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| NTRODUCTI ON

In spring, a dense growth or bl oom of microalgae occurs on and in the
soft bottom |l ayer of arctic sea ice. This algal |ayer begins to develop in
April and the bl oom peaks in My (Honer 1976, 1977). Productivity of ice
al gae during the relatively short bloomin April and May can be quite high.
The bl oom has been estimated to provide between 6 and 33% of the total annual
primary production in various arctic |locations (Al exander 1974; Homer et
al. 1974; Welch and Kalff 1975). In addition, this bloomis inportant
because its production occurs before there is significant production by
planktonic and benthic al gae during the open water season (Apollonio 1965).
Thus , ice algal production is available to herbivores earlier in the season
than is planktonic production (Dunbar 1968). This availability is further
enhanced by the concentration of ice algae in two dinensions on the bottom of
the ice and, near the end of the bloom by their occurrence as macroscopic
‘detrital’ nmasses on the under-ice surface and in the water colum (Cross

1982a) .

In addition to the photosynthetic activity of its microalgae, the
under-ice comunity al so shows considerable heterotrophic activity. The
het er ot rophi ¢ conponent includes a nunmber of microscopic organisns that can
occur in abundance, including bacteria, fungi, colorless flagellates and
ciliated protozoans (Hormer 1976, 1977). The existence of an active
m crobial population is suggested both by the abundance of bacteria (Honer
1976) and by the uptake of labelled organic substrates (Honer and Al exander
1972). Considerable grazing activity anong mcro-organisns (e.g. flagellates

ingest diatoms; ciliated protozoans graze on diatons, bacteria and other



organic material --Horner and Al exander 1972) further indicates the existence

of an efficient systemof in situ nutrient regeneration and inorganic carbon

cycling. I norganic nutrient concentrations in the bottom|ayer of ice are
usual |y about an order of magnitude higher than in the water bel ow (Homer
1976, 1977), in spite of the high algal concentrations occurring there. In

addition to in situ nutrient regeneration, nutrient sources include drainage

fromthe ice above and exchange with the water bel ow (Meguro et al. 1967,

Al exander et al. 1974).

The under-ice community also includes a wide variety of netazoans that
graze on ice algae (Honer and Al exander 1972; Bradstreet and Cross 1982;
Grai nger and Hsiao 1982) and, presunably, on bacteria as well. The smal |l est
of these metazoans--copepods, nemat odes, polychaetes and turbellarians--are
terned meiofauna. Interest in this conmunity has increased in recent years.
The existing literature is largely limted to sublittoral and intertidal
habitats, but quantitative data on under-ice meiofaunal communities in arctic
waters are becom ng increasingly available (Thomson et al. 1978; Carey and
Montagna 1982; Cross 1982a; Grainger and Hsiao 1982; Kern and Carey 1983).
The inpact of these grazers on ice-algal production, and their contribution
to higher trophic levels (e.g. arctic cod——Bradstreet and Cross 1982), are
not well understood. In consideration of their high abundances (on the order
of 10°individuals/m?), however, they may be extremely inportant in both

respects.

The | argest and nost conspi cuous invertebrates inhabiting the under-ice
surface are gammarid amphiphods. Dominant species on the undersurface of the

ice have included, at various places and tines, Onisimus litoralis or




Oni sinus glacialis (Green and Steele 1975; Buchanan et al. 1977; Thomson et

al. 1978; Cross 1980, 1982a; G ainger and Hsiao 1982), Gammarus Set osus

(Thomson et al. 1978), Ischyrocerus angui pes (Cross 1980, 1982a,b), Apherusa

glacialis (Golikov and Scarlato 1973; Cross 1980, 1982a) and Wyprechtia
pinguis (Cross 1982b). Mst of these species are herbivores that consune ice
al gae (e.g., Hormer and Al exander 1972; Buchanan et al. 1977, Bradstreet and

Cross 1980, 1982); Onisinus litoralis is also known as a scavenger of dead

animal naterial (e.g., MacGnitie 1955). The habitats of these species in
the absence of l|andfast ice include the undersurface of pan ice, the water
colum, and shallow sublittoral and intertidal areas. In the absence of ice,

Apherusa glacialis and Onisinus glacialis are generally considered to be

pel agi ¢ speci es (Dunbar 1954; Barnard 1959). However, Apherusa glacialis

often associates wth pan ice in late sumer (e.g., Stephensen 1942;

MacG nitie 1955; Divoky 1978; Thomson et al. 1978) and Onisimus glacialis i s

al so an epibenthic species in sone |locations (Giffiths and Dillinger 1981).

Oni si nus litoralis and Ganmarus setosus occupy intertidal or nearshore

sublittoral habitats in the open water season (Dunbar 1954; MacGnitie 1955;

Steel e and Steele 1970; Thonson and Cross 1980; Cross 1982b),

Distributional and dietary information indicates that the ice habitat is
i mportant to anphi pods during spring. However, the relative inportance and
seasonal wutilization of pelagic, benthic and under-ice habitats by these
species is not known. Al t hough the abundance and bi omass of nearshore
anphi pods have been reported for intertidal, sublittoral and under-ice
habitats in the eastern Arctic, sinultaneous sanpling of under-ice and
benthic substrates and consecutive sanpling of one area through the season

(i.e. under fast ice and during the open water season) have not been carried

out .



| ce-associ ated invertebrates (copepods and anphi pods) are inportant food
items for arctic cod (Bain and Sekerak 1978; Bradstreet and Cross 1980, 1982;
Craig et al. 1982), various marine birds (Bradstreet 1976, 1980; Divoky 1978;
Johnson and Richardson 1981; Bradstreet and Cross 1982), and ringed seals
(Finley 1978) . In addition, the arctic cod is a major prey species of marine
mamal s and birds in the Canadian Arctic (Dunbar 1941, 1949; MlLaren 1958;
Bradstreet 1976, 1977, 1979, 1980, 1982; Finley 1976; Davis and Finley 1979;
Finley and G bb 1982, in press; Finley et al. 1982) and el sewhere. Thus ,
under-ice comunities nay be critical elements of arctic marine food webs.
Damage to the under-ice communities could have effects on the manmal s and

birds that occupy the higher trophic levels of the food webs.

Studies of plant and animal communities inhabiting the undersurface of
arctic sea-ice, and in particular studies allow ng direct observations by use
of SCUBA nethods, have becone a focus of attention only recently. To date,
few quantitative studies of this type have been conducted. Recent reviews of
publ i shed research on under-ice biota in the Arctic and Antarctic are given
by Honmer (1976, 1977). These include details of research carried out by a
group fromthe University of Al aska who used surface-operated and SCUBA
nmethods to study microalgae and primary productivity during 1972-1974.
SCUBA- based quantitative studies of under-ice conmmunities in the central and
eastern parts of the Canadian Arctic are those of Buchanan et al. (1977),

Thomson et al. (1978) and Cross (1980, 1982a,b).

In the event of a marine oil spill or blowut, large quantities of oil
are nost likely to accurmulate in the under-ice, intertidal and shallow

sublittoral habitats. Data on the effects of treated and untreated oil on



the biota of these habitats would be of use in decisions regarding the use of
chem cal counternmeasures for oil spills in ice-covered waters. Productivity
and bi omass of phytoplankton under oiled ice have been reported (e.g. , Adams
1975), and |aboratory experiments concerning effects of oil and dispersed oil
on arctic phytoplankton have been carried out (e.g. , Hsiao 1978). To our
know edge, the only previous study of oil effects on ice algae is that of

Cross (1982b).

Q1| effects on arctic mefofauna have not been studied, but this group
has becone a focus of pollution studies in recent years. Raffaelli and Mason
(1981) and Warwick (1981a) have postulated that nematode to copepod ratios in
meiobenthic conmmunities could be potentially useful in the nonitoring of
pol lution. Presumably, the ratio would increase in polluted areas because of
greater availability of food to nematodes, and the greater sensitivity of
copepods to pollutants (Bodin and Le Meal 1982; McLachlan and Harty 1982).
Under-ice meiofaunal conmunities might be useful for oil spill mnitoring in

arctic regions where ice is present nmost of the year.

Laboratory studies concerning the acute toxicity of oil to arctic marine
i nvertebrates have been conducted using animals fromboth the Beaufort Sea
(Percy 1974, 1976, 1977a,b; Percy and Mullin 1975, 1977; Busdosh and Atlas
1977) and the eastern Arctic and sub-Arctic (Fey 1978, 1979). These studies
have provided useful information on the relative sensitivities of a range of
organisns, including some species of under-ice anphipods, but |aboratory
studies cannot be used to predict the effects of oil contamination in a

natural field situation (Fey 1978, 1979). In situ studies of oil effects on

nearshore arctic benthos were initiated in 1980 (Cross and Thonson 1981,



1982), but simlar studies have not previously been carried out in arctic

intertidal or under—ice habitats.

In the first year of this study, Cross (1982b) exanmined effects of Ln
situ applications of oil and dispersed oil on under-ice algae and anphi pods
at Cape Hatt, Baffin Island, during May 1981. G| and dispersed oil were
added to chanbers in the under-ice surface, productivity was neasured, and
the results were conmpared with those from sinultaneous controls. Ol at low
concentrations had little effect on productivity, but oil at the highest
| evel tested caused significantly reduced uptake of radioactive carbon.
Di spersed oil at the lowest level tested appeared to stinmulate photo-
synthesis, but at the highest |evel there was near zero productivity.
Di stributions and popul ation structures of under-ice and intertidal amphipods
in the BIOS (Baffin Island O Spill Project) study bays were descri bed.
Data were collected prior to the experinental release of oil at Cape Hatt in
August 1981, and the intertidal habitat was sanpl ed again follow ng the

rel ease of oil. Nunbers of Gammarus setosus in the intertidal area of the

surface oil release bay decreased by alnpbst an order of nagnitude, whereas

those in Bays 9 and 10 (dispersed oil bays) decreased by 15 to 40% These
neasured decreases were consistent with direct observations nmade during the

oi| releases.

The present study is a continuation of that of Cross (1982b) .
Distribution and life history data were collected for amphipods occupying
under-ice, intertidal and shallow sublittoral habitats in the BICS study bays
one year after the release of oil. Simlar data collected during 1981 (pre-

and 2-4 weeks post-spill) are included in the present report. Productivity




studi es described herein address the effects of oil, solidified oil and
di spersed oil (three different chem cal dispersants) on productivity of ice
al gae and on associated variables, and also on neiofaunal comunities. By
using spatial and tenporal controls we examine the initial inpact on and
subsequent  recovery of under-ice comunities subjected to a single

application of these treatments.



MATERI ALS AND METHCDS

Field studies were carried out during 16-31 May, 10-19 August and 7-8
Septenber 1981, and during 8 May - 2 June, 20-25 August and 6-11 Septenber
1982 fromthe BIOS (Baffin Island G| Spill) project base canmp |ocated at
Cape Hatt, Baffin Island. The study area consisted of five shallow
enbaynents in Ragged Channel, sonme 5-8 km SSE of Cape Hatt (72°27'N,
79°51'W). Bays 9 and 10 are shallow indentations in the coastline, each
about 500 min length, separated by the delta of a small stream and a

di stance of sonmewhat |ess than 500 m Bays 13 and 7 are similar in size and

configuration, the former is |ocated about 3 kmto the north and the latter
is about 6 kmto the south, and just south of another small stream Bay 11
has been designated as the |ower half of a deeper enbaynent approximately

1 kmx 1 kmin dinensions, |ocated approximately 1 km north of Bay 10

(Fig. 1).

Al under-ice and sublittoral sanpling and experinental work was carried
out by SCUBA divers working though holes in the ice (May) or from snall
i nflatable boats (August and Septenber). Studi es on anphi pod distribution
and popul ation structure were conducted in Bays 7, 9, 10 and 11 (Fig. 1), at
a depth of 3-5 mor on the ice undersurface at the sane |ocations.
Intertidal sanpling was carried out on the beach between two markers, 150 m
apart, which demarcated the sanpling locations within the BIOCS study bays.
Experinental studies on ice algae and meiofaunal communities were conducted

on the under-ice surface in Bay 13 over a water depth of 10 m
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Anphi pod Distributions and Popul ation Structures

Quantitative sanples of anphipods were collected in under-ice,
intertidal and shallow (3-5 n) sublittoral habitats in each of BIOS study
Bays 7, 9, 10 and 11 (Fig. 1). The under-ice surface was sanpled during
17-19 May and 31 May 1981, and during 8-11 and 30-31 May 1982 (10-16

replicates per bay per time). The intertidal habitat was also sanpled at two

times in each year: during 17-19 August and on 7 Septenber 1981, and during
20- 24 August and 6-9 Septenber 1982 (10 replicates). The shallow sublittoral
habitat was sanpled at three tines in each year: during 17-19 May and on 10
August and 8 Septenmber 1981, and during 30-31 May, 21-25 August and 8-11
Sept enber 1982 (10 replicates). Sanpling in Bay 7 was not carried out in My
1981. Sanpling locations selected in 1981 were relocated as closely as

possible in 1982

In late August 1981, 15 miof untreated Lagonedio oil was rel eased
within booms on the surface of Bay 11, and an additional 15 niof the sane
oil treated with the dispersant Corexit 9527 (10 o0il:l Corexit) was rel eased
underwater in Bay 9 (Fig. 1). Currents carried the dispersed oil into Bay
10, which had originally been designated as the control bay. This resulted
in a relatively high level of contanmination of Bay 10--approximately one
order of magnitude |ower than that in the dispersed oil rel ease bay. For
several days followi ng the dispersed oil release, low levels of oil (average
mexi mum of 50 ppb) were also found in the new control bay--Bay 7--and al so

t hroughout Ragged Channel (Fig. 1).
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Al systematic sanpling on the under-ice surface was at least 5 mfrom
the entry hole to avoid disturbance artifacts. Macrofauna (mainly amphipods)
on the under-ice surface were sanpled by scraping fine mesh (1 mm dip nets
with a 40 cmflat top for 10 m distances along the under-ice surface in areas
not previously disturbed by respired SCUBA air. These 10 mtransects
extended radially fromthe entry hole (5-15 m 15-25 n) and were relatively
evenly distributed in the sem-circle seaward of the hole. Entry holes were
located just seaward of mmjor tide cracks, and the area sanpled consisted
only of relatively flat, snmooth ice. Meiofauna and microalgae were sanpl ed
only in 1982. Meiofauna were collected with 10 cm di aneter plexiglass
chanbers inserted 2-3 cminto the soft ice, and microalgae were collected
with 2.5 cmdianeter stainless steel corers driven 10 cminto the ice (5

replicates of each type of core per bay per tine).

Intertidal sanpling was carried out at or near low tide. A 0.25 nm2
al um num quadrat was placed in the water with its shoreward edge 0.5 m
seaward fromthe water line, the substrate was manually disturbed, and all of
the enclosed animals were renmoved by using a snall aquarium net. Sanpl i ng
| ocations were randomy selected along 150 m segnents of the bays that
corresponded with the benthiec transects sanpled ‘during the BIOS Study .

Substrates consisted of mxed sand, pebble and cobble.

Sublittoral sanpling was carried out using ‘a self-contained diver-
operated airlift. The airlift consisted of a weighted length of pipe 8 cmin
dianeter fitted at the top with a 1 nmnmesh net, which retained the sanple

and could be removed quickly and capped. Air was supplied froma 20 MPa air

cylinder fitted with the first stage of a diving regul ator which reduced air
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pressure to approximtely 860 kPa above anbient. Areas to be sanpled were
demarcated by an aluminumring containing an area of 0.15 ni. Motil e
epibenthos Within the 0.15 nfarea were contained, and those outside were
excluded, by 1 mm nesh netting covering the top of each ring. The netting
over each ring contained a capped central receptacle to receive the ‘nouth’

of the airlift.

The airlift frame was placed on the bottom and pushed as far as possible
into the substrate to contain shallow infauna. The airlift was attached to
the net, the air was turned on, and the nmouth of the airlift was nmoved around
to cover thoroughly the area within the ring. The net on the airlift was

then renoved, capped and replaced.

In May, sublittoral sanpling locations were randomy selected at a depth
of 3-5 mwithin an area on the bottom bel ow the under-ice sanpling area. In
August and Septenber, sanples of epibenthic and shal | ow infaunal amphipods
were again collected at the same depths. In 1981, these areas only
approxi mately corresponded to those sampled in My, whereas in 1982 |ocations
were marked in May and relocated in August and Septenber. The substrate
consi sted of coarse to fine sand with pebbles and cobble (up to 10 cn); data

on substrates in Bays 9, 10 and 11 were reported by Cross and Thonson (1981).

