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. Summary of objectives, conclusions, and inplications with respect to
CCS oil and gas devel opnent.

A, (bjectives

Qur objectives were to 1) determine the relative contribu-
tion of the ice algae, phytoplankton, and benthic nicroalgae to primary
production in the Beaufort Sea coastal zone during the wi nter-spring period
of ice cover; 2) determne the species conposition of these comunities and
the degree of |inkage or interaction between them 3) follow the devel opment
of the spring ice algal bloom and determne the environnental factors
controlling the timng, distribution, and nmagnitude of this bloon and
4) assess the winter density distribution and environnental requirenents of
zoopl ankt on, phytopl ankton, and ichthyoplankton in the nearshore Beaufort
Sea.

B. Concl usi ons

1. Ice algae were responsible for nearly all primary production
during the winter-spring period, with only mniml contribution fromthe
phyt opl ankton and benthic mcroalgae. The bulk of this production took
place from April to June and anpunted to ca. 0.7 g Cm? In addition, an
unknown anount of primary production probably occurred in the ice during
the fall of 1980. The only published reference to a fall bloomin the ice
of the Beaufort Sea is that of Hsiao (1980). Although higher rates of
production take place in the water colum and perhaps the benthos during
the open water period, ice algae are the prine source of carbon during ca
30% of the period in which primary production nmay occur.

2. The ice algal comunity was conposed primarily of pennate
di atom species typical of the under-ice community in other arctic areas.
These same species dominated the phytoplankton in early spring, but cells
wer e unhealthy and appear to have originated in the ice, being only
temporary nenbers of the phytoplankton. Small microflagellates, < 6 um in
di anmeter, were abundant in both the ice and water colum, but they do not
appear to be photosynthetic, and their inportance as a food source is not
known, alt hough sone copepod species apparently prefer them Sone ice
al gal species occurred in the benthic microalgal community, but nost of
these species were represented by dead or noribund cells and may be
consi dered detrital. The benthic microalgal comunity formed a separate
assenbl age, with high standing stocks that lay dormant during the wnter
period, but are known to be inmportant primary producers during the summer.

3. Light appears to be the mmjor environnental factor
controlling primary production during this period. The ice algal bloomis
initiated by increasing solar radiation in spring and the distribution and
magni tude of the bloomis determned largely by ice turbidity and snow
cover which limt light transmssion through the ice. Production in the
wat er columm and benthos in early spring is inhibited by shading from the
ice algal layer when it is present.

4. lce algae provide a rich food source for animals, such as
protozoans, copepods, nematodes, and anphipods that live in direct
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association with the underside of the ice. Ice algae are also a najor
source of living and detrital material for animals living in the water
colum and benthes.

5. Although data given here do not indicate it because we did
not sanple the spring phytoplankton bloom there is a definite species
di fference between the ice algal bloomand the phytoplankton bl oomin the
water columm, with pennate diatons domnating the ice comunity and centric
di atons domi nating the phytoplankton (water columm) community. There is
also a time lag wth the ice algae occurring in April-June and the phyto-
pl ankton occurring during and after breakup when sufficient |ight reaches
the water colum.

6. Copepods are the nost abundant zooplankton both in terms
of nunber of aninmals and species and are present throughout the winter-
spring period. Al life cycle stages are present. Some species apparently
prefer microflagellates that are present all winter as a food source,
QO her inportant conponents of the nearshore zooplankton community are
anphi pods and nysids, but they were never caught in large nunbers, perhaps
because of our collecting nethods. Hydrozoans became abundant in spring

c. Inplications

The ice algal comunity occurs as a layer only a few
centinmeters thick on the under surface of the ice in spring and would be
directly susceptible if an oil spill came in contact with the ice. The
0il could damage or destroy the ice algae by direct toxic effects, by
limting exchange with the underlying seawater, or by reducing light |evels.
Ol-related activity prior to the devel opment of the bloom could affect ice
al gal production by increasing ice turbidity fromoil or suspended sedinents
in the ice that would reduce light transm ssion through the ice and thus
limit algal grow h.

There are no other sources of primary production during the early
spring, therefore, animals present that depend on primary production for
their food supply and spend a significant or critical portion of their
life cycles associated with the ice would be seriously affected. This
could have serious inplications farther up the food chain for fishes, birds,
and mammal s that depend on these invertebrates for their food.

Phytoplankton and bent hic microalgae, while not present in | arge
nunbers during the spring, would be affected by direct toxic effects and
reduced light levels. These factors could, perhaps, destroy or severely
impair seed stock that normally produce the spring phytoplankton bl oom and
the sunmer benthic microalgal popul ations.

The effects of an oil spill could be quite local, but could also spread
over a wide area depending on environnental conditions. A spill in tne fall
could affect primary productivity of a whole season by danaging ice alga
seed stocks. \hether early and tinely cleanup would reverse this affect is
not known, nor is it known what affects residual pollutants nay have on the
microalgal populations in the ice, water colum, or benthos. Relatively
rapid generation tines of microalgae and sone zoopl ankton woul d alleviate
the effects of an oil spill in a short period of time in tenperate regions
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but generation tinmes for nost microalgal species found in the Arctic are
not known, and sone inportant zooplankton species are known to take at
| east two years to completetheir life cycles.

[l. Introduction
A General nature and scope of the study

The sources of primary productivity and carbon pat hways
that support the ecosystem of the nearshore Beaufort Sea are poorly under-
stood . In particular, there is a gap in our know edge of the system during
the winter-spring period of ice cover, which accounts for the ngjority of
t he annual cycle.

One of the major conponents of the nearshore ecosystem that has not
been intensively studied is the algal conmunity living in and on the under-
side of sea ice, along with those organisns that are sonetines associated
with it such as anphi pods and perhaps fish. It is not known how inportant
the ice algae are as a food source in the nearshore area, but their
presence about two nonths before the phytoplankton bl oomin the water
col um” nmust |engthen the growi ng season for those animals that are able to
utilize them

In addition, benthic microalgae have been shown to account for a
significant amount of the total productivity of some nearshore ecosystens,
i ncludi ng the nearshore Chukchi Sea near Barrow, Al aska (Matheke and Honer
1974) . Its inportance in the nearshore Beaufort Sea ecosystemis not known.

Qur objective was to assess the winter density distribution and envi-
ronmental requirenents of zoopl ankton and phytoplankton in the nearshore
Beaufort Sea, and to undertake an integrated study of ice algae, water
colum, and benthic microalgae production to provide conparisons anong
these habitats and allow us to assess the relative inportance of these
communi ties during the critical spring growing season. Cooperative studies
with RU's 6 and 537 were designed to provide information on the benthic
invertebrate comunity and its utilization of the ice algae and benthic
microalgae, hel p determine the degree of |inkage between the ice al gae and
bent hi ¢ microalgal comunities, determine the areal extent and patchiness
of the ice algae, and the carbon pathways in the system thus providing a
relatively conplete study of the winter-spring ecosystem

B. Specific objectives
. 1. Determine the primary productivity, standing stocks (plant
pi gnents and cell nunbers), and species conposition of the ice algal,
phytoplankton, and bent hi ¢ microalgal communities in the Stefansson Sound
area.

2. Assess the relative inportance of these communities.

3. Follow the devel opment and decay of the spring ice algal
bl oom
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4. Determne the species conposition and abundance of the
zoopl ankt on conmmunity.

5. Measure environnental paraneters, such as |ight, tenpera-
ture, salinity, nutrient concentrations, and snow cover, that may affect
these conmunities.

6. Conplete and submt a final summary report on winter-spring
studi es.

c. Relevance to problens of petroleum devel opnent

As oil development is planned for the nearshore waters of
the Beaufort Sea, and exploration drilling is likely to occur primarily in
winter, it is inportant to assess the biological inportance of the area
and to determne the ecosystems vulnerability to oil-related activities
during the ice covered nonths of the year.

Microalgae associated with the underside of the ice appear to be
responsible for the bulk of the primary production that supports the near-
shore ecosystem during the period. An understanding of the dynam cs of
this community, and the fauna closely associated with it, is inmportant in
assessing periods that may be particularly sensitive to the effects of oil-

related activity. In addition, a better understanding of the relative
roles of the ice algae, water colum, and benthic commnities is inportant
in predicting the probable effects of an oil spill on the nearshore eco-

system during the wi nter-spring period.

D.  Acknow edgenents

Wnter sanpling in Nov 1978, Feb and Mar 1979 was done by
Tom Kaperak, who also identified the non-copepod zooplankton. Gavle Heron
identified the copepods. My 1979 sanpling was done by diver Jim Hanes and
Rita Honmer, who also analyzed the plant pignent and standing stock sanples
fromall the Stefannson Sound sanples. Kendra Daly collected the one
zoopl ankton sanmple from May 1979.

Gary F. Smth, Coastal Environnental, Bellingham, WA., redesigned and
fabricated the ice sanpler-incubation chanbers and provided the divers,
Ron Poirot and Ji m Dougherty, for the Apr-Jun 1980 sanpling period. Carl
Schrader and Dave Mirphy spent 2.5 mo at Prudhoe Bay doing the field
sanpling and then analyzed the sanples in Seattle. Ron Atlas and Paul Hll
anal yzed the benthic microalgae productivity sanples; Gayle Heron identified
the copepods. Kate Persons and Steve Petersen provided |ogistic support at
Prudhoe Bay. Personnel from RU 6 also helped in the field. NOAA heli-
copter pilots and nechanics provided transportation and |ogistic support,
and, for several weeks until we got adequate stoves, provided heaters for
the field site.
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[1l.  Current state ot know edge
A Biota

In the nearshore Beaufort Sea area, early reports fromthe
Canadi an Arctic Expedition in 1913-1918 were primarily taxonom ¢ studies
(Bigelow 1920; Shoemmker 1920; Willey 1920; Schmitt 1919; Mann 1925).
Pl ankton studies in the nearshore area before the late 1960's were |inited.
Now, information concerning the plankton of this area is gradually
accunul ating, primarily as a response to increasing oil and gas exploration
and devel opnent.

In the Harrison Bay-Sinpson Lagoon region, Al exander (1974) found the
hi ghest primary productivity rates occurred in deeper, nore saline water,
wi th maxi mum productivity occurring in August. Annual goductivi ty in the
wat er colum was estinmated to be nore than 10-15 g C m~< Nutrient-rich
water fromthe Colville River nay, at least in part, be a major factor
contributing to the relatively high productivity rates. Species conposi -
tion of the phytoplankton community varied with depth, season, and year,
but many cells were snall, in the nanoplankton range. Ice al gae, benthic
microalgae, and zooplankton were not studied in this area.

Horner et al. (1974) described the plankton of Prudhoe Bay in terns
of primary productivity, standing stock, species conposition, and spati al
variability, along wth hydrographic conditions. H gh concentrations of
chlorophyll a and pennate diatons were present in the bottom layer of ice
in May and June, but no primary productivity measurements were nmade. How
ever, annual primary productivity of the ice algal commnity in Prudhoe Bay
was estimated to be ea. 1 g C m~2.

During the open-water season, three phytoplankton conmunities were
present with pennate diatons predomnating in Prudhoe Bay immediately after
breakup; centric diatonms domnating in deeper, nore saline water outside
the bay; and flagellates dominating in brackish surface water. Productiv-
ity was highest in the diatomdom nated conmunities. Annual primary pro-
ductivity in the water colum inside Prudhoe Bay was calculated to be ea.

9 g Cm2 and that in the | agoon systemto be ca. 18 g C m~2. Nutrient
concentrations were higher in winter and early spring, with nitrate being
rapidly utilized during spring and probably limting growth in sumrer.
Bent hi ¢ microalgae were not studied.

Three zoopl ankton comunities were also found, with copepods being
nunerically dominant in all. [Inside Prudhoe Bay, Acartia clausi was the
nost abundant species and meroplanktonic | arvae were absent. In the
| agoon system Calanus glacialis and Pseudocalanus minutus were dom nant;
smal | nunbers of meroplanktonic | arvae occurred near Reindeer Island.
CQutside the Mdway I|slands, meroplanktonic |arvae becane inportant with
decapod, polychaete, and barnacle larvae all present.

The only previous study to conpare production of the ice algal, phyto-
pl ankton, and benthic comunities was done in the nearshore Chukchi Sea at
Barrow, Al aska, (Clasby et al. 1973; Mat heke 1973; Matheke and Honmer 1974;
Al exander et al. 1974). This was also the first study to look at standing
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stocks (chlorophyll a and cell numbers) and primary productivity for all

three communities at the sane tine. In this study, sanpling started in
Jan-Feb and continued until late Aug in two successive years. Only the
period of ice breakup was not covered. In situ techniques were devised to

measure productivity of the ice (Clasby et al. 1973) and benthic (Matheke
1973) microalgal communities so that cells would not be physiologically
stressed by being brought fromrelatively high tenperature, low |ight
conditions under the ice to low tenperature, high light conditions at the
surface. The Barrow studies showed that the ice algal comunity devel oped
in response to a critical light level in early April; maximm production
occurred in late May with a rapid decline in early June as the ice decayed.
Production in the water colum was low until after the ice algae disappear-
ed and breakup began. Benthic microalgal production was |ow while ice
cover was present with notile, solitary pennate diatons being the nost
abundant organisns. After ice breakup, a mat of Amphipleura rutilans
(Trent.) Cleve devel oped and was still present when sanpling ended in
August . The benthic microalgae became the nost inportant source of pri-
mary productivity after ice breakup,being eight times that of the ice

al gae and two times that of the phytoplankton (Matheke and Homer 1974).

The early literature on ice al gae has been revi ewed extensively
(Al exander et aZ7.1974; Homer and Al exander 1972; Homer 1976, 1977;

Al exander 1980).

As part of the OCSEAP project, RU 536 collected epibenthic and
planktonic invertebrates frommany stations in the nearshore Beaufort Sea
(Broad et aZ. 1979). Mysis litoralis and a nunber of anphipod species
that have also been collected in plankton sanples were the nost abundant
species found in epibenthic sled tows.

LG (RU 467) found that invertebrates were inmportant in the Sinpson
Lagoon area if they provided food for fish and birds, Mst of the feeding
occurred in shallow |agoons and bays in sumrer and plenty of invertebrates
were available for food. LG also found that prinmary production by diatoms
i n summer was the major source of carbon for the system wth ice al gae
being a secondary source; benthic microalgae were thought to play a small
role in the food web (LGL 1961).

Schell (1980a) estinated ice al gae annual productivity in Sinpson
Lagoon, Stefansson Sound, and offshore based on daily productivity
measurenents (neasured in Stefansson Sound by RU 359) , literature val ues,
and observed increases in standing stocks, and conpared these estimates
with values obtained by l%¢ uptake experiments in other Al askan areas. He
cal culated |ow productivity within Sinpson Lagoon, 0,178 % 0.166 g C n~2;
hi gher rates in Stefansson Sound, 1.43 % 1.13 g C m~2; and hi ghest rates,
1.69 * 0.89 g C m™2, offshore.

Farther east in the southern (Canadian) Beaufort Sea, Hsiao et al.
(1977) found that standing stock in the euphotic zone decreased with
i ncreasi ng distance fromshore and the Mackenzie River delta. Diatons
were more abundant near shore, in river nouths, and in surface water at
ice stations, while flagellates were nmore common offshore. Phytoplankton
was nore abundant above 5 mthan in deeper water. Primary productivity

202



was also found to decrease with increasing distance from shore and the
river mouths, primarily because of higher nutrient concentrations and
warmer tenperatures in the coastal waters. FromHsiao et al.'s (1977)
hourly productivity data and assunptions previously used by RU 359
(English and Homer 1977) annual productivity in this area was cal cul ated
to be ea. 3 g Cm’.

Hsiao (1980) identified 196 species of microalgae from annual shore-
fast ice in the Canadian Arctic, including the Eskim Lakes region of the
sout hern Beaufort Sea, Eclipse Sound in the high Arctic; and Frobisher Bay
in the eastern Arctic. The ice algal communities devel oped slowy from
late fall through winter, increasing exponentially in early spring,
reaching a peak just before the thaw period, and declining rapidly as the
ice nelted. Standing stock was greatest at the bottom of the ice and
pennate diatons were the nost abundant organi sns.

Dunbar and Acreman (1980) presented data on standing stocks and
species conposition of diatoms in sea ice from Robeson Channel and
Barrow Strait in the high Arctic, Hudson Bay, and the @ulf of St.
Lawence. Nutrient concentrations in all areas were simlar, but chloro-
phyll a was one to two orders of nmagnitude higher in the northern areas
than in the GQulf of St. Lawence. In the northern areas, pennate diatons
conprised 96-99% of the population, while in the Qulf of St. Lawence,
pennate diatons conprised 57% of the population with the remainder being
planktonic centric species.

B. Nutrients

Inorganic nutrient levels in the surface waters of the
Beaufort Sea undergo nmarked seasonal fluctuations. During the sumrer,
nitrate and phosphate drop to very low or undetectable |levels, and the
system is considered to be strongly nitrogen limted. This results from
hi gh phytoplankton utilization and linmted vertical mxing due to high
wat er columm stability which develops in response to ice nmelt and
increased insolation (Hufford et al. 1974; Aagaard 1977). In the winter
when stratification breaks down, nutrient concentrations increase to
relatively high levels as a result of increased vertical nmixing and
regeneration at a tine when plant utilization is |ow

Schell (1974) has docunented the regeneration of nitrogenous nutrients
beneath the winter ice cover in shallow, nearshore and estuarine areas,
This suggests the possibility that a substantial fraction of the nitrate
in arctic coastal waters may be regenerated tmsitu during the winter
nonths rather than deriving from offshore deep-water sources. It is
suspected, however, that nuch of the nutrients regenerated in coastal
waters may be transported offshore by thermohaline convective processes
during winter (Nov-Mar) (Schell pers. comm.).

Wnter nutrient levels near Point Barrow have been reported to range
Up to 1.7 ug-at 2~1 phosphate, 9.2 ug-at ¢~! nitrate plus nitrite, and
35 ug-at 2~ ~Silicate (Matheke 1973). Simlar values have been reported
by Homer et aZ. (1974) for Stefansson Sound. The same authors reported
summer |evels ranging from 0-0.9 ug-at 2~! phosphate, O-2.7 ug-at ¢-!
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nitrate and 5-28 ug-at 2! silicate.

Upwelling has been documented by Hufford (1974a) along the eastern
portion of the shelf and nay be a major source of nutrients to the euphotic
zone in this region. As a result of local easterly winds, nutrient-rich
wat er from 100-200 m depth is upwelled and advected westward over the mid-
portion of the shelf. Observed as far east as Barter |sland (144°W),
upwelling is largely limted by the amount of open water on which the w nd
my act, The rather persistent ice cover in the western shelf area may be
responsi bl e for the lack of observed upwelling in that region.

Strong onshore-offshore nutrient gradients are often apparent during
the summer, due largely to the influence of river runoff, Hufford (1974b)
found that in the area between Point Barrow and Barter Island, nitrates
decreased from 1.5 pg-at £~! nearshore to very |ow or undetectable |levels
near the shelf break. At the same time, he found that river discharge in
the area contained 3-15 tines the anount of nitrates found in the coastal
surface layer. Silicates followed a sinmilar pattern decreasing from
10 ug-at 2-! near the nouth of the Colville River, to less than 2 pg-at &£}
100 km of fshore. Phosphates deviated strongly from this pattern, being low
or not detectable nearshore and increasing to 0.8 ug-at ¢=1 near the shelf
break. This pattern reflects the high input of nitrates and silicates by
river water and the relative |ack of phosphates (Codispoti and Ri chards
1968; Grainger 1974). River flow is seasonal, however, and the ngjority of
nutrient input fromrivers occurs during spring breakup, as has been
docunmented by Hamilton et al. (1974) for the Colville River.

In the Canadian Arctic, the Mackenzie River has a substantial inpact
on the southern Beaufort Sea. Approximately half of the freshwater runoff
to the Beaufort Sea flows through this river. The plune generally flows
eastward along the coast and is deflected north and westward near Anundsen
Qlf to mx with waters of the Beaufort Gyre (0'Rourke 1974). G ainger
(1974) found the highest surface nutrients imediately off the river nouths,
with concentrations decreasing seaward. Wth the exception of silicate,
nutrients were nuch higher in the surrounding sea where the river discharges
than in the river proper, These high nutrient concentrations may be
largely attributed to the estuarine circulation typical of many large rivers
(Redfield et aZ. 1963). In this type of circulation, a sub-surface counter-
current forms to replace water entrained in the surface flow causing
nutrient concentrations to increase upstream relative to the motion of the
surface layer. In addition, microbial activity was found by Giffiths e¢
al. (1978) to be very high in the plumes of najor rivers and nearshore
sediments of the North Slope. Deconposition of river-borne detritus must
be a major source of nutrients to the nearshore environnent.

V.  Study area

Two areas were sampled (Fig. 1). In Nov 1978, and Feb, Mar,
and May 1979, sanples were collected in Stefansson Sound near RU 356's
dive site 11 (70°19'N, 147°34.4'W) in the boul der patch area. From Apr-
Jun 1980, a site was established on a large, flat pan in the shorefast ice
ea. 300 m seaward of Narwhal |sland (70°24.0'N, 147°31.1'W). The Narwhal
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Fig. 1. Location of study sites in Stefansson Sound (1978-1979) and off Narwhal Island (spring 1980).




Island station was occupied jointly with RU6 (Fig. 2).

V. Sources, nmethods, and rationale of data collection

A Sources and rationale

Wnter and spring sanples were collected in Nov 1978 and
Feb, Mar, and May 1979. In order to provide nore detailed coverage of the
dynam c spring period, a station was occupied at approxinmately tw ce weekly
intervals fromearly Apr through md-Jun 1980. This provided the opportu-
nity to follow the cycle of the ice algal comunity fromits beginning
until its disappearance at the end of the bloom as well as the early
devel opment of the spring phytoplankton bloomin the water columm and the
benthic microalgal bl oom

Sampling during the 1978-79 period was done in the boul der patch area
of Stefansson Sound near dive site 11 established by ru 356. This area
was selected because of the ability to share l|ogistics support and data
with other RU's (6, 356, 537).

In spring 1980, we planned to continue sanpling in this area and to
add a station outside the barrier islands in an area nore typical of the
whol e | ease area that would allow a conparison between the two areas. How
ever, a series of ice cores collected in early April with a SIPRE corer
indicated the presence of a layer or layers of sediment in the ice through-
out the lagoon system The sedinent layers effectively reduce the anount
of light reaching the bottom of the ice where the ice algae are, thus
inhibiting their growth. No traces of ice algae were seen on the bottom of
the lagoon ice. Relatively clear ice with traces of ice algae were found
just seaward of Narwhal I|sland and we decided to concentrate our efforts at
that site. W returned to the boul der patch area once during the study to
measure chlorophyll 4 levels in the bottomice.

We have chosen to separate the presentation of the methods by date and
kind of sanple collected because sanpling nethods varied to sone extent
dependi ng on equi pment available and logistics support. In the results and
di scussion sections, we have chosen to separate the data by sanpling
| ocation, Stefansson Sound (1978, 1979) and Narwhal |sland (1980).

W have studied four distinct conmunities. The ice algal comunity
consists of diatons, dinoflagellates, flagellates, and associated inverte-
brates and sonetines fish that live in the interstitial water between ice
crystals. This community, often called the epontic conmunity (Bunt and
Wod 1963), occurs on the bottom of sea ice in spring, Mar-Apr to mid-Jum.
It is not present in the nearshore area in summer. This conmunity has al so
been referred to as an upside down benthic community (Mohr 1959).

The phytoplankton community consists of diatonms, dinoflagellates, and
flagellates that live in the water colum. This commnity is present in
abundance in late spring (breakup) and during the summer. The spring bl oom
probably occurs during ice breakup, but no data are available fromthe

| ease area to support this.
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The benthic microalgae are those organi sns, usually pennate diatons,
that live attached to or between sediment particles on the sea bed. This
comunity may consist of patches of solitary, notile diatons, dispersed
solitary, notile diatons, or mats of diatons where cells are held together
in tough rmucilaginous filaments.

The zoopl ankton comunity consists of those invertebrates that live in
the water colum. They are present all year with species, life cycle
stages, and abundances varying with season.

Separation of these conmmunities is often difficult because diatomns
fromthe ice conmunity may be found in the water colum or on the sea bed.
This problemis nore pronounced with the larger invertebrates such as
anphi pods because they are nore nobile and able to nove from one site to
another. In the follow ng discussion, we have tried to separate the
comunities as nmuch as possible and to distinguish between typical ice
al gae species that might be in the water colum tenporarily and true
planktonic speci es.

B. Sanpling nethods
1. Phytoplankton
a. Novenber 1978

Sampl es were collected daily from 8-16 Nov at
dive site 11. \ater sanples were collected using a plastic water sanpling
bottle lowered on a hand line. Sanples were collected near the underside
of the ice (Onm and near the bottom (4.5 m). Sanples for phytoplankton
standi ng stock were poured into 250 m glass jars and inmediately preserved
with ea. 10 ml 4% fornal dehyde buffered with sodium acetate, The
remai nder of the water sanples, usually 3 %, was kept in a cool place until
they could be taken to the shore laboratory.

Water collected for plant pigment determinations was filtered through
47 mm 0.45 pym Millipore filters. Near the end of the filtration process,
three drops of a saturated solution of MgCO; were added and the filter
tower was rinsed with filtered seawater. The filters were folded into
quarters, placed in |abeled glassine envel opes, and frozen in a desicator.

h. February 1979

Only one sanple was collected during the period
12-17 Feb because of weather and |ogistics problens. Water sanples were
collected through a hole used by LG and located ea. 300 m south of dive
site 11. Sanmpling was done using a plastic water sanpling bottle |owered
on a hand line. Sanmpling depths were O and 4.5 m The phytoplankton
standi ng stock sanmples were poured into 250 nml glass jars and preserved
with ea. 10 m 4% formal dehyde buffered with sodium acetate. The sanples
for plant pigment analysis were kept cool until they could be filtered on
shore. The sanples were filtered through 47 mm 0.45 um Millipore filters.
Three drops of a saturated solution of MgCO; were added near the end of the
filtration period, the filter tower was washed with filtered seawater, the
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filter was renoved, folded into quarters, placed in a |abeled glassine
envel ope, and frozen in a desicator.

¢c. Mrch 1979

Sampl es were collected five tines during the period
11-16 Mar at dive site 11. Sanples for phytoplankton standing stock and
pl ant pigment deternminations were collected at O and 4 musing a plastic
sanpling bottle lowered on a hand line. The standing stock samples were
drained into 250 ml glas jars and inmmediately preserved with ea. 10 ni
4% f or mal dehyde buffered with sodium acetate. The sanples for plant
pi gnent deterninations were drained into 4 & polyethylene bottles and kept
in a cool place until taken to the shore |aboratory where they were filtered
through 47 mm 0.45 ym Millipore filters. Three drops of a saturated
solution of MgCO; were added near the end of the filtration and the filter
tower was washed down with filtered seawater. The filter was renpved,
folded into quarters, placed in a |abeled glassine envelope, and frozen in
a desicator.

d. My 1979

Water sanpies were collected in 2 & polyethylene
bottles fromjust under the ice (Om and near the bottom (4 nmj. Portions
of these sanmples were poured into 60 m reagent bottles, two light and one
dark bottle for each depth, and inoculated with 2 m Na,H!*CO; sol ution
(ea. 5 uCi). The sanples were incubated Zn situ by attaching the bottles
to a line suspended fromthe bottom of the ice. Another portion of the
water sanple was poured into a 250 m 3jar and preserved with 5-10 m 4%
formal dehyde for a phytoplankton standing stock sanple. The reminder of
the sanple, usually about 1.5 &, was returned to the shore |aboratory.

