchicus (Gunnerus). Morphological
variation in the number of denticles (teeth) on the proximal
basipodite segment of the fifth pair of swimming legs and their
relative curvature has established this northern variate as a separate
species (Jaschnov, 1955). The ratio of the lengths of the proximal
exopodal segment to the second endopodal segment of the male left
fifth swimming leg has also been used to support Jaschnov's taxoncmic
revision (Frost, 1971).

Calanus glacialis shared the distinction with Pseudocalanus minutus
of being the most numerically important copepod zt Barrow. Figure 6
depicts the temporal warizbility in population abundance for the
species in comparison with P. minutus and ccopepod nauplii. Very few
specimens of C. glacialis were taken up to June 8; most were adult
or stage 1V or V copepodids although stazge II1 individuals were also
present in slight abundance. Several ovigerous females were noted on
May 25, May 27, and June 5 with eggs in ripe condition and a larger
number of gravid females began appearine from June 20 to 28. No

gravid individuals were found after breakup. A peak in the copepad




Figure 6. Quantitative distribution of (a) Calanus glacialis and
copeped nauplii, and (b) Pseudocalanus minutus, from
May 25 to August 28, 1972, Vertical bars as above




INOIVIDUAL S /100m?

INOIVIDUALS /100 m?3

Shorefovst »ice g;gcéugn Opsn_Water
|O4 B 1 Calanus glacralis
copepod ncuplii —_—
IOBE ]\ \ :
10° | l \}\\\
F _ l (a)
i
IOl I
i (1)
loo L 1 re L ] i 2 i i 4 Fl 2
[
4
o 3 I (b)
| 03 5 Pseudocalanus minutus
9 ]
i | I f
|
2
10°L |
: | i
i
10 i s i 1 A i . 1 1 1 i I 1
25 2 9 6 23 30 7 14 2l 23 4 1 18 25
May June July August

WEEKS




/6

nauplii procuction was erperienced approximately two weeks following
the high incidence of oyigerous females (Fig. 6). OCtage I specimens
were first reported on June 15 in small numbers and by June 28 and
well into July, immature copepodids I and II, and to some extent stage
IIT were exceedingly plentiful, with zbundances of 3,000 to 15,000
individuals/100 m3.
The peak population density of 12,220/100 m3 was reached the week
of July 7 to July 13 at the onset of the open water period. The
population declined rapidily thereafter and experienced a summer low
of 23 organisus/100 m3 between August 11 and August 17. The
preponderance of carly developuental stages continued through July 16,
after which time stages III, IV, and V appeared in relatively equal
concentrations. Developmental stages I and II became very rare during
this period and disappeared from the plankton on August 8, with the
exception of a few stage II individuals. present through August 26.
Copepodid III became the dominant form by the end of August, with

large numbers of stage IV and V evident. Adult specimens were

present throughout the summer, usually in small numbers.
Calanus hyperboreus Kréyer

Very few specimens of this large arctic-subarctic species were
collected, appearing cnly through thne first week of June, with the
greatest number being taken during late May. Seventy-six individuals
were classified according to developmental stage. The following

relative nursvical frequency of copepodid stages was observed:




adults, 22 specimens; stage V, 37: stage IV, 13; and stage III, 4.
No ripe females were encountered in the collactions. Calanus
hyperboreus was also found in the February samples, apparently

overwintering as stages IV and V.
Calanus plumchrus Marukawa

This species was present from the first open water sample on
July 8, to a final occurrence on August 3. With the possible exception
of one 3.8~mm animal, all of the 267 individuals collected were stage V
or adults., Large lipid reserves were evident in the majority of these
organisms. Peak concentrations of 9 individuals/100 m3 were attained
the week of July 7, most specifically on July 8. The population
stabilized through the next two weeks and then decreased to 1
individual/lOOvm3 before disappearing from the samples.

Calanus plumchrus represents one of the major constituents of
the summer zooplankton ccmmunity in the surface layers of the Bering

Sea.
Centropages abdominalis Sato

Centropages cbdominazlis was first recognized on July 22 and
. gradually increased in numbers to 205 individuals/1G0 m3 the week of
' August 11, declining signitficantly to 60 and 47 organisme/100 m3 the
; last two weeks of August. Fully mature or stage V individuals

ll-dominated the population. No ovigerous females were observed.
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bungl. Johnson

This large copepod was poorly represented in the collections.
The first reported occurrence of Fucalanus bungii bungii{ was on July
8, coinciding with the initial appearance of Calanus plumenrus in the
Barrow area. A tctal of 13 specimens were encountered in the samples
prior to July 23, the time of dramatic change in the hydrographic
regime (Fig. 2). A maximum weekly mean population density of 1

individual/100 n’ was attained the week of July 14 to 20.

FPuchaeta sp.

The population dynamics of this rarely captured genus closely
followed those of Calanus hyperboreus and a third species, Metridia
lenga; Euchaeta sp. occurred in the plankton only through the first
week of June. Forty individuals were collected, mostly stage 1II
copepodids. The maximum population deﬂsity was reached the first week
of summer, at 82 ind/100 m3. No specimens of Euchaeta were present in
the February samples.

This zooplankter is preobably Fuchaeta norvegica Boeck, a species

described frem the area by Johnson {19536).
Eurmytemora nerdmanni Thompson and Scott

The presence of this calanoid was first reported on August 5
" and continued to the end of the summer. The majority of specimens
¢ were fully developed or existed as stage V. Population size showed

2 significanc increase from early August concentrations to a high of
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73 organisms/1C0 m3 for the week beginning August 18. Ne significant
population variability existed during the final three weeks of August.
Gravid females were very plentiful from August 19 to 28 and

relatively large numbers of adult males were also present.
Eurytemora herdnanni appeared in the Barrow area only when the

surface water temperature exceeded 7°C.
Metridia lorga (Lubbock)

Metridia longa appeared for only a short time at the beginning
of the summer season. A breakdown of developmental stages included
7 adults, 13 stage V individuzls, and 3 specimens of copepodid stage
I11 or IV. Immature organisms (stage III and IV) were also reported
from the February material. The largest numbers recorded for the species

were 14 specimens/100 m3 the week of May 25.
Oithona sirilis Claus

Cithona similis was the only cyclopoid copepod found in the
summer collections. It was at times a very important constituent
of the community in terms of abundance. The species persisted
throughout the summer and was alsc collected in immature stages in
February. The population cycle of 0. gimlis was one of a series
of significant increases and decreases, Population density ranged
from a high mean of 1225 individuals/100 m3 the week of June 9 to a
low of 76/100 m3 from July 21 to July 27. 1In general, no consistant

pattern was cobserved for fhe remainder of the summer sesson.




Gravid females were observed sporadically throughout the summer

on the following dates: June 1, 12, and 27; July 8 and 19; and

August 3, 4, 19, 26, and 28. The maximum reproductive period for the
species, based on the relative number of ovigerous females, was the

last two weeks of August; rather large numbers were also recorded the

first week of August.

Pseudocalanus minutus (Krdyer)

The quantitative summer cycle of population variability for the
;ﬁicro—calanoid copepod Pseudocalanus minutus is shown in Figure 6.
.;A gradual decline in the population was evident during Hay and June.
'1 Through the first month of the season, copepodids IV, V, and gravid
- females dominated the population in quantity and biomass. Few stage
JIII individuals were fcund during this period while copepodid II was

;very rare. No stage I individuals were. taken although they should

¢ theoretically have been caught if present. Egg-carrying females were

ery abundant through June, with isolated occurrences up to July 12.
During the period of Jjuly 14 to July 27, P. minutus experienced
abrupt exponential declire in numbars, after which time the popula-
tion stabilized at approximately 300 individuals/100 m3 through August.

evelopmental stages IV and V predcminated in July and August.

Tortanus discaudatus (Thompson and Scott)

Tortonus diceaudatus was found in the Barrow collecticns onlv

Tin: the final two weeks of August, when surface water temperatures
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: were 7° to 9°C. Mean weekly cuucentrations attained a modest high of

; 3 . :

- 5 individuals/100 m~. The majority of specimens identified were
non-gravid acult females, with males in slight abundance, One stage

I copepodid was taken on August 19 and a number of stage III specimens

on August 17.
Copepod nauplii

Variations in the copepod nauplii population with time were similar
to those noted for Calanus glacialis (see Fig. 6). A maximum demsity,
2770 individuals/100 m3, was observed the first week of July, with
numbers declining to a low of 6/100 m3 in late July. The initial

occurrence of nauplii was on June 3.
3.2.2.9 Decapoda

The Decapoda were represented by crab zoea larvae and juvenile
shrimp. The zoeal stages were differentiated intc the Anomura or
"hermit crab,' and Brachyura or “true crab" varieties. The anomuran
group included larvae of the king crab, Paralithodes camischatica
(Family Lithodidae). The zoea of the sncw crab. Chicioecetes opelic
(Family Inachidae) comprised the majcrity of the brachyuran larvae.
The shrimp juveniles were not successfully classified to family.

The temporal trend of populaticn abundance for the two groups
of crab zoea was sufficiently similar to allow enumeration under c¢ne

heading. Crab larvae were a very impartznt meroplanktonic group,

Second in abundance onlv to the harnacles, The decapod zoea cuperienced

—an

g + s . d it r ey £t 3 B
an early increase in numbers Irom late May (7637100 m7) to 2 peak
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concentration to 3865 individuals/100 m3 in late June. The majority
of specimens were immature zoea of stages I and II; the presence of
megalop larvae was not indicated in the samples. A significant decrease
in population density was cbserved during the open water period, with
small numbers cf zoea present to August. Extremely low quantities
of larvae were found in the plankton during August.

Juvenile shrimp measuring up to 11 mm in length were plentiful
in the plankton during the months of May and Jﬁne, but experienced a
significant decline in abundance with the transition to open water.
Shrimp were initially found in the nearshore waters on June 5. This
stock increased gradually to a peak concentration of 480 organisms /100
m~ in late June. A relative paucity of organisms became evident

beginning in early July and continued through August.
3.2.2.10 Euphausiacea
Thysanoéssa raschii (M. Sars)

A total of 364 individuals of Thysanoéssa raschii greater than
10 mm in length were sampled and measured. Ninety-four percent of
these animals were in the size range of 10 to 16 mm. A size~frequency
histogram of juvenile euphausiids, nauplii, and calyptopid larvae
clearly indicates a bimodal size distribution (Fig. 7). No adult
specimens were taken with the possible exception ¢f three 24 mm
individuals gathered on June 23,

The temporal distribution of the species was discontinuous during

the summer. Juvenile euphausiids were found in greatest numbers.



Figure 7. Length~frequency relationships for the composite summer
population of Thysano¥ssa raschii, indicating nauplii,
calyptopid, and juvenile stages
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#93 specimens/100 m”, during the ice pericd on June 22. This population
;@ensity represented a significant increase over the early summer stock.
fyioh concentraticns were occasionally found in open water, 2s on July

'{io and 17, specimens being in the 13 to 17 mm and 14 to 16 mm length

w;anges, respectively.

- Thysanoéssa raschii became increasingly less abundant as the
‘ fummer progressed and only one 10 mm specimen was taken from July 22
;¢ the end of August. Euphausiid nauplii were presenf as early as
2-.e 12 and persisted continuously to the end of June, reappearing
ii:in from late July to August 4. Peak abundances of nauplii were
#iached during weeks 3 and 4 (June 15 to 21), declining'to lower

’ centrations thereafter. High concentrarions of the nauplii were
"4osely correlated te high periods of phytoplankten biomass (see
;igure 9).

! Young calyptopids 1.0 to 2.0 mm long were first noted on June 12
’:d persisted from June 28 to the end of July. Calvptopid larvae were

8ken only rarely after July 23, as was the case for all euphausiid

Pages.
2.2.11 Myscdacea

Mysids were rarely seen in the collections. Two species were
pentified: Myode coulatu (Fabricius), and Neomysis rayi (Murdoch).
Mysis oculata was observed on May 27, July 10 and 12, and August 8.

rum to uropod length ranged from 5 to 9 mm for all specimens. No

Mvid females were present.

i




Only one 14 mm specimen of Neomprsis rayt was taken during the
summer, on August 19. The organism was in a gravid state, with a large

brood pouch containing many young.