Al sanples were preserved in 10% formalin., Anphi pods were identified,
counted and wei ghed at species |evel (whenever possible) and amphipod | engths
were neasured to the nearest nmm Amphipods of the genus Onisinus were not

identified to species if <6 mm long; nost Ischyrocerus collected were damaged
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and hence were only identified to generic level. Wt weights of each species
or group in each sanple were obtained by gently blotting dry and wei ghing on
a Mettler PT200 bal ance to the nearest nmilligram  Anphipods were transferred

to a solution of 3% propyl ene glycol in 75% et hanol for storage.

The resulting data were analyzed with one- and two-factor anal yses of

variance, using the SAS general I|inear nodels (GLM) program (Helwig and
Counci | 1979). Vari abl es anal yzed included abundance (nos./m?) and bi omass
(mg/m? ) of all snphipods and of doninant speci es. All data were

| og-transformed prior to analysis.

Primary Productivity of Ice Al gae and Meiofaunal Communities

The effects of treated and untreated oil on under-ice comunities were
studied during 14 May-2 June 1982 in Bay 13 (Fig. 1). The treatnents were
crude oil (Venezuela Lagonedio), solidified oil (BP treatnent), oil dispersed
with three different chem cal dispersants (Corexit 9527, BP110O WD and BP
CTD), and no oil (control). Each of these treatnents was applied to the
under-ice surface within |arge buoyant plexiglass enclosures 1.2 min
di aneter and 30 cmin depth. There were two enclosures for each of the six
treatments; one set of six enclosures was established at Location 1 and the

other set of six was nearby at Location 2.

G 1 and dispersants (10:1 ratio) were nixed with seawater in 9 L
air-pressurized hand-held fire extinguishers. Dispersed oil, untreated oil,
and water (control and solidified oil treatments) were introduced from the

extinguishers into the enclosures. In this way, any disturbance of the
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under- ice surface that resulted fromthe use of fire extinguishers was
simlar for all treatnents. Gl was solidified under anbient (surface)
conditions, transferred to a polyethylene bag and passively introduced into
the enclosure. The bottom of each encl osure was covered by polyethyl ene
sheeting during the application of treatnents. Di spersed oil was contained
within the enclosures for a period of 4-5 h and then the bottom sheet was
removed; control, oil and solidified oil enclosures remained covered during
the release of the dispersed oil. Untreated oil and solidified oil renained
in localized areas within the enclosures throughout the study. Just after
the treatments were applied, water sanples from each enclosure were collected
in 50 mL pol ypropylene syringes and frozen. G| concentrations were neasured
with a Turner-Designs Fluorometer by Seakem Cceanography Ltd. The nomi nal
concentration within each dispersed oil enclosure was 100 ppm act ual

concentrations in the enclosures (average ppmin two sanples) were as

fol | ows:
Tr eat nent
Solidified BP CTD BP 1100AD Corexit 9527
Control Gl 01 +01il +0il +0i1
Location 1 0.24 0.19 0.15 5. 80 15. 50 14.50
Location 2 0.28 0.22 0.15 6.70 26. 50 36. 50

Sanpling was carried out within the enclosures during five periods, each
consisting of two days: 18-19, 21-22, 26-27, 28-29 May and 1-2 June.
Treatnents were applied on 23-24 My. In each of these periods, Locations 1

and 2 were sanpled (or treated) on the first and second day, respectively.
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Productivity of under-ice algae was determined by a nodification of the
standard 14C light and dark bottle technique (Strickland and parsons 1972).
The ‘bottles’ in this case were cylindrical plexiglass chanbers with an area
of 78.6 cnR and a length of 15.3 cm (volunme = 1202 cc). Chanbers were
inserted about 1-2 cminto the soft bottomlayer of ice, and l4C-sodium
bi carbonate (New England Nuclear Corp.) wth a specific activity of 53
pCi/mol was injected to yield a final concentration of 75.9 uCi/L.
I ncubati ons began between 1100 and 1200 h (local apparent) and were allowed
to proceed for a period of 2-2.5 hours. At the end of the incubation
periods, ice cores were severed, the chanbers were capped and 1 mL of

concentrated formalin was injected into each

During each sanpling period, three replicate |light chanbers and one dark
chanber were used to incubate ice (+ water) sanples in each enclosure.
Because each treatment was applied to two enclosures, there was a total of
six light and two dark chambers per treatnent and sanpling period. In order
to determine the contribution of algae in the water to the above results,
wat er sanples were also collected imediately beneath the ice within the
enclosures. One light and one dark chamber were incubated for each treatnent
in each period. Separate sanples of ice (+ water) were collected in the same
way and returned inmediately to the field laboratory for the determnation of

salinity, alkalinity, and anbient inorganic nutrient concentrations

Carbonate alkalinity was calculated according to the methods of
Strickland and Parsons (1972). A Fisher Accunet pH neter (nodel 630,
accuracy *+.0.02 pH) was used to neasure pH, and salinity was cal cul ated from

Knudsen tables using tenperature and specific gravity neasurenents obtained
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with a hydroneter (Fisher, 1.000-1.070) . A recording pyranoneter (Kipp and
Zonen, nodel CM 6) located at the Cape Hatt base canp recorded inconing

radi ation (sz) during the four weeks that the canp was occupi ed.

Li ght was nmeasured with an underwater irradiometer (Kahlsico nodel 268
WA310 below the layer of ice algae and above the algal layer (after scraping
this layer away) in each enclosure at the beginning and end of each
incubation.  Sinultaneous measurenents above the ice were made with a surface

cell so that percent transmission through the ice could be calcul ated.

I ncubation chanbers were returned to the field laboratory inmediately
after the incubation period and processed within 8 h., Actual sanple volumes
varied to a maxi mum of 1350 mL and were sonetimes very |ow because chanbers
| eaked during transport to the |aboratory. Data from chanbers where actual
vol une was <1100 mL (26 of 240 ice sanples; 13 of 60 water sanples) were not
included in the analyses. The nomi nal chanmber volume of 1200 mL was used in
calculations for all chanbers. Subsampling and filtering procedures are
showmm in Figure 2 and nunbers of sanples are given in Appendix A
Filtrations were carried out at vacuum pressures of 120 mm Hg (dissol ved

organi ¢ carbon sanmples) or 200 nm Hg (all other sanples).

Nutrient sanmples were preserved with 1 or 2 drops of chloroform (samples
for phosphate and ammoni um anal yses) or 2 drops of concentrated sulphuric
acid (sanples for nitrate-nitrite analysis) before freezing. Othophosphate
(P04) and nitrate (N03) concentrations were determ ned on thawed sanples
using a Technicon Auto-Analyzer |1 continuous flow system and standard

Technicon analysis procedures. Ammonia (NH3) concentrations were determned
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SAMPLE (-1200 ml)

INE (ALL PERIODS)
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-400ml
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{abundance)

30/0 formalin

FI GURE 2.

(THREE PERIODS)

100 m! 50ml 100 ml 50ml 50m! 50ml ~400ml
Gelman Gelman Miltipore Millipore Silver Silver monofilament
membrane membrane membrane membrane filter filter mesh
filter filter filter filter 3um .45um 40pm
.45um + .45um 3um 3um
Chig e Chig c PoC ¢
algae + bacteria aigae dlgoe ae olgaie * bizmcteri Meiofauna
3 L—
GF/F Silver
glass filter
fibre -45pm StRT
filter GR! 8PS
[NuTRIENTS | [DO"MC | 20m!
. Y Y i
Scintillation Dessicant Scintillation Dessicant Foil Foil Frozen Frazen Digest
Cocktail Frozen Cocktail Frozen Frozen Frozen Cocktail
Representation of techniques for subsampling, filtration and preservation of ice and water
sanpl es.
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according to the procedures of Dal Pent et al. (1974) . All nutrient

concentrations wer e determ ned at t he Arctic Bi ol ogi cal Station,

St e- Anne- de- Bel | evue, Quebec.

Chlorophyl| a was nmeasured at the Arctic Biological Station by the
spectrophotonetric procedure described in Strickland and Parsons (1972) using
the equation of Jeffrey and Humphrey (1975). Particul ate organic carbon
concentrations were determned at the Arctic Biological Station by the mnethod

described in Bunch et al. (1981).

All radionmetric procedures including the preparation of stock solutions
were conducted at the Arctic Biological Station. To determne productivity,
14C radi oactivity was measured using a Nuclear Chicago 1Isocap 300
scintillation counter. Mei of auna were sorted into major taxa and processed
as described in the NEN-LSC Applications Notes (#1-30) prior to the
measurenent of radioactive carbon. Radioactivity in dissolved organic carbhon

was neasured by scintillation counting of the 14¢c organic residue after

acidification to pH 2 and renoval of Hl4co3 in a gas stream (N2, 30 nin.).

Microalgae (subsamples of 5 mL) were identified and enunerated using a
modi fication of the inverted microscope nethod of Utermohl (1958) and
magni fications to 625X Normal |y, 2.5-10% of the settling chanber was
scanned for abundant species and 50% was scanned for others. Nunmbers of ice
al gae enumerated were converted to cells/L. Each di atom dinoflagellate and
Dinobryon cell was counted as an individual, whereas each colony (except for
Dinobryon) and filanment of other groups was counted as one individual.

Microalgae were identified to species whenever possible. Ref erences for
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identification included Cupp (1943), Cleve-Euler (1951-5) and Hendey (1964)

for diatoms, and Paul sen (1908) and Lebour (1925) for dinoflagellates.

Meiofaunal anal ysis was based on subsamples (approxi mately 500 nlL) from
each chamber, preserved in 5% formalin and filtered through 40 um nesh
netting to reduce the vol une. Maj or taxonomic groups (copepods, nenatodes
and polychaetes) in each sanple were enunerated using a binocular mcroscope
and pl ankton counting wheel. Copepods in one half of the total nunber of

samples were identified to species level and counted.

Data on ice algae and neiofauna were analyzed with two- and three-factor
anal yses of variance, using the SAS general linear nodels (GLM) program
(Helwig and Council 1979). Variables analyzed included productivity,
chl orophyl| a, microalgal and meiofaunal densities, and ratios between
productivity, chlorophyll a, percent transmssion and in situ light.
Di fferences between filter types (0.45 pm and 3.0 pm cellulose acetate
filters) in productivity, chlorophyll a and particulate organic carbon were

analyzed with t-tests for paired conparisons (Sokal and Rohlf 1969).



RESULTS AND DI SCUSSI ON

Amphipod Distributions and Popul ati on Structures

Site Description

Under-ice amphipods were sanpled over a water depth of 3-4 min Bays 7,
9, 10 and 11 at Cape Hatt (Fig. 1). Bays 9-11 were sanpled in both 1981 and -
1982; Bay 7 was sanpled only in 1982. Ice depths at the dive holes were 122
to 163 cmin 1981 and 110 to 142 cmin 1982. Snow depths (cm) in each bay in

each year were as follows:

Snow dept h--mean * SD (n)

Bay 7 Bay 9 Bay 10 Bay 11
31 May 1981 14.3 + 4.2 14.3 £ 4.9 8.9 £5.5
(39) (27) (39)
11,12 May 1982 23.8 + 4.1 18.7 4.9 10.6 + 2.5 17.0 £ 6.2
(17) (20) (20) (20)
3 June 1982 20.8 £ 3.9 21.9 £ 5,0 8.8 * 2.6 19.0 £ 9.2
(21) (20) (20) (20)

The bottom of the ice was soft and granular in texture, with small -
hunmocks, depressions and ridges several netres across and up to 20 or 30 cm
inrelief. In each bay a relatively light-coloured al gal |ayer was present
on the ice under-surface, and its distribution was patchy on a scal e of

netres or tens of netres.

20
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Intertidal and shallow sublittoral substrates consisted of fine to
coarse sand mixed with pebble and cobble; finer sediments becanme increasingly
predom nant with increasing depth. The shoreline was icebound to a depth of
2 or 3 mduring May, and very little drifting or grounded ice was present

during August and Septenber of either 1981 or 1982.

The under—i ce macrofauna in the three study bays included arctic cod

(Boreogadus_sai da) and nysi ds (Mysis spp.), but otherw se consisted entirely

of gsmmarid anphipods. Cod were observed only in the large tide cracks just
i nshore of the entry holes in each of the bays. The edges of these cracks
were rounded and about 1/2 m apart at the bottom and only a few cmwi de at a
di stance of about 1/2 m from the bottom of the ice; npst cod nmoved up into
t he cracks when di sturbed. Mysids were present throughout the water colum
in each bay, and were generally concentrated in the first netre of water just
bel ow the i ce. Densities of mysids were extremely variable both wthin and
anong bays; estimtes based on anphipod dip net sanples were as high as 585
individuals/m? or 16 g/m?. These are underestimates, probably by at |east an
order of magnitude, because our nets sanpled only a part of the water colum
and because nysids actively avoided the nets. The followi ng results concern
only the anphipods «collected in this study, and only those anphipods

occurring on the under-ice surface are treated in detail.

Speci es Conposition

Thirteen species of gammarid anphi pods were collected on the under-ice
surface at Cape Hatt in 1982 (Table 1). Ten species were collected in 1981
(Cross 1982b), of which eight were also present in 1982. Four of the species

collected only in 1982 (Stenothoidae sp., Pleusymtes sp., Monoculodes
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Table 1. Species conposi tion of amphipeds in under-ice, intertidal and sublittoral habitats in four bays1 at Cape Hatt, Baffin Island,
during My, August and September 1982’

Under -i ce Intert i dal Sublittoral
(May) (August-September) (May, August, Septenber

% of % of % % of % of 3 % of % of %
Taxon nunbers  bionmass occurrence numbers  bionmass occurrence nunbers  biomass  occur re nce

Gamma ridae

Gamma racanthus loricatus 0.

Gammarus setosus 1

Gammarus wilkitzkii

Melita dentata

Wezgrecﬁt la pinguis 10.7 36.8
Lysi anassi dae

Anonyx nugax <0.1 0.1 1.6

Anonyx sarsi 0

AnonyxX jyyeniles '

Boeckosimus edwardsi <0

Boeckosimus plautus .

Boeckosimus sextonae <0

Onisimus glacialis 28.9 20.

Onisimus litoralis

onisimus juveniles

Orchowene minuta
Ischyroceridae

Ischyrocerus SP. 24.2 6.0
Calliopiidae

Apherusa glacialis 0.2 0.1 9.4

Apherusa [ egal ops 0.1 <0.1
Stenothoidae

Unidentified spp. <0.1 <0.1 0.8 <0.1 <0.1
Pontogeneiidae

Pontogeneia inermis <0.1 <0.1 0.8 0.4 0.4 6.7
Pleustidae

Pleusymtes sp. 0.1 <0.1 3.9 4.5 0.8 26.1
Oedicerotidae

Bathymedon longimanus

Bathymedon obtusifrons

Monoculodes latimanus <0.1 <0.1

Monoculodes packardi

Monoculodes SPP.

Monoculopsis longicornis 0.3 <0.1 271.5

Paroediceros lynceus

Westwoodilla megalaps
Dexaminidae

Guernea SP. <0.1 <0.1
Haustoriidae

Pontoporeia affinis <0. <0.1

Pontoporeia femorata <0. <0. 4.3 9.8 56.3
Corophiidae

Corophium clarencense 0.4

Protomedia fasciata 11
Phoxocephalidae

Harpina serrata <0.1 <0.1

Phoxocephalus holbolli <0.1 <0.1
Atylidae

Atylus .;rinatus <0.1 0.1
Ampeliscidae

Ampelisca macrocephala <0.1 <0.1

11.7
39.8
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1 Bay 7 (reference), Bay 9 (dispersed oil release), Bay 10 (dispersed oil contanination), Bay Ll (surface oil release). .
0il was released in late August 1981,
3 Includes Monoculodes borealis, M. kroyeri and M. schneideri.

“Does not Include unidentified, danaged or some juvenile amphipods
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latimanus and Guernea sp. ) have not previously been collected on the
under-ice surface: none of these species accounted for nore than 0. 1% of
total nunbers collected. Nine of the 15 species found at Cape Hatt in the
two years have previously been collected in spring on the under-ice surface
at various localities in the central and eastern Arctic (G een and Steele
1975; Thonson et al. 1975; Buchanan et al. 1977; Thonson et al. 1978; Cross

1980, 1982a) . Another two species, Wyprechtia pinguis and Pontogeneia

inerms, have previously been collected on the under-ice surface only in late

February in the western Arctic (Griffiths and Dillinger 1981).