At the shore laboratory, the renminder of the water sanple was filter-
ed through 47 mm 0.45 um Millipore filters and the filters frozen for
determination of plant pigments. Some of the filtered water was put into
250 nml polyethylene bottles to be used to determine salinity and sone
filtered water was put into 125 m polyethylene bottles and frozen to be
used to deternmine nutrient concentrations

The primary productivity sanples were all filtered through 25 mm
0.45 uym Millipore filters which were rinsed with 5 m 0.01 N HC1 and 5
filtered seawater before being placed in labeled glass scintillation vials.

All sanples were returned to Seattle for analysis.
e. April-June 1980

Wat er sanples for phytoplankton studies were
collected with a PVC sanpling bottle fromjust below the ice (O m and from
1 m above the bottom (7 n). Two-liter polyethylene bottles were rinsed
and filled with water from each depth and a portion was used imrediately
for primary productivity experiments. The remainder of each sanple was
kept cool and dark in an ice chest until returned to the shore |aboratory
for analysis of plant pignents; portions were also preserved for standing
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stocks, nutrient, and salinity determ nations.

To determne rates of primary productivity, 60 m gl ass-stoppered
reagent bottles (two light, one dark for each depth) were rinsed and
filled to the shoulder with sanple. Each bottle was inoculated with 2 ni
14c-bicarbonate solution (ea. 5 uCi), stoppered, and mixed. Sanples were
incubated for 3-4 hr at the sanpling depths in clear plastic tubes
suspended from a |ine anchored to the ice with an ice piton. Dark bottles
were incubated in a darkened chamber at O m depth. Light, neasured wthin
the diving shelter, was conparable to under ice levels which reduced the
probl em of |ight-shock when bringing the sanples to the surface. At the
end of the incubation period, the sanples were retrieved and kept in a
darkened ice chest until processed at the shore |aboratory, usually wthin
1-2 hr.

At the shore laboratory, primary productivity sanples were filtered
through 25 mm 0.45 uym Millipore filters, rinsed with 5 nml 0.01 N HC1 and
filtered seawater, and placed in |abeled glass scintillation vials that
were returned to Seattle for analysis. The 2 & polyethylene bottle
containing water from each depth was shaken and 250 m poured into 250 ni
glass jars and preserved wWith 10 m14% buffered formal dehyde for standing
stock anal ysis.

One liter of water from each sampling depth was filtered through a
47 mm 0.45 uym Millipore filter for pignent analysis. After ea. 100 ni
of sanple had filtered, filtration was stopped and the filtrate discarded
Filtration was continued until ea. 5 m remained in the filter tower.
Some of the filtrate was put into a 250 m polyethylene bottle for later
salinity determnation and sonme was put into a 125 nml polyethylene bottle
and frozen to be used to determne nutrient concentrations. Two drops of
MgCO43 suspension were added to the filter tower and filtration continued
until the filter was just dry. The tower was rinsed with filtered seawvater,
the filter was renmoved and folded into quarters, placed in a |abeled
glassine envel ope, and stored frozen in a desicator until pignment determ na-
tions were made within two weeks.

2. lce algae
a. My 1979

The ice algae were sanpled by SCUBA divers using
a conbination incubation chamber-sanpler used in previous studies (Clasby
et al. 1973; Al exander et al. 1974). The chanmber was constructed of 4.8
cm di ameter plexiglass core tube lining 4 cmin length. The area of this
sanmpl er was 18.10 cnfand the volume 70 ni. One end was closed with a
pl exiglass plate fitted with a rubber septum and the top of the sampler
was serrated to cut into the ice. To place the chanber, a diver renoved
the septum which allowed water to evacuate, and screwed the sanpler into
the underside of the ice to a depth of 2 cm  The septum was then repl aced
and a syringe used to inoculate the chanber with 2 ml !¥C-bicarbonate
solution (ea. 5 uCi). In order to keep the 1*C solution from freezing in
the hypodernic syringe, each syringe filled with %C solution was placed
in a plastic container partially filled with hot water which the diver
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took down to the experinental site. The syringe was punped several times
to help insure mixing of the isotope with the ice algae. Two light and one
dark chamber were used. After a 3-4 hr incubation period, a heavy, neta
spatula was used to chip away ice from’ around the chanber and sever the

top of the core. The sanple was retained in the chanber by a core cap.
Dark uptake rates were determned in a darkened chanber that was capped and
suspended from an ice piton imediately follow ng inoculation. These
chanbers were also used to collect sanples for plant pigment, standing
stock, nutrient, and salinity determnations. Following retrieval, the

ice cores were transferred to 250 ml glass jars. Primary productivity
sanples were imediately preserved with 5 m 4% fornal dehyde buffered with
sodi um acetate to prevent further uptake of the isotope by the cells. One
addi tional core was immediately preserved with 5 m 4% buffered fornmal de-
hyde to be used for standing stock analysis. The renmining cores were
returned to the shore |aboratory for further processing.

At the shore laboratory, primary productivity sanples were filtered
through 25 nm O0.45 um Millipore filters, rinsed with 5 mM 0.01 N HC1 and
5 nm filtered seawater, and placed in labeled scintillation vials for
determi nation of carbon uptake. The renmining cores were filtered through
47 mm 0.45 um Millipore filters and the filters were frozen for pignent
analysis. The water was put into two 125 nml pol yethyl ene bottles; one
bottle was frozen to be used for nutrient determinations and one was to be
used for salinity determnation. Al sanples were returned to Seattle for
anal ysi s.

b. April-June 1980

For the spring 1980 sanpling period, the ice
i ncubation chanber was redesigned to acconmbdate a greater range of ice
conditions and to mnimze sanple loss during core extraction and capping
(see Appendix 1). The new chanber has an area of 20.43 cnfand a volume of
85 m.

Two new features were incorporated into this chanber. It was provided
with a hol der equipped with four threaded stainless steel pins adjusted to
protrude ea. 2 cm fromthe chanber mouth. The chanber could then be
hamrered into the ice where the pins would anchor it securely. In addition
a scraper was designed with a locking pin that fit into a guide in the
holder. At the end of the incubation period while the chanber was still
anchored to the ice, the pin was started into the guide and the core
severed as the scraper was pushed into place, sealing the chanmber nouth.
The scraper was secured by a handle on the bottom of the hol der which was
screwed tightly against the pin. The chanber can be returned to the sur-
face with [ittle sanple loss. As an added precaution when returning the
chambers to the surface, the scraper was held tightly against the chanber
mouth to prevent |eakage

To neasure dark uptake, a darkened chamber was hammered into the ice
and the scraper inserted to enclose the ice sanple prior to injecting the
isotope. This allowed the chamber to remain in place during the incubation
period. As the added weight of the scraper had a tendency to pull the
sampler fromthe ice, a donut-shaped float was placed over the handle of
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dark chambers to provide additional security.

Following retrieval, the primary productivity sanples were imediately
transferred to 250 m opaque jars and two drops of 0.4% HgCly were added to
kill the cells and prevent further uptake of the isotope. Five additional
cores were taken to determne standing stock, plant pignments, particulate
carbon, nutrient concentrations, and salinity. Al sanples were transferred
to 250 M glass jars and kept in the dark in an ice chest until processing
at the shore laboratory within 2-3 hr. The additional cores were taken
after the incubation period to mninize the tine between collecting and
processi ng.

At the shore laboratory the primary productivity sanples were filtered
onto” 25 mm 0.45 uym Millipore filters, rinsed with 0.01 N HC1 and filtered
seawater, and placed in glass scintillation vials. Three ice cores were
used for deternmination of plant pignents. Each core was allowed to melt
and was filtered onto a 47 mm 0.45 um Millipore filter. After cz. 5 n
had filtered, filtration was stopped and the filtrate discarded. Filtra-
tion was continued until ea. 5 m renained in the filter tower. This
filtrate was divided equally between two 125 m pol yethylene bottles for
nutrient and salinity determnations, the filtrate fromall three cores
being conbined. Two drops of MgCO3; suspension were added to the filter
tower and filtration continued until the filter was just dry. The tower
was rinsed with 5 m filtered seawater and obvious aninals (> 1 mm were
carefully renoved. The filters were folded into quarters, placed in
| abel ed glassine envel opes, and stored frozen in a desicator until pignment
deterninations were made within two weeks. Nutrient sanples were immediately
frozen. The core to be used for standing stock determnation was preserved
with 10 m 4% formal dehyde buffered with sodi um acetate.

One ice core, to be used by RU 537 for particulate carbon determ nation,
was filtered through a 25 mm Gelman gl ass fiber filter provided by RU 537,
The sanple was filtered to dryness and the tower rinsed with 5 m filtered
seawater.  Conspicuous aninmals (> 1 mm) were renpved with forceps and the
filter, folded into quarters, was placed in a |abel ed glassine envel ope
and stored frozen.

3.  Benthic microalgae (spring 1980)

Benthic primary productivity was neasured using field
techni ques described by Matheke (1973). The incubation chanbers consisted
of 3.4 cmdianeter plastic cylinders closed at one end with a plastic sheet
drilled to accept a No. 00 rubber stopper. A sidearmwith a rubber sleeve-
type serum bottle stopper was |ocated near the top of each cylinder. The
bottom of the cylinder was beveled to mnimze disturbance of the sedinent
when the diver placed it in the bottom Wth the rubber stopper renoved,
the cylinder was pushed cu. one-half way into the sedinent. The rubber
stopper was inserted into the top of the chamber and 2 ml !“C-bicarbonate
solution (ea. 5 uCi) was injected through the serumbottle stopper with a
syringe. The chanbers were then pushed further into the sedinent to
ensure penetration of the isotope. The isotope was detected in the 1-2 mm
| ayer when incubation chanbers were treated this way (Leach 1970). Two
light and one dark chanber were used. After a 3-4 hr incubation period,
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the chambers were capped with rubber stoppers and returned to the surface
where two drops of concentrated H3PO, were added to kill the algae. The
cores were left in the incubation chambers and stored upright in an ice
chest until processing 2-3 hr later.

On shore, the water was suctioned fromthe top of the core, the volune
recorded, and then filtered through a 47 nm Whatman GFC glass fiber filter.
The tower was rinsed with 5-10 nml filtered seawater, the filter was renoved
folded into quarters, and placed in a |labeled plastic petri dish. The top
1 cm of sediment was cut off with a sharp spatula and transferred to a
| abel ed petri dish. Filter and sedinent sanples were kept frozen for later
anal ysi s.

Sampl es were collected for pignent and standing stock analysis using
3.8 cmdianmeter plastic core tubes beveled at the bottom The cores were
pushed into the sediment to a depth of ca. 5 ¢cm the upper end was capped
with a rubber stopper, and the corer withdrawn until the bottom of the
corer could be closed with another rubber stopper. In the laboratory, the
supernatant water was drawn off and the top 1 cm of each core was renoved
One sanple was placed in a plastic petri dish and frozen for l|ater pigment
anal ysis; another was to be used for sedinent size analysis. One core
section was transferred to a 250 nml glass jar to which 25 m filtered sea-
water and 25 m 4% formal dehyde buffered with sodium acetate were added to be
used for standing stock analysis.

4, Zoopl ankt on
a. Novenber 1978

Zoopl ankton sanples were collected using a 0.75 m
ring net with a nesh size of 308 ym and an open area ratio of 2:1. \Verti-
cal tows were nade by lowering the net to the bottom and retrieving by
hand at a constant rate. Horizontal tows were made by extending a
stationary line fromthe sampling hole to an ice piton |ocated on the sur-
face ea. 12 maway. The net ring was clipped to a pulley on this line,
pul | ed backward to the ice piton, and then forward to the sanpling hole.
Slack in the stationary line caused an unknown anmount of deviation from a
constant depth of tow, but the deviation was assuned to be minimal and was
ignored. Al net tows were tined with a stopwatch to obtain an approxinate
speed of tow.

The net was washed by dipping it several tines in the hydrohole. The
collection cup was then placed in a plastic bucket and removed from the net.
Sanpl es were warned sl owy when ice occurred in the collection cup. Sanples
were concentrated by gently swirling the collection cup and were then
poured into 250 nm glass jars. A label with the collection data was placed
in the jar and the sample was preserved with 13 m 37% formal dehyde buffered
with 5 mM each saturated sodium acetate and sodium borate solutions. Sea-
water was added if necessary to fill the jar and the jar was tightly capped
for storage and shipping to Seattle.

A 0.25 mring net with nmesh size of 46 um was used to scrape the under-
side of the ice for epontic organisms. In the first attenpt, the net was
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towed behind a diver swinmming inmediately under the ice, but sw mming
speed was not fast enough to keep the net horizontal and against the under-
side of the ice. On the second try, two 25,0 nl jars partially filled with
water were taped to one leg of the net bridle and to the collection jar to
provide flotation, but the diver still could not keep the net against the
ice. An ice sanple was collected by leaving the flotation jars enpty and
increasing the towing speed by pulling the diver in by his safety |ine.
Sampl es were poured into 250 m jars and preserved with 20 m 4% formal de-
hyde buffered with sodi um acetate.

b. February 1979

No zoopl ankton sanpl es were col |l ected becanse of
weat her and | ogi stics problens.

c. March 1979

Zooplankton sanples were collected with a 0.75 m
ring net wth a mesh size of 209 um. The net was |lowered to the bottom
and vertically hauled to the surface by hand. Hauls were tined using a
stopwatch to obtain the approximte speed of tow The net was washed by
dipping it several times in the hydrochole and the sanples were drained
into a plastic bucket. |f necessary, the samples were warned slowy to
melt any ice. The sanples were concentrated by gently swirling in the net
collection cup and were preserved in 250 m jars with 10 m 37% fornmal de-
hyde buffered with 5 nl each saturated sodium acetate and sodium borate
sol utions. Seawat er was added if necessary to fill the jars and they were
tightly capped for storage.

d. My 1979

One zoopl ankton sanple was collected with a 0.5 m
ring net, nesh size 209 um. The net was |lowered to the bottom and verti-
cally hauled to the surface. The net was washed by dipping it several
tinmes in the hydrohole. The sanple was concentrated by gently swirling in
the net collection cup and was preserved in a 250 m jar with 10 m 37%
formal dehyde buffered wth sodium acetate.

e. Spring 1980

Zoopl ankton was sampled with a 0.75 mring net
having a mesh size of 308 ym. The net ring was attached to a line and
pul | ey system anchored to a post placed through the ice 14 mfromthe dive
hole. The net was |owered through the dive hole and hauled horizontally
as quickly as possible to the pulley and back, fishing at an average depth
of 2 m Net tows were tines to obtain an approxinate speed of tow (ca.
0.3 msec~1). The net was washed by dipping it several times in the dive
hole. The sanple cup was renmoved and warmed slowy if nuch ice was
present, Sanmpl es were concentrated by gently swirling the collection cup
and then poured into 250 nml glass jars. Sanples were stored in an ice
chest until processed on shore where a |abel was placed in the jar and the
sanmple was preserved with 25 ml 37% formal dehyde buffered with sodium
acetate.
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5. 24 hr primary productivity studies (spring 1980)

At ea. hi-weekly intervals, replicate water, ice,
and benthic primary productivity incubation chambers were placed and
i nocul at ed. One set was allowed to incubate for the normal 4 hr period as
part of the regular sanpling reginme; the second set was retrieved on the
following day after a 24 hr incubation period. Al sanples were treated
as described for the 4 hr incubations.

6. Light (spring 1980)

Light intensity was measured with a LI-COR underwater
quantum sensor, Mdel LI-1928, and a quantum radi onet er - phot onet er, Mdel
LI-185A, (LI~COR, Inc., Lincoln, NE ). This sensor neasures light inten-
sity in the 400-700 nm waveband, which is the waveband used by plants for
phot osynthesis.  Measurements were in nicroeinsteins m=? see-1, where one
microeinstein equals 6.02 x 10!7 photons. Accuracy is stated as t 7%.
This neter was intercalibrated on 28 May 1980 with a Protomatic Underwater
Phot oneter used by RU 537 that neasured light intensity in lux.

Submarine light was neasured immediately after placenent of the 1%
i ncubation chambers and again just prior to their retrieval. Al measure-
ments were made within 1 mof the chanbers, and care was taken to avoid
errors due to shading and sedi nent suspended by the diver. Wth the sensor
directed upward, |ight was neasured directly beneath the ice, both before
and after renoval of the ice algal layer. Light reaching the benthos was
measured near the bottom directly above the % incubation chanbers.  Sur-
face light outside the dive shelter was al so neasured, with the sensor
held vertically ea. 2 m above the snow surface.

To assess the effect of snow depth on light penetration and al gal
growh, a series of transects was begun on 28 Apr and continued at eabi-
weekly intervals through 3 Jun. Transects were taken in two |ocations:
through a senmi-permanent snow drift that formed in the lee of the tent,
and through the area from which the majority of the ice sanples were
collected (ea. 15 mnorth of the tent). Each transect was marked by a
per manent post placed through the ice and visible from both the surface
and underside of the ice. A line marked at 0.5 mintervals was anchored
to the reference post and secured to the tent frame. The surface |ight
intensity was recorded, and snow depth measured, at 1 mintervals along the
transect line for a distance of 25 m  Measurenents were nade at 0.5 m
intervals along the portion of the transect that passed through the drift.
Imediately following the surface transect, the line was renoved and
secured by a diver to the reference post under the ice and to the tent
frame. Light intensity was neasured at the same points along the line as
the surface transect, both before and after removal of the ice algal |ayer.

7. Surface weather observations (spring 1980)

Surface weather observations were taken witnin one
hr of the placenment of productivity chanbers. Surface water tenperature
was measured with a |aboratory thernmoneter held just beneath the surface
of the water in the dive hole, and read while submerged. Air tenperature
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was neasured with the sane thermoneter suspended 0.5 m fromthe tent on
the windward side in the shade. Five mnutes were allowed for equilibra-
tion. The wind direction was determned using a hand held conpass, and
speed was estimated using Deadhorse Airport weather reports and the heli-
copter air speed indicator as guides. Local weather, cloud type, and per-
centage cover were also recorded. |ce thickness was recorded by divers
froma reference post marked at 1 cmintervals which was placed through the

ice (Appendix II-1).
¢c. Analytical nethods
1. Ice algae and phytopl ankton
a. Primary productivity

Primary productivity sanples were counted in
Seattle using a Packard Tri-Carb Liquid Scintillation Spectrometer with
10 m Aquasol (New England Nuclear, Boston, MA.) as the scintillation
cocktail . Sanpl es were counted for 50 min or to 50,000 counts. Phyto-
pl ankt on carbon uptake was cal cul ated using the equation:

Carbon uptake (my C m~3 hr-1)- (L- D()R) (‘("% (1.05)

where L = average of two light bottle counts in disintegrations per ninute
(dpm; D = dark bottle count (dpm); W= weight of carbonate carbon in

my C m-3 (determned by multiplying the salinity, °/.., X 810[G. C.
Anderson pers. comm.]); 1.05 = !“C isotope factor; R = activity of the !“C
added; and T = incubation tinme (hr).

Precision at the 1.5 §1C m-3 hr—! level is in the range: nean of =
determnations is = 0.15/#n¥ ng C m~3 hr=! (7 hr incubations, 5 uCi added)
(Strickland and Parsons 1968).

Ice algal carbon uptake was cal cul ated using the equation:

Carbon uptake (my C ni 2 hr-l)= (Lilg)) (%) ((1T.)05)

where L = average of two light bottle counts in disintegrations per mnute
(dpm); D = dark bottle count (dpm); W = weight of inorganic carbon per
sanple; 1.05 = !%C isotope factor; R = activity of the 1“C added; A -
area of core (m2); and T = incubation tine (hr).

b. Plant pignents

Filters were ground in 7-9 m 90% acetone
with a teflon tissue grinder for about 4 min. The sanples were then
centrifuged for 10 min. The supernatant liquid was decanted into a clean
centrifuge tube, 1 m 90% acetone was added to the filter residue and it
was centrifuged again for about 5 min. The liquid was added to the first
supernatant liquid and the total sample centrifuged again for about 10 mn.
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The extracts were made up to 10 mM with 90% acetone and measured in a
Turner Mdel 111 fluorometer With the scale zeroed against 90% acetone. A
second measurenent was made after 2 drops of 0.1 N HCL were added to the
extract. Chlorophyll a and phaeopi gment cencentrations were cal cul ated
using the equations:

Fe/ Faux
(FolFa,) - 1 “Kx *™
nmy Chl g m=3 = i
Fo/FamaX
Toffa__ ) - 1 " Fo/Fagg, (Fa).. o
my Phaeo m™3 = Dax

L

where Fo = fluorometer reading before acidification; Fa = fluorometer
reading after acidification; Fo/Fa “maxi mum chlorophyll/phaeopigment
ratio (1.91); K = calibration conStant (assunes 10 m extract); L =
volume of waterxfiltered in liters (Lorenzen 1966).

To express the concentration of plant pigments obtained fromice
cores as ng pigment m~2, the expression (A x 1000) was substituted for
the volune of water filtered (L) in the above equations. A = area of the
core (m).

The linit of detection depends on the volume of water filtered and the
sensitivity of the fluorometer. About 0.01 mg chl ¢ m~3 should be
detectable with a 2 & sanple.

c. Nutrients and salinity

Nutrient and salinity sanples were returned to
the University of Washington, Departnent of Qceanography Chemistry Labora-
tory for analysis. The nutrient sanples were analyzed using autoanal yzer
techniques; salinity sanples were analyzed using a whetstone bridge
(Pavlou 1972).

d.  Standing stock

Standing stock sanples were analyzed with a
Zeiss phase contrast inverted microscope following the nethod of Uterm&hl
(1931) . Large and rare phytoplankton organi sms (> 100 um) were counted at
156 X magnification in 50 ml Zeiss counting chanbers and small, abundant
organi sns (< 100 um) were counted at 390 X magnification in 5 m Zeiss
counting chanbers. Usually 1/5 of the chamber was counted.

Ice algae were counted at 390 X magnification in 5 m Zeiss chanbers;
usual ly 1/10 of the chanber was counted. Sanples with very high density
were diluted 1:5 with distilled water before settling. Mny species are
difficult or inpossible to identify in water nounts, therefore a second
set of subsamples was acid cl eaned and permanently nmounted in Euparol vert
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resin on mcroscope slides. Higher nagnifications, up to 2000 X, could be
used with these slides. Line drawings were made of sone species to aid in
i dentification.

Ref erences used to identify the phytoplankton and ice al gae included
Cleve and Grunow (1880); Cleve (1894-1895); Van Heurck (1896): Hustedt

(1930, 1959-1962); Schiller (1933-1937); Cupp (1943); and Hendey (1964).

Species diversity of the ice algal conmunity was cal cul ated using the
Shannon- Wener diversity index (H), which is widely used in phytoplankton
community studies (Fager 1972; Pool e 1974):

s
H= - Z(ni/N)ln (n2/N)
1

where n? = nunber of cells of the Zth species; N = totalnunber of cells;
and s = nunber of species.

2. Benthic microalgae
a. Primary Productivity

The amount of 1%C incorporated by benthic
m croorgani sns wassdetermned at the University of Louisville, Louisville,
KY, using the wet oxidation technique described by Atlas and Hubbard (1974).
Carbon uptake was cal culated using the equation:

Carbon uptake (mg C ni2 hr-l) = (L‘(% ((WA)) ((lT).OS)

where L = average of two light bottle counts in disintegrations per minute
(dpm); D = dark bottle count (dpm); W = inorganic carbon per sanple; 1.05°
14c isotope factor; R = activity of !%C added; A = sanple area (m?); and

T = incubation tinme (hr).

h. Plant pignents

Before analysis, the samples were thawed in
the dark at 5°C. Each sanple was weighed and mixed in the petri dish and
two subsamples {(ca. 2 g) were renoved and wei ghed. Subsamples were ground
with a nortar and pestle for ea. 1 minin 3 m 90% acetone, washea into a
15 m centrifuge tube, and the volume brought to 15 m with 90% acetone.
The sanples wreextracted in the dark at 5°C fqr 17-20 hr, and were shaken
1 hr after the beginning of the extraction and at the end of the extraction
period. Sanples were centrifuged for 15 rein, and the extract vol ume
determ ned by subtracting the sedinment volume fromthe total vol une.

Fl uorescence was neasured in a Turner Mdel 111 flucrometer with the scale
zeroed agai nst 90% acetone. A second neasurenment was made after acidifi-
cation with 2 drops 1 N HCL. Chlorophyll a and phaeopi gments were cal cu-
| ated using an adaptation of Lorenzen's equations (Lorenzen 1966):
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Fo/Famax e (ﬁl)
(FofFa ) - 1 =~ Fa) (Ws) (10
mg Chl g m™ 2 =

1000 A
Fo/Fa
max Ve 1)
, (Fo/FamaX) -1 ‘Kx’{FO/Famax «r - Fo] (Ws) (10
ng Phaeo m™< = 1000 A
where Fo = fluorometer reading before acidification, F. = fluorometer
reading after acidification; Fo/Fa = maxi mum chlorophyll/phaecpigment

ratio (1.89); K = calibration con&#nt; A = area of the core sanpl e
(1.13 x 10'3m32); We = weight of core (g); Ws = weight of subsample (Q);
and V = volune of extract (m).

¢. Standing stock

The top 1 cm of the benthic cores was rinsed
into a graduated cylinder and diluted to 1 2 with distilled water. The
sanples were mxed by vigorous stirring and bubbling air from a glass tube
extending to the bottom of the cylinder. One ml subsamples were drawn
fromthe nmiddle of the cylinder with a pipette and added to 50 ml Zeiss
counting chanbers which were then filled with distilled water and allowed
to settle for 24 hr. The sanples were counted at 400 X magnification
using a Zeiss pnase contrast inverted microscope (Utermshl 1931).

Normal Iy, 1/10 of the chamber was counted.

3. Zoopl ankt on

Al'l zooplankton sanples were first sorted for
large, rare organisns such as nysids, anmphipods, euphausids, shrinp, and
fish eggs and larvae. The sanples were split in a Folsom plankton splitter
(McEwan et aZ. 1954) until a subsample containing ea. 100 specinens of the
nost abundant remaining taxa was obtained. Subsamples were successively
sorted until at |east 100 specinens of each taxon were counted and identi-
fied. Counts and identifications were done using dissecting microscopes.

I dentifications were done using dichotonmous keys and by conparison with
descriptions and illustrations in the literature.

For copepods, sanples that had previously been sorted for |arger
ani mal s were subsampled With a calibrated automatic pipette to obtain a
subsample contai ni ng about 100 speci nens of the nost abundant copepod
species. Copepods were identified, counted, and recorded by se and
copepodi d stage.

The nunber of animals per 1000 niwas cal cul ated using the equations:

V (m) = haul length (M x nmouth area (nf)

Number (1000 mi) = LA (1000) . »n

v
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where V = volune of water filtered; A = nunber of animals counted; and n =
nunber of times the sanple was split.

References used to identify zooplankton are listed in Table 1.
4. Light

Percentage surface light was cal cul ated according
to the equation:

% surface = L x 100
Io

where | = light intensity (yE m~2 sec~!l) measured at depth; Io = incident
radi ation (uE m~2 sec—!) neasured above the ice.

The diffuse attenuation coefficient k(m-l)’ was cal culated fromthe
rel ationship:

2 = -kz
o 10
or
- og _I_
K = Io
z
where | = light intensity (uE m—2 sec~!) measured in the bottomice above
the ice algal layer: Io = incident radiation (uE m=2 sec~!) measured above

the ice; and Z = total thickness of the ice plus snow depth (m).