3.2.2.12 Ostracoda

Three species of ostraccds were encountered at Barrow. Each
existed only under specific ranges of temperature and salinity. The

ostracods occurred exclusively at the beginning and end of summer.
Conchoectia borealis (Brady)

This species was taken only through early June, occurring at its
highest concentration of 25 individuals/100 m3 the last week of May.

The length of most of the specimens was 2.5 to 3.5 mm.
Evadne nordmanni Loven

The quantitative pattern of abundance for Evadne rordmarni was
? closely correlated to that of its ostracod zounterpart, Podon leukarti
(Table 8). Both species prevailed only when the temperature of the
- nearshore waters in the Barrow area was at a summer maximum during
August.

Many specimens of E. nordmanni possessed brood pouches containing
» large numbers of ripe, yolky eggs. Reproduction and egg development
ctfor this species is reported to occur parthenogenetically in the summer

«Wimpenny, 1966). Immature individuals were also prevalent in the

iBamples.




FPodon Leuxarti 5ars

This species was encountered only during the final three weeks

of August. The populetion increasea exponentially in numbers over this
time period, from a low of 9 individuals/100 m3 in mid-August to a
maximum of 1325/100 m3 the last week of the month., Fully mature and

immature specimens were focund in comparatively equal abundance.
3.2.2.13 Echinodermata

Larvae of this phylum were poorly represented in the material.
Ophioplutei larvae (of brittle stars) and some echinoplutei were first
reported in sparse numbers of about 30 individuals/100 m3 on August 17.
An agbrupt population increase occurred from 100 larvae/100 m3 cn August

) .

26 to over 50,000/100 m~ on August 28, the last day of sampling.
b 3.2.2.14 Cheetognatha

Sagitta elegans arctica Aurivillius

Sagitta elegans arctica was the only species of Chaetognatha
present in the coliecticns. The establishment of this northern,
cold water variety distinct from the southern species is based on
the comparatively larger size of the former. The species occurred
in the plankton or ail saupling dates during the summer.

The cycle of temporal variability in abundance and the concomitant
change in lengthi~-frequency relationships for the species are depicted
in Figure 8. The cverall pattern obsecrved Zn the population was a

B}

“significant desliue io numbers per uwnit volume fiem che beginning to
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Figure 8.

Quantitative distribution of Sagitta elegans arctica from
May 25 to August 28, 1972, with concomitant changes in
length-frequency relationships. Vertical bars as above
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‘¢the end of the sampling season; exceptions to this general pattern

ere found during weeks 3 and 10. A high incidence of larger

‘gpecimens in the 13 to 20 and 20 to 30 mm size ranges resulted in an

§pitial population maximum of 2400 individuals/100 m3 for the species

¢the first week of June. A smaller, secondary maximum occurred in late

pjuly, consisting predominantly of juvenile individuals of 3 to 8 mm

ppivotal length.

Gravid specimens in the 25 to 35 mm range were seen with distended

widucts on June 1, 5, and 21. Large numbers of 3 to 5 mm individuals

]'rst began appearing in the material by July 10. A trimodal size

lstribution is indicated by the July 8 - July 16 histogram; a composite
 l-t of the entire summer catch reinforces this distribution. After

f y 16, a shift in size-frequency was evident, with 95 percent or

;re of the population of S. elegans arctica existing as immature stages.
The contribution of this chaetognath to community biomass was

pst significant during the early summer months of May and June.

Whole or semi-digested remains of the copepod Pseudocalanus

'Qutus were often seen in the guts of Sagitta, to the exclusiou of

jier prey items. Sagitta was present in the February plankton, as

8 D. minuius.
B.2.15 Appendicularia
Fritillaria borealis Lohmann

b Fritillaria borealis was the numerically demicant appendicularian

ethe samples, althcugh ic was absent from the plankton until Julv 14




tHead lengths ranged from 0.3 mm to a maximum of 0.8 mm, sugzestive of

;a juvenile stock. The population peaked on August 3 at 27,319
Fgpecimens/100 m™, shortly after an eastern intrusion of warmer water

Einto the Barrow area in late July. Population density declined signi-

E%icantly during August.

Otkopleura sp.

This is probably Oikopleura vanhoeffent Lohmann,'as the maximum

geported head length in the present collections exceeds that of another ;

grctic species, 0. labraderiensis Lohmann.

June specimerns were generally immature (1.0 to 1.5 mm

ad length) with somewhat larger individuals appearing as summer
gogressed. The presence of the species in the plankton was very
fratic in general, with the largest concentrations found under

shorefast ice. Olkopleura was also. encountered in the February ‘ ’

sllections.

£2.2.16 IPsces

Three or more species of fishes, represented by both larval and

Wenile stages, persisted through the summer. Larval fishes of undeter-
ed identity ranging in length frem 5 to 10 mm, were caught through

@. Catches increzsed from May to a summer maximum of 93 individuals/100
;the last week of June. Numbers declined significantly through the
?‘letion of the summer.

f- Beginnirg in early July, an upward shift occurred in the major

Bth moue to 10 to 13 mm; smaller individuals vere still present in




modest abundance. A few 21 mm larvae were collected on July 22.

The final presence of larval fishes in the plankton was on August &
and four days later juvenile fishes identifiable as Boreogadus saida
(polar cod) were taken. By early August, juvenile polar cod were 25

to 30 mm long and increased in average size to a maximum length of 4C

mm toward the end of the month. Eighteen B. saida were collected during

the summer.
Two juvenile sculpins, Myxocephalus scorpiodes (Fabricius), the

f‘false sea scorpion, and Icelus bicornis Reinhardt, the two-horned

Esculpin, were introduced to the plankton beginning August 23. Average

lengths were 30 to 35 mm for 18 juveniles of the two combined species.
Fish eggs were present in the plankton regularly throughout the

- entire summer. A maximum density of 8900 eggs/100 m3 was recorded on
:;June 12. Concentrations during the early summer were generzlly on

jfthe order of 1000 eggs/100 m3. After ice recession, the relative
;?aucity cf eggs was evident with few exceptions. No eggs were collected
after August 19.

The polar cod, Boreogadus saida, was previously cited in the tex
p+0r its association with the scyphozean medusa, Cyanea captllata. No
ppther species of fish found in my colliecticns exhibited a similar

Behavior.
f;2'3 Standing Stock

The weekly quantitative trend of zocplankton community formalin
weight is depicted with a similar accompanying curve of intagrated

B, Y . + - - — . -~ . -
Bloropnyll ¢ ia Figure 9. The results of a one-way analysis of

.
i
;
'
.
.



il;ure 9. Weekly distribution of (a) integrated chlorophyll a, and
(b) zooplankton community formalin dry weight from May 25

to August 28, 1972. Vertical bars as above

(chlorophyll data after Horner)
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variance of zocplankton biomass with time indicated significant
variability (2_< 0.05) between weeklv means for the summer (see
Table 3).

A maximum dry weight of 41 mg/m3 was attained the week of June 16,
approximately 2 weeks after the early June chlorophyll a maximum.
Zooplankton biomass decreased through July aad then rose to a secondary
éummer peak of 16 mg/m3 later that same month. A decline was cbserved
into early August, followed by a gradual increasé. This August trend
was also observed in the phytoplankton standing stock, measured as
chlorophyll a.

The results of the determinations of average individual dry weight
for various life history stagés of the major planktonic groups at Barrow
are listed in Tatle 9.

By multiplying the weekly population density for each of the
selected categories of zooplankton (individuéls/mB) by the individual
dry weight for the specific organism (mg/individual), a fractionation
of total dry weight (mg/m3) contributed by major members is possible
at weekly increments. ‘Total biomass for the zooplankton community was
partitioned in this manner intc four major constituent groups of the
Barrow plankton with an additional group to ircorporate all miscellaneous
organisms (Fig. 1G).

The copepods comprisced the greatest proportion of total community
dry weight averaged over the entire summer, constituting over 70 percent
L‘of weekly biomass at times (weeks 1, 7. and 8) and approximately 40
e Percent of total blonmass during May and June. Pseudocalanus mi-utus was

v the razjor son=iibutor to ccpepod hiomass during this time. TFolleowing
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Table 9. Average individual dry weights for selected developmental
stages of major zooplankton categories

Category Developmental Length Individual Dry
Stage {mm) Weight (mg/ind)
Hydrozoa
Aglantha digitale 12-16 3.65
6-10 1.84
3-6 0.37
Pteropoda
Limacina helicina  juveniles 3 1.69
2 0.80
1 0.27
Cirripedia
Balanus sp. nauplius, 26/8000 indiv
cypris
Copepoda
Acartia spp. adult 0.8-1.1 0.026
Calanus glaciclis adult 4.2-4.5 0.480
iv-v 3.1-3.5 0.221
I1I 2.¢ 0.062
11 1.6 0.035
I 1.1 0.023
Pseudocalanus adult 1.4-1.9 0.050
minutus \ 0.8-1.4 0.032
I1I-1V 0.5-0.8 0.024
Chaetognatha
Sagitta elegans 30-40 3.75
arctica 20-30 0.84
13-20 0.46




* Figure 10. QCualitative and quantitative fractionation of average
' zooplankton community dry weight for 13 weekly periods
from May 25 to August 28, 1972
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Loreaicup in late June, the copepods, predominantly Calanus glacialis
;: d nauplii larvae and to a lesser extent Acartia, contributed a somewhat
ismaller rclative percentage of total biomass, roughly 25 percent.

t\ Cirriped larvae of the genus Balanus were the second most important

f!roup of the Barrow plankton with regard to community standing stock.

;;arnacle larvae constituted over 25 percent of community biomass during
f:.d-June and late August, both periods of maximum recruitment.

’ Hydrozoan medusae and the chaetognaths were subordinate to the
;fpepods and barnacles in their relative contributions to the summer
:;mmunity standing stock. However, these categories were very important
rt times during the summer season.

Sagitta elegans arctica was most notable early in the summer

'eason, particularly from June 2 to 9, when it represented 50 percent

;f the weekly biomass. The species commonly accounted for agbout 10

}o 20 percent of the weekly conmunity dry weight through early Avgust.

The greater portion of the hydrozoan medusae biomass was attributed

4

'43 Aglantha digitale. The relative contribution of the hydrozoans
;o the community dry weight averaged over the entire summer was
;Qproximately 10 percent;‘the majority of this stock occurred during
;-- month of August.

The miscellaneous zooplankton category included many sporadically
,ﬁuortant plankton groups. Polychaete larvae were of some importance
f the mid-June community biomass. Crab zoea, juvenile shrimp,

Wphausiids, and larval fishes were major contributors from June 23

® June 30. A pelagic tunicate, Fritillaria borezlis, was found in

L
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large concentrations in early August. The scyphozoans, mostly Cuarnea

capillata, figured significantly in community biomass during the later

three weeks of August.
3.2.4 Trophic Relationships

Five feeding experiments were completed in the laboratory,
éxamining energy interrelationships between the phytoplankton and
zooplankton on both the species and community levels of organization
(Table 10).

Four experiments treated the zooplankton on the individual or
species level of energy budgeting. The results of one éxperiment were
rejected because cellular activity in the zcoplankton feeding jars after
the experiment was higher at times than that for the phytoplankton
control jar, suggesting no active feeding took place. However, bodily
activity of the organisms indicated active filtration.

Assimilation efficiency was caliculated by both the summaticn and
difference methods using the equations listed in Appendix II.
Efficiencies obtained by summing respiratory, excretory, and growth
components, with the exception 0f a low value of 9.5 percent, ranged
from 34.2 to 95.5 percent. A mzan assimilation efficjiency of 70.0
percent was determined for all zccplankion groups.