During May 1982, Onisimus juveniles were the doninant anphi pods on the

under-ice surface in terms of nunbers (57.7%. Two species, Wyprechtia
pinguis and Ischyrocerus sp., together accounted for npbst of the renaining
numbers (34.9%. Three taxa, Weyprechtia pinguis, Gammarus Setosus and
Onisimus juveniles, together accounted for 81.5% of total biomass. Per cent

conposition was simlar to this in 1981, except that Onisinus juveniles were

mich less inportant (only 1.0% of nunbers, 0.3% of bionass). Ischyrocerus

sp. and Weyprechtia pinguis were donminant in 1981 (together conprising 61.9%

of nunbers) and the ratio between the two (~2:1) was the sane in both years.

Weyprechtia pinguis, Gammarus setosus and Onisinmus litoralis accounted for

nost (81.5% of the biomass in 1981 (Cross 1982b).

El sewhere, species of Onisimus Oor Gammarus have nost often been reported

to be the domnant (or the only) anphipods on the under-ice surface (G een
and Steele 1975; Buchanan et al. 1977; Thonmson et al. 1978; Graingerand

Hsiao 1982). Ischyrocerus sp. was al so donminant at sone offshore stations in

Pond Inlet (Cross 1980, 1982a) , but Wyprechtia pinguis has not been reported

to be dom nant el sewhere.
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Ei ghteen species of ganmarid anphi pods were found in the intertidal

habitat in August-Septenber 1982 (Table 1). Ganmar us setosus was dom nant

in terns of both nunbers (43.8%of total) and bi omass (66.1% of total) .

Onisimus litoralis and (nis imus glacialis, i n approximately equal

proportions, together conprised nost of the remaining nunbers and bionass

(42.5 and 29.6% respectively). Gammarus setosus was al so dominant in 1981

intertidal sanples from Cape Hatt, but nmany fewer species were collected in

1981; Onisimus glacialis was notable in its absence (Cross 1982b). This is

likely a result of sanmpling at lower tide levels in the second year (see

bel ow) .

A much hi gher nunber of species was found in the shallow (3-4 nm
sublittoral habitat in both years: 33 in 1982 (Table 2) and 38 in 1981
(Cross 1982 b). Dom nant species were also similar in both years. Quer nea

sp. , Orchonene minuta and Apherusa negal ops together conprised 62.9% of total

nunbers in 1982 and Guernea sp., O chonene minuta and Protonedia fasciata

conprised 50.7% of nunbers collected in 1981. Anonyx nugax, Anonyx sarsi and

Orchonene minuta were dominant in ternms of biomass in both years, together

accounting for 56.0 and 54.7% of total biomass in 1981 and 1982,

respectively.

None of the anphi pod species found on the under-ice surface in 1982 was

unique to this habitat. Apherusa glacialis was the only species collected
only in May (Table 2). It fornmed a small part of the under-ice conmmnity and
also was present in shallow sublittoral habitat. It was found in neither

intertidal nor sublittoral habitats at any time in 1981 (Cross 1982b; Cross

and Thonson 1982). This species is pelagic (Dunbar 1954) and often
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Table 2. Percent contribution of under-ice amphipods t 0 mmbers collected i n under-ice, intertidal
and sublittoral habitats in four bays1 at Cape Hatt, E&fin Island, during May, August and September
1982°,

Under-ice Intertidal Sublittoral
% of total numbers % of total mmbers % of total nunbers
Taxon Early May Late May August  September May August  September

Onisimis | uveniles 56. 3 58.5 0.2 <0.1 <0.1 <0.1
Is erus_Sp. 25.9 23.0 <0.1 1.0 0.5 2.9
Weyprechtia pinguis 10.8 10.6 1.2 0.2
Gamarus  Set 0SUS 1.5 2.2 52.8 377 <0.1
Onisimus glacialis 0.6 2.1 24.3 18.7 <0.1
Onisimus litoralis 0.8 0.2 8.1 30.8 0.1 0.1 0.1
Gammarus | uveni| es 0.2 0.6 <0.1 0.1
Gammaracanthus loricatus 0.3 0.3 0.2 0.1 -
Apherusa glacialis 0.3 0.1 0.3
Pleusymtes Sp . 0.1 <0.1 1.2 6.1 7.5
Guernea Sp. <0.1 <0.1 4.1 42.8 31.8
St enot hoi dae  sp. <0.1 <0.1 2.3 14.2 7.2
Monoculodes latimanus <0.1 8.9 2.8 2.5
AnQnyx _mugax <0.1 0.3 0.7 1.5
Pontogeneia inermis <0.1 0.1 1.1
Total % 9683 97.6° 85.6 87.3 48.2 68.6 54.8
Total number collected 2854 4263 7813 11, 603 3848 2479 2838
Total area sampled (n?) 256 256 10 10 6 6 6

1 Bay 7 (reference), Bay 9 (dispersed oil release), Bay 10 (dispersed oil contamination), Bay 11
(surface oil rel ease).
“ 2 0il was released in late August 1981.
*Does not include wnidentified and danmaged amphipods.
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associates with pan ice in late sunmer (Stephensen 1942; MacGinitie 1955;

Di voky 1978; Thonson et al. 1978).

Al of the other species that were common on the under-ice surface were

clearly of benthic origin. Gammarus Setosus, Onisimus litoralis and Onisimus

glacialis al nost exclusively inhabited intertidal areas during the ice-free

season; this may also be true for Gammaracanthus loricatus, but nunbers

collected at any time were few Weyprechtia pinguis and Ischyrocerus sp.,

on the other hand, were nore conmon in sublittoral than in intertidal
habitats during summer. In My, the former was present only on the under-ice

surface, whereas Ischyrocerus sp. appeared to show little preference for

ei ther habitat. Habitat preferences apparently vary anobng species,

localities and years. The distributions of Wyprechtia pinguis anong

habitats and nonths were simlar in Cape Hatt in 1981 and 1982. However in

1981, unlike 1982, Ischyrocerus sp. was found in the sublittoral habitat only

in May and even then was very rare (1 individual collected; Cross 1982b).

Percy (1975) reported that nbost Boeckosimus affinis congregate near the

ice in winter, but sonme individuals remain in the sedinment; the former
animals leave the ice in late May and return to the bottom Griffiths and

Dillinger (1981) reported that Weyprechtia pinguis was collected both on the

bottom and on the under-ice surface in Prudhoe Bay in |ate February.

Si x species that were very rare on the under-ice surface in 1982
together conprised a large percentage of the amphipods collected in the

sublittoral habitat (46.8 to 66.7% depending on nonth). Wth the possible
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exception of Pontogeneia inerms, their occasional presence on the under-ice

surface was likely due to chance.

Abundance and Bi onmss

Under-ice Habitat

Spatial Effects.--Direct observations by the divers indicated that the

di stribution of amphipods on the under-ice surface in all bays was patchy.

Larger amphipod species (e.g. Gammarus setosus and Gammaracanthus loricatus)

were often associated with brine channels and stalactites on the under-ice
surface, or with the tide cracks located just inshore of each dive hole.
Smal |l er amphipods were also patchily distributed and were apparently
concentrated in areas where concentrations of ice algae were relatively
high. The latter type of patchiness was the predom nant type in our sanpling
| ocations. No systematic sanpling was carried out in or near tide cracks,
and neither stalactites nor large brine channels were comon in the study
area. The influence of a freshwater |ayer caused by nelting ice in June and
July has also been reported to affect anphipod distributions in Eclipse

Sound, both in offshore areas (Cross 1980, 1982a) and at Cape Hatt (N. Snow,

pers. comm.). No freshwater |ayer was observed in the study bays in either

year, nor was surface nelt apparent at the end of May in either year.

The observed patchiness is also evident in our data. For nost species
bays and times, standard deviations greatly exceeded the means (Appendices B
and C). Variability anong bays is considered significant only if it is even

more extrene than the within-bay variability.
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Anmong-bay differences in the densities of dominant amphipod species were
evident during each year. Three bays were conpared in 1981 and four bays in
1982; analyses were carried out only for species and years with relatively
hi gh nunmbers of amphipods (Table 3). Densities of anphipods differed

significantly anmong bays in the cases of Wyprechtia pinguis, Ischyrocerus

sp. and total anphipods in both years, and Onisimus juveniles in 1982.

Weyprechtia pinguis was | east abundant in Bay 11 in both vears. whereas

Ischyrocerus sp. was nost abundant in Bays 10 and 11 (Fig. 3). Onisimus

juveniles were not common in any bay in 1981; in 1982 they were nopst abundant
in Bay 10 and | east abundant in Bays 9 and 11 (Fig. 4). In general, Bay 9
supported the |owest anphipod densities in both years. Hi ghest amphipod
densities occurred in Bay 11 in 1981, and in Bay 10 in 1982. This shift was

primarily a result of decreases in Ischyrocerus Sp. and Gammarus setosus

densities from 1981 to 1982 in Bay 11, and increases in Onisimus juvenile

densities from 1981 to 1982 in Bay 10 (Fig. 4).

Significant interactions between bay and nonth factors precluded

interpretation of anong-bay bay differences in densities of Gammarus setosus

( 1981 and 1982) and Onisimus litoralis ( 1981) (Table 3). Inspection of the

data, however, shows clear anong-bay differences (Fig. 3 and 4). Gammarus
setosus was nost abundant in Bay 11 and | east abundant in Bay 9 during both

years, and the opposite was true in the case of Onisimus litoralis in 1981

The latter species was rare in all but Bay 7 in 1982.

Thus there were pronounced anong bay differences in abundances of
amphipods on the under-ice surface. Anal yses of variance and inspection of

the data showed that each of the dom nant species was nore abundant in some
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Table 3. Seasonal conparisons of the densities of anphipods on the under-ice
surface in three or four bays! at Cape Hatt, Baffin Island during early and
late May 1981 and 1982° F-val ues are shown with significance levels (ns =
P>0.05; * P<Q 05; ** P<0.01; *** P<0.001). Significance levels are not shown
for the main effects when the interaction term was significant.

Source of Variation

Taxon/df Conpari son Bay! Period? Bay x Period
Gammar us setosus 1981 65. 35 25. 49 6.89 **
1982 24.84 8.63 14,15 ***
Oni si mus 1litoralis 1981 21.23 13.24 12.37 ***
Oni simus juveniles 1982 53.11 *** 20.06 *** 2.54 ns
Weyprechtia pinguis 1981 5.70 ** 14. 48 *** 2.17 ns
1982 23.29 **x 3.03 ns 0.77 ns
Ischyrocerus Sp. 1981 23. 19 #%* 6.91 * 0.24 ns
1982 86. 26 xxx 2.43 ns 1.57 ns
Anphi poda (density) 1981 9.38 *** 23,24 *xx 1.96 ns
1982 36.85 *** 22.00 **x* 1.69 ns
Anphi poda (bi onass) 1981 2.16 14.92 6.73 **
1982 1.91 7.65 3.75 *
Degrees of freedom 1981 2,74 1,74 2,74
1982 3,120 1,120 3,120

L Bays 9 (dispersed oil release), 10 (dispersed oil contam nation) and 11

(surface oil release) in 1981; Bays 7 (reference), 9, 10 and 11 in 1982
17-19 May and 31 May in 1981 (Pre-spill); 8-11 May and 30-31 May in 1982
(Post-spill).

Duncan’s Miltiple Range Test, « = .05.
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bays than others. Wth the exceptions noted in the previous paragraph, these
differences were relatively consistent between the two sanmpling periods in

May of each year.

Tenporal effects. --Both year-to-year and seasonal variability were

evident in the densities of under-ice anphipods. The predom nant seasona
trend was an increase in density fromearly or mid May to late May (Table 3;

Fig. 3 and 4). Seasonal increases in density were apparent in both years and

in all bays for Onisimus juveniles, Onisinus glacialis, and all anphi pods

t oget her. Weyprechtia pinguis and Ischyrocerus sp., on the other hand,

showed significant seasonal increases only in 1981; no change occurred

bet ween sanpling dates in May 1982 (Table 3). Densities of Gammarus setosus

al so increased during May 1981; the significant bay x date interaction
(Table 3) was due to bay-to-bay differences in rates of increase. However,

in 1982 densities of Gammarus setosus increased fromearly to late May in two

bays, and decreased in two others. In both years, total anphipod biomass
i ncreased during May in some bays and decreased in others, and in 1981 the

same was true for densities of Onisinus litoralis. The only case in which

there was a consistent seasonal decrease in abundance in all bays was

Oni si nus 1litoralis in 1982; however, the significance of this is uncertain

due to the low nunbers of individuals present.

The observed seasonal increases in many under-ice anphipod species are
likely related to the under-ice algal bloom A distinct seasonal cycle in
under-ice algae has often been observed (Homer and Al exander 1972; Clasby et
al. 1973; Honmer 1976, 1977). Increases in standing stocks and productivity

begin sometime in April and generally peak in May or early June, at which
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time the dense algal l|ayer sloughs off the bottom of the ice. Under- ice
chl orophyl | concentrations at Cape Hatt increased significantly during 16-30
May 1981, and there was no indication that the bl oom had begun to decline at

the end of May.

Year -t o-year conparisons are given in Table 4. The only species
consi dered are those whose densities were high in both years. Only the late
May sanpling period in each year is considered. Year-to-year variation was
significant in two of four unanbiguous cases (i.e. in 2 of 4 analyses where
the year x bay interaction was not significant). Both density and biomass of

Weyprechtia pinguis in late My were lower in 1982 than in 1981 (Fig. 3,

Appendix C). Neither biomass of Gammarus setosus nor density of Ischyrocerus

Sp. varied between the two vyears (Table 4). In some cases where the
interaction termwas significant, inspection of the data indicates that the
interaction was due to anong-bay differences in the rate, and not the
direction, of change. In these cases, and for species whose densities were
too low to warrant analysis, the predom nant annual trend is a decrease in
nunbers or bionmass from 1981 to 1982. This is the case for density of

Gammarus set osus, biomass of Ischyrocerus sp. and density and bi omass of

Onisimus litoralis. Only one group of anphi pods shows a consistent increase

from 1981 to 1982: Onisimus j uvenil es.

Annual variability in anmphipod densities may also be related to changes
in the abundance of ice algae, which in turn nmay depend on differences in
snow cover. Snow cover may affect under-ice chlorophyll concentrations
(Grainger 1977; Honer et al. 1974), productivity rates (Welch and Kalff

1975), and the timng of the spring bloom (Cross 1982a). In the study bays



Tabl e 4. Ammal comparisons of refer-ice amphipod densities and biomasses in three bays! at Cape Hatt, Baf fin Island, during late May 1981 and 19822, Fvalues are

shown with significant levels (ns P>0.05; *

P<Q 05; ** P<Q 01; #*** P<0.00l).

Significance | evel s are not shown for main effects when the interaction term was

significant.
Source of Variation, (df) and Group Means Rankmg3
Two—factor Analysis of Variance One—factor Anal ysis of Variance (years)
Bay Bay x Year Bay 9 Bay 10 Bay 11
Taxon Vari abl e (2,74 df) (1,%%) (2,74 df) (1,24 df) (1,26 df) (1,24 df)
Onisimss  juveniles  Abundance 21.63 113.25 25.04 *kk 515 *  [81<82] 180.07 *¥* [81<82] 12.32 ** [81<82]
Biousss 20,54 95.24 23.74- 2.19 ns 209,36 %k [81<82]  11.74 %% [81<82]
Gammarus setosus Abundance 59. % 30.89 10.98 ok 0.41 ms 5.06 *  [82<81]  32.60 *** [82<81]
Biomass 139.85 *** [K1(K11 ] 1.46 ns 0.37 Os
b~
| schyrocerus sp. Abundance 35.01 **+* [9<10,11] 1.69 ns 2.46 ns
Mamas 31.87 4.49 3.39 * 17.25 #**% [82<81] 0.36 ns 1.93 ns
rechtia _pinguis Abundance 12.97 **% [10,11<9] 22.93 k% [82<81] 0.03 ms
Biomass 23.47 % [11<10<9] 511 * [82<81] 0.26 ns
Anmphipoda Abundance 8.47 1.28 14.31 10.61 ** [82<81] 10.57 ** [81<82] 9.05% [82<811
Biomass 4.78 3.72 9,34 &k 15.22 **% [82<81] 231 ns 0.28 ns

(dispersed oil release), 10 (di

3 Duncan's Miltiple range Teat ,

! s 9 spersed oil contaminat’ - -)and 11 (surface il release).
2B33{May 1981 (Pre-spill) and 3031 May 1882 (Post—spﬂlg;OﬁWS releasec(l:in late August 1981.

.05,
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at Cape Hatt, snow cover did vary between 1981 and 1982, but the variation
was not consistent among bays (see ‘Site Description’). Thus the
year-to-year variability in amphipod abundance cannot be attributed to this
factor al one. Nonet hel ess, snow cover nust be taken into account in any

interpretation of interactions between bays and years.