In the text, the diffuse attenuation coefficient (km‘l) is referred to
as the extinction coefficient.

VI. Results
A. Stefansson Sound, 1978-1979
1. Phytoplankton and ice al gae

Phytoplankton | evels in Stefansson Sound were |ow
during the winter period (Tables 2-3). In Novenber, 1978, unidentified
flagel lates, mostly < 6 wm in dianeter, were the nost conmon organisms. A
few diatons, including spores of Chaetoceros spp., and cells of Navicula
Spp . and Nitzschia spp., Were also present. A though the diatons contained
chloroplasts, they did not appear to be healthy. Chlorophyll a levels were
low .

Phytoplankton levels remained |ow in February and March with unidenti-

fied small flagellates being the nbst nunerous organisns. A few pennate
diatonms were also present. In February, there were many snall detritus
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Table 1. References used to identify zooplankton from Narwhal |sland,
spring 1980.

Cnidaria - Hydrozoa
Kramp, P. L., 1961
Shirley, D. W, and Y. M Leung, 1970

Ct enophor a
Leung, Y. M, 1970b

Arthropoda - Crustacea - Copepoda
Heron, G A, and D. M Dankaer, 1976
Jaschnov, W A, 1948
Lang, K., 1948
Li ndberg, K., 1953
Sars, G O, 1903-1911
Sars, G O, 1913-1918
Sars, G O, 1921

Arthropods - Crustacea - Mysidacea
Banner, A H., 1948a, b
Leung, Y. M, 1972b
Sars, G O, 1870

Arthropoda - Crustacea - Amphipoda
Bernard, J. L., 1969
Gurjanova, E., 1951
Sars, G O, 1895
Tencati, J. R, 1970

Arthropoda - Crustacea - Euphausiacea
Banner, A H, 1950
Leung, Y. M, 1970a
Zimmer, C., 1933

Chaet ognat ha
Dawson, J. K., 1971

Chordata - Larvacea
Leung, Y. M, 1972a
Lohmann, H., 1933
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Table 2. Phytoplankton and ice algae data from Stefansson Sound, 1978-1979
Standi ng Stock Chl a Phaeo Prim Prod
(Total cells/liter) (mg m™3) (mgm?) (mym3 (ng m2) (my C m 3 hr-!) (my C m2 hr-!)
Dat e Om 4m Om 4m ice Om 4m ice Om 4m ice
8 Nov 78 26000 14000 0.06 0. 07
9 24000 18000 0.02 0.02 0.12 0.12
10 0.06 0.06 0.06 0.08
11 0.05 0.05 0.04 0.05
12 0.06 0.04 0.07 0.06
13 0.06 0.04 0.05 0.06
14 0.07 0.04 0.05 0.05
15 0.05 0.06 0.06 0.06
16 46000 46000 0.06 0.06 0.05 0.05
15 Feb 79 36000 22000 0.02 0.01 0.07 0.04
12 Mar 79 46000 34000 0.01 0.00 0.03 0.02
13 0.00 0.01 0.02 0.03
14 ice core 38000 0.00 0.01 0.03 0.03
15 0.01 0.01 0.03 0.07
16 60000 82000 0.01 0.01 0.03 0.03
15 May 79 3 ice cores* 2.87 4,32 1.50
18 162000 38000 0.42 0.17 1.13 0.24 0.16 0.12 1.42
3 ice cores 2.70 3.36
19 0.67 0.24 1.05 0.43 0.16 0.80 0.31
3 ice cores* 2.53 2.83
20 208000 36000 1.19 0.23 0.89 0.33 0.11 0,26 1.42
ice core 23070000
4 ice cores* 3.01 1.99

*

average val ues
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Table 3. Phytoplankton and i

ce core standing stock (cells 2~1) from Stefansson Sound, 1978-1979.

Taxon

8 Nov 78

9 Nov 78

16 Nov 78 15 Feb 79 12 Mar 79

Om 4m

Om

4m

0Om 4m On 4m Om 4m

Di at ons
Amphiprora spp.
Amphiprora hyperborea
Chaetoceros spp.
Chaetoceros septentrionalis
Cylindrotheca closterium
Gyrosigma Spp.
Licmophora spp.
Melosira spp.
Navicula spp.
Navicula marina
Navicula pelagica
Nitasehia spp.
Nitzschia cylindrus
Nitzschia delicatissima
Nitzschia seriata cf.
Thalassiosira spp.
Thalassiosira Antarctica Cf .
Thalasstiosira gravida
Tropidonets sp.
Uni dentified pennate di atons
< 10 um
11 - 20 ym
21 - 30 pm
31 - 40 um
41 - 50 um
51 - 75 ypin
76 - 100 pm
101 - 150 um

2000
2000

2000

2000

2000

8000 2000 2000

2000
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Table 3.  (cent. )

Taxon

8 Nov 78 9 Nov 78

16 Nov 78

15 Feb 79 12 Mar 79

Om 4m Om 4m

Om

4m

Om 4m Om 4m

Unidentified flagellates

< 10 um

11 - 20 um
21 - 30 um
31 - 40 um
41 - 50 um

Identified flagellates
Calycomonas gracilis

Uni denti fied choanoflagellates
Uni dentified cryptomonads

Chrysophyte
Dinobryon petiolatum

Euglenophyta
Uni dentified euglenoid ef.
Euptreptiella sp. cf.
Urceolus Sp.

Chlorophyta
Platymonas sp. cf.

Pyrrophyta
Unidentified dinoflagellates
Gonyaulax sp.
Peridiniun spp.

20000 10000 20000 14000

2000

2000 2000

2000

44000 36000

2000

2000

32000 18000 40000 22000

2000

2000 4000 6000

2000




Table 3. (cont. )
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14 Mar 79 16 Mar 79 18 May 79 20 May 79 20 May 79
Taxon ice core Om 4m Om 4dm ice core Om 4m
Di at ons

Amphiprora spp. 50000
Amphiprora hyperborea 60000 6000
Chaetoceros spp. 4000 280000 4000
Chaetoceros septentrionalis 2000
Cylindrotheca closterium 2000 4000 80000 12000 4000
Gyrosigma spp. 2000 130000 2000
Licmophora spp. 530000 2000
Melosira spp. 40000
Navieula spp. 2000 550000 2000
Navicula marina 80000
Navicula pelagica 860000
Nitzschia spp. 2000 2000 2000 8000 2560000 10000
Nitzschia cylindrus 2000 14000 5880000
Nitzschia delicatissima 4000
Nitzschia frigida 6000 6080000 14000
Nitaschia seriata cf. 6000 12000
Thalassiosira spp. 6000
Thalasstiosira antarctica 12000
Thalassiosira gravida
Tropidonetis sp. 10000
Uni dentified pennate di atons

< 10 pm 2000 2000 2000 2000 190000 2000

11 - 20 ym 6000 2000 850000

21 - 30 pm 870000 4000

31 - 40 ym 8000 4000 320000

41 - 50 ym 200000 2000 2000

51 - 75 um 350000

76 - 100 um 30000

101 - 150 pm 80000
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Table 3.  (cont. )

14 NMar 79 16 Mar 79 18 May 79 20 May 79 20 May 79
Taxon ice core Om 4m Om 4dm ice core Om 4m

Unidentified flagellates

< 10 ym 2000 46000 64000 84000 34000 2740000 98000 28000

11 - 20 ym 2000 8000 320000 6000

21 - 30 ym 20000 4000

31 - 40 ym 10000 2000

41 - 50 um 20000
Identified flagellates

Calycomonas gracilis 2000
Uni dentified choanoflagellates 6000
Uni dentified cryptononads 2000 20000 2000
Chrysophyte

Dinobryon petiolatum 2000
Euglenophyta

Unidentified euglenoid cf. 2000

Euptreptiella sp. cf. 2000 10000 2000

Urceolus sp. 30000
Chlorophyta

Platymonas sp. cf. 4000 50000 2000
Pyrrophyta

Unidentified dinoflagellates 2000 4000 2000 60000 2000

Gonyaulax sp. 2000

Peridinium spp. 14000 20000 8000




particles in the water sanple collected from just beneath the ice (O m

whi ch made phytoplankton counting difficult. The detritus particles
probably came from dirty brash ice that formed a thick layer on the under-
side of the ice (Dunton pers. comm.). Not as much detritus was found in
the sample collected near the sea bed. Chlorophyll a levels were barely
det ect abl e.

By March, the number of individual diatom cells and the nunber of
di at om species increased with species that are comon in the spring begin-
ning to appear. Chlorophyll a levels were still | ow

One ice core collected by RU 6 on 14 Mar was anal yzed. The core,
about 30 cmlong and 2.5 cmin dianeter, was collected fromthe brash ice
| ayer on the underside of the ice. Navicula sp., Nitzschia spp., and
uni dentified pennate diatons were present, along wth Thalassiosira spp.
The | arge anpunt of detrital naterial nade positive identification of the
Thalassiosira spp. inpossible.

By May, nore diatom cells were present in the water colum, including
speci es of Chaetoceros, Cylindrotheca, Navieula, and Nitzschia. Unidenti-
fied flagellates, wusually ¢ 10 um in dianeter, were abundant, along with a
f ew cryptomonad, chrysophyte, and euglenoid species. Unidentified
Peridinium spp. and other unidentified dinoflagellates were present in |ow
nunbers.  Chlorophyll a levels in the water colum were still [ow, but
begi nning toincrease slightly.

An ice core collected on 20 May contained nmore than 23 x 10° cells
per liter, including diatons and flagellates. WNitzschia spp. were the
nost abundant organi sms with Nitzschiafrigida and N. eylindrus conprising
nearly 50% of the total population. Both of these species are common in
the ice in the Barrow area with ¥. frigida found in | arge nunmbers only in
the ice, while N, eylindrus is al so a prom nent conponent of the phyto-
pl ankton in spring (A exander et al. 1974; Honer 1976). CQher typical
ice organisns found included Eutreptiella sp., and Urceolus sp.
Eutreptiella sp. is sonetines found in the water colum also, but only
when ice is present (Homer unpubl. ohs.). Neither of these species
occurred in large nunbers. Chytridiaceous fungi were found to be para-
sitizing sonme of the pennate diatons.

Chlorophyll a levels in the ice cores were variable and phaeopigments
were high (Table 2).

Primary productivity was low in the water columm, averaging about
0.15 ng C m=3 hr-!. In the ice, primary productivity was much higher.
On 15, 18, and 20 May, productivity was consistently near 1.5 ng C w2 hr-},
but on 19 May, productivity was only 0.3 ng C mi “hr=! probably because of
the patchy distribution of the ice algae. On an areal basis (ng Cm 2 pr-ly
ice algal primry production was approximately tw ce that of the water
colum .

2. Nutrients and salinity

Nutrient and salinity data from May 1979 are given in
Table 4. On 18, 19, and 20 May, a lens of low salinity water {ca.
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Table 4. Nutrient and salinity data from Stefansson Sound, My 1979.
Where no nunber is present, no sanple was taken.

Nutrient Concentrations

(ug-at £71) Salinity
Dat e NO 4 NO, NH3 PO, Sio, (1" 00)
15 May
Om
4 m
ice 1.35 0.14 2.68 1.38 19.90
18 May
Om 1.55 0.04 1.07 0.20 24.06 18. 28
4 m 4.69 0.17 0.84 1.42 13.34 35.20
ice 1.19 0.06 2.85 0.74 20.62 15. 26
19 May
Om 1.57 0.06 1.68 0.39 26.27 18.32
4 m 4.72 0.16 0.24 0,95 13.23 35.19
ice 1.24 0.05 1.87 0.50 21.02 15.94
20 Vay
Om 1.01 0.05 1.04 0.24 24.53 16. 57
4 m 4.46 0.16 0.79 0.91 13.43 34.76
ice 0.76 0.06 2.66 0.46 20.56 14. 05
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16-18°/00) was detected at the surface, which resulted frommxing with
fresh water from the Sagavanirktok River, flowing into the sound ea. 10 km
to the south. The sea ice had not started to melt. Salinities fromice
cores were lower than surface water values, probably because of dilution
fromnelting ice in the core sanples.

Phosphate, nitrate, and nitrite concentrations were highest in the
water colum at 4 m  Silicate concentrations were highest at O m which
may have been due to the influence of the Sagavanirktok River, as silicate
content of rivers draining into the Beaufort Sea is known to be high
(Hufford 1974b). The concentration of ammonia in the ice, ca. 2-3 ug-at 2‘1,
was approximately twice the surface water level , and probably resulted from
excretion by fauna associated with the bottom of the ice, reflecting the
relatively high biological activity of this zone.

3. Zooplankton

Forty-nine categories, including 37 species and 12
other categores, including larval stages or where identification was made
to genus or other higher taxonomic level , were identified in zoopl ankton
sanples collected in Nov 1978, Mar and May 1979 in Stefansson Sound (Table
5). Relative abundance and distribution through time are given in Table 6.

Copepods were the nost abundant organisms collected in Nov 1978.
Pseudocalanus elongatus was the dom nant species. It was present as

stages Ill, 1V, V, and VI, and both males and femal es were present. Stage
|| copepodids were found once. Pseudocalanus maj or was al so abundant with
stages Il, IIl, 1V, V, and VI and both males and fenales being present.

Derjuginia tolliwaspresent as stages |V fermales, V nostly fenales, and
VI males and females, while Acartia longiremis was present as stage VI
mal es and females. COther copepods were present in small numbers. The
only cyclopoid copepod was Oithona similis with abundant adult females
being found twice.

O her aninmals present included Mysis spp., the anphipods Anonyx nugax,
Boeckosimus plautus, Onisimus litoralis, and Orchomenella pinguis, and the
chaetognath Sagitta elegans. None of these animals was very abundant.

In Mar 1979, Pseudocalanus elongatus was still the dom nant copepod
with stages I, II, IIl, IV, V, and VI all being present. Oher copepods
included Calanus glacialis stages |, ||, and III; Microcalanus pygmaeus
stages Ill, IV nales and females, V nales and females, and VI only females;
Pseudocalanus majorasstages | and II1l, and IV and V nales and fenal es;
Eurytemora richingsi stages |11, IV nostly females, and V females; Metridia
lucens stages I, Il, and Ill; and many unidentified nauplii. The presence
of early life history stages may indicate some reproduction occurred during
the winter. The cyclopoid Oithona similis as stages Il, III, IV, and V

femal es and VI nmales and fenal es and Oncaea borealis asadult males and
femal es were present usually in |ow nunbers.

Also in Mirch, a few hydrozoans were present along with some poly-
chaete larvae. A cladoceran, Eubosmina longispina, was found once and
ostracods were also found once. A few anphipods were present and a few
Sagitta elegans.
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Table 5. Zoopl ankton species from samples collected in Stefansson
Sound, Nov 1978, Mar and May 1979.

Cnidaria - Hydrozoa
Halitholus eirratus Hartlaub
Sarsia tubulosa (M Sars)
Unidentified Hydrozoa

Ctenophora
Pleurobrachia pileus (O. F. Miller)

Nemat oda - unidentified species

Annelida
Polychaeta - unidentified |arvae

Arthropoda - Crustacea
Cladocera
Eubosmina longispina (Leydig)
Ostracoda - unidentified species
Cirripedia
Balanus sp. nauplii
Unidentified |arvae
Unidentified parasitic |arvae
| sopoda - unidentified epicaridean parasite
Copepoda
Calanoida
Calanus glacialis Jaschnov
Calanus hyperboreus Krgyer
Microcalanus pygmaeus (G O Sars)
Pseudocalanus elongatus (Boeck)
Pseudocalanus major G QO Sars
Derjuginia tolli (Linko)
Eurytemora richingsi Heron and Damkaer
Metridia longa (Lubbock)
Metridia lucens Boeck
Limmoealanus macrurus G. O, Sars
Acartia longiremis (Lilljeborg)
Cyclopoida
Oithona similis Claus
Cyclopina gracilis (Claus)
Cyclopina sp. A
Cyelopina sp. B
Cyclopinodes sp. A
Oncaea borealis G O Sars
Har pacti coi da
Pseudobradya m nor (T. & A Scott)
Harpacticus superflexus Willey
Tisbe furcata (Baird)
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Table 5.  (cent. )

Mysidacea
Mysis litoralis (Banner)
Mysis oculata (Fabricius)
Mysis relicta (Lovén)
Amphipoda
Gammaridea
Atylus carinatus (Fabricius)
Weyprechtia pinguis (Krdyer)
Anonyx nugax (Phipps)
Acanthostephetia behringiensis (Lockington)
Boeckosimus plautus (Krdyer)
Onigimus glactialis Sars
Onisimus litoralis (Krdyer)
Orchomenella pingutis Boeck
Lagunogammarus wilkitzkii (Birula)
Hyperiidea
Parathemisto libellula (Liechtenstein)
Euphausi acea
Thysancessa raschii (M Sars)
Uni dentified calyptopis

Chaet ognat ha
Sagitta elegans Verrill

Chordata - Larvacea
Fritillaria boreal i s Lohmann
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Tabl e 6a
Sound
0.5 m
0 =50 000; x = > 10001.

1978-1979. Nov 1978 sanples collected with a 0.75 mring net,
rin%onet, mesh size 216 ym. Where no synbo
01 -

P = <« 1000; A = 1001 - 5000;

Rel ative abundance and distribution through tinme of zooplankton taxa other than copepods collected in Stefannson

mesh size 308 pm Nar and May 1979 sanples collected with a
is present, no aninmals were found

Taxon

10

10

Nov
11

11

12

12

13 13

14

14 14

Cnidaria - Hydrozoa
Aeginopsis laurentii
Euphysa flammea
Halitholus eirratus
Sarsia tubulosa
Uni dentified Hydrozoa

Ctenophora
Pleurobrachia pileus

Polychaeta - unidentified |arvae

Arthropoda

Cladocera

Eubosmina longispina
Ostracoda - unidentified
Cirripedia

Balanus SP. nauplii

Unidentified |arvae

Unidentified parasitic larvae
| sopoda

Unidentified epicaridean parasite
Mysidacea

Mysis litoralie

Mygis oculata

Mysig relicts

Uni dentified species

oo

U070
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Table 6a.  (cent. )

Taxon

Nov

11

13

14

Amphipoda
Gammaridea
Aty lus carinatus
Weyprechtia pinguis
Lagunogammarus wilkitakii
Anonyx nugax
Acanthostepheia behringiensis
Boeckosimug plautus
Onigimus glacialis
Oniginus litoralis
Orehomenella pinguis
Unidentified species
Hyperiidae
Parathemigto libellula
Euphausiacea
Thysanoéesa raschii
Unidentified calyptopids

Chaetognatha
Sagitta elegans

Unidentified animls
Unidentified invertebrate eggs

o>

o
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Table 6a. (cont.)

Taxon

14

Nov Mar May
15 16 16 16 12 12 13 13 14 14 15 16 16 16

Cnidaria - Hydrozoa
Aeginopsis laurentit
Euphysa flammea
Halitholus cirratus
Sarsia tubulosa
Uni denti fi ed Hydrozoa

Ctenophora
Pleurobrachia pileus

Polychaeta - unidentified

Arthropods

Cladocera

Eubosmina longispina
Ostracoda - unidentified
Cirripedia

Halanus SpP. nauplii

Unidentified larvae

Unidentified parasitic larvae
Isopoda

Unidentified epicaridean parasite
Mysidacea

Mysis litoralis

Mysis oculata

Mysis relicta

Unidentified species

melne)

peinv)
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Table 6a, (cont.)

Taxon 14 15

Nov
16

16

16

12

12

13

Mar
13

14

14

15

16

16

May
16

Amphipoda
Gammar idea
Atylus carinatus
Weyprechtia pinguie p
Lagunogarmarug wilkitzkit
Anonyx nugax
Acanthostepheia behringiensis
Boeckosimus plautus
Onisimus glacialtis
Onigtmus litoralis
Orchomenella pingute
Unidentified species
Hyperiidae
Parathemisto libellula
Euphausiacea
Thysanogssa raschii
Uni dentified calyptopids

Chaetognatha
Sagitta elegans

Unidentified animls
Unidentified invertebrate eggs

U o
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Table 6b. Relative abundance and distribution through time of copepods collected in Stefansson Sound, 1978-1979. Nov 1978
sanpl es collected with a 0.75 mring net, nesh size 308 im; Mar and May 1979 sanples collected with a 0.5 mring net, mesh size

216 wm. \Were no synbol is present, no animals were found. P =< 1000; A = 1001 - 5000; O = 5001 - 10000; X = 10001 - 20000;
e = 20001 - 50000; + = >50001; m=nale;, f = female.

Nov
Taxon 8 8 9 9 10 10 11 11 12 12 13 13 14 14 14
Calancida
Calanus glacialis VI m
f X
I m
f [
I X
|
Calanus hyperboreus Vm
f .
Microcalanus pygmaeus VI m
f X
Vm
f
[V m
f
111 m
f
Pseudocalanus elongatus VI m o . ] o e X +
f o °« + + + + I- + + + + + + + +
Vm + + + + + + + + + + + + + + +
f + + + + + + + + . + + + + + .
wm + + + + + + + + + + + + + + +
f + + + + + + + + + + + + + + +
111 m
f + + + + + + + + + + + + + + +
11 .
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Table 6b.  (cont.)

Nov
Taxon 8 10 10 11 11 12 12 13 13 14 14 14
Pseudocalanus major VI m ] +
f ] ) +
Vm t + + e
f [ + [} e [
IV m + + +
f + + +
[Tl m
f + +
11 ©
|
Derjuginiatollt VI m (-] ] ] ] +
f (] ] + X
Vm ]
f [ ] L] + X
[V m
f ® L)
Eurytemorarichingst V m
f
IV m
f ]
111 m
f
Metridia lucens VI m
f
[Tl m
f
11
\
Limmoecalanus macrurus VI m (]
f ) o X ] X
Acartia longiremis VI m ® ® X
f [ ) ] X [ ]
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Table 6b.  (cent. )

Taxon

10

10

11

Nov
11

12

12

13

13

14

14

14

Uni dentified nauplii

Cyclopoida
Oithona gimilis V| n
f
Vm
f
[V m
f
111 m

Cyclopina gracilis V|f m
Cyclopina sp. A VI m f
Cyclopina sp. g VI :n

Cyelopinodessp. A VI T m

Onecaea borealis VI m
f

Harpacticoida
Pseudobradya minor j uveni | es
Harpacticus superflexus VI m
f

juveniles
Tisbe furecata i m

f
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Table 6b. (cont.)

Nov Mar . May
Taxon 14 15 16 16 16 12 12 13 13 14 14 15 16 16 16
Calanoida
Calanus glactalts Vi m
f
III m
f )
11
I P P
Calanus hyperboreus V m
f
Microcalanug pygmaeus VI m
f P P P P P P
Vm P
f P
IVm P P
f P P a
IIT m P
f [} P P P
elongatus Vi m = . x P a
£ + + . + + P P P P A
Vm + T . + A o 0 s A A o}
f + . + + P P A P P b
IV m + + * + b4 X o P x [ ] 0 X o a
£ oo A * o © o ° + o X © o
IIl m * +
f + + + + + + + L o + [ ] ® A
I1 (e} (¢} o} P Q, 0 P A A
I A A A Ro A P P iy




°¥eé

Table 6b.  (cont.)
Nov Mar May
Taxon 14 15 16 16 16 12 12 13 13 14 14 15 16 16 16
Pseudocalanus major VI m
f
Vm . P 0
f + [ ] [ P
IVm + A
f X A
[T m
f p
11
| p
Derjuginia tolli VI m
f o
Vm
f
[V n
f
Eurytemora richingsi V m
f p
[V m p
f p A p
111 m
f p
Metridia lucens VI m
f
[Tl m
f P
11 P p p
I P
Limmocalanus macrurus V| o
f X
Acartia longiremis VIim P A

f [ J

o
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Table 6b. (cont.)

Nov Mar May
Taxon 14 15 16 16 16 12 12 13 13 14 14 15 16 16 16
Uni dentified nauplii 0 0 (o] 0 X X (0] A 0 e
Cyclopoida
Oithona gimilis VI m P P P A
f A A A ]
Vm X X 0
f X
[V m X 0 0
f A
(1] m
< P P A
Cyclopina graeilis V1 m
f A
Cyelopina sp. A VvIm R
f
Cyelopina sp.B  vim
A
Cyelopinodes sp. A VI m
f A
Oncaea borealis VI m P A
f A P
Harpacticoida
Pgeudobradya minor j uveni | es °
Harpacticus superflexus VI m A
f P
juveniles 0
Tisbe furcata VI m P

f




Only one sanple was collected in md-My in conjunction wth another
project. Pseudocalanus elongatus was still the nmpst common animal with
stages I, 111, IV, Vv, and VI males and fermal es being present. A few
Mierocalanus pygmaeus stages |1l and IV were present along with stage VI
Acartia longiremis mal es and femal es. The cyclopoids Oithona similis as
stages Ill, 1V, and V females and stage VI males and females; and
Cyelopina gracilis, Cyelopina spp. and Cyclopinodes sp. stage VI's were
al so present. The harpacticoid, Harpacticus superflexus, was rel atively
common as juveniles and adult nales and females.

B. Narwhal Island, spring 1980
1. Primary productivity

During April, ice algal productivity was low, < 0..2
mg C m=2 hr~! (Table 7, Fig. 3). Productivity began to increase during
the first week in My when submarine light levels increased (Fig. 3), and
reached a peak of 0.8 ny C m™2 hr~! on 8 May. A week of storny weat her
with fog and blowi ng snow fol |l owed. When sanpling resumed, submarine |ight
had dropped to one-half the previous level and productivity to cu. 0.1 mg
C m2 hr=!, Presumably in response to increasing light |evels, productiv-
ity increased to a high of 2.7 mg C m2 hr=* on 29 May. (n this date, snow
was conpletely gone from the surface of the ice and overflow from the
Sagavanirktok River was first noticed by the divers. By the next sanpling
day, the soft bottom |ayer of ice containing the ice algae had begun to
di ssociate fromthe ice and fornmed a slush layer |oosely associated wth
the undersurface of the ice. Small pieces of this slush layer clouded the
water colum. Productivity dropped during the follow ng week, but increased
to 2.6 mg C m *hr~! on 7 Jun, conparable to the previous high level. By
11 Jun, the underside of the ice had begun to nmelt and erode, and the al gal
| ayer was no |onger evident.

Surface and 7 m water colum productivity values were integrated to
give productivity on a nfbasis to allow conparison with ice algal and
bent hi ¢ microalgal communities (Fig. 3). Surface and 7 m water colum
productivity are also give on a mbasis (Fig. 4a).

Water colum productivity was low, < 0.2 mg Cm’hr~!, during April
and the first half of My, but increased during late May and early June.
w0 productivity peaks were evident, 22 May and 7 Jun, which coincided with
periods of high ice algal productivity. The highest productivity, 0.4 ng
C o3 hr-1, occurred at O mon 7 Jun and probably resulted fromthe ice
algal layer that was rapidly disintegrating into the water colum. Produc-
tivity occurred primarily at Om, with productivity at 7 mnear the limt
of detection throughout nmost of the study.

Benthic productivity remained near or below the limt of detection,
ea. 0.01 ng C w2 hr-!, throughout the study. Light reaching the benthos
was only ea. 0.2% of surface levels, and probably limted growth. Al though
light levels in the ice increased as the snow nelted, shading from the
growing ice algal layer prevented an increase in light at depth.