Assimilation efficiencies calculated by subtracting faecal activity
from ingested activity were consistently very high, 95 to 100 percent
for all individual zooplankton. Zooplankters actively defaecated in
many cases as evidenced from the mumber of pellets vemoved from the

teeding jars (see Appendix IIY, The nellete measured about 100 to 200

s mmaax
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Table 10, Laboratory estimates of filtration and ingestion rates, respiration and
excretion, assimilation and gross grewth efficlency for zooplankton fed
radioactive labelled phytoplankton.

Experiment 1: 4 hours; initial cell conec. (C,) = 4 x 106 cells/liter; Chactoceros sp.
as food organism; Calanus pluwcnrus V as herbivore, feeding in dark @

10°C; July 17
Filtration Ingestion ResptExcret Assim eff Gross Growth
rate rate ) (%) eff (%)
(ml/anim/day)  (cells/anim/dav) (1) (2)
Group 1 12.5 50,000 26.5 79.5 95 52.9
"2 18.0 72,000 19.7% 34.2 97 14.5
"3 4.8 19,200 5.8% 9.5 99 3.7

Experiment 2: 24 hours; Co = 1 x 106 cells/liter; Chaetoceros sp.; Calanus hyverborcus
vV (1), Pseudocalanus minutus adults (2,3), Calamus glactalis V (4,5) fed
in light conditions @ 1°C; July 29

Group 1 8.0 8,000 82.3 84.4 100 2.1
"2 5.1 5,100 33.5 48.7 97 15.2
" 3 6.0 6,000 63.0 77.8 98 14.9
"4 5.1 5,100 32.5 70.3 96 37.8
"5 5.7 5,700 94.8 95.5 100 c.7

Experivent 4: 24 hours; low concentrations of mixed, natural phytoplankton, consisting
of green biflagellates, Navicula sp., Nitzschia spp.; Acartio spp. adults
1,2,3), Pseudoccalanus rinutus (4,5), Balanus spp. nauplii larvae (6,7) fed
in 20/4 hour light/dark cycle @ 9°C; August 28

Group 1 2.6 7.5
o2 14.5 2.1
" 3 14,7 . 4.1
"4 12,5 NOT - NOT NoT 13.6
" 5 10.4 MEASURED MEASURED  MEASURED 18.2
"6 3.6 9.6
" 7 3.4 9.7

Experiment 5: 24 hours; endemic algal populatioms at natural concentrations used,
including those species mentioned in experiment 4; random samples of
zooplankton ccmmunity, including Balanus nauplii and cyprid larvae,
Acartia and Oithona, echinoderm larvae, and assorted minor categories
were chosen and tested @ 10°C in light; August 30

Croup 1 : ' 60.0
" 2 NOT MEASURED 25.7
"3 32.8

* respiration and excretion measured by phenethylamine process.

Assimilation efficiency measured by sum of resptexcret % and gross growth efficlency 7I;

2 Assimilation eificisncy as measured by difference cf faecal pellet activity from

ingestion activity




ym in length and were yellowish in color with tapering "tails" at the
pellet end.

Active feeding by the Bering Sea expatriate copepod, Calanus
plumchrus V, was indicated by the calculated filtration rates and
faecal matter collected. Assimilation efficiency of ingested carbon
was highly variable and a mean gross growth efficiency of 23.7 percent
ﬁas determined. The relative amount of energy lost from metabolic
processes was roughly balanced by energy diverfed into growth. No
consistent correlation of ingestion rate to gross growth efficiency
‘appeared to exist for C. plumchrus V.

The mean assimilation efficiencies of Calanus glactalis V and
Pseudocalanus mivutus females in experiment 2 feeding on a unialgal
Chaetoceros sp. culture of concentration 1 x 106 cells/liter were
comparatively equal, ranging from 63 to 82 percent. For both species,
over 75 percent of assimilated energy was lost through metabolic :
processes. Calanus hyperboreus demonstrated active feeding behavior,
but only slight diversion of ingested energy into growth. Percentage
respiratory and excretory losses for ail zooplankton groups in
experiment 2 (24 hours duration) were éreater than for those groups
in experiment 1 (4 hours).

The data available in Table 9 on the average individual dry
weights 6f zooplankton organisms, poupled with certain assumptions
on phytoplankten cell density, allowed the determination of the daily
ingested ration for P. mimutus and C. glaciclis. The solitary

Chaetoceros c=1is used in experimenrs 1 and 2 ware examined under the

[OSd

microscope and measured in two dimensicng, each about 10 um long. A

b




similar length was applied to the third dimension and a cell volume of
103um3 obtained. The density of seawater, about 1,02 g/cm3 (10—6ug/um3),
was used for cell density. Cell wet weight was then calculated by
multiplying cell volume by cell density. A conservative wet to dry
weight conversion factor of 1/2 was used in determining cellular dry
weight (0.5 x 10_3 ug) . The average dry wet of an adult P. minutus was
earlier determined as 0.05 mg or 50 pg. Pseudocalanus (groups 2 and 3)
in experiment 2 daily ingested 5100 and 6000 ceils, respectively.

This figures to 2.6 ug and 3 ug dry weight of Chaetoceros cells
ingeéted per day. The weight to weight ratios indicate P. minutus
adults ingested 5 to 6 percent of their body weight daiiy grazing on
Chaetoceros cultures. A similar calculation for Calanus glacialis V
resulted in a predicted daily ration of 1.0 to 1.3 percent of dry

body weight.

Experiment 4 used mixed, endemic algal populations diluted to
concentrations of about 5000 cells/liter. Gross growth efficiency
determined for Acartiq 3pp. was relatively constant, ranging from
2.1 to 7.4 percent. Grazing rates for Acartia were comparable toc those
of P, minutus. Filtration rates for P. minutus were over twofold
higher than those measured under conditions of highly concentrated
Chaetoceros culture in experiment 2. Growth efficiency for P. minutus
showed little variation under the differing experimental conditioms
of experiments 2 and 4.

Balanus vauplii demonstrated both consistent grazing rates and

growth efficiency. The individual nauplius larva filtered smaller



volumes than the copepods, but was more efficient than Acartia in
diverting energy into growth.

The random assemblages of zooplankters used in the community
experiment included: Balanus nauplii (approximately 64% by number)
and cyprid larvae (32%); ophioplutei larvae (2.7%); the remaining
portion was divided between copepods, Aglantha digitale, ostracods,
ﬁolychaete larvae, Oikopleurq, and Sagitta elegans juveniles.

The above community was more efficient in diverting ingested
energy into growth than were individual species in the majority of
cases. An average gross growth efficiency of 39.5 percent was

obtained for the three community aliquots.

10:



CHAPTER 4. DISCUSSION AND CONCLUSIONS

The zooplankton of the Arctic Ccean and peripheral seas have been
" proadly categorized into several groups based on horizontal and
C vertical distributions and association with the major arctic water

> masses: (1) the Arctic surface layer; (2) the Atlantic layer; and

b (3) the Arctic bottom water., Grainger (1965) described three major

groups of associated zooplankton from the Arctic Ocean, southeast
g Beaufort Sea coastal waters, and Amundson Gulf from reported horizontal

pend vertical distribution patterns and through relationships with

iyhysical parameters. The first group comprises species of wide horizental

occurrence in the upper 100 m of both the inshore areas of the

bcontinental shelf and the offshore, oceanic regiouns. Species of this

Jgroup include the holoplarnktonic medusae, Aglantha digitale and
BAeginopsis laurentii, the pteropods Limacina helicina and Clione Limacira,
the chaetognath Sagitta elegans, and the appendicularians Oikopleura

hoeffeni and Fritillaria borealis. Eight species of copepods are

so included as members of this group, represented by Calanus glaetalis,
Naolawus hyperboreus, Pseudocalanus minutus, Microcalanus pygmaeus,
Barcuchoeia glactalis, Metridia longa, Oilthcna similis and Oncaea

:Arealis. All species of group 1 are able to tolerate a rather

,Ade range of temperature and salinity.

Members categorized into group 2 include species restricted to

bffshore waters, at considerable depth in the cold, high salinity

lantic water mass. The ostracod, Conchoecia maxiva, and the copepods
Yinocalanus macnus and Gaidius brevispinus are included here. Groun

(%
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three of Grainger's classification of the arctic zooplankten consists
of the primarily neritic, shallow water species, thriving in
freshened waters of high temperature. Reported members of this group
are the meroplanktonic medusae Obe¢lia sp. and Euphysa flammea, and
the copepod Furytemora herdmanr?.

Brodskii (1956) reported that the largest density of zooplankton
occupies the Arctic surface layer in the central Arctic Ocean, whereas
the greatest diversity of forms is feund in therintermediate, or
Atlantic water mass. With specific reference to the Copepoda of the
polar basin, the composite results of Brodskii and Nikitin (1955),
Brodskii (1957), and Jchnson (1963), indicate 30 specieé to exist in
the upper 300 m and 50 species between 300 and 1000 m.

Johnson (1956) cited the distribution of an additicnal group
of zooplankton, tnese being certain copepod species expatriated
northward from the Bering Sea up to the. edge of the ice pack and
along the arctic coast of Alaska east of Barrow. Two species,
Calanus cristaius and Eucalanus bungii burgii, were found as far
east as the Alaska-Yukon boundary in 1951 and their presence was
interpreted as indicating the rpenetration of Pacific water far to the
east of Point Barrow.

The observed distributions of several neritic copepods and
hydromedusae along thez nerthern coast of North America are more
difficult to interpret. The populations of some species common
to both the eastern and western arctic of North America are
discontinuousiv distributed along the northeru coast. Included

here are Hur-iysa flarmea, Acariia longivemis, Eurytemcra herdmonni
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and Tortanus discaudatus. Whether the original connection was made
by transport via the Beaufort gyral or directly across the northern
coast of America is not known, but the present tenuous connection

between populations of these species could conceivably result in

speciation.
4.1 The Ecclogy of the Inshore Zooplankton

Emphasis in the present study was towards the description of
temporal distributions in abundance of members of an Alaskan neritic
zooplankton community, and the establishment of life history patterns
and associaiions of the primary constituents. The sequence of changes
in the community were observed from a fixed loczation. Statistical
analyses indicated significant differences in distributions of
abundance of most zooplankton categories with time. Many of these
observed differences can probably be attrituted to hydrographic
changes and the life histories of the zooplankton constituents.

A comparison of distributional and life history patterns of the
constituents of the Point Barrow community with those reported in
arctic oceanic areas indicates a distinctly different community

exists in the neritic enviroamcat.
4.1.1 Distributional Patterns

The observed presence and temporal distributions of several
species of the Copepoda, as well as certain hydrozoan medusae,
indicated a northward penetraticn of Bering Sea water and its

characteristic rfauna into the study area during the summer of 1972.
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Biological indications of this phenomenon were further substantiated
by hydrographic observations.

The intrusicn of North Pacific and Bering Sea water masses into
the Chukchi Sea is well documented (Barnes and Thompson, 1938;
Coachman and Barnes, 1961). American data suggest a summer northward
transport of 1.4 million cubic meters of water per second through the
Bering Strait, with a winter flow one-fourth this magnitude. This
influx of warmer, more saline North Pacific waterrresults in a
subsurface temperature maximum in the central arctic below the cold,
dilute Arctic surface layer. A description of the mechanics of mixing
on the continental shelf is somewhat more difficult, pafticularly where
distinct water properties are rather ill defined (Coachman, personal
communication).

The inshore zooplankten community near Point Barrow, Alaska, can
be differentiated into two groups, based on my summer collections:

(1) fauna characteristic of the Bering Sea; and (2) fauna common
to the Chukchi and Bezufort Seas.