Intertidal Habitat

The amphipods Gammarus setosus and Onisimnmus litoralis are the only two

anphi pod species previously reported to be abundant in arctic intertidal
habitats (Sekerak et al. 1976; Thonson et al. 1978; Thonson et al. 1979;
Thonson and Cross 1980; Cross 1982b). Substrates in the intertidal habitats
where sanpling has been carried out are generally conposed of rocks and
pebbles with small amounts of sand, although occasionally sand beaches have
been included (Thonson et al. 1979; Thomson and Cross 1980). Gammarus

setosus and Oni sinus litoralis are both npbst abundant at |ow tide; the forner

shows an apparent preference for rocks >5 cmin dianmeter, whereas Onisinus
litoralis occurs primarily in substrates of sand and small pebbles (Thonson

et al. 1979).

Thus , factors affecting the abundance of intertidal anphipods include
substrate type and tide. In each of the bays at Cape Hatt, rock and cobble
were the predom nant substrates in the upper and md intertidal areas,
whereas finer sedinents (nostly sand) becane nore conmon in the 1low
intertidal areas. Substrate type and tide may, therefore, be expected to

af fect abundance of intertidal anphipods within the study bays.
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Intertidal sanpling at Cape Hatt was carried out at low tide in each
year. The range of tide levels sanpled was greater in 1981 (26 to 103 cm
bel ow mean tide) than in 1982 (66 to 101 cm bel ow nean) because of sanpling
date. This factor nust be taken into account in the interpretation of

spatial and tenporal distributions

Spatial Effects.--During 1981, two anphipod species were dominant in the

intertidal habitat at Cape Hatt: Gammarus setosus and Onisinus litoralis.

The latter species was found only in Bays 10 and 11, and was relatively
abundant only in Bay 11 and only in August (Fig. 5; Appendices D and E).

August to Septenber changes in the abundance and bi omass of Ganmarus setosus

were not consistent amobng bays. This interaction (Table 5) necessitated the
use of separate one-factor anal yses (bay effects) for each nonth. Nunber s

and bi omass of Gammarus setosus differed among bays only in Septenber (Cross

1982b) . At this time, density of Gammarus setosus was highest in Bay 10 and

| owest in Bays 9 and 11; bionmass was also highest in Bay 10, but in this case

values were lower in Bay 9 than in Bay 11 (Fig. 6).

During 1982, differences anong bays were significant for each of the
four domi nant intertidal anphipod species and also for total amphipods (Table

5). Nunbers and bi omasses of Gammarus setosus were |lowest in Bay 11 and

higher and simlar in the other three bays (Fig. 6, Table 5). Nunbers and
bi omasses of both species of Onisinmus were highest in Bay 11 and | owest

Bay 7 (Table 5); in each species the greatest difference was between Bay 7

and the other three bays, and differences anong Bays 9, 10 and 11 were

apparently greater in August than in Septenber (Fig. 5). Monoculodes

packardi was |ess abundant in Bays 7 and 11 than in Bays 9 and 10, in terns
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Tabl e 5. Conpari son of densities and biomasses of anphipods in intertidal habitats in three or four bays1 at Cape
Hatt, Baffin |sland, during August and Septenber 1981 and 1982% F-val ues are shown with significance levels (ns =

P>0.05; * P<0.05; ** P<0.01; *** P<0.001). Sjgnificance levels are not shown for nain effects when the interaction
term was sig—nificant.

Source of Variation G oup Means Ranki ng’
Year Taxon/df Vari abl e Bay Mont h Bay x Mbonth Bays Mont hs
1981 Gammarus Setosus Abundance 1. 34 6.90 9.92 ***
Bi onass 0.20 3.22 6.34 **
1982 Gammarus SetOsuUs Abundance 9.59 *** 0.00 ns 0.41 ns 11<7,9, 10
Bi onass 12,99 **x* 0.14 ns 0.40 ns 11<7,9,10
Onisimus litoralis Abundance 43.99 *** 19. 14 *** 2.22 ns 7<9, 10<11 Aug<Sept
Bi omass 52.31 *** 21.94 *** 1.04 ns 7<9, 10<11 Aug<Sept
Onisimus glacialis Abundance 44,98 *** 5.97 * 0.75 ns 7<9<10<11 Sept <Aug &
Bi omass 42.68 *** 3.85 ns 0.47 ns 7<9<10<11
Monoculodes packardi Abundance 12.18 **x* 1.13 ns 1.41 ns 7,11<9, 10
Bi onass 11. 67 *** 2.98 ns 1.88 ns 7,11<9, 10
Anphi poda Abundance 7.51 *x* 1.19 ns 0.30 ns 7<9, 10, 11
Bi omass 3.65 * 3.62 ns 0.45 ns 7,10, 11<9
1981 Degrees of freedom 2,54 1,54 2,54
1982 Degrees of freedom 3,72 1,72 3,72

1 Bays 9 (dispersed oil release), 10 (dispersed oil contanination) and 11 (surface oil release) in 1981; Bays 7
(reference), 9, 10 and 11 in 1982.

01 was released in |ate August 1981.

‘Duncan’s Miltiple Range Test, % = .05

¢ [] .
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of both abundance and bi omass. Total amphipod abundance and bi omass were
simlar in 3 of 4 bays. Bay 7 supported the |owest total density and Bay 9

supported the highest total bionmass of intertidal anphipods (Fig. 6).

In neither year do the observed anong-bay differences in amphipod
di stribution appear to be related to tide level. In 1981, tide levels at
whi ch sanpling took place were nore simlar anong bays in September than in

August (Appendi x D), whereas abundance and bi omass of Gammarus setosus were

nore variable in Septenber. In August, tide levels were higher in Bay 11

than in Bay 10, and Onisimus litoralis was nore abundant in Bay 11; this is

not consistent with the observed rel ationships between substrate type, tide
| evel and density of this species (see above). During 1982, anobng- bay
di fferences were considerable in all anphipod speci es exani ned, whereas tide

level s at which sanmpling took place were relatively constant anong bays

(Appendi x D).

Temporal Effects.--During 1981, differences in abundance and bi onass of

the dominant intertidal anphi pods were not consistent anong bays (Fig. 5
and 6). In 1982, differences between August and Septenber were significant

only for density and bi omass of _Oni sinus litoralis (P<0.001) and for density

of Onisinmus glacialis (P<0.05). Onisimus litoralis increased in abundance

bet ween August and Septenber, whereas densities of Onisinus glacialis were

generally lower in September (Table 5); the apparent August to Septemnber
increase in Bay 9 (Fig. 5 was the result of one sanple containing very large

nunbers of individuals.
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In contrast to the apparent |ack of seasonal effects, year-to-year
differences in the abundance and biomass of intertidal amphipods were
consi der abl e. This is inmediately apparent upon inspection of the data
(Fig. 5 and 6; Appendices D and E); differences were so large that analyses
were not carried out. Depending on bay and nonth, nean densities of
total amphipods in 1982 were 8-68 tinmes greater, and nean biomasses were
5-107 times greater than in 1981. Moreover, increases between years included
all four of the dominant species collected in the intertidal habitat in

1982. Gammarus Setosus and Onisimus litoralis increased in sinlar

proportions to those given above for total snphipods. Onisimus glacialis and

Monoculodes packardi were absent in 1981, whereas in 1982 densities of these

two species were as high as 633.6 and 287.6 individuals/mz, respectively

(Appendi x D).

This difference may represent a real change in amphipod di stributions

fromone year to the other. Hi gher 1982 densities of Onisimus glacialis, for

example, are likely related to the observed increases in densities of
Oni sinus juveniles under the ice in My (Fig. 4). In turn, this indicates
that 1981 was a year of successful breeding, at least in some locations (see
bel ow) . Year-to-year differences may also be related to year-to-year
differences in tide levels in conmbination with substrate differences within
bays, or to sone other type of sanpling bias. Sanpling was at |ower tide

levels in 1982 than in 1981 (66-101 vs. 26-64 cm below nmean) in all but one

bay/ mont h comnbi nati on (Appendix D). In this one case differences between
years were smaller, but still considerable. Hence it is likely that another
factor is involved. In any case, these differences confound the

interpretation of oil effects and must be taken into consideration.
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Q| Effects

Significant interaction terms in anal yses of variance have indicated oil
ef fects on domi nant amphipods in both under-ice and intertidal habitats
(Tables 4 and 5). These anal yses were based on data collected in three bays
(one surface oil release bay and two dispersed oil release bays) during pre-
and post-spill periods (late May 1981 and 1982; August and Septenber 1981);
oil releases took place in |ate August 1981. Interpretation of these
apparent oil effects is supplemented with data collected in a fourth

(reference) bay and in August and Septenber 1982 (one year post-spill).

Dom nant amphipod taxa in under-ice and intertidal habitats in the study

area for which oil effects have been indicated are Gammarus setosus,

Ischyrocerus sp., and Onisimus juveniles. The effects of the surface and

di spersed oil releases on each of these species will be discussed.

Gammarus Set osus

Lagonedio crude oil was released in Bay 11 between the August and
Sept enber sanpling periods in 1981, and a relatively even coating of oil was
deposited on the beach (intertidal area) of Bay 11 by the falling tide.
Observations following the oil release (Cross and Thonson 1982), inspection
of the data (Fig. 6) and significance of the bay x tine interaction terns in
Table 5 all indicate that oil affected the amphipods that occupied the

intertidal habitat. The nunbers of intertidal Gammarus setosus decreased

somewhat in Bays 9 and 10 (dispersed oil bays) from August to Septenmber 1981,

but the corresponding decrease in Bay 11 was nuch nmore narked (Septenber
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densities were 56.2, 83.2 and 13.4% of August values in Bays 9, 10 and 11,

respectively) . Bi onass of Gammarus setosus, on the other hand, decreased

nore in Bay 9 than in Bay 11, and increased in Bay 10 (Fig. 6). Bay 9 was
the study bay that received the highest concentrations of dispersed oil (an
order of magnitude higher than those in Bay 10). Thus there appear to have

been effects on Gammarus setosus related both to the untreated oil and

di spersed oil releases.

Differences in the results for density and biomass data suggest that
these were size-specific effects, and other data confirmthis. Inspection of
| engt h-frequency data (Fig. 7) shows that the surface oil affected small

Gammarus setosus (0+ year class) to a nuch greater extent than ol der

individuals. Length-frequency data are not shown for the intertidal habitat
in Bay 9, but in that case the converse was true: nunbers of small (0+)
i ndividuals collected in pre- and post-spill periods (August and Septenber)
were simlar (42 and 46, respectively), whereas the nunber of |arger
i ndividuals collected was nmuch |ower in Septenber (13) than in August (65).

No size effect was apparent in Bay 10 (Fig. 7).

The persistence of one or both of the observed oil effects (untreated

oil , dispersed oil) until My 1982 was indicated by a significant period x

year interaction in the anal yses of pre- and post-spill densities of Gammarus
setosus under the ice in May (Table 4). However, one-factor anal yses show
bay differences in pre- to post-spill change that are not consistent with

those observed inthe previous summer or with the type or level of oil

cont am nati on. Densities of Gammarus setosus on the under-ice surface

decreased from 1981 to 1982 in Bay 11, but also decreased in Bay 10 where no
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effect was apparent in the sumrer of 1981. There was no significant
difference between the 1981 and 1982 densities of Ganmarus setosus under the

ice in Bay 9; densities were low in both years

I nspection of size-frequency distributions, on the other hand, indicates
that effects of the surface oil release in late August 1981 persisted unti
May 1982. In Bay 11, nunbers of newy released juveniles (3 mmin |ength)
and one-year-olds (6-10 mm) on the under-ice surface were nuch lower in My
1982 than in May 1981 (Fig. 7). In the other three bays, both size classes
were present (albeit in |low nunbers) in My 1982. Femal es broodi ng young
were conmon in Bay 11 during late May of each year; the rel ease of these
young in Bay 11, however, appeared to be delayed in 1982. Di fferences from
1981 to 1982 in both cohorts can be attributed to the surface oil release in

August 1981

Both of these year classes were present in the intertidal habitat of Bay
11 during August and Septenber 1982 (Fig. 7). Hence the popul ation appears
to have at least partially recovered one year followi ng the rel ease of
untreated oil. The del ayed release of juveniles in the surface rel ease bay
in May 1982, however, may have resulted in reduced size of individuals in
this year class. The nedian size of the Ot year class in Bay 11 was 4 mmin
August 1982 as conpared with 5 nmin August 1981 (Fig. 7); the latter appears
to be the normin the other bays in both years (Fig. 7 and 8). The

implications of this reduced size on survival or fitness are not known.
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Among-bay differences in the densities of intertidal Gammarus setosus in

1982 further indicate inconplete recovery from the effects of the surface oil
rel ease in 1981. During August and September 1982, densities and biomasses
were lower in Bay 11 than in the other three bays (Table 5; Fig. 6). In
August 1981, on the other hand, densities were highest in Bays 10 and 11, and
biomasses were simlar in all three bays. Ef fects of the dispersed oil
rel ease were not apparent one year followi ng the release. Density and

bi omass of intertidal Gammarus setosus in 1982 were highest in Bay 9 (Fig.

6), and the population structure in this bay appeared to be normal (Fig. 8).

In summary, there was an unequivocal effect of the surface oil release

on Gammarus setosus. Direct oiling of intertidal populations in Bay 11

caused imediate nortality. Densities in this bay were significantly reduced
three weeks after the oil release, particularly in the O+ year class. Thi s
cohort was al nost absent from the under-ice surface in the follow ng spring
but was well represented in the intertidal habitat one year followng the oil
rel ease. These individual s nust have been recruited from adj acent areas.
Larvigerous fenmales were present on the under-ice surface in Bay 11 in My of
both the pre- and the post-spill years, but the release of juveniles was
del ayed in 1982. This delay apparently resulted in reduced size of the 1982

O+ year class in the intertidal habitat in August and Septenber.

The dispersed oil release, on the other hand, seens to have affected

ol der Gammarus setosus (1 and 2+ year cl asses). Densities of these

individuals were markedly reduced approximtely one week follow ng the
release, but it is uncertain whether nortality or emgration was the cause of

this decrease. Densities on the under-ice surface were low in both the pre-
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and the post-spill years. No effects were apparent in abundance and
popul ation structure data collected in the intertidal habitat one year

followi ng the release

Onisimus j uveniles

Nunbers of Onisimus juveniles on the under-ice surface increased greatly
fromMay 1981 to May 1982 in all three bays that were sanmpled in both years.
Q| effects on Onisimus juveniles were indicated by significant bay x year
interaction terns (Table 4). Increases in density and bionmass of juvenile
Onisinmus from 1981 to 1982 were much nmore pronounced in Bay 10 than in Bays 9
or 11 (Fig. 4; Appendix Q). These differences, together with the observed
high densities of these juveniles in Bay 7 (reference bay) during May 1982,
suggest that a natural population increase from 1981 to 1982 nay have been
partly inhibited in bays that received high |evels of dispersed oil (Bay 9)

or surface oil (Bay 11)

Ischyrocerus sp.

Ischyrocerus sp. was sufficiently abundant to warrant analysis only in

the under-ice habitat. Bi omass of this species on the under-ice surface
decreased significantly fromlate May 1981 to late May 1982 in Bay 9 but not
in Bays 10 or 11 (Table 4). This suggests that biomass was reduced by the
di spersed oil released in Bay 9 between the two sanpling dates. Wen density
data were considered, the interaction term was not significant, nor was there
any significant difference in densities between the late My sanpling periods

of the two years. Differences in the results for density and bi omass suggest
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that there were size-specific effects. Nunmbers of Ischyrocerus sp. in Bay 9

were too few, however, to warrant any analysis of size effects (only 25

i ndividuals collected in My 1982).

| schyrocerus sp. was sparsely distributed (0.7 individuals/nf) in the

sublittoral habitat of Bay 9 at the time of the dispersed oil release (Cross

1982b) .  The occurrence of Ischyrocerus angui pes on the under—ice surface in

of fshore locations (Cross 1980, 1982a) , together wth its overall |ow
abundance in the sublittoral habitat at Cape Hatt in 1981 (Cross 1982b),
suggest that under-ice populations of this species may be recruited, at |east
in part, fromthe water colum. In this case the size effect suggested above
probably was not related to the release of dispersed oil at Cape Hatt.
St ephensen ( 1935), on the other hand, reported an association between

Ischyrocerus angui pes and shal |l ow water macroalgae. |In each of five sanpling

periods in 1980-1982, Bays 10 and 11 supported higher biomasses Of macroalgae
at 3 mdepth than did Bays 7 or 9 (Cross et al. 1983). In May 1981 and 1982,

Ischyrocerus sp. was al so nore abundant in Bays 10 and 11 than in Bays 7 and

9 (Fig. 9). Popul ation structures of Ischyrocerus $. on the under-ice

surface differed between Bays 10 and 11, and nean size was smaller in Bay 11
during all four spring sanpling periods (Fig. 9). These observations
indicate that under-ice populations of this species at Cape Hatt are of
benthic rather than pelagic origin, and furthernore, that these popul ations

are relatively imobile on a large (bay) scale.