Daily and total primary productivity contributed by the ice algae,
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Table 7. Sunmary of data from Narwhal Island, spring 1980. \Were no nunber is present, no sanple was
taken. O and 7 m productivity and plant pigment data are in ng m~3, * indicates questionable data; + =

55 44

based on 24 hr incubation; - = dark uptake greater than |ight.
Dept h Li ght Chl a Phaeo Prim Prod Salinity NO; NO, NH3 PO, SiOy
Sta Date (M (%Stc) (Mg m-2) (mg Cm~2 br=l)  (°/.0) (ng-at &71)
1 10 Apr ice 1.2 0.1 0.14 34.503 10.6 0.13 1.08 25
0 0.1 0.1 0.01 35.213 101  0.07 0.01 127 22
7 0.1 0.0 35.712 106 010 0.00 130 23
s ed
2 12 ice
0 0.4 0.0 0. 01t 34.962 10.3 0.08 0.18 134 23
7 0.1 0.0 0.01% 35.312 10.3 0.08 0.00 125 23
sed
3 14 ice 0.05 33.731 10.3 010 0.75 108 24
0 0.1 0.0 0.01 34.772 10.3 0.07 0.00 143 23
7 0.0 0.0 35.077 105 0.08 0.00 129 23
sed 0.7 1.5
4 17 ice 0.4 0.1 0.03 33.825 10.6 0.10 112 4.06* 23
0 0.1 0.0 0.04 34.911 105 0.06 001 133 23
7 0.0 0.0 35.264 106 0.09 0.00 132 24
s ed 13.3 5.0 < 0.01
5 19 ice 0.4 0.0 0.08 34.020 10.3 0.07 0.59 10.50° 24
0 0.1 0.1 0.05 34.745 10.2 0.05 0.10 3.31* 23
7 0.0 0.0 0.01 35.528 10.8 0.09 0.00 4.55* 24
sed 0.9 1.6 < 0.01
6 24 ice 2.4 0.2 0.07 32.582 99 011 069 117 23
0 0.1 0.0 0.04 34.240 10.2 0.04 005 163 23
7 0.1 0.0 0.01 35.312 11.0 009 000 149 24
sed 6.8 3.1 < 0.01
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Table 7.  (cent. )

Depth Li ght Chl a Phaeo Prim Prod Salinity NO3 NO, N3 PO, sio4
Sta  Date (m (% Sfc) (M m=2) (g C w2 he=l) (/) (ug-at 271)
7 28 ice o. 01"
0 0.34 0. 01+
7
sed
8 29 ice 0.06 0.0 0.0 0.02 31.646 10.3 0.13 0.77 1.03 24
0 0.02 0.2 0.1 0.06 34.332 10.3 0.05 0.02 11.82* 24
7 0.08 0.1 0.1 35.176 10.8 0.08 0.00 3.60* 24
s ed 1.4 1.5
9 2 My ice 0.65 8.3 1.2 0.22 33.069 9.0 0.23 0.54 4.40* 20
0 0.52 0.2 0.1 0.01 34.381 10.0 0.07 0.14 15.63* 24
7 0.21 0.1 0.0 35.320 10.7 0.08 0.14 25.26* 26
s ed 9.5 5.8
10 5 ice 1.37 4.3 0.3 0.35 33.046 9.0 0.17 0.74 4.94~* 21
0 0.87 0.3 0.1 0.01 34.436 9.7 0.06 0.06 1.49 23
7 0.20 0.3 0.2 35.593 10.8 0.08 0.01 1.39 24
sed 8.3 4.2 0.01
11 6 ice 0.89 0.33+
0 0.84 o0.04%
7 0.18 0.01*
sed <o0.01%
12 8 ice 0.81 2.2 0.3 0.77 32.632 9.6 0.28 0.76 1.13 23
0 0. 49 0.2 0.2 0.05 34.571 9.6 0.08 0.09 1.36 23
7 0.24 0.0 0.0 35. 707 11.0 0.07 0.08 1.49 24
s ed 1.4 1.8 0.02




Table 7. (cent. )

) 44

Dept h Li ght Chl  a Phaeo Prim Prod Salinity NO3 NO , NH, P04  SiOy
Sta Date (m (% Sfc) (ng m=?) (rng C m™2 hr-1) (°/oo) (ug-at £71)
13 15 ice 0.64 1.2 0.1 0.11 33.727 11.0 0.19 0.81 1.18 22
0 0.37 0.1 0.1 0.07 34.540 9.5 0.07 0.21 1.90 22
7 0.13 0.3 0.1 35.446 10.5 0.08 0.15 1.52 24
S ed 2.5 2.5 0.07
14 17 ice 0.74 2.5 0.3 0.24 33.046 10.5 0.10 1.48 1.49 23
0 0.55 0.3 0.1 34.340 9.3 0.07 0.16 1.34 22
7 0.17 0.1 0.1 0.06 35.054 10.1 0.08 0.06 1.36 23
sed 6.0 3.7
15 19 ice 1.16 0.35+
0 0.68 0.01+
7 0.23
sed 0.03+
16 20 ice 1.48 3.9 0.5 0.51 32.648 11.9 0.21 0.64 1.27 23
0 0.69 0.3 0.1 0.07 34.028 9.4 0.09 0.12 1.74 23
7 0.24 0.1 0.1 34.895 10.1 0.10 0.02 1.41 24
s ed 0.7 1.0
17 22 ice 1.08 14.4 1.5 0.71 31.601 10.7 0.19 0.77 1.36 19
0 0.72 0.2 0.1 0.21 33.742 9.0 0.08 0.04 1.40 22
7 0.1 0.1 0.09 34.520 9.6 0.10 0.00 1.42 23
sed 14.2 7.7
18 24 ice 11.1 0.3 0.55 31.016 14.0 0.28 1.03 2.06 21
0 0.4 0.1 0.13 33.625 8.9 0.08 0.02 1.60 22
7 0.1 0.1 0.13 34.326 9.6 0.09 0.02 1.50 23
sed 7.2 5.2
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Table 7.

(cent. )

Dept h

Li ght

Chl a Phaeo

Prim Prod

Salinity NO3 NO, NH3 PO, S1i0,
Sta Date (m (% sfc) (my m=2) (my Cmz hr-!) (°/o0) (ng-at 271)
19 26 ice 0. 87 13.5 1.5 0.38 30.046 16.6 0.20 1.52 1.89 22
0 0. 36 0.8 0.2 0.09 33.595 8.9 0.07 0.00 4.36 22
7 0.20 0.2 0.1 33.877 9.3 0.08 0.00 3.94 23
s ed 6.1 2.9
20 29 ice 1.74 12.7 1.6 2.64 32.318 96 0.13 054 146 20
0 0.81 0.2 0.1 0.06 34.122 9.1 0.09 000 136 23
7 0.59 0.1 0.1 34.383 95 0.09 000 140 23
S ed 0.9 0.8 0.02
21 31 ice 2.00 26.5 3.2 0.77 32.875 174 032 120 153 20
0 0.94 0.5 0.2 0.04 34.208 9.1 0.09 003 141 23
7 0.27 0.1 0.1 34.345 94 0.09 000 129 23
sed 16.5 6.0 < 0.01
22 2 Jun ice 1. 86 20.4 3.4 0.36 31.516 180 0.17 087 1.68 22
0 0.50 0.3 0.2 0.05 34.031 87 0.09 003 133 22
7 0.19 0.1 0.1 0.03 34.497 9.7 0.09 001 127 23
sed 10.9 5.6 0.02
23 3Jun ice 1.36 0.72"
0 0.33 0.02+
7 0.18 0.01+
sed
24 5 ice 1. 30 12.0 2.0 0.46 31.659 1611 0.18 1.08 228 22
0 0.56 0.07 33.662 82 009 011 111 21
7 0.14 0.2 0.1 0.16 34.781 10.4 0.10 0.07 16.95* 25
s ed 28.7 6.6 < 0.01
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Tabl e 7.

(cent. )

Sanpl e Li ght Chl a Phaeo Prim Prod Salinity NO 3 NO2 NH3 PO, Si04
Sta Date (m (% Sfc) (ng m”2) (mg C m=2 hr~l) (°/oo) (ng-at 271)
25 7 ice 4.01 17.2 2.7 2.60 31.207 9.7 022 1.8 177 22
0 2.65 0.7 0.7 0.42 32.911 80 010 043 138 21
7 0.33 0.2 0.2 34.725 104 0.09 000 138 24
sed 17.0 7.9
26 9 ice 1.83 18.0 2.9 1.69 26.383 78 021 433 136 21
0 0.41 1.0 0.1 28.192 81 009 064 127 20
7 0.24 0.1 0.1 34.541 10.2 0.09 000 122 23
sed 4.8 2.7 0.01
27 11 ice 2. 80 0.1 0.0 16. 385 7.1 0.09 2.26 2.86 21
0 1.51 1.4 0.3 0.01 24.086 9.9 0.09 0.64 2.62 23
7 0.23 0.5 0.1 0.01 33. 843 6.8 .0.16 0.11 0.88 23
s ed 12.2 6.3
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phytoplankton, and benthic comunities during the study period is summarized
in Table 8. Production rates based on 4 and 24 hr incubation periods often
differed, but these differences arenot considered significant in relation to
the high variance found anong replicate cores and successive sanpling days.
During this period the ice algal community contributed 688 my C m~2; the
phytoplankton, 380my Cm? and the benthic community ea. 12 ngy C m-2.
Thus, approximately two-thirds of the primary production occurred in the
bottomice, about one-third occurred in the water colum, nmainly at the
surface, and productivity in the benthos was negligible.

2. Plant pigments

Ice algal chlorophyll a followed a pattern simlar to
that shown for primary productivity. Chlorophyll a levels were relatively
low during April, ea. 1 ng m2, and increased to over 26 ng ni’during the
second half of May (Fig. 5). Levels renained fairly constant for ca. three
weeks and then dropped to near zero at the termination of the bloom on
11 Jun.

Pi gnent concentrations in the water colum renained |ow throughout nost
of the study period, rising slightly near the termnation of the ice alga
bloom At 7 m levels were fairly constant, fluctuating between < 0.1 ng
nt3 toea. 0.4 ng m*(Fig. 4b). Chlorophyll a concentrations at O m were
about equal to those found at 7 mduring April and early May, but increased
significantly during the ice algal bloomin late May and early June, reach-
ing a peak of 1.4 ng n~3 on 11 June. The high surface levels of chlorophyll
a near the end of the bloomreflect the large quantity of ice algae dropping
from the undersurface of the ice into the water colum.

Chlorophyll a levels in the sediments were conparable to those found on
the undersurface of the ice with both communities showing sharp increases
during the late May through early June period. During April, however,
benthic chlorophyll a levels were ea. five tines greater than those found in
the ice algal comunity. Fluctuations in chlorophyll a levels in the sedi-
ments were greater than in the ice, which nay be a function of patchiness
and differences in sanpling technique. Three replicate cores were used to
sanple the ice algal pignents, but only a single sedinment core was taken for
benthi ¢ pigment determ nations.

Because primary productivity in the sedinments was negligible, it appears
likely that the high chlorophyll is frombenthic microalgae remaining in the
sediments from the previous season of productivity. This is supported by the
high chlorophyll levels in April, when ice algal productivity was low.  Sub-
sequent increases in benthic chlorophyll probably resulted from algae falling
fromthe ice, and accumulating in the sedinents, as the relative anmount of
phaeopi gnments found in the sediments increased during the course of the ice
al gal bl oom

The relative anount of phaeopigments in the ice was very |ow conpared
with the water colum and sedinents. The ratio I phaeopigments:: chl oro-
phyll a was 0.13 for the ice; 0.40 at Om 0.55 at 7 m and 0.49 in the
sediments indicating an increase in the relative anount of phaeopigments
with depth. As phaeopignments are degradation products of chlorophyll a,
one woul d expect this increase with depth because of sinking of fecal
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Table 8. Daily and total primary productivity of ice algal, water
colum, and benthic communities. Daily rates were calculated by nultiply-
ing the hourly productivity rate by the day length in hours. Total carbon
fixed was calculated by integrating daily rates over the study period.

= 'based on 24 hr incubation period.

Prim Prod
Day Length (my C 2 day~1)
Dat e (hr) I ce \at er Bent hos
10 Apr 15.5 2.2 0.62
*12 15.8 1.10 0
14 16. 4 0.8 0.7 0
17 16.6 0.5 2.3 0
19 16.9 1.4 3.6 0
24 17.8 1.2 3.7 0
*28 18.5 0.01 1.0 0
29 18.7 0.4 3.9 0
2 May 19.3 4.2 0.8 0
5 19.9 7.0 0.8 0.2
* 6 20.2 7.9 4.3 0
8 20.7 15.9 3.6 0.4
15 22.8 2.5 5.7 1.6
*17 24.0 5.8 5.0 0
19 24.0 8.4 0.5 0
20 24.0 12.2 6.0 0
22 24.0 17.0 25.2 0
24 24.0 13.2 21.8 0
26 24.0 9.1 7.7 0
29 24.0 63.4 5.0 0.5
31 24.0 18.5 3.4 0
5 2Jun 24.0 8.6 6.7 0.5
3 24.0 17.3 2.6 0
5 24.0 11.0 19.4 0
7 24.0 62.4 35.3 0
24.0 40.6 0 0.2
11 24.0 1.7 0
Tot al 638 380 12

251



3C

— n N
w (&) n

CHLOROPHYLL 9 (mg m™2)
o

e |CE ALGAE
o---n PHYTOPLANKTON
o-=-0 BENTHIC MICROALGAE

Fig. 5. Chlorophyll a (mg m=2), spring 1980. Chl or ophyl
of the ice algae is the average of three replicate cores; chloro-
phyll a of the benthic microalgae i s fromone core; chlorophyll «

of the water columm was calculated by integrating values from

Oand 7 m

252

a



pellets from grazing herbivores, and from dead algal cells falling fromthe
ice and water col um.

On 11 May, a station inside Stefansson Sound in the boul der patch area
was sanpled for chlorophyll a in the bottomice. The average concentration
fromtwo ice cores was 0.24 my m~2, which was |ow conpared with the station
outside Narwhal Island. The ice in Stefansson Sound was turbid and under-
ice light levels were |ow.

3. Standing stock
a.  Cell nunbers

Smal |, unidentified flagellates, nostly <6 um in
diameter, accounted for ea. 50% of the cells in the ice algal commnity
(Fig. 6). The remainder of the cells was predom nately pennate diatons,
with low nunbers of centric diatoms, dinoflagellates, and other flagellates.
In the water columm, microflagellates were by far the nost numerous
organi snms, exceeding the concentration of diatoms by an order of magnitude
(Fig. 7; Appendix 11-2). Al though microflagellates are considered to be
i nportant prinmary producers in the ocean (Ml one 1971), those found in this
study did not appear to be photosynthetic. Cell concentrations at the
surface remmined nearly constant and did not reflect changes in primary
productivity or chlorophyll a. Microflagellate concentrations at 7 m de-
clined by an order of magnitude during the ice algal bloomin late My and
early June. Microflagellates were not considered further here because they
are apparently not photosynthetic.

Ice algal cell concentrations were quite variable, fluctuating between
ea. 1 x 10'and 1 x 10°cells m=2 during the April to nid-Muy period (Fig.
8, Appendix 11-3). Sanples collected after 20 May were far |ess variable,
6.6 x 10* - 1.2 x 10°cells m=2, suggesting a nore patchy distribution
earlier in the study, and nore uniformty during the height of the bloom
Cell concentrations correlated well with levels of chlorophyll a.

The concentration of algal cells in the water colum was generally at
| east an order of magnitude lower than that found in either the bottomice
or benthos, averaging ea. 1 x 10°'cells 21 at the surface and 1 x 10°cells
m*for the entire water colum. Cell numbers fluctuated greatly during the
April to md-Muy period, but stabilized during the ice algal bloom period.

Limted resources permtted the enumeration of only a portion of the
benthic standing stock sanples, but seven cores were anal yzed, corresponding
to the highest and lowest levels of chlorophyll a. Cell nunbers correlated
well with chlorophyll a values and were as high as those found in the ice
al gal comunity. Average cell size in the benthic comunity, however, was
consi derably smaller than was found in the ice algal conmunity. Cell con-
centrations were fairly constant, ea. 3xl o*- 3 x 10°cells m~2, suggest--
ing a more uniformdistribution than in the ice algal comunity.
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b.  Species conposition
1. lce algae

Seventy-three taxa including 43 species were
identified fromice cores. These included 58 species or genera of pennate
diatoms, three centric diatons, four dinoflagellates, and six flagellates
(Tabl es-9-10). The ice algal comunity was strongly dom nated by pennate
diatons, with a single species, WN{tzschia cylindrus, accounting for an
average of 47% of all diatonms counted. O her pennate diatom species that
were nunerically inportant included Anphora ocellata, Cylindrotheca
clostertum, Navicula directs, N. transitans, and Nitzschia frigida.

Centric diatons were represented by few species and in | ow nunbers.
Thalassiosira gravida was the npost conmon, occurring in one-third of the
sanpl es. Chaetoceros septentrionalis was found once on 9 June, and other
smal | Chaetoceros spp., < 10 um, were present in three sanpl es.

Dinoflagellates were found in | ow numbers throughout the study and
were predomnantly unidentified athecate forms. Peridinium grenlandicum,
Amphidinium sp., and Gymnodinium sp. were al so found. Unidentified
flagellates, < 6 um in diameter, were often dom nant organisns in the ice.
O her flagellates found were Dinema litorale, Eutreptiella sp., Urceolus
sp., Platymonas sp., Cryptomonas spp., and an unidentified euglenoid.

Changes in comunity structure and conposition were noted during the
course of the bloom During April to md-My, species diversity was
relatively low and was inversely related te cell nunbers (Fig. 9). Changes
in diversity were due largely to changes in the relative percentage by cell
nunbers of WNitzschia eylindrus. Fluctuation in cell nunbers reflect the
patchy distribution of the ice algae, suggesting that within patches (high
cell nunbers) the community was nore strongly domi nated by N cylindrus.
During the second half of May, when chlorophyll a and standing stocks
increased precipitously and stabilized at high levels, the diversity of the
community began to increase. Nitzsehia eylindrus becane |ess dom nant and
cells often appeared unhealthy. Both N. eylindrus and another dom nant
species, Navicula spicula, were parasitized by chytridiaceous fungi.

Several species becane common that had not been identified previously, or
that had occurred rarely earlier in the study. These included Achnantnes
taeniata, Anphora ocellata, Cylindrotheca closteriwm, Navicula directs,
Nitzschia sp. A, Pimnularia quadratarea var. kerguelensis, Synedra sp., and
Thalassiothrix sp.

A bottomice sanple collected with a SIPRE corer on 9 Nov 1980 by RU
537 contained the same species that made up the spring assenbl age. Nitzschia
eylindrus domi nated the community, conprising 92% of the cell nunbers.

2. Phytoplankton

Fifty-six taxa, including 35 species, were
identified in sanples fromthe water colum (Tables 11-12). These species
were predomnantly the same as occurred in the ice, with pennate diatons
bei ng the dominant group. Unidentified flagellates, < 6 um in dianeter,
were also abundant. Only five species were identified from the water
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Table 9. Microalgae species fromice cores collected off Narwha
I sl and, spring 1980.

Pennat e di atons
Achnanthes taeniata Grunow
Achnanthes sp.
Amphiprora paludosa var. hyperborea (Grunow) Cl eve
Amphiprora formosa Meuni er
Amphiprora kjellmanii Cleve
Anphor a laevis G egory
Anphor a ocellata Donkin cf.
Anphora spp.
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Diploneis spp.
Eunotia spp.
Fragilaria spp.
Gomphonema exiguum var. arctica Grunow
Gomphonema kamtschaticum Grunow
Gyrosigma fasciola (Ehrenberg) Cleve
Gyrosigma spenceri (W. Snmith) Giffith & Henfrey
Gyro-Pleurosigma spp.
Liemophora spp.
Navicula bolleana (Grunow) Cleve cf.
Navicula eancellata Donkin
Naviecula directa (W Smith) Ralfs in Pritchard
Navicula kjellmanii Cleve
Navicula lyroides Hendey
Naviecula maculosa Donkin
Navieula marina Ralfs
Navicula pelagica Cleve
Navicula peregrina (Ehrenberg) Kutzing
Navieula peregrina var. Meni scus (Schumann) Grunow
Navicula spicula (Hickie) Cleve
Navicula transitans var. derasa (Grunow) Cleve
Navieula transitans var. erosa (Cleve) C eve
Navicula trigonocephala Cleve
Navieula valida var. minuta Cleve
Navieula sp. A,
Naviecula sp. B
Nitzschia angularis W Smith
Nitzschia eylindrus (Grunow) Hasle
Nitzschia frigida Grunow
Nitzschia seriata Cleve
Nitzsehia sigma (Kiitzing) W Snmith ef.
Nitzschia sigmoidea (Nitzsch) W Smth
Nitzschia sp. A
Nitzschia sp. B
Nitzsehia spp.
Pimularia quadratarea (A. Schmidt) Cleve
Pinnularia quadratarea var. Antarctica (M Peragallo)
Frenguelli & Ol ando
Pinnularia quadratarea var. interrupts (Cleve) Cleve
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Table 9. (cent. )

Pinmmularia quadratarea var. kerguelensie (Cleve & Grunow)
Cleve

Pinnularia quadratarea var. theelii (Cleve) Cleve

Pseudonitzschia delicatissima (Cleve) Heiden

Rhoiconeis spp.

Stauroneis quadripedis (Cleve-Euler) Hendey

Synedra spp.

Thalassiothrix spp.

Tropidoneis spp.

Unidentified pennate diatons

Centric diatons
Chaetoceros septentrionalis @strup
Chaetoceros spp.
Thalassiosira gravida Cleve

Dinoflagellates
Amphidinium sp.
Gymmodinium spp.
Peridinium grenlandicwn Woloszynska
Uni dentified dinoflagellates

Fl agel | at es
Dinema litorale Skuja
Eutreptiella sp.
Urceolus sp.
Uni dentified euglenoid sp. A
Platymonas spp.
Uni dentified cryptomonad spp.
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Table 10. Rel ative abundance and distribution through tinme of microalgae species fromice cores
collected by divers off Narwhal Island, spring 1980, and from one core collected with a SIPRE corer in Nov
1980. P = present (<1%; 0 = comon (l-5%; x = abundant (5-10%; A = dominant (> 10%.

Apr May
Taxon 10 14 17 19 24 29 2 5 8 15 20

Pennat e di at ons
Achnanthes taeniata P
Amphiprora alata
Amphiprora kjellmanii P P P
Amphiprora paludosa V. hyperborea P
Anphor a ocellata
Cylindrotheca closterium
Eunotia spp.
Fragilaria sp.
Gomphonema exiguun V. arctica
Gyrosigma fasciola
Gyro-Pleurosigma Spp.
Licmophora spp.
Navieula bolleana cf.
Navicula directa
Navtcula kjellmanii
Navicula maculosa
Navicula marina
Navicula pelagica
Navicula spicula 0
Navicula transitans P 0
Navicula trigonocephala P 0 0
Navieula valida V. minuta 0
Navieula sp. A P
Nitzschia angularis
Nitzschia cylindrus A A X
Nitzschia frigida A 0
Nitzschia seriata
Mtzschia Sigma cf.
Nitaschia sigmoidea P P P
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Table 10.  (cent. )

Taxon

10 14 17 19 24 29

20

Nitzschia sp. A

Nitaschia sp. B

Pinnularia quadratarea

Pinnularia quadratarea v. kerguelensis
Pinnularia quadratarea V. theelii
Pseudonitzschia delicatissima
Stauroneis quadripedis

Synedra utermphlii

Synedra sp.

Thalassiothrix spp.

Tropidonetis sp.

Uni dentified pennate di at ons

Centric diatoms
Chaetoceros gracilis
Chaetoceros septentrionalis
Chaetoceros spp.
Thalassiosira gravida

09¢

Dinoflagellates
Amphidinium sp.
Gymmodinium s P
Peridinium grenlandicum
Unidentified dinoflagellates

Fl agel | ates -
Cryptomonad Spp.
Dinema litorale
Eutreptiella sp.
Urceolus sp.
Unidentified euglenoid sp.
Platymonas spp.
Unidentified flagellates (> 6 um)

a~]

Q
X ™
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Table 10.  (cent. )
May
Taxon 22 24 26 29 31
Pennate di at ons
Achnanthes taeniata o] 0 P o] X 0 o] P
Amphiprora alata P
Amphiprora kjellmanii P
Amphiprora paludosa V. hyperborea P P P P P P
Anphor a ocellata P o] X X 0 o] P 0 0 0
Cylindrotheca closterium o] 0 0 X X 0 X X 0 0 P
Eunotia spp. 0
Fragilaria sp. P 0] 0 P P
Gomphonema exiguum v. arctica P P P P P o] P P 0 0 P
Gyrosigma fasciola P P P P P P P
Gyro-Pleurosigma spp. o] o] o] P P P P P P P P
Licmophora spp. P P P P P P P o]
Navicula bolleana cf. P P P o] o] P 0 0
Navicula directs ) X 0 0 X 0 A X A 0 P
Navicula kjellmanit P
Naviecula maculosa P P P P P P P
Navicula marina P P P P P P P P
Navicula pelagica P
Navicula spicula o A A A A 0 X 0 o] o] P
Navieula  transitans 0 0 X A o] 0 0 0 X x P
Navicula trigonocephala 0 P P P P P P P
Navicula valida v. minuta P P P P P P P P o]
Navicula sp. A P P
Nitzschia angularis P P o] P P
Nitzschia ey lindrus A A A A A A X 0 X A A
Nitzschia frigida X 0] 0] 0] A 0 A A P
Nitzschia seriata 0
Nitazschia Sigma cf. P P P P
Nitzschia sigmoidea P P P P P P




Tabl e 10.(cont.)
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May Jun Nov
Taxon 22 24 26 29 131 2 7 9 11 9

Nitaschiq sp. A o o P P P P

Nitzschia sp. B P P P

Pinnularia quadratarea P P P P P P

Pinmmularia quadratarea V. kerguelensis 0 0 o} ) ) P 0 o) P

Pinnularia quadratarea v. theelii P P

Pseudonitazschia delicatissima P P P 0 P P P 0

Stauroneis quadripedis P P P P

Synedra utermbhlii P

Synedra Sp. P 0 0 0 0 0 P

Thalasstiothrix S,,. 0 P P P P P 0 P

Tropidoneis Sp. P

Uni dentified pennate diatomns A X A A A A A A A P
Centric diatons

Chaetoceros gracilis P

Chaetoceros septentrionalis P P

Chaetoceros spp. P

Thalasstosira gravida 0 0 0 P o] P
Dinoflagellates

Amphidinium S,. P P P P P

Gymnodinium Sp. P

Peridiniun grenlandicum

Unidentified dinoflagellates o] P P P P P P
Fl agel | at es

Cryptomonad Spp. P P P

Dinema litorale P P P P P P P P

Eutreptiella sp. P P P P P P

Urceolus Sp. P

Unidentified euglenoid sp. P P P P P

Platymonas spp. 0 o] P P P

Unidentified flagellates (< 6 um) A A A A A AX A X A P
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Table 11. Phytoplankton species collected off Narwhal Island, spring
1980.