Species included in the first group are the oceanic expatriate
copepods Calaius cristatus, C. plwnchrus, and Eucalanus bungii bungit,
all previously cited by Johnson (1956) as indicative of the intrusion
of Pacific water into the higher latitudes, These three species were
present in small numbers for only a short time during July either as
adults or stage V copepodids. A plausible explanation of their
distribution can be found in the reported life history data for these

copepods in the Bering Sex (ileinrich, 1961). All three species breed
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at considerable depth in early spring and by mid-summer have developed
to stage V in the warm surface waters; the majority of stage V indivi~
duals have migrated to depth by mid-July. Since the shallow depth of
the Bering Strait (75 m) would preclude transport cf deeper forms into
the Barrow area, spccimens would not be expected to occur in late
summer collections. That no specimens were taken before July 8 can
bossibly be attributed to any of the following: the lag time in water
mass transport from the Bering Sea to the study afea; the smaller
volumes of water filtered; or the presence of the offshore pressure
ridge imposing a physical barrier to transport into inshore waters
during June.

Johnson cited an additicnal group of copepods, apparently
advected northward along the western Alaskan coast and eastward
around Point Barrow. Primary examples are Tortanus discaudatus,
Centropages abdominalis, Eurytemora herdmanni, and Acartia clausti.
All of these members abound in the warm neritic environment along
the western coast of Alaska during summer (Johnson, 1934, 1953).
All four species in my collections were present at Barrow only during
the period of maximum surface water temperature in August, indicating
the strong neritic character of the area with respect tc these copepads.
Their distributional patterns can be closely tied to reported reproduc-
tive pericds along the western Alaskan coast. 1 concur with Johnson
that the majority of specimens are transported into the nearshore

environment of Barrow from the south.




The cladocerans Evadne nordmanni and Podon leukarti also apvear
to be advected into the Barrow area from more southerly latitudes.
Both were found exclusively during the final three weeks of August,
coinciding well with the presence of the above-mentioned neritic copepods.
Johnson (1953, 1956) reported F. nordmanni and P. leukarti to occur
commonly only in the shelf waters of the Chukchi Sea and in the vicinity
bf the Nome-Norton Sound area of western Alaska during August.

Further evidence supporting the contention ﬁhat all of the seven
previously mentioned copepod species and the two ostracods are
indeed advectively introduced subarctic species is presented in that
none of the above, with the exception of Eurytémora her&manni, are
included among Grainger's three categories of arctic zooplankton.

The second major group of zooplankton described for the inshore
cormunity at Barrow comprises the largest number of categories and
the most significant members in terms of contribution to total
numbers of individuals and biomass of the community. Both meroplanktonic
and holoplanktonic constituents are well represented. Included among
this group are all but two of the fifteen ubiguitous arctic species
described by Grainger (1963) as the primary constituents of both the
inshore and offshore zooplankron conmunities existing in the arctic
surface layer. Microcalanus piycmaews and Oncaea borealis were not
found. Johnson {1936, 1958) similarly reported M. pygmaeus and O.
borealis to be absent from conastal stations near Barrow and cited

their major distribution beyond the 190 = contour.
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The observed distributional patterns of three characteristically
arctic copepods, Zalanus hyperboreus, Euchaeta norvegica and Metridia
longa, indicate that the main pcpulations of these species are held
back in the Chukchi Sea by the intruding flow of Bering Sea water
into the study area. All of the above became absent from the plankton
as the southern influence on the nearshore hydrography beczme very
#ronounced in June. Johnson found the southern limit of continuous
distribution for C. hyperboreus and M. longa to exist at the 100 m
depth contour and failed to observe specimens within this limit in
July and August. The Burtoﬁ Island collections also indicated larger
numbers of E. norvegica to exist at the more offshore sﬁations. The
inshore, neritic environment near Barrow appears to be unsuitzble for
these arctic species under the influence of the warm southern water
mass during the summer.

The remaining holoplanktonic members of group 2 (characteristic of
the Chukchi and Beaufort Seas) are represented in the majority by the
copepods Calanus glactalis, Pseudocalanus minutus, and Oithona similis,
the chaetognath Sagitta elegans arctica, and an assembliage of pteropcds,
amphipods, euphausiids, appendicularians, and fishes. The population
dynamics of the majority of these taxa are probably less the result of
advective processes and more closely allied to biological phenomens,
such as predation, natural death and sinking, and periods of spawning.
A discussion of outstanding members is included in the following

section on life history patterns.
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The temporal distributions of abundance for tha barnacle larvae
and certain hydrozoan medusae appear, on the other hand, to be the result
of both advective and biological processes.

Hand and Kan (1961) reported on all the hydrozoan species
represented in trhe present ccllections and concluded that the
distribution of these medusae correlated well with the general
.hydrographic circulation near Barrow. From known locality records,
they surmised that a continuous breeding populatibn exists for most
species from the North Pacific to the Chukchi Sea, with relatively
little local replenishment as far north as Barrow. The introduction
through advection of certain members of the hydromedus&e into the
nearshore waterz o2f the Chukchi Sea near Barrow is probable, based
on the simultaneous presence of a large number of intermediate and
mature stages collected for several species with an apparent absence
of juveniles.

The distribution of cirriped larvae also suggests a hydrcgraphic
influence. Suitable substratum sites for the attachment of mature
cyprid larvae are scarce in the inshore waters adjacent to Barrow as
reported from direct observation by SCUBA divers and bottom dredges
(MacGinitie, 1955). The majority of beds were found by MacGinitie to
exist several miles offshore, in depths of 60 m or more. Johnson
(1956) found the hignest concentrations of barnacle larvae some
distance northwest of Pt. Barrow during the summers of 1950 and 1951.
These data suggest that 2 sizable portion of the present catch is

possibly attributed to advection into the area of investigation and
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the observed temporal distribution is an admixture of this effect with

local spawning.
4.1.2 Life Histories and Reproductive Success

Sufficient data were provided from the summer collections to estab-
lish the life histories of several major Chukchi-Beaufort Sea
.zooplankters as well as to allow comment on the reproductive success
of advectively introduced species, |

Specimens of the oceanic Bering Sea expatriate copepods, Calaius
eristatus, C. plumchrus and Eucalanus bungii bungii were present in
the Barrow collections exclusively as stage V copepodids or adults.

The absence of early developmental stages for all of these specieg in
the summer collections suggests no local reproduction occurs in the
Barrow area.

The reproductive success of the more southern neritic copepods,
Tortanus discardatus, Eurytemora herdmanni, Acartia clausi, and
Centropages abdominalis in the inshore waters adjacent to NARL is
uncertain. The present collections included a stage I copepodid of
Tortanus discaudatus with adult females and males in relatively low
abundance; Johnson (1958) found nauplii and egg cases of 7. discaudatus
in tows near NARL during the summer of 1257. It appears that a
continuous breeding population exists from the western coast of Alaske
to some distance east of Barrow. Gravid females of Eurytemora herdmanni
were prevalent in the summer collections, similarly suggesting a

continuous breeding population., ¥No svigercus feusles of either
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Acartia clausi or Centropages obdominalls were noted, and until more
samples are collected simultaneously in the vicinity of Barrow and
along the western Alaskan coast, the gecgraphical range of reproduc-
tive success of these latter twc species cannof be established with
certainty.

Podon leukarti and Evadie nordmanni were collected in both adult
'and juvenile stages, indicating some degree of reproductive success
as far north as Barrow for these introduced cladoéerans.

A combination of local replenishment and advection are probably
responsible for the population fluctuations observed during the
summer for several hydromedusan species. Aglantha digifale is the
outstanding exawple, where large increases in population abundance
were seen to accompany recruitment of smaller individuals in early
August (see Figure 4); additionally, a wide range of developmental
stages ecxisted at any given time. Bougainvillea superciliaris, Rathken
octopunctata, and Obelia longissema were also present in an admixture
of developmental stages, implying an advective influence. Aeginopsis
laurentii, Euphysa flammea, and Leuckartiara sp. existed only as
immature medusae and this is interpreted as indicating the majcr stock
of these species is produced locally, with comparatively little out-
side introduction. Breeding appears to occur under the ice during May
and June for these three hydrozoans.

The life history of the barnacles can be fairly well established

from available data collected over the summer.
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The period of maximum liberation of barnacle larvae presumably
occurs from mid to late June, with the initial release of nauplii in
late May. Spawning appears to continue at least thrdugh August, with
a secondary peak occurring in mid-August. Population highs were
well correlated to a rich phytoplankton standing crop. A period of
31 days is indicated as necessary for the development of the nauplius
larva to the cypris stage.

The initial breeding periods of other meroplénktonic members
of the community appear to be well timed to available phytoplankton.
Decapod larvae occurred in greatest abundance during June; echinoderm
larvae were mcst prevalent in late August, both periods of high plant
stocks.

The most prevalent copepods in my collections were common Chukchi
and Beaufort Sea species, existing in a variety of reproductive states
and developmental stages. Several positive comments can be made on
the breeding periodicity and life history patterns for many of these
species.

Heinrich (1961) established several categories of northern
latitude copepods on the relatiocuchip between breeding periods and
development to the occurrence of high phytoplankton stocks. Heinrich
places Pseudocalanus minutus and Calanus glacialis into a category
including species breeding simultaneously with high phytoplankton
abundance. Category 2, those species which may reproduce in the
absence of high phytoplankton stocks, includes Metridia longa and
Calanus hyperboreus. A third category includes species reproducing

over extended periods, with maximum brocds produced during times
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when the phytoplankton crop is rich., Oithona similis was the type
species described for this group.

Observations on the reproductive state of the above mentioned
copepods in relation to the summer phytoplankton standing crop at
Barrow are in excellent agreement with Heinrich's classifications.

The majority of gravid females of Calanus glacialis and
Pseudocalanus minutus were present during the early summer phytoplankton
bloom, an optimal period for high egg production.r Metridia longa and
Calanus hyperboreus were found only at the beginning of summer, mostly
as stages 111 and IV, apparently breeding at some period before the
summer season. Toc few specimens of C. hyperboreus and M. longa were
collected to discern whether these copepods are annual breeders in the
waters near Barrow. Conover (1962) reported wmid-winter breeding of
C. hyperboreus in the Arctic Ocean and described a two-year life
cycle for the species. In subarctic and marginally arctic
environments, the species is reported to reproduce annually (Digby,
1954; Grainger, 1939).

Oithona stimilis appears to fit Heinrich's third category of
copepods, as it was found to be ovigerous throughout most of the
summer at Barrow. Grainger (1965) also classified 0. similis into
a similar category.

The primarily carnivorcus Euchaeta norvegica was found mostly
as stage III at Barrow during the early summer, implying slight if
any dependence of its breeding period on the phytoplankton.

The life cycle of Calanus glaeialie in the vicinity of Barrcw

appears to be completed in one year. The large number of copepod



nauplii found beginning in late June are probably the spawn of the
gravid females of (. glactalis reported up through late June. Stage I
copepodids became abundant during early JSuly and most individuals of
the species had reached stage III or IV by the end of August. All
individuals found in late May and early June samples were mature
stages, indicating development through stage V during the summer
‘season.

Dunbar (1940) pointed out the phenomenon ofrpolyphasic, or
alternating, breeding cycles for major members of the zooplankton
in the high arctic. The simultaneous presence of three distinct
year classes or broods in the plankton for these species is taken
to indicate a two-year life cycle. This prolongation of the life
cycle is interpreted as being an adaptive responcse to the very short
biological season in the high arctic. Type species included in this
group are Sagitta elegans arctica and Thysanoesso raschii, both
present in the Barrow collections. Examination of the size-frequency
histograms of both of these species (Figs. 7, 8) suggests an extended
life cycle of the arctic variety.

Concerning 5. elegans arctica, twoc modes are obvious in most

were reported in the 30 to 40 mm size range in mid-July and it was
shortly afterwards that a large number of 3 to 8 mm individuals were
recruited to the population. These data indicate a prolonged life
cycle, if not two years, someswhat longer than one.

Thysanoessa raschii existed in two very distinct population size

classes. Tue absence of a third mode consisting of 1a

"

ger, mature

17

cases and a third apgears to exist in mid-July. Egg bearing individuals
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individuals is interprcted as the inability to sample adults at depth

in the more offshore waters. Johnson (1958) similarly reported cnly
juvenile T. raschii in his collections at Barrow taken up to 4 miles
offshore. The obvious size gap between the young calyptopid larvae

and the 10 mm juveniles is too distinct to discount. It appears that

T. raschii has a prolonged life cycle of two years in the Barrow area;
however, the collection of adults simultaneously with the younger stages
is required before this can be established with certainty.