Therefore, we nust conclude that there was an effect of dispersed oil on

Ischyrocerus sp., and that this effect may have been size-specific.

Addi tional spring sanpling in subsequent years would be required to deternine

if. populations of this species in the dispersed oil bay will recover.
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FIGURE 9. Length-frequency histograns for Ischyrocerus sp. in the under-ice
habitats of two bays at Cape Hatt, Baffin Island, during May 1981
(pre-spill) and May 1982 (post-spill).
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Productivity and Biomass of Under-lce Al gae

Site Description

The under-ice surface in the study areas was smooth and relatively flat,
with shal | ow hummocks and ri dges. Ice depth was 135 cm at the entry hole.
Snow depths over the study areas (locations) on 3 June 1982 were 9.8 * 1.7 cm
(n=14) and 18.2 ¥ 7.4 cm(n = 30) in Locations 1 and 2, respectively. The
site was selected within Bay 13 on 7 May, with |ow even snow depth (~10 cm)
and 10 m water depth as the criteria. Differences in snow cover between
| ocations were the result of high winds, snow fall and drifting snow on 12
and 13 May; snow cover was higher and nore variable over Location 2, which
was in the lee of two tents during the period of high winds. The amunt of
light penetrating the snow and ice varied both spatially (prinmarily because
of variable snow cover) and tenporally; tenporal variation, wthin and anong
days, resulted from changes in cloud conditions and in solar elevation.

Total in situ radiation varied anmong enclosures and periods by al nost an

order of nagnitude.

Salinity of ice (+ water) sanples ranged from 30.1-32.4 ©/oo; no
consi stent differences were apparent anong days on which determ nations were
made (18 May-1 June). Snow nelt was beginning near the end of My, but no

obvi ous effects were observed under the ice.

Ambi ent (pre-incubation) nutrient sanples were collected in duplicate on
18, 19, 27 and 28 May and 1 June. Phosphate concentrations were from 1.25 to

1.90 }mol/L, nitrate concentrations were from3.04 to 10.23 pmol/L, and
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anmmoni a concentrations were from0.65 to 2.47 pmol/L. These nutrient concen-
trations fall within ranges previously reported (e.g., Al exander et al. 1974,
Cross 1980, 1982a; Grainger and Hsiao 1982), and are sufficient to support

the growth of ice microalgae (Hsiao 1980).

Phytoplankton Biomass and Productivity

Bi omass (as estimated by chlorophyll a concentration), and productivity .
were very lowin the water imediately beneath the ice at Cape Hatt in 1981
and 1982. Concentration of chlorophyll a in control water sanples were 1.19
+ SD 0. 47 mg/mg3 (n = 8) and 1.93 % 3.14 mg/m3 (n = 24) in 1981 and
1982, respectively. The concentration of algal cells in near-ice water was
1.3 £ 0.7 x 10°cells/L (n= 17) during 18 May to 2 June 1982, and domi nance
was shared by pennate diatonms (48% and microflagellates (45% . Biomass and
standi ng stocks at Cape Hatt were similar to those reported in other
| ocations (Al exander et al. 1974; Cross 1980, 1982a; Grainger and Hsiao
1982). After correction for dilution (sanpled ice depth = 1 to 2 cm chanber

depth = 15 cnm), algal concentrations per unit volune were lower in the water

than in the ice by 2 to 3 orders of nagnitude.

Productivity in the near-ice water was also |low during 1981 and 1982;

14 14C fixation,

indeed, after dark C uptake was subtracted from |ight
productivity values for nost sanples were slightly negative. Mean upt ake
rates of radiocarbon in dark chanbers were 0.28 * 0.09 mgC/m3.h (n = 4)
and 0.29 £ 0.26 mgC/m3_h (n = 11) in 1981 and 1982, respectively. Net
productivity rates, calculated by subtracting dark values from val ues
measured in |ight chanbers, were -0.033 ¥ 0.23 (n = 4) and -0.0002 * 0.2885

mgC/m3.h (n = 13) in the tw years of study. There was no significant
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di fference (P>0.5) between |ight and dark radi ocarbon uptake in 1982 (paired
t-test on scintillation counts for nine pairs of chanmbers; t = 0.20, P>0.5).
Al exander et al. (1974) also reported |ow productivity estimates for
phytoplankton in May at Barrow, Al aska: averages of 0.30 and 0.23 ng C/'ni

for 1972 and 1973, respectively.

Ice Algal Conposition and Distribution

Maj or groups of microalgae were enunerated in a total of 174 ice sanples
collected in 1982 (including 83 controls), and species were identified and
counted in 72 of these sanples (32 controls). In contrast with sanples of
near-ice water, sanples containing the bottom 1-2 cmlayer of ice were
overwhel mingly dom nated by pennate diatonms (89% of algal cells in 83 control
samples). A total of 59 species or varieties of microalgae were identified,
and at |east another 17 distinct but unidentified species were found in 72

sanples.  Sixty-one of the 76 species were pennate diatons (Table 6).

Nitzschia grunowii was the domi nant species in 68 of 72 sanples; it

conprised an average of 54.8% of total algal numbers in 32 control sanples.

Nitzschia frigida was dom nant in 3 sanples and ranked second in nost of the

remai nder of the 72 sanples. It conprised an average of 15.2% of total cells
in 32 control sanpl es. A simlar dom nance of these two species in Pond

Inlet was reported by Cross (1982a).

Microalgae were relatively evenly distributed on a small scale (i.e.
within the 1.2 nfenclosures); the standard deviation was usually much |ess

than the nmean (Table 7). Spatial variation on a |arger scale (anong



Table 6. Genera and species of microalgae found in diver—collected ice cores! f rom Cape Hatt, Baff in Island, during 18 May-2 Jue 1982°,

Bacillariophyceae
Centrales
Chaetoceros3
C. compressus Lauder
C. karianus Grunow in Cleve et Grunow

C. septentrionalis 'O‘strup
C._ simplex Ostenfeld
Coscinodiscus
Melosira®

M. arctica(Fhrenberg)Dickie in Pritchard
Thalassiosira
T. nordenskioldii Clew:
Penales>
Achnanthes
A. taeniata Grunow
@higrora:i

A _concilians Cleve

A. glgantea var. geptentrionalis_(Grunow 1 Cleve &t Grunow) Cleve

A kjellneniCleve
A. palludosa Wm. Smith
_A_m;zhora3

A lsevis var. laevissima (Gregory) Clewe

A. proteus Gregory
Cylindrotheca

C. closterium (Fhrenberg) Reimann et Lewin
Diploneis

D. litoralis Cleve

D. litoralis var. arctica Cleve

D. litoralis var. clathrata (Ostrup) Clew

chlfhonana3

G. exdguum Kitzing
Lic\mphora3
Naviculad
algida Grunow
cancellata Donkin

crassirostris Grunow in Cleve et Grunow

&

digitoradiata (Gregory) Ralfs
directs (Wm, Smth) Ralfs
gastnm (Ehrenberg) Kutzing
gelida Grunow

membranacea Cleve

ZEzREzEIZIZ ZIZI

. _novadicipiens Hustedt
pelaglca Clewe
N _ryncocephala Kitzing

1=

N. spicula (Hickie) Cleve
N. trans itans Clew
N. transitans var. incudiformis (Grunow in Cleve) Cleve
N. trigonocephala Clew
N. valida Cleve and Grunow
N. _val__ida; var. minuta Cleve
Nitzschial
N. angularis Wm. gnien
N. brebissonii var. borealis Grunow in Cleve et Mlier
N cylindrus Hasle
N delicatissima Cleve

N. dissipata (Kitzing) Grunow
distans Gregory
Irgida gy
grunowil Hasle

N. hybrida Grunow in cleve €t Grunow
N. lasvissima Grunow in Cleve et Mjller
N lecointei Van Reurck
N. Linearis (Agardh) Hm. Smith
N. longissima (Brebisson in Kitzing) Grunow
N. _seriata Cleve
N. sigma (Kitzing) Wm. Smith
Pinularia
P, ambiqua ey,

P. quadratarea (Schmidt ) Clewe
P. quadratarea war. bicontracts (Gstrup) Heiden in Schmidt et al,

Zlz 1z

P, quadratarea var. constricta (Ostrup) Heiden in Schmide et al .

Pleurosigm3
P. angulatun (queicote) W, Smith
P. _elongatun Wn. Smith
Stenoneis
S. inconspicua var. baculus (Cleve in Cleve et Moller) Cleve

Chlorophyceae

Carteriad

Chrysophyceae

Dinobryon
D. balticum (Schuett) Lemmermenn

Iﬂ.mphyceae3

Gymoodindun’
Pex:idini\nn3
Prorocentrur’

Ehglemphyceae3

Euglena’

Craspedophyceae3

T72 cores 10 cm in diameter and 2-3 cn in denth
2 Ineludes both pre- and post—spill sampling pericds.

3 axa fOF shich Unidentified cells or colonies were found.
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encl osures separated by ~ 1 to 20 n) and tenporal variation (anobng 5 sanpling
periods within the period 18 May to 2 June 1982) were considerabl e: Total
microalgal densities in control sanples ranged from 1.7 to 384.7 X 10’
cells/m? (Table 7). In general, cell densities increased throughout the
study peri od. Mean cell densities (all enclosures considered) increased
progressively from90.9 * 65.7 X 10" cells/m? (n “43) on 18-19 May to 210 8
+ 86.2 x 10" cells/m? (n = 42) on 1-2 June. A simlar trend was evident in
control data (i.e. all enclosures in two pre-spill periods; control
enclosures only in three post-spill periods) , except that mean density was

hi ghest (375.0 ¥ 50.0; n= 4) on 28-29 My.

Mean ice algal densities in nost |locations at Cape Hatt in spring 1982
were typical of those reported for other arctic and subarctic locations. The
mexi mum (single sanple) density found at Cape Hatt (466.7 X 10" cells/m?) is
simlar to single sanple nmaxima in Frobisher Bay (399.3 x 10’ cells/mz;
Grainger and Hsiao 1982) and Pond Inlet (441.4 x 10 cells/m%; Cross 1982a).
A higher maxi num |evel (3420 x 107cells/m2) was reported by Hsiao (1980);
however, this value was integrated for the entire ice colum. Cell densities
in some |ocations at Cape Hatt (those <<10°cells/m?) are low relative to

typical densities in spring.

Eval uation of Filtration Techniques

In the present study we used 1labelled inorganic carbon and a
differential filtration technique (see Derenbach and WIllians 1974) to
estimate, during 2-3 h incubations, (1) carbon fixation by ice mcroal gae,

(2) release of dissolved organic carbon (DOC) by al gae, and (3) subsequent
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Table 7. Under-ice productivit y, chlorophyll 8, microalgal density and insitu |ight data measured in &l 1 sampling periods at Cape Hatt, Baff i n Isled, di ning 18 May-2
Jue 1982'. Data are expressed as mean * 80; sample mizes are given in Apperdix

Treatment
Solidified EP CID 8P L100WD Corexit 9527
Vari abl e Periodl Tocat ion Control 0i 1* 0i 1* +0i12 +0i12 +0i12
Bradct v ity Pre-spill 1 1 1.50 £ 0.18 0.05 0.21 t 0.05 2.14 £ 0.60 1.08* 0.19 0.30 i 0.0
(mgC/ul/) 2 1.50 i 0.8 0.82 £0.23 0.33 * 0.9 0.16 t 0.10 0.11 £ 0.07 1.89 £ 0.34
Pre-apill 2 1 1.92 i 0.54 -0.08 £ 0.05 0.16 % 0.20 1.82 * 0.26 1.47 £ 0.24 0.49 i 0.08 .
2 2,95 t 1.61 0.95 £ 0.52 0.70  0.29 0.88 * 0.25 -0.05 i 0.03 1.38 £ 0.31
Post-spill 1 1 1.78 £ 0.77 0.19 £ 0.03 1.29 * 0.53 1.16 £ 0. 44 1.20 £ 0.29 1.11 i 0.49
2 2.11 £ 0.53 1.90 £0.28 1.52 £ 0.46 1.28* 0.39 0.09 t 0.07 0.94 £ 0.37
Post-spill 2 1 2.58 £ 0.50 0.30 £0.03 1.46 + 0.48 2.10 * 0.11 1.57 i 0.36 2210 0.15
2 2.33 £ 0.07 2.18 £ 0.48 1.64 i 0.55 1.53 * 0.45 -0.(0 £ 0.04 1.98 i 0.28
Post-spil 1 3 1 2.09 * 0.00 0.3 * 0.06 1.55 * 0.48 1.85 .0.38 1.38 * 0.25 1.39 * 0.16
2 2.16 £ 0.51 1.79 £ 0.03 1.12 * 0.24 1.31 ¢ 0.29 0.07 i 0.03 2.11 £ 0.42
Chlorophyl 1 & Pre-spill 1 1 10.83 * 1.65 3.35 * 0.58 6.04% 0.70 11.66 + 2.7% 1015+ 1.3% 7.65 * 2.57
(m.g/mz) 2 12.80 ¢ 2.41 11.31 £ 0.86 10.85 £ 4.61 6.82 t 4.14 5.78 i 0.43 11.66 * 1.55
Pre-apill 2 1 11.66 £ 2.72 6.23 * 5.32 6.95 % 2.45 10.24 £ 0.28 10.85 i 0.5 11.44 * 531
2 13.36* 1.94 10.93 £ 1.29 9.73 * 2.08 10.50 £ 0.61 3.91 % 2.74 13.98 & 2.14
Post-spill 1 1 15.64 * 1.7a 6.47 £ 1.20 14.98 & 4.02 13.76 & 1.47 15.26  1.41 12.10 i 2.27
2 12.04 £ 2.36 14.18 £ 1.55 14.49 * 1.3 10.77 * 0.96 5.32 2,50 12.79 i 1.96
R-spill 2 1 14.60 t 2.56 10.93 £ 2.38 16.29 £3.30 11.64* 1.35 13.47 i 3.2 12.19 i 1.68
2 13.31 £ 0.13 13.67 £ 2.37 3.95 £ 1.63 9.70  1.32 4.25 i 1.81 10.68 i 1.46
post-spill 3 1 16.67 1,92 10.67 £ 1.42 20.18 * 2.39 11, 28 £0.39 13.07 i 2.8 11.81 £ 4.65
2 14.99 ¢ 3.76 13.01 * 1.75 15.10* 4.71 9.09 + 1.78 5.98 * 3.09 10.72 £ 2.25
Microalgae Pre-spill 1 1 157.47 * 54.39 9.21 £5.20 44,31 * 20,14 167.3$ £ 70.13 100.76 + 63.47 57.89 £ 31.41
(cell's/mh0’) 2 103.96 £ 29.16 105.85 * 32.24 77.00 & 37.00 47,15 t 36.17 21,29t 7.8 176.55 i 68.%
Pre-spill 2 1 270.56 £ 130.33 1.65 * 0.68 20.31 246.02 317.91 * 97.06 56.64 & 56.41
2 332.78 + 68.84 121.69 t 12.24 72.50 * 16.42 126.88 11,76 * 13.75 240.52 * 68.55
Peat-spill 1 ! 2%9.68 * 130.% 15.% £ 2.32 215.87 £ 83.41 245.13 £ 71,14 205. % * 55.65 156.49 £ 42.90
2 237.11 * 64.51 268.51 ¢ 79.21 171.21 t 26.98 146.30 £ 30.31 21,79 i 12.68 169.18 i 34.%
Post-spill 2 1 365.27 +9.37 113.44 1 76.33 261.60 # 18.01 267.40 228.00 * 2.06 175.96 ¢ 59.04
2 3%.71 ¢ 83,81 255.49 £ 10.23 205.19 t 2.16 111.60 £ 30.82 20.55 t 11,42 238.18 i 56.31
Post-spill 3 1 254,37 15,07 169. %% 35.17 359. %t 78.67 246.17 * 4.0+ 236.99 t 82.82 229,30 * 5.18
2 280.22 * 13.65 205.11 £ 34.07  322.80 % 116.% 167.82 i 51.76 51.34 i 41.42 185.78 i 36.85
fight Pi-e-spill 1 1
(Wt t-ty/m?) 2
Pre-spill 2 1 86. 10 21,53 34.28 75.41 59,26 36.49
2 117.59 8.10 47.29 73.32 17.31 64.03
Post-spill 1 1 108.41 24. 40 23.01 8.15 % 82 84.13
2 106. 67 79.25 49.39 71.81 14.29 67.63
Post-spill 2 1 82.85 22.69 36.95 96.45 5171 62.75
2 103.30 65.3'3 57,29 61.01 12.20 77.16
Post-spill 3 1 20.53 20,45 34,74 72.97 38.81 53,57
2 121.66 72.39 56, 47 61.59 16.97 90. 40

10il treatments were applied on 23 and 24 May 1982,
? grweathered Laganedio crude 0il.
30.45 P filter.
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assimlation of DOC by bacteri a. Di ssol ved organi c carbon was separated
using 0.45 pm silver filters and thus includes any particles <0.45 ym (e.g.
bacteria); details of DOC techniques and results are discussed in a |ater
section. W attenpted to separate carbon uptake by al gae and bacteria by
filtering separate 100 mL subsamples through 3.0 pm and 0.45 um cel |l ul ose
acetate filters. Particulate radiocarbon taken up by al gae was estimted as
radioactivity retained on 3.0 um filters, and radiocarbon in bacteria was
estimated as the difference between radioactivity retained on 0.45 pm and
3.0 pm filters (i.e. 14c|45 i 14C3.0). A correction factor for small nicro-
al gae (3.0 pm) was obtained by repeating the differential filtration
procedure with 50 mL subsamples and measuring chlorophyll a and particul ate

organi ¢ carbon (POC).