Pennat e di at onms
Achrnanthes taeniata Grunow
Achnanthes sp.
Amphiprora paludosa var. hyperborea (Grunow) Cleve
Anmphor a ocellata Donkin cf.
Anphora sp.
Cylindrotheca closterium (Ehrenberg) Rei mann & Lewin
Gomphonema exiguum var. arctica Grunow
Gomphonema kamtschaticum Grunow
Gyrosigma fasciola (Ehrenberg) Cleve
Gyro-Pleurosigma spp.
Licmophora sp.
Navicula bolleana (Grunow) Cleve cf.
Navicula directa (W Smith) Ralfs in Pritchard
Navieula kjellmanii Cleve
Navieula lyroides Hendey
Navicula maculosa Donkin
Navicula marina Ralfs
Naviecula pelagica Cleve
Navicula spicula (Hickie) Cleve
Navicula transitans var. derasa (Grunow) Cleve
Navicula trigonocephala Cleve
Navieula valida var. minuta Cleve
Navicula sp. A
Nitazschia angularis W Smith
Nitzschia cylindrus (Grunow) Hasle
Nitzschia frigida Grunow
Nitaschia seriata Cleve
Nitzschia sigma (Kitzing) W Smith cf.
Nitzschia sigmoidea (Nitzsch) W Smth
Nitzsenia sp. A
Nitaschia sp. B
Pinmularia quadratarea var. Kerguelensis (Cleve & Grunow)
Ceve
Pinnularia quadratarea var. theelii (Cleve) Cleve
Pseudonitzaschia delicatissima (Cleve) Hei den
Rhoiconeis sp.
Stauroneis quadripedis (Cleve-Euler) Hendey
Stauronetis sp.
Synedra sp.
Thalasstothriz spp.

Centric diatoms
Chaetoceros gracilis Schiitt
Chaetoceros septentrionalis @strup
Chaetoceros spp.
Leptocylindrus sp.
Melosira juergensii Agardh
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Table 11.  (cent. )

Thalassiosira gravida Cleve
Thalasstiosira spp.

Dinoflagellates
Amphidinium sp.
Dinophysis arctica Mereschkowsky
Exuvigella sp.
Gymmodiniwn sp.
Peridinium grenlandicum Woloszynska

Fl agel | ates
Dinema litorale Skuja
Euglena sp.
Eutreptiella sp.
Platymonas spp.
Unidentified flagellates (> 6 um)
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Table 12. Relative abundance and distribution through time of phytoplankton Species collected at O and
7 moff Narwhal Island, spring 1980. P = present (< 1%; O = common (1-5%; x = abundant (5-10%;
A = doninant (> 10%).

Apr M
10 14 17 19 24 29 2 5 8y 15 20
Taxon ov0 7 07 0 7 0 7 07 07 07 07r 0 7 0 7

Pennat e di at oms
Achnanthes taeniata P
Achnanthes sp. P P
Amphiprora paludosa v. hyperborea
Amphora ocellata P P P P P
Amphora sp. P
Cylindrotheca closterium P
Gomphonema exiguum V. arctica P PPP P
Gomphonema kamtschaticum
Gyrosigma faseiola
Gyro-Pleurosigma Spp. P P P
Liemophora sp.
Navicula bolleana cf.
Navicula directa
Navicula kjellmanii
Navicula lyroides
Navicula maculosa
Naviecula marina P P P P
Navicula pelagica
Navicula spicula PPP
Navicula transi tans v. derasa P PPP P
Navieula trigonocephala
Navicula valida
Navicula sp. A
Nitzschia angularis
Nitzschia ey lindrus P A P P A A
Nitzschia frigida P
Nitaschia seriata P PP P P

OO

Voo —wo

PP

OO U U Uw U~ O

=invinvine)
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Table 12.  (cont.)

Apr May
10 14 17 19 24 29 2 5 8 15 20

Taxon o0vr 0 7 0 7 0 7 07 07 o7 07 07 07 O 7
Nitzschia sigma cf.
Nitzschia sigmoidea
Nitaschia SP. A P
Nitzschia sp. B P P P P P P
Pinnularia quadratarea V. kerguelensis PP P P
Pinnularia quadrature v. theelid P PP
Pgeudonitaschia delicatissima P P
Rhoiconeis sp.
Stauroneis quadripedis P P p
Stauroneis sp. A
Thalassiothriz Spp. P P PP P
Unidentified pennate diatoms P PP ppP P P P AO PPPP PPPP

Centric diatons
Chaetoceros gracilis
Chaetoceros septentrionalis
Chaetoceros spp.
Cyelotella sp. P
Leptoeylindrus sp. P
Melosira juergensii
Thalasstosira gravida
Thalasstosira spp. P P P P p

Dinof lagellates
Amphidinium Sp. P P A
Dinophysis arctica
Exuviaella sp. p
Gymnodiniwn SP. P
Peridiniwn grenlandicum P P P

Fl agel | at es
Dinema litorale
Buglena sp.
Eutreptiella Sp. P P P P P PP P P P
Platymonas Spp. P
Unidentified flagellates (>6um) X x 0000 PP PO 0 AP XPx o0 x
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Table 12.  (cent. )

Taxon

22

07

07

May

26 26

0

29

7

31
07

07

07

Pennate di at oms
Achnanthes taeniata
Achnanthes sp.
Amphiprora paludosa v. hyperborea
Amphora ocellata
Amphora sp.
Cylindrotheca closteriwn
Gomphonema exiguun v. arctica
Gomphonema kamtschaticuwn
Gyrosigma fasciola
Gyro-Pleurosigma spp.
Licmophora sp.
Naviceula bolleana cf.
Navicu la directa
Navicula kjellmanii
Navicula lyroides
Navicula maculosa
Navieula marina
Navieula pelagica
Navicula spicula
Naviecu la transitans v. derasa
Navicula trigonocepha la
Navicula valida
Navieula SP. A
Nitzschia angularis
Nitzschia cylindrus
Nitzschia frigida
Nitzschia seriata
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Table 12.  (cont.)

May Jun
22 24 26 29 31 2 5 7 9 11
Taxon o7 0 7 07 07 0 7 0O 7 07 0707 0O 7

Nitaschiasigma Cf . P P
Nitzsehia sigmoidea P 0

Witzschia SP. A P

Nitaschia sp. B P P P

Pimmu larig Ouadrature v. kergquelensisPPP P P P
Pinnularia quadratarea v. thee lii

Pseudonitaschia delicatissima PPP P P P P P
Rhoiconeis Sp. P

Stauroneis quadripedis
Stauroneis Sp.

Synedra sp.

Thalassiothrix spp.
Unidentified pennate diatons

[oRucl.]

X T T
Too

Centric diatons
Chaetoceros gracilis p
Chaetoceros septentrionalis 0
Chaetoceros spp. P P A P
Cyclotella sSp.
Leptoeylindrus sp.
Melosira juergensii P P P
Thalassiosira gravida
Thalassiosira Spp.

U o

Dinoflagellites
Amphidinium S,. 0 P 0 X
Dinophysis arctica
Exuviaella sp.
Symmodinium sp. P
Peridinium grenlandicum P

U OO

Fl agel | at es
Dinema litorale P P
Euglena sp.

Eutreptiella SP. P
Platymonas spp.
Unidentified flagellates (> 6 um) O P

X OO

O
X rx» T©TDo
=< o
>
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colum that were not found in the ice algae sanples. Four of these species
were centric diatoms, Chaetoceros gracilis, Cyclotella sp., Leptocylindrus

sp., and Melosira juergensii; and a dinoflagellate, Fxuviella sp. was al so

found exclusively in the phytoplankton.

Most of the cells found in the water colum appear to have origi nated
in the ice. About 50% of the cells in the sanples were empty frustules,
and many others appeared to be unhealthy, and were often heavily parasit-

ized. Nitzschia cylindruswaspresent in |ow nunbers during April, but
became the dom nant di atom species during nost of My and early June. This
was al so the domnant species in the ice algal community. In the water

col um, however, the cells did not appear to be healthy, and had probably
fallen fromthe ice.

3. Benthic microalgae

Cells in seven sedinment cores were enumerated
and 18 taxa, including 10 species were identified (Tables 13-14). An
additional 12 taxa with eight species were identified fromenpty frustules,
but were not represented by living cells. This comunity consisted al nost
exclusively of pennate diatonms. The only centric diatom found wasa single
resting spore of Chaetocercs sp. Dinema litoralewasthe only flagellate
identified.

Al though we were unable to identify the majority of the species
present, they were clearly not the sane species found in the ice or water
column. Cylindrotheca closterium, Navicula cancellata, N. directs, N
spteula, N. transitans var. derasa, Nitzschia angularis, and V. cylindrus
occurred in both the ice and sedinents, but conprised a small minority of
the cells present in the sediments. ¥itzschia cylindrus, the dom nant
species of the ice and water colum, was represented by a single pair of
cells, that were found near the end of the ice algal bloom and probably had
fallen fromthe ice; they appeared to be unhealthy. O the taxa represented
only by enpty frustules, all were nmenbers of the ice algal comunity and
probably originated there.

4, Zooplankton

Thirty-two categories including 25 species and seven
other categories where identification was made to genus or other higher
taxonomic rank, were identified (Table 15). Rel ative abundance and distri-
bution through tine are given in Tables 16a-16b.

Pseudocalanus elongatuswast he nbst comon aninal in spring 1980. It
was present primarily as stages IV, V, and VI nales and females with a few
younger stages al so being present. O her copepods common during this period
incl uded Acartia longiremis adult nmles and females; some adult Pseudo-
calanus magjor, and Eurytemora herdmani. Adult Oithona similis were present
in late May and June. Harpacticoid copepods became nore abundant in My
and June, including Harpacticussuperflexus adults and juveniles, and
Helectinosoma neglectum adul ts.

Hydr ozoans were present throughout the spring, including the mero-
planktonic species Euphysa flammea and Halitholus cirratus, and the hol o-
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Table 13. Benthic microalgae species collected of f Narwhal |sland,
spring 1980.

Pennate di atons
Achnanthes sp.
Anphor a sp.
Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
Diploneis smithii (de Brébisson) Cleve
Diploneis sp.
*Gomphonema extiguum var. arctica Grunow
*Gomphonema kamtschaticum Grunow
*Gyrosigma fasciola (Ehrenberg) Cleve
*Gyro-Pleurosigma spp.
Navicula cancellata Donkin
Navicula cancellata var. skaldensis Van Heurck
Navicula directs (W Smith) Ralfs in Pritchard
*Navicula gracilis Kiitzing
*Navicula peregrina (Ehrenberg) Kdtzing
Navieula spicula (Hickie) Cleve
Navicula transitans var. derasa (Grunow) Cleve
Nitzschia angularis W Smth
Nitzschia cylindrus (Grunow) Hasle
*Nitazschia frigida Grunow
*pPimnularia quadratarea (A. Schmidt) Cleve
Stauronels sp.
Synedra spp.
Unidentified tube-formng species
Unidentified pennate diatons

Centric diatons

*Chaetoceros sp.
Chaetoceros sp. resting spore
*Coscinodiscus radiatus Ehrenberg
*Thalassiosira sp.

Fl agel | ates
Dinema litorale Skuja

* enpty frustules only
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Table 14. Relative abundance and distribution throu%h tinme of benthlc m1croalgae species_from seven
sedi ment cores collected of f Narwhal Isiand, Spring 1980, = present (< 1%; O = comon (I-5%; x =
abundant (5-10%; A = dominant (> 10%9. * indi cates only enpty frustules present

Apr May
Taxon 10 14 17 19 24 29 2 5 8 15 20

Pennate diatons
Achnanthes Sp . X
Anphora sp.
Cylindrotheca closterium
Diploneis smithit X
DLpZone'Ls sp.
*Gomphonema exiguum V. arctica
*Gomphonema kamtschaticum

*f'zrnneqnmn Fracainlag

*Gyro-Pleurcsigma SPP+

Navicula cancellata

Navicula cancellata v. skaldensis
Navicula directs
*Navicula gracilis
*Navicula peregrina

Navicula spicula

Navicula transitans v. derasa P P
Nitzschia angularis P
Nztzschw cyhndrus

*Nitzschia o7
*Pinnularia
Stauroneis 5p. P

Symedra SpP.

Unidentified tube-formng species

Uni dentified pennate diatons A A A A

Centric di atons
*Chaetoceros sp.
Chaetoceros sp. resting spore P
*Coseinodiscus radiatus
*Thalagsiosira Sp.

'U'U>

rataz'ea

Fl agel | ates P
Dinema litorale
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Table 14.  (cent. )

Taxon

22

May
24 26

29 31

Pennate di at oms
Achnanthes sp.
Anphor a sp.
Cylindrotheca closterium
Diploneis smithii
Diploneis sp.
*Gomphonema exiguum v, arctica
*Gomphonema kamtschaticum
*Gyrosigma faseiola
*Gyro-Pleurosigma spp.
Navicula cancellata
Naviculacancellata V. skaldensis
¥avicula directa
*Navicula gracilis
*Navicula peregrina
Navicula spicula
Navicula transitans v. derasa
Nitaschia angularis
Nitzschia eylindrus
*Nitasehia frigida
*Pinnularia quadratarea
Stauroneis S.
Synedra spp.
Unidentified tube-forming species
Unidentified pennate diatoms

Centric diatoms
Chaetoceros Sp. )
Chaetoceros SF. €St Ng spore
Coscinodiscus radiatus
Thalassiosira SP.

Fl agel | at es
Dinema litorale
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Table 15.  Zoopl ankton species from sanples collected off Narwhal
I'sland, spring 1980.

Cnidaria - Hydrozoa
Aeginopsis laurentii Brandt
Buphysa flammea (Linko)
Halitholug eirratus Hartlaub

Ctenophora
Pleurobrachia pileus (O. F. Miuller)

Annelida ) o
Polychaeta - Unidentified |arvae

Echinodermata - unidentified pluteus | arvae

Arthropoda - Crustacea
Isopoda - unidentified larvae
Copepoda
Calancida
Pseudocalanus elongatus (Boeck)
Pseudocalanus major G. O. Sar s
Pseudoecalanus minutus (Krdyer)
Eurytemora herdmani Thonpson & Scott
Eurytemora richingsi Heron & Damkaer
Metridia | ongs (Lubbock)
Acartia longiremis (Lilljeborg)
Cyclopoida
Oithona similis Claus
Cyelopina gracilis (C aus)
Cyclopina schnetderi 7. Scot t
Harpacticoida
Harpacticus superflexus Willey
Helectinosoma neglectum (G. O. Sars)
Mysidacea - unidentified species
Anphi poda
Gammar | dea
Anonyx nugax (Phipps)
Apherusaglacialis (Hansen)
Haliragesmixtus St ephensen
Lagunogammarus wilkitzkii (Birula)
Onieimus litoralis (Krdyer)
Hyperiidea
Hyperiagalba (Montague)
Decapoda - unidentified Brachyura
Unidentified crustacean eggs

Chaetognatha
Sagittaelegans Verrill

Chordata - Larvacea
Fritillaria sp.
Oikopleura labradoriensis Lohmann
Otkopleura vanhyffeni Lohmann
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Table 16a. Relative abundance and distribution through time of zooplankton taxa other than copepods
collected off Narwhal Island, spring 1980; Sanples collected with a 0.75 mring net mesh size 308 pm
Wiere no symbol is present, no aninals were found. P = < 1000; A = 1001 - 5000; O = 5001 - 10000;

x => 1000L; - = present, but not counted.

Apr May
Taxon T 10 12 14 17 19 24 29 2 5 8 1 5

Coel enterata - Hydrozoa
Aeginopsis laurentii P
Euphysa flammea A P
Halitholus eirratus P

oe >
VL Rav)
RoL-Rav)

s

>
o>
o
U>w

Ctenophora
Pleurobrachia pileus P

Polychaeta - unidentified larvae P P P P P P P P P

Arthropoda - Crustacea
| sopoda
Unidentified epicaridean parasite P P
Unidentified larvae
Mysidacea - unidentified species
Amphipoda
Gammar i dea
Lagunogammarus wilkitakii p
Anonyx nugazx P
Onisimus litoralis A A A P P P P P P P
Apherusa glacialis P
Halirages mixtus P P
Hyperiidea
Hyperia galba
Decapoda - unidentified species
Unidentified crustacean eggs - - - - -

Echinodermata - plutei A P X X X X X X

Chaetognatha
Sagitta elegans P

Chordata - Larvacea
Fritillaria borealis P P A P
Fritillaria SP.
Oikopleura labradoriensis P
Otkopleura vanhd fieni

T o
0
i)
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Table 16s.  (cent. )

May
Taxon 17 20 22 24 26

Coelenterata - Hydrozoa
Aeginopstis laurentit
Euphysa flammea A
Halitholus eirratus

>T
°>T

oo
©T

Ctenophora
Pleurobrachia pileus P

Polychaeta - unidentified larvae P P P P P

Arthropoda - Crustacea
| sopoda
Unidentified epicaridean parasite P
Unidentified larvae P
Mysidacea - unidentified species
Amphipoda
Gammaridea
Lagunogammarus wilkitzkii
Anonyx nugax
Onistmus litoralis P P P P p
Apherusa glactalis
Halirages mixtus P P P P
Hyperiidea
Hyperia galba
Decapoda - unidentified species
Unidentified crustacean eggs

Echi nodermata - plutei X X o] P P

Chaet ognat ha
Sagitta elegans

Chordata - Larvacea
Fritillaria borealis A
Fritillaria SP. P A A x
Otkopleura labradoriensis P P P
Otkopleura vanhdffent

oU>
hvl* Y

[e3> V)
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Tabl e 16b.

= > 50000.

Rel ati ve abundance and distribution through tine of
Sanples collected with a 0.75 mring net,

copepods coll ected at

mesh size 308 pm
animals were found. P = < 1000; A ~1001 - 5000; O~ 5001 - 10000; x-10001 - 20000; ® = 20001 50000;

Where no synbol

Nar wha

| sl and,

is present, no

Apr May
Taxon T 10 12 14 17 19 24 29 2 5 15
Calanoida
Pseudocalanus elongatus VI m P P P P P )
f P P P P A A P P P A
V m o A A b4 b.4 + + A L ® ®
f 0] P P A A A X P 0 X 0 X
IV m + A A x L 0 0] A ® ® e
f ] A A X X X A e X L
[l m
f A
I A
I P
Pseudocalanus major VI m P P
f A P
Pseudocalanus minutus VI m
f
vV m
f
Eurytemora herdmani VI m P
f
VvV m P P
f P P
IV m
f
Eurytemora richingsi V m P
f
Metridia longa V m
f
III m
f
11 P P P P
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Table 16b.  (cent. )
Apr May
Taxon 10 12 14 17 19 24 29 2 5 15
dcartia longiremis VI m A P P P A
f P P P A P A P 0]
Vm
f P P P P P P
Cyclopoida
Oithona similis VI m
f
Cyclopina gracilis VI m
f
Cyclopina schneideri VI m
f
Harpacticoida
Harpacticus superflexus VI m P
f
juveniles P
Helectinosoma neglectum VI m
f
juveniles




6L¢

I1

Tabl e 16b. (cent. )
May Jun
Taxon 17 20 22 24 26 29 31 2 5 7 1
Cal anoi da
Pseudocalanus elongatus VI m 0 A + @ + X x 0 A P A A
f P A (] X @ X X X A A A @
Vv m ® ] + + + e b'e X A P A A
f ® X + + + + o [ 0 A 0 X
IV m x o] + ® + 0 A A P P A A
f ® X + + + 9 X ® A P A 0]
11 m P A P P X
f
I X X ¢ A A P P
I A P P
Pseudocalanus major VI m
f P P X
Pseudocalanus minutus VI m
f P P P
Vm P
f
Burytemora herdmani VI m P
f P P P P
V m
f
IV m
f P
Eurytemora richingsi V m
f
Metridia longs V m
f P
ITI m
f P P
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Tabl e 16b. (cent. )
May Jun
Taxon 17 20 22 24 26 29 31 2 5 7 9 11
Acartia longiremis VI m A A P P
f A A A A P P P P
V' m P
f
Cyclopoida
Oithona similis VI m P P P P P P
f
Cyclopina gracilis VI m P
f
Cyclopina schneideri VI m P P
f
Harpacticoida
Harpacticus superflexus VI m P A A A P A 0 o [
£ X P A X +
juveniles P A P P A 0 o L
Helectinosoma neglectum VI m P P A P
f P P P P P
juveniles P P




planktonic species Aeginopsis laurentii. Polychaete |arvae were always
present, as well as echi noderm plutei, indicating reproduction of these
benthic groups. Unidentified crustacean eggs were present during late

April.

The anphi pods Onisimus litoralis and Halirages mixtus Wwere conmon
throughout the spring. Present on occasion were Lagunogammarus wilkitzkit,
Anonyx nugax, Apherusa glacialis, and Hyperia galba. The larvaceans
Fritillaria borealis and Oikopleura labradoriensis were usually present.

5 Nutrients and salinity

The concentrations of inorganic plant nutrients are
given in Table 7. Data fromice cores should be considered as mininmm
val ues because they were obtained from nelted cores, that were diluted by
an unknown anount from the nelting ice.

Nitrate in the water colum renained near 10 ug-at ¢! throughout the
study period, and was ea lug-at 2~! ‘nigher at 7 mthan at the surface
(Fig. 10). Thisis conparable to levels found during the w nter near
Barrow (Matheke 1973) and near Prudhoe Bay (Honer et al. 1974). \ater
sanples collected in Stefansson Sound during My 1979 had significantly
less nitrate, ea. 1.5 npg-at ¢~! at the surface and ea. 4.5 yug-at g~! at
4 m

In the ice, the nitrate concentration was approximtely equal to sur-
face water levels fromApril to mid-My. During the peak of the ice algal
bloom nid-May to early June, the concentration increased dramatically to
15-20 pg-at &£~% for approximately two weeks, and then declined to previous
levels. The source of this nitrate is not known, but may have resulted
from brine drainage or microbial activity (Schell 1974). A simlar pulse
of nitrate was observed in the interstitial water of the sedinents and in
bottom wat er near Barrow (Mtheke 1973).

Nitrite concentrations remained low and at nearly constant |evels.
Nitrite was highest in the ice, averaging 0.19 ug-at ¢!, and lowest at 0 m
0.08 ug-at 2~!, while at 7 m the concentration was internediate, 0.13 pg-
at 7%,

Amoni a was highest in the ice, ea. 1.2 ug-at 2~1, and decreased with
depth, averaging 0.14 ug-at ¢~} at Om and 0.03 ug-at £~ at 7 m A slight
increase in ammonia concentration was seen in the ice during the peak of the
ice algal bloom and high levels, 4.33 pug-at £~1, were found near the end of
the bl oomon 9 June.

Phosphate concentrations were generally ea. 1.5 ug-at 27}, which is
simlar to winter levels reported from Point Barrow (Matheke 1973) and from
Prudhoe Bay (Homer et al. 1974). No difference was seen between concen-
trations in the ice and water colum. Several anomal ous peaks in phosphate
concentration, up to 25 pg-at 2=, were seen, but we have no explanation
for these peaks at present.

Silicate concentrations were nearly constant, averaging 22 ug-at 2-!
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Fig. 10. Nitrate and phosphate concentrations (ug-at g1
fromice cores and at Oand 7 min the water colum, spring 1980.

in the ice and at the water surface, being only slightly higher, 24 pg-at
2."1, at 7 m.

Salinity wasea 34.5°/,, at the surface, and increased by ea. 1°/,,
at 7 m(Table 7, Fig. 11). During the last two weeks of Miy, salinity
dropped ea. 1°/,,, Which may have been because of overflow from the Saga-
vanirktok River. Salinity increased slightly before dropping abruptly in
June when the ice began to nelt, causing the water colum to becone
highly stratified, with over 10°/00 difference between the surface and 7 m
Salinity in the ice was variable and sonewhat |ower than at the surface,
probably caused by melting ice in the core sanples.
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Fig. 11. Salinity (°/,,) fromice cores and at O and 7 m
in the water colum, spring 1980.

6. Light

Measurements of incident solar radiation (uE m~2 see-|)

and light intensity in the bottomice above the algal layer, and at O and 7 m

are presented in Table 17. Light data before 2 May are not available be-
cause of a malfunction of the light meter.

Incident light, measured near |ocal apparent noon, was variable and
more a function of local weather than of the increasing elevation of the

sun with tine (Fig. 12). The average surface light intensity was |ower
during md-My to early June.

Li ght penetrating the ice and reaching the top of the algal |ayer
generally fluctuating between 0.5 and 1.5% of surface light during the
period of snow cover (Fig. 13). After the snow cover nelted (29 Miy), light
|l evel s increased sharply, fluctuating between 1.5 and 4% of surface val ues.
In the water directly beneath the algal layer, O m light Ievels generally
fluctuated between 0.4 and 0.8% of surface light. Levels did not generally
increase in response to decreasing snow cover, because of the shading effect
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of the growing ice algal layer. Light reaching the benthos was very |ow,
remai ning at ea. 0.2% of surface |evels throughout the study. The highest
light intensity recorded at 7m was only 0.6% of the surface |evel.

In order to describe in nore detail the effect of snow depth on sub-
surface light, a series of six transects was run: four through a snow
drift that formed in the lee of the tent, and two directly over the area
where prinmary productivity sanples were incubated. The percentage of |ight
transmtted through the ice and snow was neasured before and after renoval
of the ice algal layer, in snow depths ranging from 0-40 cm (Appendix |1-4).
Gven a constant or zero snow depth, light reaching the underside of the
ice varied by as much as a factor of 2. The extinction coefficient and
percentage of surface light transmitted through the ice and snow are |isted
in Table 18. Only 3-4 cm of snow was required to reduce |ight reaching the
underside of the ice to < 1% 6cmreduced light to 0.5% and 20 cm reduced
light to < 0.1% of surface levels. An inverse relationship was found be-
tween snow depth and |ight attenuation by the algal |ayer, indicating
decreasing algal growth with increasing snow depth.

Table 17. Light intensity, percentage of surface light, and snow
depth off Narwhal Island, spring 1980. Data are the average of neasurenents
taken at the beginning and end of primary productivity experiments.

uE m™2 see! Percent Surface Snow Dept h
Dat e Surface I ce Om m I ce Om m (cm
May 2 1125 7.4 5.8 2.4 0.7 0.5 0.2 6.0
5 1075 15.3 9.6 2.2 1.4 1.0 0.2 3.5
6 1385 13.6 12.7 2.5 0.9 0.8 0.2 3.0
8 1375 7.2 10. 9 3.3 0.5 0.8 0.2 2.0
15 1275 8.4 4.8 1.7 0.6 0.4 0.1 3.0
17 1250 9.3 4.9 2.1 0.7 0.5 0.2 2.5
19 1350 15.8 9.3 3.1 1.2 0.7 0.2 2.5
20 1035 15.0 7.1 2.4 1.5 0.7 0.2 2.0
22 14.0 9.4 1.1 0.7 3.0
26 1265 10.5 4.4 2.6 0.9 0.4 0.2 1.0
29 1110 19.3 8.8 6.5 1.7 0.8 0.6 0.0
31 835 16.6 7.9 2.3 2.0 0.9 0.3 0.0
Jun 2 1165 21.4 5.8 2.3 1.9 0.5 0.2 0.0
3 1130 16.1 3.9 2.1 1.4 0.3 0.2 0.3
5 975 13.3 59 1.4 1.3 0.6 0.1 0.0
7 885 32.4 18. 9 2.9 4.0 2.7 0.3 0.0
9 1235 22.3 4.9 3.0 1.8 0.4 0.2 0.0
11 1175 33.7 18.1 2.7 2.8 1.5 0.2 0.0
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7. Surface weather observations
Surface weather and snow observations are listed in
Appendi x I1-1.