Substantial evidence exists in support of active summer breeding
in the coastal waters near Barrow for several other holoplanktonic
taxa. Epyral stages of the Scyphozoa were collected iﬁ August. Female
Autolytus fallax were observed with egg sacs during the entire summer
and larval polychaetes were prevalent at times. Amphipods and
appendicularians were present in juvenile stages for much of the
summer. Eggs and larval stages of fishes occurred in maximum
concentrations during June, indicating active reproduction at this
time.

The plankton community in the neritic waters of Barrow seems
to exist in an unbalanced state; the time lag between the phytoplankten
and zooplankton peaks in Figure 9 bears this out. Seasonal fluctua-
tions of this nature are commonplace in neritic environments
throughout the world in contrast to the stable, balanced communities
usually found in tropical oceanic environments. The lag time existing
between 200plankton breeding periods (and effective grazing pressure)

and the initial period of high prirary productivity is probably




partially responsibie for this phase difference. Cyclic phenomena in
arctic and high latitude areas are also perpetuated by the relative
paucity of zooplanktcn species, allowing a few organisms to dominate
through reduced competition. Dunbar (1968) hypothesizes a directional
evolution toward a mcre stable, diverse community in arctic and

subarctic areas.

4.1.3 Significance of the Meroplaonkton

Dunbar (1954, 1968) described the northern Alaskan coastal
environment as marine subarctic based on existing biological and
hydrographic differences in comparison to high arctic regions.

The major criterion used in establishing this division is the
mixing of arctic and non-arctic water masses. Additional
characteristics distinguishing subarctic areas from arctic zones
include: (1) lower percentage annual ice cover, (2) greater
species diversity, (3) higher production rates, and (4) lesser
seasonal oscillation in the biological community.

The application of the term subarctic to a marine environment
based on the above criteria obvicusly encompasses a wide range of
areas, some mnre ''subarctic'" than others. The intrusion of warm
Pacific water into the Point Barrow vicinity imposes a marginally
subarctic condition, in the biologiczl as well as physical sense,
especially for species with meroplanktonic life histories.

The meroplanktonic component of the Barrow inshore zooplankton

community was significant during the summer of 1972. In particular,
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barnacle larvae were extremely prevalent, with hydrozoan nedusae,

crab zoea, and echinoderm larvae contributing a sizable fraction.

Their abundance suggests that under the influence of the flow of warmer
water from the Bering Sea, the conditions at Barrcw are more

typically subarctic than arctic with respect to the production of
meroplanktonic larvae. A comparison of the 31 day nauplius to cyprid
‘developmental period observed for the genus Balagnus at Barrow with
other reported developmental rates for the genué in arctic and
subarctic areas (Barmes and Barnes, 1960) substantiates this conclusion.

It is the significant contribution of the meroplanktonic component
at Barrow, with a commensurate increase in zooplanktonbstanding stock
and species diversity, that biologically differentiates this nearshore
area from the central arctic. Reported zooplankton biomass, as measured
by dry weight, indicates the standing stock of zooplankton in the
nearshore waters off Barrow is an order of magnitude higher than that
present in the central arctic under T-3 (Minoda, 1967; Hopkins, 1969).
This differential is in part due to the paucity of benthic invertebrates
in the central arctic that liberate plankteonic larvae. Thorson (1936)
concluded that only 5 percent of the benthic invertebrates in the high
arctic of East Greenland have meroplanktonic life histories.

Johnson (1956) found that the continental shelf of the Beaufort Sea
was less productive than the shelf areas of the Chukchi Sea. He
surmised that.this was the result of the composite effects of a narrower
shelf width and a less favorable temperature regime in the Beaufort
Sea in comparison to the Chukchi region, with a correspondingly smalier

meroplanktonic contributien to the cowmunity,




4.1.4 Energetics and Secondary Production

Interest in the production rates and physiological processes cf
primary consumer organisms has beon generated with the intent of
determining the efficiency of energv transfer through the plankton
and estimating the production available for higher trophic levels.
Much research in recent years has been directed toward answering the
fundamental question of whether or not grazing organisms can derive
nutrition equivalent to or in excess of their respiratory demands
by filtering particulate matter in concentrations naturally found
in the sea. Research efforts have been divided between two approaches:
(1) determining respiratory and filtration rates in the laboratory
and with a knowledge of total particulate organic matter found in
seawater, calculating the resultant uptake and comparing this with
the food requirements necessary to balance metabolic losses; and
(2) establishing filtration rates and the total energy budget in the
laboratory and then determining the ingested daily ration necessary
to balance this observed budget. This second approach was employed
in my study to investigate carbon utilization and secondary production
of selected members of the Barrow zocplankton community.

Assimilation efficiencies determined for the several species
examined in this study generally ranged from 70 to 85 percent,
indicating an efficient grazing community in terms of utilization of
native algal species at varied concentraticns. Although most
assimilated energy was lost through metabolic processes, some fraction

of asszimilated carbon in excess of thesze lcozces was found to be




channeled into growth for most organisms, suggesting some production
was being realized. That some surplus of energy existed above
respiratory requirements even at low cell concentrations appears to
indicate that the grazing organisms are indeed able to meet and excaed
their minimal metabolic demands by feeding on algal concentrations
comparable to those found in the inshore waters off Barrow.

By integrating field observations and laboratory results, a
quantitative estimation of secondary productivity attributed to two
major copepods, Pseudocalanus minutus and Calanus glacialis, can be
obtained for late July.

Daily ingested raticns were earlier calculated for both species
as 5 and 1.3 percent of dry bedy weight, respectively. Using additional
data on integrated standing stocks (mg dry weight/mz) during late July
for each species and applying a dry weight to carbon conversion factor
of 0.4 (Mullin, 1969) allows for determination of mgC/mZ/day ingested.
Laboratory measurements indicated an average of about 15 percent of
ingested energy was diverted into growth (production) for both P. minufus
and C. glacialis V; this calculates to daily production rates of 0.0075
mgC/m2 and 0.023 mgC/mz, respectively. Integrated net primary
productivity determined for July 24 was 0,37 mgC/mz/hr or 8.9 mgC/mzlday
(Horner, unpublished data). The composite production of 7. minutus
and C. glacialis therefore appears to be less than 1 percent of daily
primary produétion in the nearshore waters at this time. Additionally,
the standing stock of these two species integrated over the photic

zone amounts to ounly about 4 percent of the phyteplankton standing
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crop, if a chlorophyll a to carbon conversion factor of 50 is used
(McAllister, 1969).
Since available data indicate that primary vroduction in late

July was relatively low in compariscn to other periods during the
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summer and the concentrations of the two dominant copepods were,
4 in contrast, relatively high, it would appear unlikely that grazing

b pressure by these copepods could be a major facter responsible for the

fiuctuations noted in the summer phytoplankton stock.

Barnacle larvae were the numerically dominant grazing zooplankton
throughout most of the summer and, as such, warrant consideration with
respect to their production and the potential grazing ﬁressure they
exert on the phytoplanktcn cormunity.

An alternate method can be used for the éalculation of secondary
production of the barnacle larvae, which although perhaps less precise
than the previous method, can nevertheless be a useful tool in arriving
at rough estimates. The two potential drawbacks to the method are
in assuming a filtratlion rate independent of phytoplankton standing
crop and applying a chiorophyll a tc carbon conversion factor.

The laboratory calculated filtration rate for an individual
Balanus larva was 3.5 ml/day. By multiplying this grazing rate
by the standing crop of pirwytoplanikton converted to mgC/ml, and the
concentration of larvae/mz, an estimate of dajly ingestion by the
population is obtained in units of mgc/mz. Growth was determined
in the laboratcry to be approximately 10 percent of ingestionm.
Production of baraacle lzrvae can therefore be calculated for any

given period,




The week of June 16, Balanus larvae approached concentrations
of 50,000 individuals/mz. Using a factor of 50 to convert chlorophvil «
to carbon, an individual larva would ingest 1.75 x IO—A mgC/day or
8.75 mgC/mZ/day ingested by the entire population. The rate of
production would calculate to 0.88 mgC/mZ/day, or roughly 2 percent
of the average primary productivity determined for the week of June
16.

No values were obtained in the laboratory on the percentage of
dry body weight ingested daily by Balanus larave. However, the late
naupliar stages of copepods of the genus Calanus have been reported
to often ingest over 300 percent of their body weight daily feeding
on naturally existing phytoplankton concentrations (Paffenhofer, 1971).
If the previously calculated ingestion rates are underestimates and
a daily ingestion ration of 100 percent of body weight is applicable,
grazing pressure assumes a very significant role. An average standing
crop of barnacle larvae of 65 mgC/m2 for the week of June 16 can be
calculated from earlier determinations of dry weight (carbon)/individual
and average weekly abundance. The average phytoplankton biomass for
the same weekly period would convert to 250 mgc/mz. The ingestiocn
by Balanus larvae could therefore represent 26 percent of the plant
standing crop and very conceivably act to effectively reduce this stock
through grazing pressure, especially during periods of low turnover
rates in the éhytoplankton stock.,

It therefore appears that the Cirripedia, in contrast to the

Copepoda, could potentially exert significant grazing pressure at specific
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times during the summer and possibly act to regulate fluctuations in the
phytoplankton standing stock to some degree.

As yet, the biomass and feeding biology of the microzooplankton
have not been examined; these organisms may perhaps be found to have
a pronounced influence in the dynamics of the plankton community.

The zooplankton community adjacent to Barrow appears to be rather
efficient at utilizing particulate organic matter that they ingest, of
definite ecological importance due to the shortrbiological summers
existing in the area. However, the grazing community seemingly ingests
only a small fraction of the total carbon produced by the phytoplankton
during the summer, the majority of this production being lost from
the pelagic system by sinking to the bottom. It would appear that
the plankton community in this very shallow photic zone is very in-

efficient in this regard.
4.2 Sources of Error

The sampling design used in this study was chosen to provide a
description of thie temporal variability in abundances 6f zooplankton
organisms on a tiwe scale on one week, and to allow tests of hypotheses
concerning chserved Aiscributions. Both the effectiveness of the
sampling procedure and the appropriateness of methods of analysis

are factors that must be considered in the interpretation of results.
4.2.1 Field Sampling and Data Analysis

An unknown component of the variazbility determined for all

samples collecied In iiie fleld was introduced by differences in the




volumes of water filtered on successive tows. For the replication
process, however, it was unlikely that the magnitude of these
differences was very large, even though the means of estimating the
speed of the skiff were rather crude. The net most certainly filtered
water at less than 100 percent efficiency, but no correction was
possible since a flowmeter was not available for the study. However,
because low towing speeds were employed and nets were carefully rinsed
following each tow, the average filtrationrefficiency was probably
in excess of 80 percent. Slight underestimates of the abundance
of organisms probably resulted, since numbers/100 m3 were determined
on the assumption of 100 percent filtration efficiency;

No attempt was made to assess the numbers of animals small
enough to pass through the 0.308-mm mesh netting. Barnacle nauplii
smaller than 0.308 mm total length were commonly retained in hauls,
and their numbers were routinely estimated. This subjective appraisal
is certainly subject to unknown error.

The statistical evaluation of variability associated with the
subsampling procedure, with replicated tcws on saxpling days, and
with collection on different days of the week, does suggest that
a more efficient allocation of sampling effort can be applied to
similar future studies. For all zocplankton categories, subsampling
error was considerably less than either the replication or within-week
variance. This result was gratifying yet hardly surprising since
the technique employed is standard for most plankton surveys. However,
more information (smzller confidence limirs) can be obtained fer

weekly estimates of abundance by sampling move deys of the wesk and




eliminating the within-day replication, except perhaps during that

time of the year when day-night changes in light are pronounced,

For most organisms, samples taken at 1500 hrs. were not different

(P < 0.05) from collections made at other times of the day.