The results of paired conparisons for all control incubations of ice

al gae where both filter types were used (Periods 1, 3 and 5) are as foll ows:

Productivity Chl orophyl | a_ Poc
subsample vol unme 100 mL 50 mL 50 mL
filter difference 0.45 < 3.0 0.45 = 3.0 0.45 3.0
P P<0.01 P>0.5 P>0.1
t 3.098 0. 269 1.616
df 41 54 17

Ice algal biomass (chlorophyll a and PCC) did not differ significantly
between the two filter types in spite of the difference in pore size. Thi s
may indicate that microalgae and bacteria <3.0 pm were not abundant in the
under-ice comunity. It is also possible that filters becane clogged because
of the high algal concentrations, resulting in no effective difference in

pore size between the two types of filter.
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The difference in productivity data between filter types (average of 21%
nore radioactive carbon on 3.0 pm filters than on 0.45  m filters) is less
easy to interpret. It is possible that this difference resulted from the
hi gher volume of sanple filtered for l4¢ determinations (100 nl) than for
bi omass determnations (50 mL); it has previously been reported that damage
to algal cells and loss of cell contents through filters increases with
sanpl e volunme (Arthur and Rigler 1967; Carpenter and Lively 1980; Mague et
al . 1980). It is not clear, however, why loss of cell contents would be
greater for the filters with smaller pore size. Al'l data reported in the
following sections are based on sanples fromthe smaller (0.45 ym) filters,
which are in nore common use, but it should be pointed out that the reported

val ues for particulate carbon fixation by ice algae nay underestimate actual

under-ice productivity.

Ice Algal Bionass

The distribution of chlorophyll a in the bottom|layer of ice, like cell
densities, wasrelatively even on a small scale (Table 7). Variation anong
locations and periods was also relatively low, unlike data on cell
densities. Mean chl orophyll a concentrations in control sanples varied from
3.4 to 16.7 ny/nf; single sanmple mninum and maxi mum val ues were 0.64 and
23.20 ng/ nd, respectively. Mean chlorophyll  concentrations increased
progressively throughout the 1982 study period, from 9.1 % 3.3 mg/m2
(n = 42) on 18-19 May to 15.7 * 3.0 mg/m2 (n = 7 control sanples) or
12.8 * 4.5 mg/m® (n = 42: all treatments) on 1-2 June. Concentrati ons
were very sinmilar at Cape Hatt in 1981: chlorophyll concentrations in the
bottom | ayer of ice increased from 6.6 £ 2.0 mg/mz (n = 14) on 16 My to

10. 9% 0.6 mg/m> (n= 4) on 30 May.



59

Ice algal biomass (as estimated by chlorophyll concentration) at Cape
Hatt during spring 1981 and 1982 was conparable to biomasses reported for My
and June in a nunber of other arctic locations: Jones Sound (3.0-23.0
mg/m% Apollonio  1965); Bar r ow, Alaska (3.0-30.5 mg?m‘; Clasby et
al. 1973); and Robeson Channel and Barrow Strait (0.6-12.5 mg/mz; Dunbar
and Acreman 1980). Considerably higher concentrations were found at fast ice
stations in Pond Inlet (17.6-182.6 mg/m?'; Cross 1980, 1982a) . Differ—
ences in chlorophyll concentrations are likely a result of differences in the
timng of the spring bloom or differences in snow cover. The | owest mean
bi onass reported for Pond Inlet was at the station with the highest nmean snow
depth (15.8 cm, and a significant negative correlation between snow depth
and biomass was found at some stations (Cross 1982a). An inverse
relationship between ice chlorophyll and snow depth has also been observed by

Al exander et al. (1974).

Carbon to chlorophyll a ratios in control sanples ranged from12.6 to
40.8 (overall nmean of 21.1 £ SD 8.8; n= 22). The ratio increased during the
study period, from16.0%* 2.3 (n = 14) during 15-18 May to 30.0 £ 9.1 (n = 8)
during 26 MNay-2 June. Carbon to chlorophyll ratios for ice algae at Cape
Hatt are near the |ower end of the range of 20 to 200 suggested for ni xed
phytoplankton popul ations (see Raynont 1980, p. 90). There are no previous
data of this kind on arctic ice algae, but our results are simlar to those
of Bunt and Lee (1970), who reported a range of 24 to 59 in carbon to

chlorophyll ratios in antarctic ice algae.
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Ice Algal Productivity

Ice algal productivity rates reported herein are based on differences
between |ight and dark incubation chanbers in the anmount of radi ocarbon
retained on 0.45 urn cellulose triacetate filters. Al incubations were
carried out around noon for 2-3 h periods. Sky conditions varied during
i ncubation periods and fromday to day, and the resultant daily val ues of
surface light during incubations ranged from approxinately 13,000 to 20, 000
Watt~h/m2. Variation in the amount of |ight reaching the bottom of the
ice included not only a tenporal conponent resulting from changes in surf ace
light, but also a spatial conponent: percent transm ssion through the ice and
snow, neasured w thin each enclosure, varied fromO0.11-0.77% Spat i al
variability was likely the result of variable snow cover. Snow depths,
nmeasured at the surface in the estimated |ocations of the under-ice
encl osures, were from8.5 to 30.6 cm The estimted anount of |ight reaching
each encl osure during each incubation is given in Table 7. These val ues

varied over an order of nmgnitude, from12.2 to 121.7 watt-h/mz.

I ce algal productivity increased with increasing |ight over the range of
condi tions encountered (Fig. 10). There was no evidence of photosynthetic
inhibition at the highest light levels (approximtely 120 w-att--h/m2 in a
2-3 h period). Productivity rates were near zero at the |owest |ight levels

(approximately 20 Watt-h/mz; Fig. 10).

Productivity of ice algae varied considerably anong |ocations
(encl osures) and periods: nmean productivity rates in controls were from near

zero to 2.95 mgC/mz.h (Table 7). The lowest productivity rates were
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Figure 10. rIée al gal productivity (mgC/m?. h) vs. In situ light (watt-h/
)

at Cape Hatt, northern Baffin Island, during 18 May-2
June 1982. Each point is the productivity rate calculated for
one control incubation; one |ight nmeasurenent was made for each
set of 2 or 3 productivity rates,
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obtai ned from encl osures with the | owest recorded |ight values, e.g., the
‘0il” enclosure at Location 1 and the *BP 1100 WD + oil" enclosure at
Location 2 (Table 7). Productivity in control sanples increased progres-
sively from 18-19 May (0.85 * 0.75 mg C/mz.h; n =31) to 28-29 May (2.48
+ 0.38 ny C/mz.h; n = 5), and decreased slightly by 1-2 June to 2.13 #
0. 36 mgC/mz.h (n °5). I ncreased productivity was likely related to
increased chlorophyll a concentrations; however, productivity per unit
chlorophyll in control sanples also increased progressively from 18-19 My to

28-29 May (0.08 to 0.19 ng C/mg Chl a.h), and decreased by 1-2 June (0.14 ng

C/mg Chl a.h).

Productivity rates at Cape Hatt were simlar in 1981 and 1982. Mean
productivity in 1981 varied from 0.26 * 0.07 to 3.34 * 1.96 mgC/mz.h
(n=05in each case), but there was no apparent increase or decrease over the
study period (Cross 1982b). Data from Cape Hatt are also conparable to those
of Clasby et al. (1973) at Barrow, Al aska, who reported nmean productivity
val ues between 4 and 4.5 mgC/mz.h on 6 and 21 May, and val ues between 1
and 1.5 mgC/mZ.h between 25 May and 5 June. It appears that the under-
ice algal bloom and concomitant high productivity, had begun to decline
earlier at Barrow in 1972 and possibly at Cape Hatt in 1982, than at Cape

Hatt in 1981.

Di ssol ved Organic Carbon

Productivity rates of dissolved organic carbon (DOC) reported herein are
based on the sane sanples (incubation chanbers) and methods of calculation
used to estimate particul ate radiocarbon productivity. Data presented bel ow

include only control sanples: all enclosures on 18-19 May, and control
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encl osures only on 26-27 May and 1-2 June. Radioactivity in DOC was measured
in filtrates of subsamples filtered through O0.45 pm silver filters, and
purged of inorganic radiocarbon by acidification and aeration. Cell rupture
during filtration was avoided by the use of snmall (20 nL) sanple volumes and
| ow (<120 nm Hg) vacuum pressures (see Mague et al. 1980). O her sources of
error in DOMC deternmi nati ons were discussed by Sharp (1977): organic
contam nation of the dinnoculum and inconplete renoval of inorganic
radi ocarbon from filtrates. The low Ilevels of DOMC observed in
‘controls’ (e.g., dark incubations; see below) in the present study, however,

and the subtraction of dark values from light values in productivity

calculations, elinmnates uncertainty associated with these sources of error.

Following 2-3 h incubations at Cape Hatt in 1982, levels of dissolved
organi ¢ radi ocarbon were simlar in dark incubation chanmbers containing ice
(+ water), in dark chanbers containing water, and in |light chanbers
contai ning water. DOC productivity rates in dark chanbers containing ice (+
water) and water, respectively, were 0.201 *¥ SD 0.093 mgC/mz.h (n "15)
and 0.181 * 0.095 mgC/mZ.h (= 1.185 mgC/m3-h; n = 6). After
correction for dark values, DOC productivity in light chanbers containing
near-ice water was very low 0.025 * 0.709 mgC/mB.h (n = 7). In
contrast, mean DOC productivity in light chanbers containing ice was very
high: 3.25 * 2.86 mgC/mz.h (n = 41). DCC productivity by ice algae, like
particul ate carbon productivity, varied considerably anmng enclosures (0.13
to 9.33 mgC/m?'.h). Dissolved and particulate carbon productivity rates
were highly correlated (r = 0.926; P<0.0001; n = 41). On average, DCC
accounted for 70.5% of total (dissolved + particulate) production. Thi s

percentage is near the upper end of the range of values previously reported
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in coastal and oceanic waters (see Sharp 1977 for a review, Snmith et al
1977; Lancel ot 1979; Larsson and Hagstrom 1979, 1982; Mague et al. 1980;
Sellner 1981; Welter 1982; Jensen 1983). To our know edge, DOC production by

ice algae has not previously been reported.

There are several possible sources of the dissolved organic carbon.
I norgani ¢ radi ocarbon fixed by al gae can be released into the nmediumin
di ssolved or colloidal formin several ways: active release of photosynthetic
products by healthy algae (Fogg 1977), 1lysis of plant cells through various
neans (see Cole et al. 1982), degradation of non-living plankton (Sharp
1977), |l osses associated with nechani cal breakage of cells during grazing
(Lampert 1978), and excretion by grazers that have consuned |abeled al gae.
The rel ease of significant anounts of DOC by healthy al gae has been disputed
(Sharp 1977) , but evidence to the contrary is still convincing (Fogg 1977;

Sellner 1981; Larsson and Hagstrom 1982; Welter 1982; Jensen 1983).

Regardl ess of the nechanism of DOC rel ease, however, dissolved organic
radi ocarbon present in the nediumwas originally fixed by algae and nust be
included in our estimates of productivity. Thus nean ice algal productivity
(particulate + dissolved) was 4.39 * 3.69 mgC/mZ.h (n = 41) over the
range of light levels studied at Cape Hatt in May 1982. The hi ghest
productivity rate measured (single sanple) was 12.7 mgC/mz.h. If high *
DOC production is characteristic of the ice algal conmunity, previous reports ;
on particulate carbon fixation (e.g. , Clasby et al. 1973; Cross 1982b) may
have underestimated ice algae productivity to a significant extent. Even
hi gher productivity rates would be expected in areas where, unlike the

present study area, ice algal bionmass was very high (e.g., Pond Inlet in

1979; Cross 1980, 1982a).
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The fate of dissolved organic carbon produced by ice algae, and in
particular its contribution towards the transfer of energy to higher trophic
levels , is not known. Bacteria may be inportant in the sea ice comunity as
consuners of DOC released by algae and as a particulate food source for
protozoans and metazoans. Bacteria are common and often abundant in sea ice
(Homer 1976), and extrenely high bacterial activity was found in the under-
ice community at Cape Hatt in May 1981 (J. Bunch, unpubl. data). At Barrow,
Al aska, uptake of |abeled dissolved organic substances by the sea ice
community was al nost exclusively by bacteria (Homer and Al exander 1972b).
In other marine habitats, bacterial uptake of photosynthetically produced DOC
can be as high as 90% (e.g., Welter 1982; Jensen 1983). Attenpts to neasure
bacterial uptake in the present study were not successful (see ‘Evaluation of
Filtration Techniques’ section) , but any radi ocarbon present in bacteria
<0.45 pm in size would be included in our estimates of dissolved organic

carbon productivity.

G| Effects

| npi ngenent of unweat hered oil and dispersed oil onto the under-ice
surface woul d probably cause sone inmmediate nortality of under-ice algae.
I nhibition of photosynthesis in ice algae was observed at the highest |evels
of oil and dispersed oil tested in 1981 (Cross 1982b). There nay al so be
some subsequent recovery of the ice algae as the oil noves into the ice or as
the dispersed oil is renmoved by currents and dilution. The extent and rate

of this nmortality and subsequent recovery are as yet unknown.
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In the present study, standing stocks and productivity of under-ice
al gae were neasured before and after treatment with crude oil (Venezuela
Lagonedio) , solidified oil (BP treatnment), oil mxed with each of three
di spersants (Corexit 9527, BP 1100 WO and BP CTD), and no oil (control).
Di spersed oil, in concentrations between 5.8 and 36.5 ppm was contai ned
wi thin encl osures beneath the ice for approximtely five hours. Gl and
solidified oil remained in the enclosures on the under-ice surface during
post-treatnent sanpling periods, and sanpling was carried out within the
encl osures but not directly in the oiled areas. G| concentrations in the

water within enclosures containing oil and solidified oil, neasured 5 h after

treatnent, were simlar to control values (see ‘Methods’).

During the first year of studies at Cape Hatt, analysis of covariance

with in situ light intensity as the covariate proved useful in taking

variability due to light into account before testing for differences anong
periods or treatment levels (Cross 1982b). The larger nunber of replicates
and treatnents used in the present study, however, together wth other
changes in the study design, resulted in the measurement of |ight for each
enclosure (i.e. for each treatnment and | ocation) but not for each replicate.
Hence, analysis of covariance was not used. Analysis of variance was applied
to data on standing stocks and productivity, and to ratios calculated to
standardi ze for light effects: standing stocks/percent transnmission, and
productivity/in situ light during incubations. Productivity per unit of
chl orophyl | and productivity per unit chlorophyll per unit light were also

subjected to analysis of variance.
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Three factor analysis of variance (period, treatnent and | ocation) were
carried out, but significant three way interactions necessitated the use of
two factor ANOVAs (period, treatment) for each of the two locations. The
results of these anal yses for eight variables are given in Table 8. Most

i nteractions between period and treatment factors were significant (13 of 16

cases) . In these cases, the significant interaction ternms neans that period-
to-period variation was not consistent anbng treatnents, indicating the
possibility of an oil effect. However, other factors besides the treatnent

could also lead to significant interaction terms.