Air tenperatures in early April were geperally -10 to -20°c, and grad-
ually increased, so that by 24 May, the air tenperature was about equal to
the surface water tenperature. -1.8°C. The highest air tenperature was
9.5°C, recorded during a period of clear, calm weather on 9-11 June.

Snow depth was generally 2-5 cmwth drifts to 50 cm  Drifts forned
at the north and south ends of the tent, but sanples were collected in
areas free of drifts. The snow began to nelt on 26 May and had conpletely
di sappeared and nelt ponds had begun to formby 29 May. By 9 June, the top
of the ice was nelting rapidly and the dive hole had become a major drain-
age point for meltwater.

Sea ice was accreting during nost of the study period. The ice
thi ckness was 169 cmon 24 April, and had increased to a maxi mum of 178 cm
on 2 June.

The sky was generally overcast during the study period, and winds were
typically 10-20 kt, from 030° magnetic. Blow ng snow and fog were conmon
and helicopters were often grounded because of poor visibility. This
restricted sampling to periods of clearer weather.

Table 18. Snow depth, mean extinction coefficients (k _;), and per-
cent surface light for six transects taken during spring 1988. Light
measurenents were taken above the ice algal |ayer.

Snow Depth Surface Light k Replicates
(cm (% (m~!) (N
0 2.10 0.99 21
.25 - .99 1.34 1.14 4
1-1.9 1.51 1.06 5
2 - 2.9 1.33 1,09 33
3-3.9 0.85 1.18 11
4 - 4.9 0.43 1.35 4
5-5.9 0.53 1.30 5
6 - 6.9 0.28 1.55 3
7 -8 0.43 1.39 3
10 - 11 0.23 1.42 1
12 - 15 0.31 1.38 3
16 - 20 0.13 1.53 7
21 - 25 0.07 1.61 3
26 - 30 0.05 1.73 4
31 - 40 0.02 1.83 6
41 - 50 0.01 6
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VII. Discussion

Figure 14 is a schematic presentation of the annual cycle of

i ce algae, phytopl ankton, benthic nicroal gae, and zooplankton for the near-
shore area of the Beaufort Sea and Stefansson Sound.

A I ce al gae

Microalgae are present in the sea ice as soon as it forns
in the fall with microflagellates being the npbst abundant organisnms (Horner
1976) . The origin of the cells is uncertain. Few species of ice algae are
nmenbers of the fall phytoplankton conmunity which is dominated by centric
di atonms (Homer 1969), rather than the flagellates and pennate di atons
found in the ice. It is possible, however, that ice algae species are
present in the water colum in such |ow nunbers that they are not collect-
ed by conventional sanpling techniques. As the ice forms, algal cells
becone trapped in brine pockets and natural selection favors species
adapted to this habitat.

Newly formed sea ice nay also be seeded fromice algae still associ-
ated with drifting pack ice that persists throughout the sunmer. Megur o
et al. (1966, 1967) reported a rich ice algal layer 5-30 cmthick in the
soft bottom of pack ice off Barrow, Alaska, during July and August that
cont ai ned species typical of the spring ice algal comunity (Homer and
Al exander 1972). However, it is not known if cells persist in the drifting
pack ice as late as freezeup. This nechanism of seeding may contribute to
the observed patchy distribution of the ice algae.
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Anot her possible source of seed stock for the ice algae nay be from
sedi ments that becone resuspended during the fall storms in nearshore areas.
However, although some species are common to both habitats, many species
found in the ice, including several of the npbst abundant species, are not
found in the sedinments (Matheke and Honer 1974). This nechani sm woul d
only be operative in nearshore areas where resuspended sedinments could
reach the surface, or in areas where sedinents nmay be advected by currents.

Gowh of the diatoms in the ice in the fall probably continues unti
m d- Novenber when |ight becones liniting, although few reports are avail-
able to confirmthis. Hsiao (1980) reported a layer of ice al gae concen-
trated near the bottom of sea ice 50 cmthick in late Novenber in the
Eskimo Lakes region of the Canadian Arctic. In the western Beaufort Sea, a
core taken on 9 Novenber 1980 by RU 537 from our study area off Narwhal
Island, contained a rich algal layer in the bottomice, with diatom concen-
trations of 1.8 x 10°cells m~2, which was conparable to |evels found during
the 1980 spring bloom The cells were healthy, and the species conposition
was simlar to that found in the ice the preceding spring. An autuma
bl oom has been reported to be a normal evermt in Antarctic sea ice (Hoshiai
1977).

Het er ot rophy has been suggested as a nechanism by which al gae survive
the prol onged darkness of Arctic winter (Rodhe 1955; Wilce 1967; Allen
1971) . Experinments using a variety of |abeled organic substrates and four
species of algae isolated fromAntarctic sea ice failed to show hetero-
trophic growth in the dark (Bunt and Lee 1972). They concluded that dark
survival for many Antarctic species did not depend on external substrates
In the Arctic, Homer and Al exander (1972) found that heterotrophic
met abol i sm by natural populations of ice algae was negligible, and assim -
lation of |abeled organic substrates was al nmost exclusively by bacteria

Recent work on dark survival has shown that nany al gal species nain-
tain viability for long periods of total darkness. Antia (1976) tested
the viability of 37 species of marine planktonic al gae from 10 taxonomic
classes. Most species nmaintained viability for 5-6 no in nedia free of
organi c substrates at tenperatures ranging from 2-20°C. Benthic species
(pennate diatons) were nore resistant, with some species renmaining viable
for over one year and a few species for up to three years of darkness. At
the low tenperature, ca. -1.8°C, to which ice algae are adapted, netabolic
requi renents should be | ow and species should easily tolerate the 4-5 no
of darkness during the Arctic wnter.

During the winter, cells are found scattered throughout the ice
(Honer 1976; Hsiao 1980), but by mid-March, the al gae become concentrated
at the bottom of the ice. How the cells becone concentrated is not known,
but it nay be the result of brine drainage and active migration of the
algal cells through brine channels. Brine cells are small pockets of
hypersaline water formed as salts are excluded during ice formation
(Pounder 1965). These pockets nmigrate downward through the ice by diffusion
and gravity. Brine drainage becomes nore rapid as the ice warns in spring
and microalgae living in the pockets are transported to the bottom of the
ice. The diatons, themselves, may assist this migration because many
pennate diatons are able to nove with a slow, gliding novenent.

Light is probably the major factor controlling the distribution, devel-
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oprment, and production of the ice algal community with growth of the ice
al gae beginning in spring in response to increasing light. At Barrow,

Al exander et al. (1974) measured rates of primary production at varying
light intensities. Productivity remained < 0.1 mg C m~2 hr=! until a
threshold level was reached. Above this level, 2.3 and 9.3 pE mséc~! in
successive years, production was rapid. In 'Davis Strait, Maclaren Marex
(1979) reported maximum productivity at 1.8 uE m=2 see-l, but their
reported productivity was nearly always < 0.1 ng C m~2 hr-!., Of Narwhal
Island in spring 1980, productivity began to increase when the l|ight Ievel
was 7.4 uE m~2 sec™!, which is sinilar to the threshold levels reported by
Al exander et al. (1974).

In nearshore areas, light may be severely linmted by sedinments trapped
inthe ice. In early April 1980, a series of ice cores collected with a
SIPRE corer in Stefansson Sound revealed a layer or layers of sedinent
t hroughout the lagoon system and no algal |ayer was detected. Divers
sanpl ed the boulder patch area of Stefansson Sound on 11 May and found only
a trace anount of chlorophyll a at a time when productivity was high out-
side the lagoon. This is in contrast to 1979 when in the same area, the
al gal layer was well-devel oped, although patchy. Schell (1980a) reported
that light attenuation by turbid ice was the controlling factor of ice
al gal devel opment in Stefansson Sound. It appears that in shallow areas,
the distribution of sedinents in the ice nay largely determne the extent
of the ice algal layer, and thus, the spring productivity of the |agoon
system

Where ice does not contain sediment, light attenuation because of snow
is the prine factor controlling the distribution and productivity of ice
algae. The light attenuating property of snow is very high conpared with
that of clear sea ice (Thomas 1963). Of Narwhal Island we found that an
average of 2% of surface light reached the algal | ayer when no snow was
present, but that 3-4 cm of snow reduced light to < 1% ea. 15 uE mséc-!;
6 cmto < 0.5% and 20 cmto < 0.1% Al exander et al. (1974) observed that
patchy distribution of the ice algae was correlated with light attenuation
due to snow, and found an inverse relation between chlorophyll a and snow
depth. Transects through snow drifts off Narwhal Island showed the sane
relationship, with a decrease in the algal layer with increasing snow depth.

At Barrow, maximm productivity occurred at light levels of ca. 16-65
pE m=2 sec~! (0.3-1.2 1y hr-!) (Al exander et gl. 1974) and off Narwhal
Island at 10-25 uE m3éc~!. Productivity over the entire bloom period
was ea. 5 g Cm?2 at Barrowand only 0.7 g C m~2 off Narwhal Island. In
both areas, productivity increased in response to increasing light levels
and maxi mum productivity occurred after the snow had gone. The observed
differences in productivity between the two areas was probably the result
of different light |evels caused by ice turbidity and snow, with Iight
being nmore linmiting off Narwhal Island.

During early devel opment of the bloom off Narwhal Island, divers
noted nmore algal growth near stalactites that form when brine drains down
t hrough vertical channels in the ice (R Poirot, J. Dougherty pers. comm.).
Lewis and Milne (1977) reported increased light levels in stalactites
that apparently act as funnels for light penetrating the ice. The higher
light levels, and perhaps the increased nutrient concentrations from brine
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drai nage, appear toencourage algal growh which may provide a concentrated
food source for grazing invertebrates. Amphipods have been reported |iving
within the crystal structure of the stalactites (Lewis and Milne 1977,
Dunton pers. comm.) and have remained at the site after the stalactites were
renmoved, apparently taking advantage of the localized food source.

At the tinme of the spring ice algal bloom nutrient concentrations at
the water surface were high because of vertical mxing and regeneration
during winter when plant utilization is low. Nutrient levels in the ice
may be even higher than at the surface because of brine drainage and | ocal
recycling. That recycling of nutrients occurs is evidenced by the pul se of
nitrate during the bloom (Fig. 10). Ntrate in the ice rose to nearly
twice the surface water values and probably resulted from vitrification by
the mcrobial population. Vitrification is the oxidation of amonia, a
product of animal netabolism to nitrite and nitrate. The ammoni a concen-
tration was high during the bloom which suggests heavy grazing pressure.
In the bottom water, 7 m ammonia remained near the limt of detection
t hroughout the study period, suggesting the relative lack of animal activity
at that depth.

River overflow may also have a significant effect on surface nutrient
concentrations in t-he lagoon system. In My 1979, river overflow was
evident by a lens of low salinity, nutrient-poor water just below the ice.
Nitrate and phosphate concentrations in the surface water were about one-
fourth the levels at 4 m The silicate concentration was higher at the
surface, reflecting the high levels of silicate in rivers draining into the
Beaufort Sea (Hufford 1974b). Nutrients were probably not liniting, however,
because productivity was equal to, or exceeded, productivity off Narwhal
Island in 1980.

During the spring bloom off Narwhal Island, surface salinity was
fairly constant, 34-35°/q,, until early June when nelting ice and river
runoff caused salinity to drop bel ow 25°/,,. River runoff was detected
ea. two weeks before the sea ice began to nelt. The algal |ayer began to
soften and dissociate from the harder bottom ice and was easily disturbed
by bubbles fromthe diver’s breathing apparatus. Several domnant ice
al gal species, such as Nitzschia cylindrus and Favicula spicula appeared to
be unhealthy, and productivity dropped for about one week. These events
also coincided with the disappearance of the snow and it is likely that
increasing radiation contributed to the disintegration of the ice algal |ayer
because of selective absorption by diatons (Meguro et al. 1966, 1967).

Ice diatoms are able to withstand a wide range of salinity. Gant
and Honmer (1976) neasured the salinity tolerance of four species of ice
al gae collected near Barrow and found rapid growh over a broad range of
salinities from ¢q.10-50°/00. At cu. 60°/,., growth was linited, and they
suggested that high brine cell salinity may limt the upward penetration of
ice algae into the sea ice. Schell (1980a, 1980b) suggested that surface
wat er salinity over 40°/,, may have been partly responsible for lowice
algal density in Sinpson Lagoon when clear ice was present, but this seens
unlikely in view of the salinity tolerances reported by Grant and Honer
(1976) and because ice algae usually live in brine pockets in the ice.

Of Narwhal Island, the ice algae were associated with the bottomice

290



in a |loose, slush layer for a week after the ice had begun to nelt, but

by 11 June, no layer was visible and the water was clouded with ice algae.
M croscopi ¢ exam nation of cells from the water showed that they were not

healthy and primary production in the water colum was al nbst undetectable.

The fate of the ice algae in Stefansson Sound and off Narwhal Island
is not known. No data are available after the ice algae leave the ice
and there is no information for the period of ice breakup or for the spring
phytoplankton bloom  The summer plankton situation near Prudhoe Bay
(Homer et al. 1974) and beyond the 10 fmline (Homer 1981) have been
docunented. Perhaps the ice algae cells are rapidly dispersed in the water
colum and are not collected in water sanpling bottles (Homer 1976).

Many cells probably do not survive as already suggested. Sonme cells nay
settle to the bottom but the dom nant species fromthe ice are not the
sanme as the dom nant species fromthe benthos (Mtheke and Honer 1974).

At Barrow, the ice algal bloom and the spring bloomin the water
colum are separated by species present and tinme. The ice comunity
consists primarily of pennate diatons (Honer and Al exander 1972;

Al exander et al. 1974), while the spring phytoplankton bl oom consists
primarily of centric diatons (Homer 1969). Only one species, Nitzschia
eylindrus, is common in both the ice and water colum comunities. The
ice algal bloom occurs in April and May, sonmetimes extending into early
June, while the phytoplankton bl oom does not start until ice breakup is
underway and light is available to the cells in the water colum. In

shal low, coastal waters the phytoplankton bl oom nmay be delayed somewhat by
the low salinity of the water colum caused by the melting ice.

El sewhere, Saito and Taniguchi (1978) reported what they called “ice
pl ankton,” or species that probably grew in sea ice, in deeper water in
the Bering and Chukchi seas during summer, but whether these cells remin
viable and, if brought back into the surface water, they are able to seed
new ice in the fall is not known. These authors, however, did not actually
sanple the ice to determne the species present in the ice.

The species conposition of the ice algal community off Narwhal Island
and in Stefansson Sound was simlar to that reported from other areas of
the Arctic (Meguro et gl. 1966, 1967; Honer and Al exander 1972; Honer
et al. 1974; Hsiao 1980). The conmunity was dom nated by pennate diatom
species, and although centric diatonms and dinoflagellates occurred, they
were represented by few species and were seldom abundant. Several
identifiable flagellate species were present in |ow nunbers, while uniden-
tified flagellates were often abundant. A single pennate diatom &itzschia
eylindrus, accounted for nearly 507% of the popul ation off Narwhal Island.
Nitzschia frigida, Navicula directs, Navicula transitans, Cylindrotheca
elosterium, and Anphora ocellata were al so nunerically inportant species.

Hundreds of diatom species have been identified from Arctic sea ice,
but only a few species have been reported as dom nant. O 58 species
enunerated from our sanples, only six species ever accounted for nore than
10% of the cells counted. Homer and Al exander (1972) found that WNitzschia
frigida was usual ly the nost abundant species at Barrow, but was apparently
not found farther offshore by Meguroetal. (1966, 1967). It was often
important in the comunity off Narwhal Island, in Stefansson Sound, and in
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the Canadian Arctic (Dunbar and Acreman 1980; Hsiao 1980). W~Navicula
marina was al so a prominent nmenber of the community at Barrow, and was
often the nost abundant species (Al exander et al. 1974). This species was
found in the comunity off Narwhal Island, but was never abundant.

Nitzschia cylindrusisfrequently reported as a dom nant ice algal
speci es and has also been reported as a nenber of the sumrer phytoplankton
community (Horner et al. 1974; Dunbar and Acreman 1980). It isdifficult
to identify accurately in routine counting and the taxonony of this and
closely related species has recently gone through several changes at the
generic level, being transferred from Fragilaria Lyngbye, to Fragilariopsis
Hustedt, to Nitazschia Hassall. Nitaschia cylindrus is easily confused with
N. grunowii, which has also been reported as a dom nant ice algal species
(Homrer 1976; Dunbar and Acreman 1980).

Changes in community structure acconpanied the devel opment of the
bl oom off Narwhal Island. During April and early May, the comunity was
strongly domi nated by WNitzschia eylindrus, but in mid-My this species
becane | ess healthy and enpty frustules were conmon in the ice and water
colum. As the relative nunbers of N e¢ylindrus declined, other diatom
and flagellate species which had been rare or had not been identified
previously becane comon, and the diversity of the conmunity increased.
An increase in standing stock (chlorophyll a) acconmpanied this shift in
comunity structure.

Environnental factors may have contributed to these species changes.

Light inhibition has been suggested as a factor limting the ice algal

bl oom (Apollonio 1965) and it is possible that increasing light intensity
resulting from snow melt may have favored nmore |ight adapted species.
Salinity declined during the peak of the bloom and, although ice algae are
known totolerate a wide range of salinities (Gant and Homer 1976), the
specific requirenents of Nitzschia cylindrus are not known and the reduced
salinity may have been nore favorable to the devel opnent of other species.
The nitratei ncrease at the sanme time may have favored species that prefer
hi gher nitrate concentrations.

The devel opnent of the spring ice agalbl oomoff Narwhal Island is
simlar to that reported by Alexander et aZ. (1974)for the Chukchi Sea
near Barrow, which is the only other study to include the complete cycle
of the ice algal bloom  Algal biomass (chlorophyll a) off Narwhal |sland
exhibited the sane bimodal distribution and timng, and reached conparabl e
peak values. An early peak occurred in late April to early My during
both studies, with high values of ea. 8 ng chlorophyll a m~2, A later and
mexi mum peak occurred at the end of May to early June with 26.5 ng Chl a
m~2 reported at Barrow and 23 nmy Chl a w2 of f Narwhal Island. Primry
productivity followed a simlar pattern in both studies, remaining rela-
tively low until md-My and clinbing sharply to peak levels with a maxinum
during the last week of Miy. Total production for the bloom off Narwhal
I sland was about one-seventh that reported for Barrow and may have been
due largely to lower light levels found off Narwhal Island.

Primary productivity was nuch | ower at Narwhal Island than at Barrow,

al though both studies reported conparable levels of chlorophyll a. This
suggests that it is msleading to conpare or estimate productivity of
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di fferent areas based only on neasurenents of chlorophyll a. The diffi-
culties of trying to determne the carbon to chlorophyll ratio (F) used to
convert chlorophyll a to algal carbon are well-known (Banse 1977), The
most inportant environmental factors that affect this ratio include nutrient
concentrations, light, and tenmperature in that order, but species differ-
ences and interactions between factors are al so i nportant (Banse pers.
comm,). Direct chemical neasurements of algal carbon in natural popula-
tions are difficult because of the presence of unknown quantities of zoo-
pl ankt on and detrital carbon; the use of glass fiber filters also over-
estimates algal carbon. There are seasonal variations as well, for exanple
when nutrients are low, the ratio is high. Strickland (1960) thought that
choosing conversion factors from environnmental data could not be correct to
better than a factor of 0.3 to 3 and this has not changed much (Banse 1977).

The carbon to chlorophyll ratio can also be estimated microscopically
by counting and neasuring cells, determning mass, and converting to algal
carbon. This nethod has serious drawbacks, as well, including the enornous
amount of time needed to count and neasure cells, the problem of |osing
unknown numnbers and kinds of cells when sanples are preserved, and the
probl em of changes in carbon:cell volune ratio that depends on the growth
conditions of the cells (see Banse 1977 for discussion and references).

It is difficuit to conpare rates of primary productivity measured off
Narwhal Island with other areas of the Arctic because few neasurenents have
been made and nethods generally have been different. Schell (1980a, b)
included a table conparing annual ice algae productivity for areas of the
Bering, Chukchi, and Beaufort seas based on literature val ues from 1%¢
measur ements (McRoy and Goering 1976; Al exander et al. 1974; Horner et al.
1974; Honmer 1980) and val ues cal cul ated from bi omass (chl orophyl| a)
measur enent s. (The annual value of 24 g C mt *from McRoy 1976 [should be
McRoy and Goering 1976] should read 24 x 10°nmetric tons and is the cal-
cul ated annual budget for the whole Bering Sea shelf.) This table suggests
that our neasured annual productivity off Narwhal Island, Ccu. 0.7 g C m-2,
is low when conpared with other areas with the exception of Sinpson Lagoon,
calculated to be 0.18 g C m~2.

Estimates of primry production based on direct !“C neasurenents
reported from Arctic regions, are listed in Table 19. The hi ghest produc-
tion was reported from near Barrow and was 2-7 times higher than that from
off Narwhal Island. In the Bering Sea and Davis Strait, production was
| ower than either Stefansson Sound or Narwhal Island by a factor of 10.

The literature suggests that the algal production is high along the north
coast of Alaska conpared with the Bering Sea and Davis Strait, but only a
few experinments have been done in nost areas. Production off Narwha
Island and in Stefansson Sound was low when conpared w th Barrow, but
relatively high in relation to other areas of the Arctic where prinary
productivity measurements have been made

B. Phytoplankton
Phytoplankton was present in |ow nunbers during the winter
with unidentified flagellates, nostly < 10 um, being the nobst abundant

organisms. By April, diatons were nore abundant, both in nunbers and
species,. but microflageilates were still nunerically dominant. Most of th,
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Table 19. Ice algal primary productivity nmeasured by l%*C uptake experinents and chlorophyll a values
from Arctic regions.

Primary Productivity

No. (max) hr~!  (max) day~! annua 1 Chl a

Locati on Stations (my C m~%) (g Cm~?%) (max) ng m? Sour ce
Bering Sea 3 4.8 0.3 * 3.0 McRoy & Goering 1974
Davis Strait 11 2.4 0.8 MacLaren Marex 1979
Davis Strait 5 2. 0% 0.15 0.5 Ander sen 1977
Barrow, Al aska 25 4.56 109 30.5 Clasby et al. 1973
Barrow, Al aska 15 14.92 358 * 5 23.0 Al exander et al. 1974
St ef ansson Sound 4 1.50 36 0.9 * 3.0 Homer 1980
Narwhal |sland 25 2.70 63 0.7 26.5 This study

* Values calculated from data presented



di atons were pennate species that had probably fallen out of the ice. Only
a few centric diatom species were present, wth Thalassiosira gravida be-
comng nore comon late in the spring. This species is often abundant
during the spring bloom but none of the other typical spring bl oom species
occurred during our sanpling program

Chl orophyl| a was low, < 0.1 ng m™3, during the winter, increasing to
1.4 mg w3 on 11 June, the last sanpling day. Phaeopignents were usually
high, ea. 50% suggesting that cells were either not photosynthetic, Z.e.,
the microflagellates, or not viable. Mcroscopic exam nation showed that
many of the diatons were in poor condition.

Primary productivity in the water colum was |ow, usually <0.1 mg C
nt3 hr=!; maxi mum l4c uptake, only 0.42 ng C m *hr~!, occurred at the
surface on 7 June.

The spring bloomin the water colum probably occurs during and just
after ice breakup, but nore information is needed during this period
between the end of the ice algal bloomand breakup to determine the origin
and timng.

c. Benthic microalgae

The annual cycle of benthic microalgae has been docunented
(Mat heke and Homer 1974) for the nearshore area near Barrow. Growth was
limted during the winter by low light levels, and productivity did not
begin until the formation of melt ponds on the ice surface which, al ong
with the disappearance of the ice algae, increased light transmssion
through the ice. Followi ng breakup of the shorefast ice, benthic micro-
al gae becane the nost inportant source of primary production in that near-
shore ecosystem  Chlorophyll a concentrations were relatively high during
the winter months when primary productivity was negligible, and the
community was apparently able to survive long periods of darkness. Many
of the sane species were found in both the bottomice and sedinments, but
some of the species in the ice, including several of the nost abundant,
were not found in the sedinent either during or after the bloomin the ice.
This suggests that ice algae probably do not contribute significantly to
benthic productivity.

Qur data agree with Matheke and Homer (1974). Benthic microalgae did
not contribute significantly to primary productivity off Narwhal TIsland
during spring. Productivity was limted by low light |levels due to snow
cover and by shading fromthe ice algal layer. Light |evels remained |ow,
even after melt ponds had fornmed and the ice algal |ayer “had dissolved,
because of shading from al gae suspended in the water colum. Although
productivity was extremely low, chlorophyll a concentrations in the sedi-
ments were relatively high throughout the spring and increased during nexi-
mum devel opnent of the ice algal bloomfromalgal naterial falling fromthe
ice. The benthic microalgal community contained a distinct flora, dom nated
by species not found in the ice algal community. Few ice algal species
occurred in the sedinments, and nost were dead or in poor condition. The
nmost abundant species in the ice and water colum, W~Nitzsechia cylindrus, was
represented in the sedinents by a single pair of cells that had probably
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fallen fromthe ice. Sone species, such as Navicula directa, N. transitans,
and Cylindrotheca closterium, were members of both communities, and have

al so been reported fromthe sedinments and ice at Barrow (Mtheke and Homer
1974)

D. Zooplankton

Zoopl ankton species reported here are comon inhabitants
of the nearshore Arctic environment. Mst have been reported previously in
reports from RU 359 and other OCSEAP projects.

During the winter, copepods are by far the nost abundant animals in
the plankton. Mst of the copepods in our winter sanples were adults,
al though sone stage Il and Il individuals of Pseudocalanus elongatus and
P. major were present in Novenber 1978.

In March 1979, young stages of Calanus glacialis, Microcalanus
pygmaeus, Pseudocalanus elongatus, P. major, Metridia lucens, and Oithona
stmilis were present, and early stages were often present, along with
adults, as late as May. No really clear progression of stages occurred for
any of the copepod species during the alnmost two years we sanpled. Cairns
(1967) suggested that Pseudocalanus elongatus may take two years to reach
maturity, while Grainger (1965) thought Mlcrocalanus pygmaeus and Calanus
glacialis al so took two years. This may also be the case with other
copepods in our sanples where there is no clear progression of stages.

Cyclopoid and harpacticoid copepods were nost comon in May with both
juveniles and adults being present at the sane time. Oithona similis
juveniles and adults occurred in March 1979, as did adulits of Oncaea
borealis.

The nost abundant copepod in our sanples was Pseudocalanus elongatus.
It is considered to be widespread in the tenperate zone and at high lati-
tudes, being abundant from the North Pacific to the North Atlantic. It is
found in cold, surface waters and is nore common nearshore where it can be
an inportant food source for fish (Brodskii 1950). Two ot her Pseudocalanus
species were identified: P. major is a neritic, strictly Arctic species
found in less saline water (Brodskii 1950); while P. mimutus, al so known
fromnneritic areas where the salinity is lower, is found from the North
Pacific across the Arctic to the North Atlantic (Tidmarsh 1973).

Metridia longa is one of the three dom nant copepods in the Arctic and

Subarctic (Grainger 1962). It is reported to breed over an extended period
in sumer (Grainger 1959), but may start as early as March in sone narginal
areas. W found a few stage Il's and I111's and stage V fenal es as early as
April.

Acartia longiremis IS a circumpolar Arctic species that is nostly
neritic, but al so occurs in surface water offshore. It is often found near
melting ice (Johnson 1956). In our sanples adults were found in Nov, Mar,

Apr, My, and Jun, but were nost abundant in Nov.