Wind mixing in the shallow water and the absence c¢f a marked diurnal
cycle in incoming radiation operate to increase the homogeneity of
organisms in the water column and supress variations in day~-night
distribution patterns often characteristic of lower latitudes.

Although the question of how representative samples taken
adjacent to the NARL facility were of the general nearshore coastal
area was only superficially exanined, the evidence on Hand indicates
that for most organisms no differences in abundance can be detected
between this location and others tha* were visited. Rather, the few
samples obtained from further offshore suggest that most majer
gradients in numbers and community composition probably run
perpendicular‘to the coast.

With regard to data analysis, it should be ncoted that a
logarithmic transfcrmation of counts does result in geometric
averages which are negatively biased compared with arithmetic means
of the same data. UHowever, aside from preparing counts of animals
in a format acceptable for analysis of variance, most workers feel
that geometric averages are probably more representative than arith-
metic information simply because the former are less affected by the
occasional very high or low values that are characteristic in all

plankton count data.




4.2.2 Laboratory Studies

Several potential sources of error are associated with the

behavior of radioactive labels used in biological research.
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Investigations of the consumer organism must consider such problems
on both the phytoplankton and zooplankton levels.

A major problem to be considered in using radicactive tracers
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in the study of the feeding biology of grazing zooplankton is the
possibility of non-uniform labelling of the algal culture, resulting
in inaccurate estimates of ingestion rates. This possibility was
early recognized in this study and necessary precautions were taken
by incubating the algal cultures for long periods of time in a
concentration of label they could not possibly deplete. The calcula-
tion of filtration rates by zooplankters assumed a homogeneous
distribution of cells in the feeding jar during the experimental
period. Deviations from this distribution, such as would occur
through sinking, would certainly have the effect of introducing
errors in estimation. However, the possibility was thought to be

at least partially obviated by periodically shaking the feeding jars
. during experiments.

The assumption of a strictly umialgal culture ia estimating
~cell density could have led to underestimation of ingestion rates.
Settings on the Coulter Counter were adjusted to count only a

p restricted size range based on this contention. This assumption

indeed appeared to be valid, however, zs the projected size-freguency
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X distribution observed on the counter oscilloscope showed only slight

deviaticns from the mean cell size,

The specific activity retained on filter paper from the filtration
of radioactive phytoplankton has heen reported to be inversely pro-
portional to the volume filtered (Artkur and Rigler, 1967). This
would result in increasing the filtrate activity and decreasing the
calculated ingested aetivity, which was determined by differences
in the filter paper activity measured at the beginning and completion
of the experiments, No procedures were taken to allow for this
possibility. The very "hot" cultures used in this study were perhaps
less sensitive to such errors than would be weakly labélled cultures,
if indeed errors did exist.

Incomplete removal of defecated material would have the effect

of giving wvery high assimilation efficiencies. Significant errors

He

n this regard would probably only be associated with diffusely
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egested meterial, as intact faecal pellets were clearly visible.

The measurement of the activity of the individual organism was

» used as an index of growth. Self-absorption problems were

" probably slight since organisms were thoroughly solubilized and

~ were counted using efficient liquid scintillation techniques.

4.3 Future Plankton Research

Annual observations on the phytoplankton community have been
-conducted in the nearshore environment off Barrow for several years.
lear round i

investizations on the zooplankten community should be

undertalen concurvent with reszarch on the phytoplankton to establish
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yearly distributions of the fauna and to define interactions in the

plankton community as a whole. Only seasonal information exists to

date on the dynamics of the zooplankton community, with very little
research conducted during the winter months. Hydrographic measure-
ments, including temperature, =zalinity, and nutrient cecncentraticns,
should continue to be taken along with investigations of the biota.
.Field sampling should be expanded to include the more offshore areas,
with coincident investigations of the zooplankton elements for
comparisons of community structure and dynamics. Sampling effort
in the field should be most intensive during the dynamic summer
period, when the short term temporal variability is exﬁected to be

most pronounced.
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¥ A more extensive study of life histories and spawning periods

Eis necessary so that abrupt changes in abundarnce of particular species

can be assessed with more certainty. TFuture research should include

b
%effort toward describing the presently little known microcenstituents

f the zooplankton and estimates made of their relative contritution
t

o the total animal plankton biomass and community productivity.

iomass as determined from direct water samples should accompany
timates based on the net-caught community 'biomass."

Continued research is proposed in the field of quantitative
 rophic dynamics, to include estimates of the efficiency of energy
ransfer through the pelagial and the definition of major pathways
| energy flow in the nearshore svstem.

Efforts should be made toward astimating secendary productivity

specific times, applving the results

(o]
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integrated research in
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both che laboratory and the field with the intent of establishing
t possible relationships between laboratory measured requirements and

energetics and community dynamics observed in the field. An important

component required in field estimates of secondary production is a
knowledge of mortality rates at several levels of development for a

articular species, a project necessarily involving a semplin rogram
P ’ 3 24

1 designed to include all such stages.

More intensive examination of the possible ecological repercussions

of selective feeding and interspecific competition for available food

sources are also needed. The relative importance of detritus as an

energy source for the inshore zooplankton community at Barrow should

receive considerable attention. Johnson postulates that in addition

to the local organic production in arctic areas of the northern

)

Chukchi Sea and central basin, & considerable amount of particulate

food matter must be advected into the higher latitudes through the
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Bering Strait by the northward flowing current. Parsons and Strickland

(1962) found large quantities of detritus in the northeast Pacific
Ocean in the form of faecal pellets, fibers and animal chitin, and

consider it a potential source of food for marine consumers. The

role of animal material in the diet of zooplankton commonly thought

. to be "classic grazers" should also receive attention.




CHAPTEK 5. SUMMARY

The composition and quantitative variability of the inshore marine
zooplankton community near Point Barrow, Alaska, were investigated
from May 25 to August 28, 1972. 1In addition, laboratory trophic
studies were conducted as a supplement to field investigations. The

objectives of this research were (1) to describe the pattern of temporal
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variability in species abundance and the composition and standing
stock of the summer inshore zooplankton community; (2) to examine
the relationship of this wvariability to the local hydrography and
phytoplankton community; (3) to study life histories, associationms,
and periods of recruitment for dominant members; and (4) to investigate
the bioenergetics and fe2ding biolozy c¢f grazinp zooplankton in the
laboratory.

Zooplankton were collected from horizental hauls both under the
ice and in open water conditions. Repiicate tows were taken on most

sampling dates; 107 samples were examined. Animals were subsampled

for estimates of numbers, identified, sized, and enumerated within
distinct taxonomic categories.

- A . 3 ; . ; .

Numbers of organisms per 100 w™ were transtormed logarithmically,
with sums of squares for analysis cf variance and cemparison of geometric
means generated by an IBM 360 computer. Dazta were grouped into calendar
weeks for the analysis of variance. Upper percentage confidence
limits were determined about three levels of sampling for comparisen

of variability associated with these levels, Svbsamrling, replication,
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and within-week error were compared and, in ail cases, the error

associated with subsampling was less than that for the other two
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r levels; replication error was usuvally smaller than within-week
error. Differences in weekly mean.abundances for 30 categories
; of zooplankton were tested using the F-statistic, with 29 of 30
categories showing significant temporal variability over the summer
(P < 0.05). Tests cof both diel and spatial effects on the abundance
of organisms showed no significant differences in numbers in the
majority of cases (P < 0.05).

Forty-six categories of zooplankton on several taxonomic levels
were analyzed. The copepods were the major community cbnstituents
in terms of both biomass and species diversity. Hydromedusae were

the second most diverse assemblage of organisms. Chaetognaths

and barnacle larvae were additiocnal major summer constituents in
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terms ¢f numbers and biomass. The meroplankton were a very significant

component of the inshore zooplankton community. The Barrow community

can be differentiated into fauna characteristic of the Bering Sea, and
fauna commonly found in the Chukchi and Beaufort Seas.

The intrusion of Bering Sea water into the Point Barrow aresa,
as evidenced by the presence of several expatriate copevods and
hydromedusae, as well as the warmer water temperatures, imposes
a marginally subarctic condition on the zooplankton communicty witn

respect to diversity and productivity, The presence of large
numbers of meroplankton especially reflects this condition and is

further suggestaed by the short develcpmental period observad for
g8 P




Fh

the btarnacle larvae. The temporal patterns of distribution recorded
for many organisms were highly infiuvenced by this dynamic hydrographic
regime, Biological processes probably play a more significant

role than do advective processes in influencing the distributions

of fauna characteristic to the Chukchi and Beaufort Seas.

Continuous breeding populations from Barrow to the Bering Sea
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appear to exist for several tic copepcds and hydromedusae taken
in the collections. Some holoplankton, such as the copepod Calanus
glactalis, seem to exhibit one-year life cycles characteristic

of subarctic areas. Sagitta elegans and Thysanoessa raschit,
however, appear to be characterized by polyphasic, or two-ysar life
cycles, Active breeding during the summer was also noted for the
holoplanktonic scyphozoans, polychaetes, awphipods, appendicularians,
and fishes. Recruitment of meroplanktonic larvae was extensive and
was well correlated to peaks in the availasble foed supply.

The zooplankton community bicmass was an order of magnitude
higher than that reported for a similar period iz the central arctic;
the relatively significant contributicn of the meroplankton is propesed
as an explanaticn. The summey plankton community at Barrow exists
in an vnbalanced state, such that the pericds of high zooplankton

standing stock lag one to two weeks behind the ankton peaks.
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Laboratory treophic studies dnwvolved invectigaticns of the

; , - . 4. . . -
feeding biology cf grazing zooplankton fed ~ C-labelled algae and
the examination of the relative apportionment of ingesied energy into
several parameters. Parameters estimated included assimilaticn

and gross growih eificiency, filtration and in




metabolic losses. It was desirable to attempt to access the impact
of grazing zooplankton on the natural phytoplankton community based
on laboratory measurements of these critical indices.

Experiments ran either 4 or 24 hours, under varied conditions
of algal composition and concentration. Assimilation efficiency was
usually high for most species, generslly 70 to 85 percent. Metabolic
losses accounted for the majority of assimilated energy, but a
considerable amount of carbon was at times diverted into the growth
of the organism. The results obtained for the Bering Sea expatriate

species, Calanus plumchrus V, indicated active feeding in the Barrow

ey, PRI Y R s T

area. The daily raticn determined for Calanus glactalis V was 1.0
to 1.3 percent of dry body weight. Pseudecalarus rminutus females
appeared to necessitate 5 to 6 percent ¢f dry body weight daily.

Secondary production for these spccies was very low in comparison

iy g T eeE

to the primary production and it appears unlikely that these copepods

-

; could eifectively regulate fluctuations in the plant standing crop.
3
p The extremely high concentration of barnacle larwvae found in mid-June,

Y

however, could conceivably impose such grazing pressure as to act in
a regulatory capacity.' The grazing community seemingly ingests only
& small fractiocn of the total carbon fixed by the phytoplankton

L\-.Lng .
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Eduring the summer, most being lost to the pelagic system by sink

- It would appear that the plankton community in the shallow inshore

environment adjacent to Barrow is very ineifficient in this regard.
Future research is urged in both the areas of laboratory trophin

 investigations and field studies. Year round studies of the zooplankton
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comnunity, including the microconstituents, are needed. Life histories
should be more extensively examined tc account for abrupt population
fluctuaticns. Field sampling should be expanded to include an
examination of the more offshore elements coincident with investigations
of the inshore fauna for comparison of community structure. More
extensive research in the field of quantitative trophic dynamics

is urged, including estimates of the efficiency of energy transfer
through the pelagial and the definition of major pathways of energy
flow in the nearshore system. Efforts toward estimating secondary
productivity should integrate research in both the laboratory and the

field, directed with the intent of establishing possible relationships

between laboratory measured energetics and population dynamics observed

in the field.
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APPENDIX I

. 3 .
Abundance of zooplankton categories/m~ as sampled near Point Barrow

from May 25 to August 28, 1972. The values calculated for each of the

replicate tows are included under each sample date and are separated by

a hyphen.
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CHAETOGNATHA
CIRRIPEDIA

HYDROZOA

SCYPHOZOA
AMPHIPODA
DECAPODA
MYSIDACEA
POLYCHAETA
PTEROFCDA
CTENOCPHORA
OSTRACODA
APPENDICULARIA
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EUPHAUSTIACEA
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15.
16.
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20.
21.
22.
23.
24,
25.
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27.
28.
29.
30.
31.
32.
33.
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35.
36.