To determine whether the significant interactions were attributable to
the two enclosures with very low levels of light and productivity, these
encl osures (treatments) were excluded from the anal yses. Results were very
simlar to those shown in Table 8. The significance of the period x
treatment interaction in the new analyses differed fromthat in Table 8 in
only two cases: when |lowlight treatments were excluded, the interaction was
non-significant for productivity per unit chlorophyll per unit light only in
Location 2, and was marginally significant (P = 0.028) for chlorophyll
concentration over percent transmission only in Location 2. Hence, the
significance of period x treatment interactions (Table 8) was not

attributable to effects of lowlight conditions.

It was necessary to examine the nature of the period-to-period
variability amng treatments to determine whether it was consistent with
expected oil effects. Expected oil effects would include (1) marked
del eterious effects of oil relative to controls, (2) imediate effects in

di spersed oil treatnments, followed by recovery, (3) delayed effects in oil or
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Table 8. Results of analysis of variance for standing Stocks amd productivity of uder-ice algae at
Cape Hatt, northern Baffin Island, during 18 May-2 June 1982. F-values are shown Wth significance
levels (ns” PX0.05; * P<0.05; ** P<0.01; *** P<0.001).

Source of variation

Variabl e Location Pericd Treat ment Period X Degrees of
Treatment Freedoml

Productivity (P) 1 16.46 *ot 45 75 ®k 3,25 ik 4,5,20/53
2 7.01 %% 33%68 wk 2,38 ok 4,5,20/54

Chlorophyl I. a (B) 1 17.98- 11,78 ** 2,56 %* 4,5,20/76
2 2.69 * 33.58 #%%  1.47 s 4,5,20/75

Agal density (D) 1 19.72 Wk 1777 %k 2,39 vk 4,5,20/56
2 19.42 #3590 #k 4 06 ek 4,5,20/58

P/ B 1 8.49 *kk 34, 24- 3.19 # 4,5 ,20/52
2 8.43 *k% 38 75 #kk 3 (] 4,5 ,20/52

P/Light2 1 23.60 %% 15 55 ek 5,77 e 3,5,15/44
2 8.71 # 22 34 W% 145 ns 3,5, 15/44

P/B/Light2 1 14.02-  9.80 #x  §_(7 3,5, 15/43
2 14,15 ¥ 20 40 ** 301 ** 3,5,15/43

B/ Percent transmissior? 1 1.13 ns 14,35 % 2.48 ok 3,5,15/61
2 4.81 % 26,05 # 107 ns 3,5,15/60

Dl Percent transmission? 1 8. 11- 13.27 #k 411 % 3,5,15/41
2 2.65 ns 9.52 ¥k 2 g5 W 3,5, 15/42

1Degrees of freedm shown are numerator df for pericd, treatment aml period X treatment interaction,
followed by denominator df.

2\ analyses including light or percent transmssion exclude data f rom Period 1, where percent
transmi ssion data were mot recorded.



69

solidified oil treatments, and (4) effects in dispersed oil treatments that
were consistent with measured oil levels (see ‘Methods’), i.e. least in BP
CTD; nore pronounced in Location 2 than Location 1 for Corexit 9527 and BP
1100 WD.  Inspection of the data (Fig. 11) showed little evidence for any of

these expected oil effects.

There were no marked del eterious effects of any oil treatnent on any of

the vari abl es. Decreases in some or all variables fromthe inmediate
pre-spill to immedi ate post-spill periods were evident in sone enclosures,
(e.g., Corexit + oil, Location 2), but these generally corresponded wth

decreases in light, and were also evident in the control

There were no marked imediate effects of dispersed oil treatnents, nor
was there any evidence of recovery in later post-spill periods. Differences
anong di spersants or between |ocations were not consistent with nmeasured oi

concentrations.

I nspection of the data for oil and solidified oil treatnments indicated
the possibility of a stimulation effect of these treatnents on the bionass
and productivity of under-ice algae. Progressive (period-to-period)
increases in biological variables were not common in any treatnent except the
solidified oil and, to a lesser extent, wuntreated oil treatments. This

progressive increase is not clearly related to increases in light ,

particularly in the case of the solidified oil treatment. In some cases,
however, increases in biological variables at these locations were also
apparent between the two pre-spill peri ods. Increases in bionmass and

productivity are typical of under-ice algae during the spring before the peak
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of the bloom (Homer and Al exander 1972; Clasby et al. 1973) and were al so
evident in Cape Hatt during May 1981 (Cross 1982 D). Overall, productivity
and standing stocks in control sanples increased during the 1982 study period
(see above). Differences anong enclosures (treatments) in the nature of the
i ncreases may also be related to snow conditions, and in particular, changes

in snow depth that occurred inmmediately before the study period.

I nhibition of photosynthesis of ice algae was observed at the highest
levels of oil and dispersed oil tested at Cape Hatt in 1981 (10,000 ppm
Cross 1982b). At this level, dispersed oil apparently had a larger effect
(total suppression of productivity) than did undispersed oil, but even in the

latter case productivity was nuch reduced from control |[evels.

Hsiao et al. (1978) reported oil effects on productivity of arctic
mari ne phytoplankton in oil-seawater dispersions at concentrations as |ow as
10 ppm at concentrations between 43 and 147 ppm values were 20 to 40% of
control productivity, depending on type of oil. Simlar results on diatom
growth were obtained when oil was added directly to algal cultures to give
nom nal concentrations between 10 and 10,000 ppm (Hsiao 1978). After 10
day’'s exposure, diatomgrowh was reduced at all concentrations for all oils
tested, but the highest concentration was |ethal only to sone conbination of

speci es and oils,

In the present study, we attenpted to create realistic scenarios for the
i npi ngenent of oil onto the under-ice surface: |ow concentrations of
di spersed oil contacting the ice for a short period of time, and untreated

oil and solidified oil remaining in place on the under-ice surface. Analyses
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and inspection of the data showed considerable spatial and tenporal
variability in productivity and standing stocks of under-ice algae, but there

waslittle evidence for any of the expected odileffects.

Under -i ce Meiofaunal Communities

In this section we exanmine the effects of in situ applications of oil

and chenmically treated oil on the distribution of major meiofaunal groups.
Mei of auna are defined as those invertebrates falling within the size range 40
pm to 1 mm after Elmgren (1976). A description of abundance, species
conposition and spatial and tenporal variability in the meiofaunal comunity
is based on control sanples collected in both pre-spill and post-spill
periods at the productivity study site (Bay 13) at Cape Hatt. The distribu-
tion of under-ice neiofauna in the four BIOS study bays (Bays 7, 9, 10 and

11) at two tines in May 1982 is also described.

Speci es Conposi tion

The under-ice neiofauna collected at Cape Hatt during 18 May-2 June 1982
included copepods, nematodes, polychaete |arvae, rotifers and gastropod
veligers., Copepods, the nunerically dom nant taxon, conprised 92.3% of total
nunbers collected during the study. Nermat odes and polychaetes made up 4. 0%
and 3.2% of total numbers, respectively. Rotifers and gastropod veligers
were also present in very small nunbers. Thonson et al. (1978) also reported
that copepods were predom nant (79.0% of total meiofaunal) in the under-ice
surface in Brentford Bay, Boothia Peninsula. El sewhere, nenmmtodes are
usual ly the nost abundant group of under-ice neiofauna (Carey and Montagna

1982; Cross 1982a; Grainger and Hsiao 1982; Kern and Carey 1983).
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During 18 May-2 June 1982, cyclopoid and harpacticoid copepods conpri sed
83.2% and 16.3% respectively, of the ice copepod fauna (Table 9). Calanoid
copepods were only represented by nauplii, and accounted for the remainder of
total numbers. A total of six species of cyclopoid and harpacticoid copepods
were collected in systematic sanples from the under-ice surface. Cyclopina
schnei deri and cyclopoid copepodites (nostly Cyclopina sp.) were present in
nost sanples, and together conprised over 80% of total copepods identified.

The harpacticoid copepod Ti sbhe furcata occurred in all control ice sanples,

and represented an average of 12.2% of total copepod nunbers. O her

cyclopoids (Oithona s im lis and Oncaea minuta) and harpacticoids

(Microsetella sp. and Dactylopodia vulgaris) were rare, both in ternms of

abundance and occurrence; each contributed less than 1% to total copepod
nunbers during the study. One solitary individual of the species Harpacticus

superflexus Was present in a non-quantitative sanple.

Low speci es diversity of copepods is apparently characteristic of the

soft bottom | ayer of the ice. The genera Cyclopina, Harpacticus, Gt hona,

Oncaea and Ti sbe have been consistently found in under-ice habitats of arctic

and antarctic regions (Andriashev 1968; Thomson et al. 1978, Cross 1982a;

Grainger and Hsiao 1982; Kern and Carey 1983).

Abundance

Total meiofaunal densities at the productivity site in Bay 13 (control
sanples only) averaged approximtely 54,000 individual s/m? copepods
al one contri buted about 50, 000 ind./m2 (Tabl e 10) . Wat er sanpl es taken

just below the ice-water interface included all nmjor ice-associated taxa,



Table 9. Species composition Of wder-ice copepods i N the productivity sty Site at Cape Hatt, Baffin Islawd, during 18 May-2 June 1982". Data are based m
10 o diamter i CE COres.

GL

Period - Pmspill 1 Pre-spill 2 Post-spill 1 post-spill 2 Post-spill 3
Date - 18-19 My 21-22 Wy 26- 27 way 28-29 May 1-2 June
n—> 21 21 4 3 4
% of y4 7 of % % of % % of % % of %
Taxon numbers  OCCUrrence nunbers  0CCUIrence nurbers occurrence nubers  occurrence nunbers  0CCUIrence
Copepoda
Cyclopoida (total.)2 . (83.3) (85.5) (73.5) (77.3) (12.7)
Cyclopina  Schnei der i 12.5 86 %.3 100 44.6 100 49.8 100 51.4 100
Oithona similis 0.2 14 <01 5 0.2 67
Oithona copepodite 0.1 19
Oncaea minuta 0.1 10 0.1 10 0.1 33
Oncaea copepodite 0.1 10 0.1 29 0.6 75 0.5 67 0.2 25
Unidentified copepodited 67.4 100 58.0 100 26.1 100 2.8 100 19.1 100
Nawpl | | 2.7 81 2.3 100 L1 100 11 67 1.0 50
Harpact icoida (total) (16.2) (14.1) (25.9) (21.9 (21.1)
Tisbe furcata 13.2 100 10.5 100 18.0 100 15, 100 19.1 100
Tisbe copepodite 2.0 76 1.4 86 2.5 100 1.6 100 3.9 100
Microsetella SP. 0.1 19 0.3 25
Microsetella copepodite - 0.3 67 0.4 50
Dactylopodia vulgaris 0.1 5 0.1 14 0.1 25 0.2 33 0.4 50
Inident 1T ied COpepcdite 0.1 10 0.5 25
Naupl | i 0.9 48 2.0 91 4.5 100 4.2 100 3.3 75
Calanoida
Nauplii 0.5 38 0.4 81 0.6 75 0.8 100 0.2 25
Total mmber identified 2,521 8, 546 799 1,165 508

! Data from only pre-spill perinds ad control treatnments in post-spill periods are incluled.
*“fetal % inclules widentified alults.

“Mpjority identified as_cylopina Sp.



Table 10.

Island, during 18 May-2 June 1982,

Density (nos Jut10%) of maj or meiofamal groups on the uder-ice surface in the productivity study Site at
Data are expressed as nmean * SD and are based on 10 cm diameter ice cores.

Cape Hatt, Baff in

Taxon

Peri od
Pre-spill 1 Pre~-spill 2 Post-spill 1 Post-spill 2 Post-spill 3
Date = 18-19 May 21-22 May 26- 27 May 28-29 My 1-2 June
n’— 21 [431 21 [40] 48] 3[ 6] 47

Copepoda (total)

(43.55 * 24.92)

(54.67 £ 27.77)

(62.72 £ 16.38)

(52.36 £ 17.57)

(48.62 t 13.65)

Cyclopoida (total) (38.23 * 19.17) (51.64 £ 21.77) (49.57 £ 13.92) (44.85  16.47) (34.03 * 13.16)
Adul t 6.05 * 3.89 15.10 * 8.01 30.80 + 11.29 29.56 £ 15.61 24.54 * 11.08
Copepodite 30:96 £ 16. 25 35.16 * 16.05 18.01  4.16 14.65 * 2.76 8.99 £ 1.96
Nauplii 1.22 £ 0.90 1.38 £ 0.75 0.77 *0.47 0.64 * 0.65 0.50 £ 0.81

Harpact icoida (total) (7.45 * 5.43) (8.50 * 6.93) (17.41 £ 4.02) (12.74 * 3.90) (12.06 * 4.03)
Adult 6.10 t 5.13 6.38 % 6.04 12.36 * 3.21 9.19 * 3.87 8.90 t 2.89
Copepodite 0.93 £1.23 0.89 * 1.0% 2.09 % 0.88 1.14 * 0.42 1.82 £ 1.41
Nauplii 0.42 * 0.66 1.22 * 0.95 3.03 * 1.15 2.41 * 1.43 1.34 * 1.64

Calanoida
Nauplii 0.24 * 0.35 0.25 £ 0.17 0.43 % 0.35 0.45 % 0.27 0.08 £ 0.15

Nematoda L1l t 117 1.55 £ 1.32 3.44 + 1,08 4.40 + 2.89 4.92 £ 2.26

Polychaeta 1.15¢ 1,14 1.87 £ 1.05 2.26 £ 1.53 2.11 % 0.97 1.70 £ 0.63

Total mos./mx103 45. 81 58. 09 68. 42 58. 87 55. 24

! Data from only pre-spill periods and control treatnents in post-spill periods are included.
“Numbers Of samples are shown for copepad sub-group followed by major groups [in parentheses].

gc
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but their abundance was nmuch lower than in the ice above: about 13, 000
i ndi vi dual s/ nf or 2,000 ind ./mz, based on 184 individuals in 24
control sanples. Mdst of the neiofauna in ice (+ water) sanples, therefore,

occurred in the bottom layer of ice.

Under-ice copepod densities were higher, and nenatode densities
generally lower, than those previously reported in arctic and sub-arctic

wat ers during My:

Yean! densities (no./md)

Sample
Location si ze total copepod nematode Source
Cape Hatt 104 2500-54 ,000 2000-50 , 000 20- 1930 Present study
Brenford Bay 16 17,003 13,003 2900 Thamson et al . (1978)
Pond Inlet 29 300-53, 030 100- 20, 500 (+31 , 900 Cross (1982a)
Stefansson Sourd 9 4,500 800 3500 Carey ard Montagna (1982)
Stefansson Sound 3 3 19 ,000 6500 8500 Kern ard Carey (1983)
Frobisher  Bay - 46 ,000-326,000  603)- 15, 000 20,700-293,000 Grai ngerand Hsiao (1982)

1Ranges are for stations within locations, or for data for which neans could not be cal cul ate.

Spatial Effects

Meiofauna were relatively evenly distributed on a smll scal e
(i.e. within the 1.2 nf enclosures) at the productivity site in Bay 13.
The standard deviation was usually much less than the nmean for each of the
mej or nei of aunal groups (Appendix F). Variation on a larger scale (anong
enclosures in Bay 13--Fig. 12; anong bays--Table 11) was considerable, and
was evident for all meiofaunal groups. Nemat odes were the one group for

which interactions did not confound the results; differences anobng encl osures

were highly significant (P<0.001; Table 12).
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Tabl e 11 Density (nos./m?) of under-ice amphipods, neiofauna and microalgae and snow depth (cm) in four
bays at Cape Hatt, Baffin Island, during May 1982. Meiofaunal and microalgal data are based on 5
replicates and arrphl pod data are based on 16 replicat es3 in each bay and sanpling period.

Bay 7 Bay 9 Bay 10 Bay 11
Taxon mean * SD mean * SD mean * SD mean * SD
Microalgae (x10') Early May 196 + 89 164 £ 99 298 £ 71 84 + 5]
Late My 361 t 158 362 £ 69 300 £ 91 121 * 126
Copepoda Early May 14,510 £ 6,511 9,333 t 7,605 11,705 * 11, 807 4,565 * 4,324
Late My 9,547 * 5,914 2,068 £ 560 50,122 * 18, 307 4,115 * 1,369
Nemat oda Early May 204 t 264 230 t 293 490 + 411 26 + 57
Late My 392 t 428 311 t 422 289 * 200 49 t 67
Polychaeta Early May 383 * 239 459 % 306 1,346 * 705 2,933 * 1,265
Late May 220 * 305 70 * 105 265 + 325 4,446 * 2,142
Anphi poda Early My 65 33 29 + 24 65
Late May 16 + 12 6 £ 4 33 * 26 12 £ 10
Snow dept h* (cm Early May 23.8 £ 4.1 18.7 £ 4.9 10.6 + 2.5 17.0 £ 6.2
Early June 20.8 * 3.9 21.9 * 5.0 8.8 2.6 19.0 * 9.2

1 Bay 7 (reference), Bay 9 (dispersed oil release), Bay 10 (dispersed oil contami nation), Bay 11 (surface
oil release); oil was released in August 1981.
2Core sanpl es; 2.5 cmdi a?eter for mcroalgae, 10 cm dianmeter for neiofauna.