TW Eurytemora species were present in our sanples. Eurytemora
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herdmaniisa littoral species found in less saline water in the Bering Sea
and along the Alaskan north coast (Brodskii 1950). Johnson (1956) thought

it might be an expatriate fromthe Bering Sea, and Redburn (1974) found it

at Barrow only when the surface water was > 7°C.  Eurytemora richingsi was
described from> 500 min the central Arctic (Heron and Damkaer 1976), but

it has also been reported from shallow water in the Beaufort Sea (English

and Homer 1977).

The npbst common cyclopoid copepod in our sanples was Oithona similis.
Adults were present during all sanpling tines with stages |1l and IV
present in March. Oncaea borealis adult males and females were present in
March.  Smal | nunbers of other cyclopoids were present in My 1979 and
June 1980. The May 1979 tow was a vertical one with the net lowered to the
bottomin the Stefansson Sound boul der patch where attached macroalgae were
present. The species present are often reported to be found attached to
plants and that may account for their occurrence in this sample. The same
is also true of the Harpacticoida that were common in the same sanple.
However, the same harpacticoid species were also present in horizontal net
tows collected off Narwhal Island in May and June 1980 where there were no
attached macroalgae.

The food habits of many copepods are inconpletely known. Food prefer-
ence is often suggested by the type of mouth parts present (Anraku and
Orori 1963), however, recent studies seemto indicate that nore than one
feeding node may be used (Heron pers. comm.). Pseudocalanus Species are
apparently filter-feeders, eating diatons, small protozoans, and scraps of
detritus. Deep water species in the same fanmly, such as Mierocalanus
pygmaeus, are mxed feeders, being able to filter out food particles and
also to selectively capture prey. They use plant, animal, and detrital
foods (Arashkevich 1969; Harding 1974).

Size of food particles is also inportant. Hargrave and Geen (1970)
found that adult Pseudocalanus minutus and Oithona similis preferred micro-
flagellates in the size range 5-15 um and microflagellates in this size
range were present through the winter-spring period. Copepodids of
P. minmutus were opportunistic feeders and had a higher grazing and ingestion
rate per unit body weight than ol der stages and fed continuously. Copepodids
obtai ned nore food on particles <,10 um than did adults suggesting at least
partially separate food niches (Poulet 1977).

Not all copepods utilize whole cells. Some cyclopoids are able to
suck out cell contents and thereby nake use of much larger cells than if
whol e cells had to be eaten (Kryuchkova 1974). The extent to which
planktonic organi sns use di ssolved organic matter as food is not known.
Perhaps its greatest inportance is as a source of vitamins or growh
substances (Kryuchkova 1974).

Anphi pods and nysids are also inportant conponents of the nearshore
ecosystem O these, Lagunogammarus wilkitzkii and Apherusa glacialis have
been reported fromthe underside of the ice (Tencati 1970; Dunbar 1954),
and A. glacialis has al so been reported to be pelagic (Lewis 1969). Both
are wi despread, circumpolar species and generally occur in the upper 200 m
Lagunogammarus wilkitzkii produces one brood per year with eggs occurring
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in Decenber, and some young stiliinbrood pouches aslateasJune. The
life cycle of this animal may be aslong as six years, suggesting |ow
production (Tencati 1970). Apherusa glacialisalso breeds in the area,
probably in January-February (Tencati 1970). Barnard (1959) suggested that
Arctic cod may selectively feed on this species.

Onisimus litoralisisanabundant, shallow water species usually
occurring inbracki sh water. It isprobably near itssouthern limt of
distribution in the Beaufort Sea (Dunbar 1954). Anonyx nugax is a circum-
pol ar, Arctic-Subarctic species confined to shailow water on the shelf and
extending into the North Sea and the Skagerak. It isafood species for
ducks, cod, and bear ded seals( Dunbar 1954).

Schnei der and Koch (1979) discussed the feeding habits of somenear-
shore anphi pods and mysids, They reported that nost of the species studied
ingested diatoms and peat, along with crustaceans and polychaetes. They
found sonme suggestion of patterns of food selection, but alof the species
st udi ed appeared to be opportunistic feeders with deposit feeding being
relatively inmportant. These authors found a high proportion of benthic
di atons being utilized indicating that the benthic di atom comunity isan
i nportant food source for benthic and epibenthic ani mals, but asoreported
planktonic di atons were eaten when they were avail abl e.

Hydrozoans became abundant in spring. They are probably not utilized
as a prinmary source of food by other animals, but they do feed on copepods
and other small invertebrates.

VI, Concl usi ons

A Ice algae are responsible for nearly all primary production
during the winter-spring period, with only minimal contributions from the
phytoplankton and benthic microalgae.

B. In addition to providing arich food source for animals living
in direct association with the bottom ice, ice algae provide a nmmjor source
of living and detrital material for herbivores and detritivores living in

the water colum and benthos.

c. The ice algal community was conposed prinarily of pennate
di at om speci es typical of the underice comunity in other Arctic regions.

D. The phytoplankton in early spring consistedamostentirely of
iccal gal species, nost of which had fallen fromthe ice,and were not
typi cal of species found during the spring and summer phytoplankton bl oons.

E.  The benthic microalgal community was conposed mainly of species
that were not found in the ice or water colum. Although some species are
conmmon to both the ice and benthic microalgal comunities, many ice algal
species found in the sediments were unhealthy and had probably originated
in the ice. More taxonomic work needs to be done on this difficult group.
Using existing techniques, it is difficult to adequately separate algal
cells from the sedinents, and cell counts are sem-quantitative at best.
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F. Copepods were the dom nant taxonomnic group of zoopl ankton during
the winter-spring period, and are numerically the npst inportant species
in the area during the entire year.

IX.  Needs for further study

We have docunented the devel opnent of the iceal gal bl oom and
the relative contributions of the ice al gae, phytoplankton, and benthic
microalgae to primary production during nuch of the wi nter-spring period
and have gone far in elucidating the interrelationships of these conmunities
However, several questions remain to be answered

A There is agpin our know edge of the crucial period follow ng
di ssolution of the ice algal layer in early June, leading up to the spring
phytoplankton bl oom after breakup.

1. What is the fate of the ice algae once they | eave the ice?
Are they rapidly consuned by zooplankton? Do they sink to deeper water?
Are they incorporated into the sediments? Are they so diluted in the water
colum that we don't collect them by conventional sanpling nethods? O, do
many of the cells die in the low salinity water during ice nelt wth
relatively rapid dissolution of the silica valves?

2. Thespring phytoplankton bl oomis conposed of different
species from those found in the ice and water colum during the winter, and
occurs after the end of the ice algal bloom What is the origin of these
cells? Are spores present in the sedinents during winter that are able to
germnate in spring in response to sone environnental factor? Wat factors
control this bloonf

B. In assessing the contribution of ice algae to the primary pro-
duction of the nearshore ecosystem, we have concentrated efforts in the
Wi nter-spring period. There is evidence, however, that an ice algal |ayer
also occurs in the fall. A sanple of bottomice collected in Novenber 1980
near Narwhal |sland contained an algal concentration conparable to that
found during the preceding spring ice algal bloom Does production occur
in the fall? What is the extent of the layer in fall, tenporally and
spatially? Is it a regular occurrence?

c. Small microflagellates < 6 um in dianeter are present, often in
hi gh nunmbers, in the ice and water columm throughout the year. Many of them
do not appear to be photosynthetic, and it is possible that they utilize
di ssol ved or particulate organic material as an energy source. These
organi sns may be an inportant food source for grazers, and their role in the
food chain dynamics of the nearshore ecosystem should be investigated

D. The benthic microal gae were not very inportant in the nearshore
area during the winter-spring period. At Barrow, however, production in
this community in summer is high. Does the sane thing happen in the near-
shore Beaufort Sea? Does a mat of filamentous diatons formin sumrer? Is
this mat utilized as a food source by invertebrates?
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E. Zooplankton are present all year round. \Wat happens to the
popul ations in summer? When do individual species breed? How | ong are
individual life cycle stages? Do life cycles take nobre than one year?
\What food sources-are being utilized? Do these sources change during the
life cycle? During the year?

F. Perhaps the mobst critical need with respect to oil and gas
devel opnent: what are the effects of oil, drilling nmuds, aad other
pol lutants on the organisms that live in the ice, water colum, and benthos?
Wuld they be able to survive a major spill? Could they repopul ate an area?
How | ong woul d recruitnent and repopul ati on take? How would the | oss of
primary producers at different times of the year affect consuners, particu-
larly higher trophic |evels?

X. Auxiliary material: References cited

Aagaard, K. 1977. STD neasurenents in possible dispersal regions of the
Beaufort Sea. Environnental Assessment of the Alaskan Continental
Shel f, Annual Reports 9:40-61.

Al exander, V. 1974. Primary productivity regines of the nearshore Beau-
fort Sea, with reference to potential roles of ice biota, pp. 609-632".
In J. C Reed and J. E Sater, eds., The Coast and Shelf of the Beau-
fort Sea. The Arctic Institute of North Anerica, Arlington, VA,

Al exander, V. 1980. Interrelationships between the seasonal seai ce and
biol ogical regimes. Cold Regions Sci. Tech. 2:157-178,

Al exander, V., R. Homer, and R C. Clasby. 1974, Metabolism of Arctic
sea ice organisnms. Univ. Al aska, Inst Mar. Sci. Rep. R74-4. 120 pp.

Al'len, M. B. 1971. Hi gh-1atitude phytoplankton. Ann. Rev. Ecol. Syst.
2:261-276.

Andersen, O G N, 1977. Primary production associated with sea ice at
Godhavn, Di sko, West Greenland. Ophelia 16:205-220.

Anraku, M, and M Omori. 1963. Prelimnary survey of the relationship
between the feeding habit and the structure of the mouth-parts of
mari ne copepods. Limnol. Oceanogr. 8:116-126.

Antis, N.J. 1976. Effects of tenperature on the darkness survival of
mari ne microplanktonic algae. M crobial Ecol. 3:41-54.

Apollonio, S. 1965. Chlorophyll in arctic sea ice. Arctic 18:118-122.

Arashkevich, Ye. G  1969. The food and feeding of copepods in the north-
western Pacific. Cceanology 9:695-709.

Atlas, R M,, and J. S. Hubbard. 1974. Applicability of radiotracer

met hods of measuring 1%C0, assimilation for determining microbial
activity in soil, including a new Zn situ nmethod. Mcrobial Ecol.

300



1:145-163.

Banner, A. H. 1948a. A taxonomic study of the Mysidacea and Euphausiacea

(Crustacea) of the Northeastern Pacific. Part |. Mysidacea from
fam |y Lophogastridae through tribe Erythropini. Trans. R Can. Inst.
26:345-399.

Banner, A H 1948 . A taxonomic study of the Mysidacea and Euphausiacea
(Crustacea) of the Northeastern Pacific. Part Il. Msidacea from
tribe Mysini through subfamly Msidelinae. Trans. R Can. Inst.
27:65-125.

Banner, A. H  1950. A taxonomic study of the Mysidacea and Euphausiacea
(Crustacea) of the Northeastern Pacific. Part 111. Euphausiacea.
Trans. R Can Inst. 28:1-63.

Banse, K. 1977. Determ ning the carbon-to-chlorophyll ratio of natural
phytoplankton. Mar. Biol., 41:199-212.

Barnard, J. L. 1969. The famlies and genera of marine gammaridean
Anphi poda. Bull. U S. Natn. Mis. 271:1-535.

Barnard, J. L. 1959. Epipelagic and under ice Amphipoda of the central
Arctic Basin, pp. 115-152., In V. Bushnell, cd., Scientific Studies

at Fletcher's lce Island, T-3, 1952-1955. Geophysical Research Papers
No. 63.

Bigelow, H B. 1920. Medusae and ctenophores from the Canadian Arctic
Expedition, 1913-18. Rep. Can. arct. Exped. VIII(H :1-22.

Broad, A C., A Benedict, X.Dunton, H Koch, D. T. Mason, D. &. Schneider,
and S. V. Schonberg. 1979. Environmental assessnment of selected
habitatsin the Beaufort and Chukchi littoral system Environmental
Assessnment of the Al askan Continental Shelf, Annual Reports 3:361-542.

Brodskii, K. A 1950. Calanoida of the Far Eastern Seas and Pol ar Basin
of the USSR Keys to the Fauna of the USSR, Zool ogical Institute,
Acadeny of Sciences of the USSR No. 35. 440 pp. [Transl. from
Russian by Israel Program for Scientific Translations. Jerusalem.
1967]

Bunt, J. S., and C C Lee. 1972. Data on the conposition and dark
survival of four sea-ice microalgae. Limnol. Oceanogr. 17:458-461.

Bunt, J. S., and E. J. F. Wod. 1963. Microalgae and Antarctic sea-ice.
Nat ure 199:1254-1255,

Cairns, A A 1967. The zoopl ankton of Tanquary Fj ord, Ellesmere |sland,
with special reference to calanoid copepods. J. Fish. Res. Board
Can. 24:555-568.

Clasby, R C., R Homer, and V. Al exander. 1973. An in sit method for
measuring primary productivity of Arctic sea ice algae. J. Fish. Res.

301



Board Can. 30:835-8338.

Cleve, P. T. 1894-1895. Synopsis of the Naviculoid Diatons. Part 1. K
svensk. VetenskAkad. Handl. 26(2):1-194. Part 2. K. svensk. Vetensk-
Akad. Handl. 27(3):1-219. (Reprinted 1965, A Asher & Co., Anmsterdam

Cleve, P. T., and A Grunow. 1880. Beitrige zur Kenntniss der arctischen
Diatomeen. K. svensk. VetenskAkad. Handl. 17(2):1-122,

Codispoti, L. A, and F. A Richards. 1968. Mcronutrient distributions
in the East Siberian and Laptev seas during summer 1963. Arctic 21
67-83.

Cupp, E. E. 1943. Marine plankton diatons of the West Coast of North
America. Bull. Scripps Instn. Cceanogr. 5:1-237.

Dawson, J. K 1971. Species of Arctic Ccean chaetognaths, pp. 3-21. In
H A Kobayashi, cd., Taxonomic Quides to Arctic Zooplankton III. ~

Univ. So. Calif., Dep. Biol. Sci. Tech. Rep. 4.

Dunbar, M J. 1954, The amphipod Crustacea of Ungave Bay, Canadian
Eastern Arctic. J. Fish. Res. Board Can. 11:709-798.

Dunbar, M J., and J. Acreman. 1980. Standing crops and species conposi -
tion of diatons in sea ice from Robeson Channel to the Gulf of St.
Law ence. Ophelia 19:81-72.

English, T. S., and R Homer 1977. Beaufort Sea plankton studies.
Envi ronnental Assessment of the Al askan Continental Shelf, Annual
Reports 9:275-627.

Fager, EE W S972. Diversity: a sanpling study. Amer. Nat. 106:293-310.

Gainger, E. H 1959. The annual oceanographic cycle at Igloolik in the
Canadizn Arctic. I. The zooplankton and physical and chemnical
observations. J. Fish. Res. Board Can. 16:453-501.

Gainger, E.H. 1962. Zooplankton of Foxe Basin in the Canadian Arctic.
J. Fish. Res. Board Can. 19:377-400.

Gainger, E. H 1965. Zooplankton fromthe Arctic Ccean and adjacent
Canadi an water. J. Fish. Res. Board Can. 22:543-564.

Grainger, E. H. 1974, Nutrients in the southern Beaufort Sea, pp. 589-
605. InJ. C Reed and J. E. Sater, eds., The Coast and Shelf of the
Beaufort Sea. The Arctic Institute of North America, Arlington, VA.

Gant, W S., and R Honer. 1976. Gowth responses to salinity variation
in four Arctic ice diatons. J. Phycol. 12:180-185.

Griffiths. R P., S. S Hayaska, T. M McNamara, and R Y. Mrita. 1978.
Rel ative mcrobial activity and bacterial concentrations in water and
sedi ment sanples taken in the Beaufort Sea. Can. J. Microbiol.

302



24:1217-1226.

Gurjanova, E.  1951. Bokoplavy morej SSSR i sopredel‘nykh vod (Amphipoda-
Gamaridea). Opred. po Faune SSSR, Akad. Nauk SSSR 41:1-1029. [In
Russi an]

Hamilton, R A, C L. Ho, and K. J. Walker. 1974, Breakup flooding and
nutrient source of Colville River delta during 1973, pp. 537-648. Ia
J. C. Reed a2nd J. E. Sater, eds., The Coast and Shelf of the Beaufort
Sea. The Arctic Institute of North Anerica, Arlington, VA

Harding, G C. H 1974, The food of deep-sea copepods. J. mar. biol. Ass.
U. K. 54:141-155.

Hargrave, B.J., and G H Geen. 1970; Effects of copepod grazing on two

natural phytoplankton popul ations. J. Fish, Res. Board Can. 27:1395-
1403.

Hendey, N. |. 1964. An Introductory Account of the Smaller Algae of
British Coastal Waters. Part V: Baccillariophyceae (Diatomns).
Fishery Investigation Series 1V, Mnistry of Agriculture, Fisheries
and Food. Her Myjesty's Stationery O fice, London. 317 pp.

Heron, G A, and D. M Damkaer. 1976. Burytemora richingsi, a new species
of deep-water calanoid copepod fromthe Arctic Ccean. Proc. Biol. Sot.
Wash. 89:127-136.

Homer, R 1969. Phytoplankton in coastal waters near Barrow, Al aska.
Ph.D. Thesis. Univ. Wsh., Seattle. 261 Pp.

Homer, R 1976. Sea ice organisms. Oceanogr. Mar. Biol. Ann. Rev.
14:167-182.

Homer, R 1977. History and recent advances in the study of ice biota,
pp. 269-283. In M J. Dunbar, cd., Polar Cceans. The Arctic Institute
of North America, Cal gary, Al berta.

Homer, R 1980. Beaufort Sea plankton studies. Annual report submtted
to OCSEAP, 31 Mar 1980. 142 Pp.

Homer, R. 1981. Beaufort Sea plankton studies. Final report on Beaufort
Sea icebreaker studies submtted to OCSEAP, ¥eb, 1981. 189 pp.

Homer, R, and V. Alexander. 1972. Algal populations in Arctic sea ice:
an investigation of heterotrophy. Limnol. Oceanogr. 17:454-458.

Homer, R, K O Coyle, and D. R Redburn. 1974, Ecol ogy of the plankton
of Prudhoe Bay, Alaska. Univ. Alaska, Inst. Mar. Sci. Rep. R74-2;
Sea Grant Rep. 73-15. 78 pp.

Hoshiai, T. 1977. Seasonal changes of ice comunities in the sea ice near

Syowa Station, Antarctica, pp. 307-317. |In M. J. Dunbar, cd., Polar
Cceans. The Arctic Institute of North America, Cal gary, Al berta.

303



Hsiao, S. |. C. 1980. Quantitative composition, distribution, comunity
structure and standing stock of sea ice microalgae in the Canadi an
Arctic. Arctic 33:768-793.

Hsiao, S. I. C, M G Fey, and DO W Kittle. 1977. Standing stock,
comunity structures species composition distribution, and primary
production of natural popul ations of phytoplankton in the southern
Beaufort Sea. Can. J. Bet. 55:685-6%4.

Hufford, G L. 1974a. On apparent upwelling in the southern Beaufort Sea.
J. Ceophys. Res. 79:1305-1306.

Hufford, G L. 1974b. Dissolved oxygen and nutrients along the north
Al askan shelf, pp. 567-588. In J. C. Reed and J. E Sater, eds., The
Coast and Shel f of the Beaufort Sea. The Arctic Institute of North
Anerica, Arlington, VA

Hufford, G L., S. H Fortier, D. E. Wlfe, J. F. Doster, and D. L. Noble.
1974.  Physical oceanography of the western Beaufort Sea. Marine
Ecol ogi cal Survey of the western Beaufort Sea, U.S.C.G. Oceanogr. Rep.
CG-373-64:1-182,

Hustedt, F. 1930. Die Kieselalgen. In L. Rabenhorst, Kryptogamen-Flora
von Deutschland, Osterreich und der Schweiz VII(1) :1-920.

Hustedt, F. 1959-62. Die Kieselalgen. In L. Rabenhorst, Kryptogamen-Flora
von Deutschland, Osterreich und der Schweiz VII(2) :1-845.

Jaschnov, W A 1948, Order Copepoda, pp. 183-215. In N S. Gaevskoi,
cd., Quide to the Fauna and Flora of the Northern Seas of the USSR
Gos. Isd. Sovetskaya Nauka, Moscow. [In Russian]

Johnson, M W 1956. The plankton of the Beaufort and Chukchi Sea areas
of the Arctic and its relation to hydrography. The Arctic Institute
of North Anerica Tech. Paper No. 1. 32 pp.

Kramp, P. L. 1961. Synopsis of the Medusae of the Wrld. J. nmar. biol.
Ass. U K. 40:1-469.

Kryuchkova, N. M 1974. The content and size of food particles consuned
by filter-feeding planktonic animals. Hydrobiol. J. 10:89-94.

Lang, K. 1948. Monographi e der Harpacticiden. Hakan Ohlsson Boktryckeri,
Lund. 1682 pp.

Leach, J. H  1970. Epibenthic algal production in an intertidal mudflat.
Limnol. Cceanogr. 15:514-521.

Leung, Y. M 1970a. Euphausiids of the Arctic Basin and peripheral seas,
pp. 38-45. In Y. M. Leung and H A Kobayashi, eds., Taxonomic
Quides to Arctic Zooplankton. Univ. So. Calif. Dep. Biol. Sci. Tech.

Rep. 2.

304



Leung, Y. M 1970b. Ctenophores of the Central Arctic, pp. 30-50. In
H Xobayashi, cd., Taxonomi c Cuides to Arctic Zooplankton (II). Univ.
So. Calif., Dep. Biol, Sci. Tech. Rep. 3.

Leung, Y. M 1972a. Appendicul arians of the central Arctic, pp. 3-12. In
H Kobayashi, cd., Taxononmic Guides to Arctic Zooplankton (V). Uaiv.
So. Calif., Dep. Biol. Sci. Tech. Rep. 2.

Leung, Y. M 1972b. Msids of the Arctic Ccean and confluent seas, pp.
13-21.  1n H Kobayashi, cd., Taxonomi c Quides to Arctic Zooplankton
(M) . Univ. So. Calif., Dep. Biol. Sci. Tech. Rep. 2.

LG . 1981. Beaufort Sea barrier island-lagoon ecological process studies.
R.U. 467, Final report to OCSEAP on Simpson Lagoon studies. 1027 pp.
(Cited from abstract in Arctic Project Bulletin #32, 15 Jan 1981, p.
11).

Lewis, E. L., and A. R Milmne. 1977. Underwater sea ice formations, pp.
239-244.  In M J. Dunbar, cd., Polar Cceans. The Arctic Institute of
North America, Cal gary, Al berta.

Lewis, R W 1969. The fatty acid conposition of Arctic marine phyto-
pl ankt on and zooplankton with special reference to mnor acids.
Limnol. Oceanogr. 14:35-40,

Li ndberg, K 1953. La sous-famille des Cyclopininae Kiefer (Crustacés
copépodes). Ark. Zool., New Ser. 4:311-325.

Lohmann, #H. 1933. Die Appendicularien. Nerd. Plank. 2(3):1-47.

Lorenzen, C. G 1966. A nethod for the continuous neasurement of <n vivo
chl orophyll concentration. Deep-Sea Res. 13:223-227.

Malone, T. C. 1971. The relative inportance of nannoplankton and net-
pl ankton as primary producers in the California Current System  Fish.
Bull. U. S. 69:799-820.

MacLaren Marex Inc. 1979. Primary productivity studies in the water
colum and pack ice of the Davis Strait, April, My and August, 1978.
Report prepared for Indian and Northern Affairs and Supply and Services,
Canada. Feb. 1979. 83 pp.

Mann, A. 1925. The nmarine diatons of the Canadian Arctic Expedition,
1913-1918. Rep. Can. arct. Exped. |V(F) :1-33.

Matheke, G E. M 1973. The ecol ogy of the benthic microalgae in the
sublittoral zone of the Chukchi Sea near Barrow, Al aska. M.S. Thesis,
Univ. Al aska, Fairbanks. 114 pp.

Mat heke, G E. M, and R Homer. 1974, Primary productivity of the

bent hi ¢ microalgae in the Chukchi Sea near Barrow, Al aska. J. Fish.
Res. Board Can. 31:1779-1786.

3056



McEwan, G. F., M W. Johnson, and T. R Folsom. 1954. A statistical
anal ysis of the performance of the Folsom plankton sanple splitter
based upon test observations. Arch. Mteor. CGeophys. Bioklimat. Ser.

A 7:507-527.

MRoy, C. P., and J. J. Coering. 1974, The influence of ice on the pri-
mary productivity of the Bering Sea, pp. 403-421. In D. W Hood and
E. J. Kelley, eds., Cceanography of the Bering Sea.‘Univ. Al aska,
Inst. Mar. Sci. Occas. Publ. 2.

MRoy, C. P., and J. J. Coering. 1976. Annual budget of primary produc-
tion in the Bering Sea. Mar. Sci. Comm. 5:255-267.

Meguro, H, K Ito, and H TFukushima. 1966. Diatons and the ecol ogical
conditions of their growth in sea-ice in the Arctic Ccean. Science
152:1089-1090.

Meguro, H., K Ito, and H Fukushima. 1967. Ice flora (bottom type): a
mechani sm of primary production in polar seas and the growth of
diatons in sea ice. Arctic 20:114-133,

Mohr, J. L. 1959. Marine biological work, pp. 82-103. 1n V. Bushnell,
cd., Scientific Studies at Fletcher's lce Island, T-3, 1952-1953.
CGeophysi cal Research Papers No. 63.

O'Rourke, J. C. 1974. |Inventory of physical oceanography of the eastern
Beaufort Sea, pp. 567-588. In J. C. Reed and J. E Sater, eds., The
Coast and Shelf of the Beaufort Sea. The Arctic Institute of North
Anerica, Arlington, VA

Pavlou, S. P. 1972. Phytoplankton growth dynamics: chenostat nethodol ogy
and chemical analysis. Univ. Wash., Dep. Oceanogr. Spec. Rep. No. 52
130 pp.

Poole, R W 1974, An Introduction to Quantitative Ecology. MGawHill,
New York. 532 pp.

Poulet, S. A. 1977. Gazing of marine copepod devel opnental stages on
naturally occurring particles. J. Fish. Res. Board Can. 34:2381-2387.

Pounder, E. R, 1965. Physics of Ice. Perganon Press, New York. 151 pp.

Redburn, D. R 1974. The ecology of the inshore marine zooplankton of
the Chukchi Sea near Point Barrow, Alaska. M.S. Thesis, Univ. Al aska,
Fai r banks. 172 pp.

Redfield, A C, B. H Ketchum and F. A Richards. 1963. The influence
of organisms on the conposition of seawater, pp. 26-77. 1n M N
Hll, cd., The Sea, vol. 2. John Wley and Sons, New York.

Rodhe, W 1955, Can plankton production proceed during w nter darkness in
subarctic |akes? Verb. int Ver. theor. angew. Limnol. 12:117-122.

306



Saito, K., and A Taniguchi. 1978. Phytoplankton conmmunities in the
Bering Sea and adjacent seas. Il. Spring and summer conmmunities in
seasonal |y ice-covered areas. Astarte 11:27-35,

Sars, G. O 1870. Carcinologiske Bidrag til Norges Fauna. |. Mono-
graphi e over de ved Norges Kyster forekommende Mysider 1-3. K norske
Vi denskabssel skab i Trondhjem. 229 pp.