L3 d

37.
38.
39.
40.
41,
42,
43.
44,
45,

Acartia spp.

Calanus glacialis

Calanus cristatus

Calanus hyperboreus

Calanus plunciurus

Centropages abdomivalle
Eucalanus bungii bungii
Fuchaeta sp.

Eurytemora herdmanni

Metridia longa

Oithona similis

Pseudocalanus minutus
Tortanus discaudatus

copepod nauplii

Sagitta elegans arctica ,
Balanus nauplii larvae > 0.308 um
Balanus nauplii larvae < 0.308 um
Balanus cyprid larvae
Aeginopsis Llaurentii

Aylantha digitale
Bougainvillea superciliaris
Fuphysa flammea

Leuckartiara sp.

Obelia longisseria

Rathkea octopunctata

Aurelia aurita

Cyanea capillata

Gammaridae

Hyperidae

Crab zoea larvae

Juvenile shrimp

Mysis oculata

Pelagic larvae

Clione limacina

Limacina helicina

Combined species

Conchoecla sp.

Evadne nordmanii

Fodon leukarti

Uikopleura sp.

Fritillaria borealis

Pelagic larvze

Thysanogssa raschii juveniles
Nauplii and calyptopid larvae
Larval and juvenile fishes
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15.

[y
[=)]

17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28,
29.
30.
31.
32,
33.
34,
35.
36.
37.
38.
39.
40.
41.
42,
43.
44,
45.

23 June
1400

2.50-1.75
21.90-5.54

2,50-2.50
227-136

16 .4_1.7
157-9.3
2215-988
2215-990
0.1-0.1
1.41-2.72
0.1-0
1.41-0

.2-0.7

0.87-0.97
8
1.30-0.5

26 June
1000

2.61-13.24
27-45

2.61-3.31
62-235

10-5
1.47-3.07
136-326
78-184

0.27-0.53

0-0.40

26 June
1545

5.15~10.45
58-65

7.72-11.6
190-163

10.4-8.2
4.95-4.81
251-338
197-255

1.07-1.60

0.94-1.74

4.95-5.08

0.67-0.40

36-14.5
5.21-6.68

2.27-3.34
5.4-3.7
0.30--0.80

27 June
1400

9.20-10.12
45-23.4

5.48-4.40
143-141
13.2-15.3
4.,95-4 .14
195-205
65-68
1.4-1.35
0.1-0




DATE
TIME

(eI NN WV, BN SUVEN S 3
L .

10.
11.
12,
13.
14,
15.
16.
17.
18.
19.
230.
21.
22,
23,
24,
25.
26.
27.
28.
29,
30.
31.
32.
33.
34.

[~
o

36.
37.
38.
39.
40.
41.
42.
43,
44,
45,

28 June
1400

9.34-1.25
96-82

3.08-3.95
140-135

24-11.7
16.10-0.89
1422-2005
222-313
18.7-7.9
0-0.2
2.27-3.88
0.13-0.10
10.23-11.50

0.25-0.12
¢.88-0.13
0.38-0.13
42-102

6.44-%,28

355-395

1.1-0.8

0.25-3.88
4-2.1
0.88-0.8

8 July
1530

1.38-1.33
75-63

0.33-0.19
0.06-0.05

1.70-1.70
54-56

37.5-79.2
4,52-10.4
1181-351
234~48
58-5.3

0.02-0

0.11-0.06

10 Juiy
0945

0.78-0.78
598-495

QO .

.03-0.02

QO o

.02-0.01

0.79-0.39
122-170

23.6-19.3

8.27-3.94

4090-3225
+
200-162
0-0.01
0.54-0.42
G.05-0

0.63-0

0.58-D

11 July
1130

0.74-0.78
20-126

0.17-0.13

0.01-0.01

.

0.48-1.83
25-86
9.8-15.7
1.59~-1.86
18-146
0.26
39-6

9-60

0.14-0.01
0.30-6.01
0.69-0.3
0.01-0

12-58

2,8-0.3
0.01-0.01

0.23-0.03
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TIME
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12 July
1600

1.06-0.82
157-85

0.08-0.03

1.33-0.82
108-63

60.9-27.3
0.67-1.04
28-668

+

28-172

2
.0

O O .

25-0.28

0.063-0.08

0.80-0.01

0.23-0

0.1-0.27

0.03-0

0.02-0.2

12 July
1630

0.18
8

0.04
9.45
3.27
0

0.05

0.01
1.09
0.01

14 July
1430

2.81-1.62
30-18.4

0.06-0.05

0.1-0.28
0.01-0

.

25,5-16.2

16 July
1300

1.48-2.36
39-25
+

0.08-0.19

01-0
.06
02-0.05
.1-0.18
01-0

[=NeNoNoRo RN

40-7.4
6-0.01

0.05-0.14
0.04-0
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DATE 17 July 19 July 19 July 22 July
TIME 1030 - 1600 1630 1230

1. 1.43-0.97 1.94~2.05 5.98- 0.62-1.01
2, 107-106 64-65 126 23-20

3. . . .

4, . . . .

5. 0.21-0.20 0.06-0.05 0.08 0.11-0.05
6. . . . .

7. 0.01-0 . . .

8. . . . .

9, . . . .
10. . . . .
11. 2,86-0.97 0.48-0.57 1.80 0.12-0.22
12, 125-120 144-65 85 12.3-10.1
13. . . ’ .
14, 1.82-0.5 1.45-1.14 1.80 4,83-0.31
15. 2,53-1.38 3.80-1.78 2.49 1.00-0.67
16. 5.10-1087 10-8.5 18 24,6-155
17. 51-71 0-0.73 . 3-20
18, 99-215 13.6-11 25 20.8-114
12, . . . .
20. 0.45-0.58 0.17-0.16 0.25 0.03-0.,07
21, 0.08-0.05 0.02-0 0.01 0-0.02
22, . . . .
23, 0.08-0.11 0.01-0.04 0.04 c.01-0
24, . . . 3.07-4.07
25, 0.95-0.80 0.50-1.48 4,43 9.85-7.382
26, . . . .

27. 0.01-0.02 0.03-0.01 0.C4 0.16-0.05
28. 0.08-0.07 0.02-0.03 0.03 0.02-0.04
29. 0.05-0.07 0.03-0.02 0.02 0.02-0.03
30. 7.6-4.3 0.48-0.68 1.60 3.94-4.€69
31. 1.67-1.45 0.02-0.01 0.01 0-0.17
32, . . .
33, 11.5-12.1 11.8-3.07 4.8 94-94

34. 0-0.901 . c.C1 0.01-0.03
35. 0.24-0.20 0.39-1.53 1.27 3.36-3.16
36. 0.02-0.01 . . 0.05-0.02
37. . . . .

38. . . . .

39. . . .
40, . . . .
41. . . + +
42, . . . .
43, 0.36-0.46 . 0.01 0-0.05
44, . 0.73-0.2z3 1.00 3.07-1.30
45, 0.07-0.07 0.47-0.10 0.04 0.19-0.35




DATE
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10.
11.
12,
13.
14.
15,
16.
17.
18.
19,
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38,
39.
40,
41.
42,
43,
44.
45.

23 July
1330

6.70-5.71
21-27

0.02-0

0.01-0

3.55-3.35
12.6-11

0.15-1.1
5.88-5.87
215-262
41.6-34.5
553-455

3.07-4.07
18.20-12.41

QOO
N OO

41-30
0,082-0.01
0.10-0.54
0.01-0

0.01
1.03-C.21

1.50-2.67
0-0

00-0.05
.41-1.38
77-1.06

0.01-0
310-240

3 August
1000

157

4 August
1400

0.98-0.57

15.56-3.64
7.09-1.14

18.32-9.59
0.01-0C

95-176
0-0.02
2.59-0.37
0.03-0.02

153-129

.

0-0.01
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5 August
0230

5 August
0200

4 August
1500

1430

4 August

TIME
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42,
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159

DATE 8 August 9 August 13 August 14 August ?
TIME 1500 2100 1300 1500
1. 1.19-2.25 9.45-11.88 8.48-56.73 16.50-6.01
2, 6.89~-2.78 0.41~0.91 1.81-0.82 0.03-0.26
3. . .
4. . . . .
5. . . . .
6. 0.34-0.12 0.62-0.62 4.,40-4,42 2,76-2.83
7. . . . .
8. . . .
9. 0.33-0.12 0.31-0,31 1.12-1.15 0.27-0.53
10. . . . .
11. 0.89-0.48 0.40-0.93 7.16-5.38 6.97-4.77
12, 1.56-1.58 0.80-1.06 9.82-12.6 10.80-5.61
13. . . + : .
14. 0.34~0.30 0.13-0.66 0.49-1.48 0.20-0.14
15. 0.45-0 0.40-0.80 ¢.31-1.13 0.32-0.30
16. 162-306 46-45 413-295 1803-561
17. 24,6-23 7.9-4.0 37-31 ' 381-115
18. 23-68 82-68 152-187 355-124
19. . . . .
20. 4,06-5.79 13.96-8.85 1.45-1.,93 21.30-8.30
21. . . 0.01-0
22, . . . .
23. . . . .
24, . 0.27-0 0.20-0 0.91-0
25. . . . .
26. 0.02-0.01 0.02-0,03 0.01-0 0.01-0
27. 0.2-0.08 0.18-0.09 0.02-0.03 0.09-0.15
28, 0.01-0.01 0.023-0 . 0.02-0.02
29. 0~0.02 0.02-0 . 0-0.01
30. 0.34-0.24 . 0.40 0.15-0
31. . . . .
32. 0-0.01 . . .
33. 98-69 212-189 23-25 57.6-35
34, 0.02-0 0.01-0 . 0.01-0
35. 0.03-0 . . .
36. 0.01-0.02 0.G3-0.,03 . .
37. . . . .
38. . . . +
39. . . . +
40. . . . .
41. . 3.1-5.7 1.30-0 .
42, . . . .
43, . . . .
44, . . .
45. 0.02-0.01 G.01-0.02 . 0-0.02




DATE
TIME

37.

41.
42.
43.
44,
45,

16 August
2230

16.50-6.01
0.03-0.26

2.00-0.31

17 August
1130

.64-8.75
.02-0.03

o

3.10-1.01

0.64-0.32

5
.1

.

1.8
1.0

N

g-
5-

[#3 = )

0.14-0.14
0.58-0.8
552--224
109-61
135-121

16.70-14.05

10.36-6.89
0.50-0.53

0.04-0.06

0.08--0

-

2.30-1.06

19 August
1415

2
5

.
~J n

1.76-4
0.35-0.

0.20-0.40

Q.
.

~d
[ &

1
=
N
o

0.16-0.09
0.01-0.01
56-44
35-39
111-224

14.44-21.5
0-0.01

0.12-1.17

0.03-0.07

0.47--0.44

0-0.01

0-C.1
0.23-0.29

0.5-2

0.01-0

19 August
1515

8.76-7.00
1.10-0.34

0.42-0.31

QO .

.73-0.42

0.58
0.58

QO N

.48-
.92-

1.05-0.14
0.78-0.31
13.6-29
16-34
152-155

15.3-4.81

0.65-0

0.07-0.09

0.01-0.01
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DATE
TIME

AW

7.

9.
10.
11.
12,
13.
14.
15.
l6.
17.
18.
15.
20.
21.
22,
23.
24,
25.
26.
27.
28.
29,
30.
31.
32,
33.
34.
35.
36.
37.
38.
39.
40,
41.
42.
43.
44,
45.