Sars, G. 0. 1895. An Account of the Crustacea of Norway. |. Anphi poda.
Alb. Cammernmeyers Forlag, Christiania and Copenhagen. 711 pp.

Sars, G O  1903-1911. An Account of the Crustacea of Norway. V.
Copepoda Harpacticoida. Bergen Miseum Bergen. 449 pp.

Sars, G O  1913-1918. An Account of the Crustacea of Norway. VI,
Copepoda Cyclopoida. Bergen Museum Bergen. 225 pp.

Sars, G O  1921. An Account of the Crustacea of Norway. VII.
Copepoda Suppl enent. Bergen Miseum Bergen. 121 pp.

Schell, D. M 1974. Regeneration of nitrogenous nutrients in arctic
Alaskan estuarine waters, Pp. 649-664, In J. C. Reed and J. E. Sater,
eds. , The Coast and Shelf of the Beaufort Sea. The Arctic Institute
of North Anmerica, Arlington, VA

Schell, D. M  1980a. Chemical overview of biological-physical process
interactions, pp. 25-31. 1n D. M. Schell, cd., Beaufort Sea wi nter
wat ch ecol ogi cal processess in the nearshore environnent and sediment-
| aden sea ice: concepts, problens and approaches. OCSEAP Arctic
Project Bulletin 29.

Schell, D. M 1980b . Foodweb and nutrient dynamics studies in nearshore
Al askan Beaufort Sea waters. Environnmental Assessnment of the Al askan
Continental Shelf, Annual Reports 2:467-513.

Schiller, J. 1933-1937. Dinoflagellatae (Peridineae). 1n L. Rabenhorst,
Krypt oganen- Flora von Deutschland, Osterreich und der Schweiz X(3),
Teil 1:1-609. Teil 2:1-590.

Schmitt, W 1919. The schizopod crustaceans of the Canadian Arctic
Expedition, 1913-1918. Rep. Can. arct. Exped. VII1(B) :1-9.

Schneider, D. E, and H Koch. 1979. Trophic relationships of the Arctic
shal low water marine ecosystem pp. 503-542. |In A C Broad, A
Benedict, K Dunton, H Koch, D. T. Mason, D. E. Schneider, and S. V.
Schonberg, Environnental assessnent of selected habitats in the
Beaufort and Chukchi littoral system  Environmental Assessment of the

Al askan Continental Shelf, Annual Reports 3.
Shirley, D. W, and Y. M Leung. 1970. Medusae of the Central Arctic,

pp. 3-18. 1n H Kobayashi, cd., Taxonom c Guides to Arctic Zoo-
pl ankton (II). Univ. So. Calif., Dep. Biol. Sci. Tech. Rep. 3.

307



Shoemaker, C. 1920. The anphipod crustaceans of the Canadian Arctic
Expedition. Rep. Can. arct. Exped. VII(E) :1-30.

Strickland, J. D. H  1960. Measuring the Production of Mrine Phyto-
pl ankton. Fish. Res. Board Can. Bull. 122. 172 PP.

Strickland, J. D. H, and T. R Parsons. 1968. A practical Handbook of
Seawat er Analysis. Fish. Res. Board Can. Bull 167. 310 pp.

Tencati, J. R 1970. Amphipods of the central Arctic, pr. 3-37. Iny. M
Leung and H. Kobayashi, eds., Taxonomic Guides to Arctic Zooplankton.

Univ. So. cCalif., Dep. Biol. Sci. Tech. Rep. 2.

Thomas, C. W 1963. On the transfer of visable radiation through sea ice
and snow. J. Glaciol. 4:481-484.

Tidmarsh, G W 1973, The Copepoda (Calanoida, Cyclopoida) of Northern
Baffin Bay and Southern Nares Strait: their distribution and aspects
of their biology. M.S. Thesis, MGII Univ., Mntreal. Baffin Bay-
North Water Project. The Arctic Institute of North America Sci.

Rep. 3. 181 pp.

Utermshl, H 1931, Neue Wege in der quantitative Erfassung des Pl anktons.
Verb. int. Ver. theor. angew. Limnol. 5:567-596.

Van Heurck, H  1896. A Treatise on the Diatomaceae. (Translated by
W E. Baxter) WIliam Wesley and Son, London. 594 pp. (Reprinted
1962, Wheldon & Wesley, Ltd. and Verlag J. Cramer)

Wilce, R T. 1967. Heterotrophy in arctic sublittoral seaweeds. Bet.
Mar. 10:185-197.

Willey, A 1920. Report on the marine Copepoda collected during the
Canadian Arctic Expedition. Rep. Can arct. Exped. 7(K) :1-46.

Zimmer, C 1933. Schi zopoden. Nerd. Plank. 3(6):1-179.

308



APPENDI X |

An | nproved Chamber for in situ Measurement of Primary

Productivity of ctic Sea lce Al gae

G.C. Schraderl, R.A. Horner? and G.F. Snmith’

Schrader, G C., R.A. Honmer, and G.F. Smith. 1981. An inproved chanber
for in situ measurement of primary productivity of Arctic sea ice

al gae.

An incubation chanber was designed to measure rates of carbon
upt ake of microalgae growi ng on the underside of Arctic sea ice. SCUBA
divers are used to place the chanbers, which are secured to the ice
with steel pins. The chambers were found to accormmpdate a w de range of

ice conditions, and were superior to the core-liner type chanbers used

previously.

Key words: Arctic COcean; Sea lce Algae; Primary Productivity.

1Address: 20027 13th Drive SE, Bothell, Washington, 98011.
2Address: 4211 NE 88th Street, Seattle, Washington, 98115.
3Address: 1153 Franklin Street, Bellingham, WAshi ngton, 98225.
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An Inproved Chamber for in situ Measurement of Primary Productivity

of Arctic Sea Ice Algael

The occurrence of algae growing in sea ice is a wdespread
phenonenon whi ch has been docunmented in both Arctic (Apollonio 1961;
Meguro et _al. 1967, Honer 1976; Al exander 1980) and Antarctic regions
(Bunt and Wbod 1963; Bunt and Lee 1970; Hoshiai 1977). In the Ant-
arctic, Meguro (1962) described a comunity which occurs in snow that
has been flooded by seawater. Hoshiai (1977) reported al gae grow ng
in two layers within the ice: an upper layer formed during early ice
formation, incorporating conponents of the fall phytoplankton bl oom
and a bottom layerf ormed on the underside of the ice in spring. The
bottom layer is by far the nost developed in both Arctic and Antarctic
regions, and has been termed the "epontic" comunity by Bunt and \Wood
(1963). This comunity consists prinmarily of pennate diatons and
flagellates living attached to ice crystals and in brine pockets and
interstitial water between crystals.

In the Arctic, little or no growh occurs during the dark w nter
months, but in the spring increasing insolation triggers a bl oom which
produces a gol den-brown |ayer several centinmeters thick on the under-
side of the ice. This layer typically persists until early June when
the ice begins to soften and nelt, and the algae are washed fromthe
ice. During this period ice algal productivity may be quite high. Clasby
et al. (1973) reported maxi numrates of 4.56ny C/m2. hr near Point
Barrow, Alaska, with productivity in the ice usually far exceeding
that of the underlying water colum (Al exander et al.1974). Al though
this high productivity is of relatively short duration, it is signifi-
cant in that it extends the period of productivity in the Arctic by

several nonths.
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Attenpts at measuring the rate of primary production of the ice
algal comunity have enployed a variety of strategies, all utilizing
modi fications of the 14C met hod of Steemann Ni el sen (1952). One ap-
proach has been to obtain a sample of the under ice community by
coring through the ice fromthe surface. The lower portion of the core
containing ice algae may then be sectioned off and either taken to
the laboratory for incubation (Honer and Al exander 1972; Al exander
et al. 1974) or placed in a chanber, inoculated with isotope, and
incubated in situ under the ice (MicLAREN MAREX 1979). I ce nmany meters
thick may be sanpled fromthe surface in this nmanner.

A simlar approach was used by Andersen (1977) in a frozen |ead
in West Geenland where the ice did not exceed ca. 40 cm thickness.

Bl ocks of ice were cut and renoved, and clear plastic chanbers at-
tached to the underside. After inoculation the blocks were replaced
and incubated in situ. This method is |limted however, to ice of |ess
than ca. 0. 5m thi ckness.

There are certain problems inherent with surface operated collec-
tion techniques which are difficult to overcone. WWen coring devices
are used the delicate structure of the ice algal layer is disturbed,
resulting in partial loss of sample and interstitial water. In addi-
tion, thermal and light shock are difficult to avoid when bringing
the samples to the surface, and anbient conditions are difficult to
duplicate in the |aboratory.

SCUBA divers were first used by Bunt (1963, 1973; Bunt and Lee
1970) to sample the ice algal conmmunity in the Antarctic. Sanples
were collected by forcing a Van Dorn sanpler through the soft ice
matri x; incubation was done in the laboratory. This method, however,
did not overcone many of the problens encountered with surface coring
devi ces.

The need for a good in situ method for work in the Arctic prompt-
ed Clasby et al. (1973) to design a conbined sanpler-incubation chanmber
whi ch could be operated by SCUBA divers. The chamber was constructed
of 4.8 cm diameter plexiglass core tube lining 4 cmin length. One end
was closed off with a plexiglass plate fitted with a rubber septum
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and the top of the sanpler wasserrated to cut into the ice.

To place the chanber, a diver renoved the septum which allowed
the water to evacuate, and screwed the sampler into the underside of
the ice toadepth of 2 cm The septumwas then replaced and a syringe

14C- bi carbonate solution. After

used to inoculate the chamber with
an appropriate incubation period a heavy netal spatula was used to
chip away ice from around the chanmber and then sever the top of the
core. The sanple was retained in the chanber by a core cap. Dark up-
take rates were determned in a darkened chanber that was capped and
suspended fromice pitons inmedi ately follow ng inocul ation. The cham-
ber was also used to collect samples for chlorophyll, standing stock,
nutrient and other anal yses.

Al exander _et _al. (1974) conpared rates of primary productivity
of Arctic ice algae determned by both the diver operated technique
and surface core-culture chamber techniques, and found significantly
hi gher apparent rates of carbon uptake with the in situ method.

Although used successfully to nmeasure primary productivity in
sea ice near Point Barrow, Al aska (Clasbyeta.1973), we felt that
t he chanber should be redesigned to accommodate a greater range of
ice conditions and to mnimze sanple loss during core extraction and
cappi ng.

Two new features were incorporated into the new chanber. The
chanmber was provided with a holder equipped with four threaded stain-
| ess steel pins adjusted to protrude approximtely 2 em fromthe
chanber mouth (Fig. 1). The chanber could then be hamrered into the
ice where the pins would anchor it securely. In addition, a scraper
was designed with a locking pin that fit into a guide in the holder.
At the end of the incubation period, while the chanber is still anchor-
ed to the ice, the pin is started into the guide, and the core severed
as the scraper is pushed into place, sealing the chamber mouth. The
scraper is secured by a handle on the bottom of the hol der which is
screwed tightly against the pin. The chanber can then be returned to
the surface with little sanple loss. As an added precaution when
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returning the chanmbers to the surface, the scraper is held tightly
over the chanber nmouth to prevent |eakage.

To nmeasure dark uptake, a darkened chanber is hanmmered into the
ice and the scraper inserted to enclose the ice sanmple prior to in-
jecting the isotope. This allows the chanber to remain in place dur-
ing the incubation period. As the added weight of the scraper has a
tendency to pull the sanpler from the ice, a donut-shaped float is
placed over the handle of dark chanbers to provide additional security.

The chamber is constructed of 5cm inside diameter clear Lexan
plastic tubing 4.5 cm high. The upper edge is beveled and the bottom
glued to a square plastic base drilled to accept a serum bottle septum
The chanber is placed in its holder by dropping the base through a
square opening and rotating 45 degrees. The hol der provides support
for the base of the chanber, and a tight fitting plastic collar is
slipped over the outside of the chanber to keep it in place. The base
of the holder is open to allow access to the septum for inoculation
with asyringe. In practice, the chanber is rarely renmoved fromthe
hol der except for naintenance

The scraper is constructed from stainless steel, with the blade
sharpened and tenpered to increase durability. A Lexan handle is
attached at a 30 degree angle to provide clearance for the diver's
hand when scraping the flat undersurface of the ice.

The new chanbers were figld tested in spring 1980 at a station
approxi mately 25 km of fshore from Prudhoe Bay, Alaska (ns in prep.).
The ice was approximately 1.7 mthick. A variety of conditions were
encountered on the underside of the ice during the two nonths the
station was occupied. In April, when the ice was still rapidly ac-
creting, the algae were associated with a layer of hard vertica
platel ets several centineters deep. By early June, when the ice began
to soften, the algae had formed a “slush layer" overlying harder ice.
The new sanplers perforned satisfactorily under all conditions. They
remai ned in place well and divers did not observe sanple |oss during

extraction.
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At intervals throughout the study we attempted to© compar e rates
of primary production nmeasured by both the older core liner type
chanbers (Clasby et al. 1973) and our new chanbers. W were unsuccess-
ful because the older style chanbers would not remain in place in
spite of numerous attenpts by the divers. This clearly denonstrates
the superiority of the new design, as the older chanbers were totally
ineffective in the ice conditions encountered during this study. The
failure of the core liner type chanmbers to function during our study
was surprising as they had been used successfully near Point Barrow,
only a few hundered kilometers to the west. This suggests that there
may be considerable year to year or regional variation in under-ice
conditions in the Arctic.

Qur sanpler appears capable of accommpdating a w de range of ice
conditions, the major limtation being the depth of the layer of un-
consol idated ice. The sanpler will penetrate approximately 4.5 cm of
unconsolidated ice, and is limted by the height of the chanber. By
| engt hening the chanmber, pins, and scraper assenbly, this design should
work well in ice several tines this depth. It is recognized however,
that this chanber would have linited usefulness in the Antarctic,
where the unconsolidated layer may be 1 m thick (Bunt 1963). Individual
ice crystals are frequently very large and the introduction of a chanber
would tend to interfere seriously with the integrity of the ice matrix.

Al though we feel that our in situ chamber offers an inprovenent
over previous nethods, several problens have yet to be overcone before
we feel that we can adequately assess rates of primary production in
Arctic sea ice. As the ice algal layer is often formed of a matrix of
ice crystals, it is difficult to insure adequate m xing of the isotope
t hroughout the sanmple. The addition of a stirring apparatus to the
chanmber may prove worthwhile. However, artificial mixing would tend
to destroy gradients which probably exist within the ice matrix and
could affect carbon uptake rates. Al so, due to the porous nature of the
ice, an unknown armount of |abel may diffuse from the chanber during
i ncubation. An estinmate of this loss could be obtained by determ ning
the total anount of isotope recovered at the end of the incubation

peri od.
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An additional problemis encountered when an area is sanpled
repeatedly by SCUBA divers. Exhaust air fromthe diver's breathing
apparatus collects on the bottomof the ice |eaving “pockmarks' or
"eraters", and divers have observed a reduction imalgal growth in
these craters. The use of a diving apparatus which woul d exhaust
air directly to the surface would alleviate this problem

These experinmental problens lead to an underestimation of prim
ary productivity of the ice algal comunity. It is therefore suggested
that all such reported productivity data be considered as m ni num

val ues.
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Appendix Table I1-1. Surface weather observations. All measurenents were taken at ea. 1100. Were
no number is present data were not avail able.

Tenp W nd
(“c) Speed Direction Cl oud Snow Depth  Ice Thickness
Dat e Alr Water Sfc (kt) (° mag) Weat her Type Cover (cm (cm
10 Apr -22 -1.8 0 cl ear 5
12 -19.5 -1.8 15 030 clear 5
14 -18.2 -1.8 25 030 bl owi ng snow variabl e
17 -15.2 -1.8 10-20 020 f og br oken 3
19 -17.6 -1.8 20 020 cl ear vari abl e
24 -14.7 -1.8 15-20 030 clear 5 169
28 - 9.4 -1.8 10-15 030 cl ear stratus 10/10 2
29 - 9.8 -1.8 10-15 040 cl ear stratus 8/10 2-3
2 My - 8.5 -1.8 5 010 snow stratus 10/10 6
5 -11.0 -1.8 20 030 clear 3.5
6 -11.5 -1.8 30 030 bl owi ng snow 3
8 -15.5 -1.8 20 030 cl ear stratus/ 2/10 2
cirrus
15 - 6.0 -1.8 30 040 clear stratus 10/10 3
17 - 29 -1.8 20-30 050 clear cirrus 3/10 2.5 176
19 - 7.5 -1.8 15 030 cl ear 2.5
20 - 6.0 -1.8 5-10 030 snow stratus 10/10 2
22 - 6.2 -1.8 10-15 030 snow stratus 10/10 vari abl e
24 - 2.0 -1.8 10-15 030 cl ear stratus 10/10 2.5
26 1.2 -1.8 20 035 cl ear stratus 7/10 1
29 0.0 -1.8 10-15 055 clear stratus 5/10 0
31 - 50 -1.8 15 030 cl ear stratus 10/10
2 Jun 1.0 -1.8 10 050 snow stratus 6/ 10 0 178
3 - 0.5 -1.8 5 042 cl ear stratus 6/ 10 0
5 2.0 -1.8 0-5 090 rain stratus 10/ 10 0
7 2.0 -1.5 5 040 rain stratus 10/ 10 0
9 9.5 -1.5 0 cl ear 0/ 10 0
11 9.5 0.0 0 cl ear cirrus 3/ 10 0




Appendi x Table I1-2. Concentration of microflagellates and diatons in
the ice and water columm, Narwhal Island, spring 1980.

Om 7m I ce

Diatons Fl agel | ates Diatoms Flagellates Diatons Flagellates

Dat e (Cells &1 (Cells m=2)
Apr 10 3. 4X104 2. 0x10° 2. 5x10° 6. 0x10" 1.7X108 5. 8x10’
12 1. 9X105 1.3X105
14 1.0X102 1. 3X105 1. 0x10° 1.4X105 2.4x107 2. 5x10°
17 1.0X103 1. 7X105 3. X138 1.4X105 4. 6x10° 1. 9X108
19 6.0x10° 1. 4X105 4, 2x102 1.4X105 2.5x10° 2. 8x10°
24 3. OX133 6. 7x10* 3. OX12 4.5X104 7.1X108 6. 7x10°
29 6.0x10° 1. 1X105 2. OX133 1.4X105 4.8x10° 1.3X108
May 2 8.1x10° 6. 9x10° 3.1X103 2.5x10° 5. 6x10° 2. 9x10°
5 7.9X103 1. 3X105 4.1X104 1.8x10° 1.1x10° 2. 8x10°
8 1.2X104 1. 3X105 2. X108 1.7X105 6. 9x10’ 7. 5X107
15 6.8X104 1. 9X105 1. 2X104 1.6x10° 9.3X106 1. 4X107
17 8. 1x10° 1. 4X105 1,0X102 9.0X104
20 2. 5X104 1. 5X105 3. X138 1. 9X104 1.6x10° 7. 9X107
22 3.3X104 1. 2X105 1. 9X104 4.8x10" 7.9X108 5. 8x10°
24 1.7X104 1. 5X105 6. 0x10° 7 .4X104 8.2x10° 5. OX108
26 1.4X104 1. 1X105 1. OX18 2. 9X104 1.0X109 7.9X108
29 1. 8x10* 1. 0x10° 2. OX1(8 1.0X104 8. 5x10° 7.5X108
31 8.0x10° 6. 0x10* 1. 0x10% 1. 3X104 1.2X109 2. OX109
Jun 2 1.5X104 9. Oxlo* 3. X138 2.7X104 8. 5x10° 9. 2x10°
5 3.6x10" 2. 3X104 6. 0x10° 2.3x10° 6.7x10° 9. 9x108
7 5.9X104 1. 3X105 8. 0x10° 7.0X103 6. 6x10° 1. 6x10°
9 2.4x10° 6. 6x10° 3. X138 7.0X103 1.1x10° 1. OX109
11  1.6x10° 1. 5X105 3. X104 6. 8x10" 7. 0x108 8. 7x10°
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Appendi x Table I1-3. Concentrations of diatons in the ice, water
colum, and benthos, Narwhal Island, spring 1980.
lce Bent hos Wat er Om 7m
Dat e (Cells m=2) (Cells 2~1)
Apr 10 1. 7X10* 1.2x108 3.4X104 2.5x10°
12
14 2.4x10’ 3.9x106 1. 0x102 1. OX108
17 .4.6x10° 1.3X109 1.4X107 1. 0x10° 3. OX103
19 2.5x10° 2. 7x108 2.2X107 6. 0x10° 4. 2x102
24 7.1x108 1.2X107 3. OX103 3. OX12
29 4.8x10° 2.8x10’ 6. 0x10° 2. OX103
May 2 5.6x10° 9. 0x108 2.9x10° 8. 1x10* 3.1X103
5 1.1X109 2. 1X107 7. 9X103 4. 1x10*
8 6.9x10’ 3.0X10* 4. 9X107 1. 2X104 2. OX103
15 9.3X106 2.8x10° 6. 8X104 1. 2X104
17 2. 1X107 8. 1x10° 1. OX12
20 1.6x10° 9. 8x10’ 2. 5x10° 3. OX103
22 7.9X108 3.0X109 1. 8x10° 3. 3X104 1. 9X104
24 8. 2x10° 8. 1x107 1. 7X104 6. 0x10°
26 1.0x10° 5. 3X107 1. 4X104 1. OX1CB
29 8.5x10° 4. 0x108 7. 0x107 1. 8xlo* 2. OX108
31 1.2x10° 6. 3x10’ 8. 0x10° 1.0x10"
Jun 2 8.5x10° 6. 3x10’ 1.5X104 3. OX103
5 6. 7x10° 8.0x10° 1.5X108 3. 6x10° 6. 0x10°
7 6.6X108 2.3x10° 5.9X104 8. 0x10°
9 1.1X109 9.5X107 2.4x10* 3. OX103
11 7.0X106 6. 7x10° 1.6x10° 3. OX1O4
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Appendi x Table I1-4. Snow depth, percent surface light, and
extinction coefficient (k) of ice determined from transects through snow
drifts, Narwhal Island, spring 1980. The extinction coefficient (k) was
determined after the ice algae |ayer was renoved.

Snow Depth Percent Surface Light Extinction Coefficient
(cm | ce om kite (mid

Drift in lee of tent shelter; 28 Apr

2.0 2.29 1.63 0.94
1.5 2.29 1.74 0.95
2.5 2.29 1. 66 0.94
3.0 1.95 1.63 0.98
3.0 2.00 1.37 0.97
2.8 1.95 1.37 0.98
2.8 1.84 1.21 0.99
2.5 1.47 1.18 1.05
2.8 1.26 0.92 1.09
3.0 0.76 0.71 1.21
5.5 0.63 0. 47 1.24
5.5 0.45 0.39 1.32
4.0 0.34 0.29 1.40
6.0 0.24 0.18 1.47
19.0 0.13 0.13 1.59
30.0 0.06 0.06 1.59
45.0 0.04 0.04 1.57
47.0 0.02 0.02 1.69
54.0 0.02 0.02 1.64
54.0 0.01 0.01 1.77
Drift in lee of tent shelter; 6 My
2.0 0.88 0.69 1.18
1.0 1.20 0.76 1.11
2.0 1.20 0.92 1.10
2.0 0.92 0.74 1.17
2.0 1.27 0.64 1.09
2.0 1.43 0.69 1. 06
2.0 1.29 0.74 1.09
2.0 1.09 0.70 1.13
2.0 0.58 0.22 1.29
2.0 0.66 0.37 1.25
3.0 0.50 0.28 1.31
4.5 0.41 0.23 1.35
6.0 0.18 0.14 1.54
8.0 0.10 0.09 1.67
18.0 0.07 0.06 1. 66
24.0 0.03 0.03 1. 80
32.0 0.02 0.02 1.81
36.0 0.01 0.01 1.92
44.0 0.01 0.01 1.85
46.0 < 0.01 < 0.01
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Appendi x Table I1-4. (cent. )

Snow Depth Percent Surface Light Extinction Coefficient
(en Ice om Kite (m-1)

Drift in lee of tent shelter; 19 My

0.5 1.27 0.55 1.10
0.5 1.59 0.64 1.04
1.5 1.40 0.64 1.07
1.5 1.37 0.66 1.07
2.0 0.92 0.57 1.17
2.0 1.05 0.54 1.14
2.0 1.11 0.45 1.12
1.5 1.30 0.55 1.09
2.0 0.93 0.51 1.17
2.0 0.85 0.39 1.19
3.0 0.50 0.26 1.31
4.0 0.35 0.24 1.40
5.5 0.23 0.17 1.49
12.5 0.15 0.12 1.53
20.0 0.10 0.09 1.56
26.0 0.05 0.05 1.92
28.0 0.03 0.03 1.76
39.0 0.02 0.02 1.75
36.0 0.01 0.01 1.92
37.0 0.01 0.01 1.91

Drift in lee of tent shelter; 3 Jun

0.0 1.92 0.83 1.00
0.0 2.14 0.86 0.97
0.0 2.43 0.95 0.94
0.0 1.90 1.08 1.00
0.0 2.14 0.63 0.97
0.0 1.66 0.66 1.03
0.0 1.66 0.47 1.03
0.0 2.14 0.50 0.97
0.25 2.08 0.47 0.98
0.50 0.90 0.45 1.19
2.5 0.83 0.25 1.19
3.5 0.65 0.30 1.25
65 0.41 0.20 1.34
13.0 0.30 0.21 1.36
16.0 0.25 0.16 1.38
19.0 0.13 0.11 1.51
24.0 0.11 0.10 1.51
23.0 0.08 0.06 1.59
30.0 0.05 0.04 1.63
31. 0.04 0.04 1.67
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Appendi x Table [1-4.  (cent. )

Snow Dept h Percent Surface Light Extinction Coefficient
(cm Ice Om kice (m~1)

Study area windward of tent shelter; 17 My

2.0 2.30 1.22 0.92
2.0 2.10 1.30 0.94
2.0 2.10 1.08 0.94
2.0 1.65 0.85 1.00
2.0 2.04 0.82 0.95
2.0 1.81 1.05 0.98
2.0 1.40 0.74 1.04
2.0 0.94 0.64 1.14
2.0 0.82 0.47 1.17
2.0 0.77 0.45 1.19
2.5 1.05 0.60 1.11
2.5 0.94 0.48 1.14
3.0 0.78 0.53 1.18
7.0 0.60 0.30 1.21
3.0 0.51 0.26 1.28
3.0 0.68 0.34 1.21
3.0 0.57 0.27 1.25
5.5 0.52 0.24 1.26
10.0 0.23 0.14 1.42
20.0 0.10 0.07 1.53

Study area windward of tent shelter; 3 Jun

0.0 3.11 1. 87 0.88
0.0 3.14 1.43 0.87
0.0 2.67 1.90 0.91
0.0 2.43 1.48 0.95
0.0 2.44 0.92 0.95
0.0 2.64 1.54 0.92
0.0 2.25 0.80 0.96
0.0 1.58 0. 47 1.06
0.0 1.52 0.30 1.05
0.0 1. 84 0.50 1.02
0.0 1. 60 0.38 1.06
0.0 1.60 0. 56 1.06
0.0 1.28 0.51 1.11
0.5 0. 86 0.29 1.22
5.0 0.83 0.21 1.20
3.0 0.50 0.21 1.18
4.0 0. 62 0. 26 1.25
7.0 0. 60 0.18 1.29
13.0 0. 47 0.17 1.26
20.0 0.15 0.09 1.47
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