19 August
1630

1.1
0.4

3-1.05
3-0.27

0.08-0.07

21 August
0945

35.64-45.09

0.43-G.47

383-412

2.60-4.52

0.85-0.63
0.01-0
0.01-0.01

4.24-3,29

23 August
1500

42.0-45.08
0.50-0.53

23 August
1515

25,45~
0.24

.

0.04

0.02

.36
.61

0.03
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DATE
TIME

10.
11.
12,
13.
14.
15.
16.
17.
18.
i35,
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42,
43,
44,
45.

26 August
2015

27.35-25.61
1.33-1.11

0.36-0.,57

0.36-0.57
6.91-10.39
2.59-1.86

0.43-0.93
0.58-0.82
209-227
191-91
92-133

17.56-12.62

0.58-2.04

0-6.15

28 August
0929

9.14-2.91
0.25-0.25

0.60-0.82

0.31-0.41

15.23-19.20
2.28-0.49

56.7-43
38.64-37.50

46-42
123-100

0.05-0.03

28 August
1530

(&%)

.75-6.30
0.25-0.24

0.50-0.10

0.23-0.05

4.25-3.39
0.25-1.94

0.17-0.10
0.50-0.30
2030~-1928
3249-2994
144-197

29.,50-19.39

76.1-48.5
25.38-58.2

30-34
213-964

.

0.01-0.02
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28 August
2330

63.33-60.0
0.22-0.27

4.00-5.50

0.67-1.39

4.00-2,12 ;
3.3-1.59

0-0.53

1.01-1.10

1742-1145

2230-2018

146-128

24.67-54.02

88.6-98
40.9-70.9

81-49
487-272



DATE
TIME

WO PN

= =
= O W
e o

12,
13.
14,
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.
27.
28,
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40.
41,
42,
43.
44,
45,

28 August
0630

25.91-37.52

0.33-0.23

1.75-1.25

0.40-0.17
1.
1

0.04-0.28
1327-2304
2267-4313
35.5-79

6.89-5.62

0-0.57
0.01-0.01

6.72-6.53

68-74.9
68.2-57.6

22-17
6.8-5.2




APPENDIX II

Phytoplankton cellular activity in control jar at beginning (to)
and end (t;) of the experimental period: phytoplankton cellular activity

in the zooplankton feeding jar at time t initial filtrate activity;

1°

filtrate activity in the phytoplankton control jar at time t_; filtrate

l;

activity in the zooplankton feeding jar at time t zooplankton body

11
activity; and faecal pellet activity as measured during five trophic
experiments employing radioactive tracers. All values listed are in
disintegrations per minute (DPM).

Included are formulae used for the calculation of ingested

activity, filtration rates, and assimilation and gross growth

efficiency for zooplankton grazing on ll’C~labelled rhytoplankton.

gata




Payto Phyto © Zoopl jar
cells,tc cells,t cells, t

1 1
Experiment 1
Group 1 1,938,297
"2 2,104,314 2,113,735 2,013,226
"3 1,888,339
Experiment 2
Group 1 31,088
o2 73,940
"3 94,640 85,890 71,451
R 73,747
" 5 72,231
Experiment 3
Group 1 48,176
"2 38,332
.3 35,174
"4 41,841 é;'ggz' 19,910
* 5 ’ 41,427
"6 29,227
"7 23,068
"8 34,218
Experiment 4
Group 1 447,341
"o 337,626
"3 333,498
o4 615,093 470,009 . 396,343
"5 439,671
"6 309,410
"7 316,546
Experiwent 5
Group 1 16,461
"2 21,874 18,925 14,156

"o 9,542



Filtrate, Filtrate Filtrate, Zoopl . Faecal
t, phytopl, ty zoopl, ty Body pellets
175,400 92,842 4,921
185,008 128,950 134,823 3,677 7
173,407 32,577 1,996
12,900 702 0
12,950 1,844 0
1,910 8,950 18,050 2,020 28
12,500 4,589 126
21,900 83 0
180,500 - 0
170,000 8,031 340
178,750 9,326 502
217,861 189,700 187,400 7,266 424
182,400 7,564 313
187,850 14,310 403
88,600 531 o]
-— 2,897 0
4,358
2,508
NOT NOT NOT 4,915 NOT
MEASURED MEASURED MEASURED 7,745  MEASURED
4,898
13,796
13,327
NOT NOT NOT 1,476 NOT
MEASURED MEASURED MEASURED 1,106 MEASURED
3,077

S91




List of Formulae

1 + ivi = - M
(1) ingested activity (I) DPMt phyto DPM, zoopl

1
n+t«DPM/ml phyto

(2) filtration rate (ml/amin/day) =

(3) percent assimilation efficiency (AE) =

I-(R+EAG) x 100
1
or
I-F
— 0
T X 100
(4) gross growth efficiency (GGE) =
G
I ¥ 100
where:
DPMt phyto is the phytoplankton cellular activity in the control
jar at time t
DPMt zoopl is the similar activity from-the zooplankton experimental
jar

n is the number of zooplankton in the experimental jar

t is the experimental time in days

DPM/ml phyto is the activity per mli of phytoplankton culture
R + E is zooplankton respiratory and evcretory losses

G is zooplankton bodily activity, and

F is egested or faecal peliet activity

166
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APPENDIX I11

Simple correlation matrix between 28 categories of zooplankton,
surface water temperature, average water column salinity, and
chlorophyll a from May 25 to Avgust 28, 1972. Data were entered as

weekly means for each parameter.

167




List of Variables in Correlation Matrix

Pseudocalanus minutus
Calanus glacialis
Acartia spp.

Oithona similis

Podon leukarti

Evadne nordmanni

Clione limacina
Limacina helicina
Sagitta elegans arctica
Polychaete larvae
Chinocoetes zoea larvae
Fritillaria borealis
Balanus nauplii, >308 um
Balanus cyprid larvae
Aglantha digitale
Thysanodssa raschii
Zooplankton biomass
Fish larvae

Gammarid amphipods
Hyperid amphipods
Copepod nauplii
Centropages abdominalis
Eurytemora herdmanni
Shrimp juveniles
Paralithodes zoea larvae
Balanus nauplii, <308 um
Leuckartiara sp.
Rathkea octopunctata
Temperature

Salinity

Chloropinyll a

LCo~Noumpswn e




CORRELATION MATRIX

VARIABLE 1 2 3 4 5
NUMBER

1 1.000 0.202  -0.357 0.123  -0.595
2 1.000  -0.536  -0.513  -0.285
3 1.000 0.144 0.700
4 1.000 0.101
5 1.000
6

7

8

9

10




-0.578
-0.279
0.671
0.135
0.995
1.000

0.591
-0.217
-0.286

0.109
-0.432
-0.420

1,000

0.179
0.458
-0.465
-0.433
-0.032
0.006
0.170
1.000

.776
.066
-0.
.293
-0.
-0.
.589
-0.
.000

365

551
642

08s

10

"0.492
0.548
-0.654
-0.013
-0.544
-0.516
0.379
0.138
0.469
1.000

69T




VARTABLE
NUMBER

Wo~NaAWmSHwN M

11

0.

911

.246
.3%4
.118
.520
.6C4
677
.119
.32
.693
.000

12

~-0.836
-0.368
0.357
0.246
0.524
0.519
-0.633
-0.316
-0.558
-0.669
~-0.875
1.000

13

-0.005

[=NeNel

-

0

_HOOOOOOO

.372
.129
.070
.251
.249
.0C6
.056
.020
.525
.123
.192
.000

14

-0.
0.
0.

-0.

-0
-0.
-0.
-0.

0.
1.

800
276
162

477
463
.660
.238

g41
349
808

.531

0c9
000




15

-0.528
~-0.602
0.555
0.597
0.622
0.626
-0.338
-0.579
-0.338
-0.253
-0.441
0.574
0.214
0.070
1.000

16

0.521
0.404
0.003
0.014
-0.313
~0.305
-0.058
~0.064
0.549
0.418
0.602
-0.462
0.133
-0.362
-0.193
1.000

17

0.597
0.210
0.002
0.240

~-0.029 -

-0.012
0.443
0.022
0.577
0.594
0.749

-0.665
0.535

-0.564

-0.008
0.559
1.000

18

0.525

0.697
-0.340
.096
.368
.350
.056
0.287
.533
.615
.632
.535
.377
.229
.429
.861
.584
1,000

1Lt
[eNe NN

| t

[eBoNoRoNeNoNoNoNe]

0.764
0.089
-0.298
0.345
-0.475
-0.460
0.497
0.068
0.704
'0.557
0.800
0.625
G.274
-0.727
-0.19¢
0.609
0.573
0.651
1.¢00

.770
.012
.104
.010
.455
444
.493
.297
.536
.200
.736
.638
. 304
.601
L465
.561
.2656
476
.715
,000

0Lt




VARIABLE
NUMBER

WV RONAWUND WM

21

.275
.790
.591
.059
.248
.237
. 109
.269
105
722
.325
375
.654
NAA
. 262
271
.353
.535
.341
049
.000

-0

-0.

-0

-0.
-0.

-0

-0.
-0.

-0,

-0.
-0.
-0.
=0.
-C.

-0

22

.942
348
474
.020
.567
.585
460
279
.757
498
868
.769
023
724
.575

550
589
701
707
.361
.G00

23

-0.751
-0.372
0.673
-0.059
0.794
0.766
-0.502
-0.318
-0.,798
-0.465
-0.744
0.540
0.198
0.595
0.705
-0.411
-0.290
-0.570
-0.564
-0.581
-0.277
0.787
1.000

0

-0.

-0.
-0.

-0.

[ 1
COO0OO0O0OOOO0O

[oNeNoNeNe]

-0.

-0
1

24

671
.298

.334
387
377
.349
163
.754
.727
.797
.578
.522
672
.086
.707
.784
.743
.827
.386
.511
662
499
.000

271

25

0.902
0.085
~0.232
0.236
-0.529
-0.519
0.585
-0.069
0.875
0.580
0.949
-0.784
0.117
-0.828
-0.263
0.654
0.757
0.564
0.800
0.694
0.194
-0.856
-0.639
0.831
1.000



26

0.145
-0.051
0.226
0.265
0.335
0.328
0.305
-0.181

0.140

0.396
0.303
-0.304
0.803
-0.253
0.373
0.164
0.715
0.223
0.413
~-0.035
0.273
~-0.073
0.256
0.588
0.346
1.000

27

0.811
0.109
-0.125
0.194

-0.453

-0.441
0.389
0.147
0.655
0.369
0.820

-0.694

-0.074

-0.681

-0.315
0.727
0.568
0.639
0.830
0.920
0.130

-0.753

-0.596
0.625
0.809
0.126
1.000

-0.

-0.
-0.
-0.

-0

-0.

-0.

-0

-0.

-0.

-0
-0

-0.
-0.

-0

-0.
-0.
-0.

-0

28

254
491
391
427

.314
098
.381
142
.064
.198
.125
166
.515
528
.064
.392
.206
252
141
.165
.248
.279
286
415
502
.231
.000

328 .

29

.949
.200
.501
.062
.732
714
.730
. 240
.826
.511
.910
.812
.1C7
.783
.648
.400
.503
474
.698
.738
.213
.894
.837
.590
.843
.025
.730
.046
.000

30

423
462
.223
.418
117
.124
447
.312
.622
.023
.483
.312
.125
.703
.193
L228
.333
.022
.290
.357
.332
.340
.210
.320
.622
.201
471
544
408
.000

LT




VARIABLE
NUMBER

[
[ R Y I O N

o
o

[l
w

b=
S

16
17
18
19
21
22
23
24
25
26
27
28
2%
30
31

31

-0.026
~-0.407
0.213
0.520
0.510
0.528
0.143
0.187
~0.252
=0.242
~0.140
0.127
0.226
-0.070
G,.382
-}, 419
0,085
-0.205
0.147
0.014%
0.015
U.109
0.27
-0.105
-0,146
0.367
0.029
-0.383
0.118
0.040
1.000



=4

N