‘Net samples covering 4
4 Data are based on 17-21 repI|cates

6/



80

Table 12. Conparison of densities of meiofauna exposed to oill and cheni-
cally treated oil* on the under-ice surface in the productivity study site at
Cape Hatt, Baffin Island, during 18 May-2 June 1982° F-val ues are shown
with significance levels (ns = P>0.05; * P<O 05; ** P<0.0l; *** P<0.001),
Significance levels are not shown for main effects when—the interaction term

was significant.

Source of Variation (4f)

Period x
Peri od Tr eat ment Tr eat ment
Taxon Location (4,77) (5,77) (20,77)
Copepoda 1 42. 31 35.14 5.10 ***
2 28.12 45,99 5. 34 #*&%
Nermat oda 1 36.91 *** 11.58 % 1.60 ns
2 11,55 *** 12,34 *** 0.87 ns
Polychaeta 1 5.73 15.55 2.91 ***
2 8.24 20.93 3.32 *xx

"Unweat her ed Lagomedio crude oil .
2 0il treatments were applied on 23 and 24 May 1982.
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Densities of neiofauna in the BIOS study bays are shown in Table 11
together with corresponding data on snow depths and densities of microalgae
and anphipods. No consistent relationships are apparent between any of these
vari abl es. In some cases, this may be related to differences in sanple
types and locations within the bays; neiofauna samples were randomy | ocated,
wher eas anphi pod sanpl es were systematically |ocated and covered nuch | arger
ar eas. The lack of any consistent relationship anmong groups of meiofauna,
however, indicates that a nunber of different factors are involved and whose

effects on meiofaunal distribution differ anong the groups.

There are several possible sources of this large scale variability,
i ncludi ng snow depth, light and concentrations of microalgae. In all Bay 13
control enclosures taken together (n = 104), light was positively correlated
with densities of nematodes (r = 0.58; P<0.001), copepods (r= 0.52; P<0.001)
and, to a lesser extent, polychaetes (r = 027, PK0.01). Simlar
correlations were evident between chlorophyll a_concentrations and the
densities of each of these groups. Light and chlorophyll concentrations were
al so positively correlated (r = 0.68; P<0.001). From a correlation analysis

of this type it is not possible to identify causal relationships.

Cross (1982a) reported that copepod abundance, but not nematode
abundance, was significantly greater in brown ice than in clear ice at one
station in Pond Inlet. At another station both nenatode and copepod numbers
were significantly greater in a dense, |oose algal layer under clear ice than
in brown ice. Over 92% of the nematodes found by Thomson et al. (1978) in 16
core sanples collected in Brentford Bay were in three sanples taken under an

area of ice that had previously been cleared of snow. At the same time there
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was no corresponding increase in copepod density or in apparent algal
growt h. Thus , it is possible that nematode densities are nore strongly

i nfluenced by light, and copepod densities by algal concentrations.

O her factors may also influence the distribution of meiofauna. Car ey
and Montagna (1982) suggest that ice neiofauna may be recruited from benthic
or pelagic habitats by nmeans of vertical migration or advective forces.
Hence, their distribution and abundance may also be influenced by water depth
and prevailing currents. Di fferences anong groups woul d be expected for
swimm ng (copepods and sone polychaetes) and non-sw nming (nematodes and

ot her polychaetes) forns.

Warwi ck (1981b) points out that neiobenthic nematodes are rarely or
never found in stomach contents of benthic predators, whereas meiobenthic

copepods are known to form a significant itemin their diets. Small copepods

of the antarctic ice fauna were found in fingerlings of Trematonus

borchgrevinki by Andriashev (1968), and ice copepods dominated the diet of

arctic cod near the Pond Inlet ice edge (Bradstreet and Cross 1982); in each
case nemat odes were not nentioned. Predation may, therefore, affect ice

copepod densities, but this would not appear to be the case for nematodes.

Tenmporal Effects

Results of two-factor analyses of variance (treatnents and periods) for
densities of meiofaunal groups in Bay 13 were unamnbi guous only in the case of
nemat odes (Table 12). In both locations, nenmatode densities showed a highly

significant (P<0.001) period effect; mean density in control sanples
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increased from 1100 individuals/m? on 18 Moy to 4900 ind. /m? on 2 June 1982
(Fig. 12). Nermat ode densities also increased over the sane time period in
three of the four BIOS study bays. Simlar increases in nematode densities
during the spring bloom have been reported in Frobisher Bay during 1981
(20,700 to 293,000 ind./mz; Grainger and Hsiao 1982) and in the Beaufort

Sea in 1980 (350 to 25,000 ind./mz; Kern and Carey 1983).

Copepod and polychaete abundances in control sanples from Bay 13 were
relatively constant over the study period (Fig. 12). However, this was not
true for all particular types of copepods. Cyclopoid copepodites in Bay 13
decreased from 30, 900 individuals/m2 on 18-19 May to 9000 ind./m2 on
1-2 June. At the sane tine, cyclopoid adults increased from 6000 to 24,500
ind, /m2 (Table 10). In contrast, harpacticoid copepods showed no obvious
tenporal variation related to stages of development. In the other four bays,
the trends in numbers fromearly to late May were not consistent anong bays

or groups (Table 11).

Kern and Carey (1983) reported significant tenporal variation in copepod
and polychaete densities in the Beaufort Sea during May 1980, but no
progressive change was evident in either group. Nunmbers of both groups
decreased substantially between early and late May in Frobi sher Bay (Grainger

and Hsiao 1982).
0il Effects
The study design of this conponent involves five oil treatnents plus a

control in each of two locations, and two pre-spill and three post-spill

sanpling periods. Three-factor analyses of variance (locations, treatnents,
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periods) were carried out, but significant interactions involving |ocation
precl uded unanbi guous interpretation of period x treatment interactions and
main effects. Therefore, separate two-factor analyses of variance (treat-
ments and periods) were carried out in each of the two |ocations for each of

the three variables: densities of copepods, nenatodes and polychaetes.

Treatment x period interactions were highly significant (P<0.001) for two of

t hese groups, copepods and polychaetes, in each of the locations (Table 12).

Copepod and polychaete densities decreased dramatically between
pre-spill and post-spill periods in each of the three dispersed oil
treatnents in each location; densities in the other three treatnents
(control, solidified oil and oil) remained relatively constant (Fig. 12).
Nemat odes were conpletely unaffected by any of the oil treatments; densities
i ncreased throughout the study period in each treatnment and in each |ocation
(Fig. 12). The observed response in copepods and polychaetes was similar for
the three types of dispersants and the two |ocations, irrespective of the

differences in oil concentrations measured within the enclosures (6-37 ppm).

Densities of polychaetes and copepods in dispersed oil treatnents
increased slightly between post-spill Periods 1 and 3. This increase was
more apparent for copepods than for polychaetes, probably indicating a faster
recovery rate (Fig. 12). It is not known whether the copepods or polychaetes
were killed outright or nmerely displaced from the ice undersurface.
Gyllenberg and Lundgvist (1976) found that 2 pel agic species of copepods
exposed to dispersed oil first performed escape nmovenents (period of high
activity) and then entered a state of narcosis and sank to the bottom Ice-

associ ated meiofauna that left the ice would likely be susceptible to benthie
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predat ors. In deep water, even if conplete recovery occurred in the water

colum, possibilities for returning to the ice seem renote.

Conflicting evidence has been reported on the effects of oil on
mei of auna. Dana Venezia and Fossato (1977) found that the copepod Tishe
bulbisetosa was quite tolerant to a suspension conposed of Kuwait oil and
Corexit. Boucher (1980) observed that some harpacticoid copepods were
unaffected by oil, and sone were even attracted to it. Kont ogi anni s and
Barnett (1973), on the other hand, found that oil was toxic to a tide pool
copepod, and suggested that resistance to crude oil may change from species

to species and from habitat to habitat.

The differences in our results for copepods and nematodes is consistent
with a current theory that the ratio of nematodes to copepods is a
potentially wuseful tool in nonitoring organic pollution, including oil
pol l uti on (Raffaelli and Mason 1981; Warw ck 198la). Coull et al. (1981)
argue, however, that the use of this ratio is an oversinplification. Again,
conflicting evidence has been reported. McLachlan and Harty (1982) found
that dispersed oil was nore toxic than fresh oil to all taxa, but that
nemat odes generally were the |east sensitive and oligochaetes the nost
sensitive. Boucher (1980), on the other hand, found a general decrease in
abundance of nematodes in the intertidal zone inpacted by the Anbco Cadiz oil

spill.

The hi gher nemat ode to copepod ratios in areas of the under-ice surface
exposed to dispersed oil treatnents (Table 13) concur with the postulation of

Raffaelli and Mason (1981) and Warwi ck (198la). At Cape Hatt, nematode to
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Table 13. Nematode t0 copepod ratios in two | ocations exposed to oill and chenicall y treated
oill on the wrier-ice surface in the product ivity study site at Cape Hatt, Baf f inldand, during
18 May-2 June 1982°. Data are based on 4 replicate ice cores (10 em diameter) for each treat-

ment, | ocation and sampling pericd.

Tr eat ment

Solidified  BP CID  BP 1100WD Corexit 9527

Period Location  Control oi1l oill +0i1l +0i1l +0i1l

Pre-spill 1 1 0. 042 0.081 0.014 0.017 0.029 0.034
2 0.029 0.023 0.007 0.035 0.007 0. 029 “

Pre-spill 2 1 0.025 0.013 0. 020 0. 058 0.042 0.021

0.038 0.044 0.010 0. 046 0.014 0.014

Post-spill 1 1 0.064 0.115 0.079 1,933 2.582 1.838

2 0. 049 0.088 0.021 1,964 0.203 1.781

Post-spill 2 1 0. 096 0. 638 0.147 3,957 1.606 3.179

0. 067 0. 102 0. 040 1. 644 0.127 2.667

Post-spill 3 1 0.135 0.782 0.092 1.507 1.102 1. 442

2 0.085 0.100 0.133 0. 361 0. 954 0.782

1Urweathered Lagamedio crude oil.
‘O] treatments were applied on 23 and 24 May 1982,

copepod ratios were lowin all study bays in My 1982 (Tables 11 and 13) . If
this ratio does prove to be a useful indicator of pollution in under-ice
comunities , the conclusion would follow that the Cape Hat t/Ragged Channel
area is a non-polluted environment in spite of the experinental releases of

oil carried out in 1981.

In view of the contradictory and linited data available on the effects *
of oil on meiofauna, however, we nust be cautious in using such a sinple
ratio as a pollution indicator (see Coull et al. 1981). In addition, too few
‘data are avail able concerning the conposition of the under-ice meiofaunal
comunity under pristine conditions, and on natural factors affecting the

distributions of copepods and nenatodes.
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Apperdix A, Numbers Of samples of variables for productivity component of the under-ice study, at Cape Hatt, Baffin Island,
during 18 May-2 June 1982. lce samples!, followed by near-ice wat er sample52 (in parentheses) are shown.

Pre-spill Peri ods Post-spill Periods Tot al

Vari abl e 1 2 1 2 3 lce \V\at er
Date -> 18-19 May 21-22 May 26-27 May 28-29 May 1-2 June

Inorganic nutrients - post incubation 24 (6) 24 (6) 24 (6) 72 18
— pre incubation 13 2 2 17

Chl orophyl | a, phaecpigments > 45 m 48 (12) 48 (12) 48 (12) 48 (12) 48 (12) 240 60

>3 ym 48 (12) 48 (12) 48 (12) 144 36

Particul ate carbon >, 45 m 24 (6) 24 (6) 24 (6) 72 18

>3 m 24 (6) 2 (6) 24 (6) 72 18

Microalgae — mumbers 24 (6) 24 (6) 24 (6) 24 (6) 24 (6) 120 30

- species 24 (6) 24 (6) 24 (6) 72 18

Meiofama - numbers, groups 24 (6) 24 (6) 24 (6) 24 (6) 24 (6) 120 30

- Species 24 (6) 24 (6) 24 (6) 24 (6) 24 (6) 120 30

Ly activity - ‘Algae’ >3 m 48 (12) 48 (12) 48 (12) 144 36

Algae + Bacteria >. 45 ym 48 (12) 48 (12) 48 (12) 48 (12) 48 (12) 240 60

Di ssol ved organic 48 (12) 48 (12) 48 (12) 144 36

Meiofauna (groups) 48 (12) 48 (12) 48 (12) 144 36

1 Sample mumbers are evenly distributed among treatments and locations (6 x 2 per period); in a few cases the mmber of
sanpl es per period/treatment/location (usually 3 or 4 depending on variable) was reduced by 1 or 2.
“1 or 2 replicates in each treatment and period: BP CID -toil, oil, solidified oil (Location 1) and Corexit 9527 +oil, BP

1100w toil, control (Location 2).
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Appendix B . Density (nos./n?) of dominant amphipods on the under—ice surface in four hﬂys1 at Cape Hatt, Baffin Island, during May 1981 and 1982°. Data are based
on 10-16 samples, each covering 4 m’, in each bay and sampling period.

Bay 7 Bay 9 Bay 10 Bay 11
Early May Late May Early May late May Early May Late May Early May Late May
Taxon Year mean t 8D mean T SD mean * SD mean T D mean T SD mean 1 SD mean + SD mean ¥ S
Weyprechtia pinguis 1981 1.44 %098 6.70 £5.25 2.61 ¢ 3.48 3.40 % 3.57 0.75 * 147 260* 313

1982 L72* 116 3.23 £ 3.27 191 145 241+ 141 o8 * 0.76 0.9 * 12 0.3 £0.68 0.45* 0.53

Onisimus litoralis 1981 083 * 121 4.85 % 4.72 0.42 * 0.77  0.56 * 0.69 0.33* 0% 0.13*0.32
1982 0.20* 0.28 0.13 * 0.13 0.03 * 0.09 0.02 * 0.06 0.09 * 0.16 0 0.02 * 0.6 0
Onisimus glacialis 1981 0.16 £ 0.30 o.0t 0.43 0.9t 0.6 0.17 £ 0.16 0.14 £0.29  0.43 ¢ 0.66

96

1982 0.02 to0 0.141:02 0.02¢0.06 o0.13% 0.20 023t 030 111 +0.86 0.02+0.06 0021006

Onisims juveniles 1981 0 0.83 0.9 0.05+0.14 010 £ 0.17 0 0.08 £0.12

1982 344416 114811132 0.81 * 1.39  2.64 * 3.04 19.36 £ 19.68 21.98 * 21.92 152 £1.99 2.8 * 3.23

Gammarus setosus 1981 0.05%0.10 o0 * 0.12 0.13*0.20 1.10* 1.88 161 * 173 473 43.08
1982 0.11%0.22 0.03 * 0.09 0.03 * 009 0.05*0.10 030 * 0.46  0.22 * ox 0.22*0.29 114*0.83

Ischyrocemus gp. 1961 031 ¢ 027 163¢149  372%318 §58*1025  7.09* 7.3513.03 * 9.50
@ ozst00 0.30% 031 048050 0.39% 0.3  6.94*466 7.97¢53 386330 T1.34* 7.3

Anphipoda 1981 2.91%1.94 1520 +11.83 7.28 £5.65 14.10 £ 12.19 13.91 o 11. 87 32.45+ 24.47
1982 620 549 1623 * 11.69 339279 583* 372 28.78 * 23.% 33.05* 26.14 63 * 5.33 16 + 10.03

"Bay 7 (reference), Bay O (dispersed Oi | *€) Bay 10 (dispersed Oil mmmmmminticn),Bay 11 (Surface oil reless).
e e T B oot T e 1M R O iy B 1 ( o)
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Appendix C. Bigmss (ng/n?) pd dginant aphipods 0 the under-ice surface in four teys! at Cape Hart, Baffin Island, during May 1981 and 1982°.  Data are bmsed an
10-16 samples, each revering N7, in each bay and sampling period.

Bay 7 Bay 9 By 10 By 11
Early May Late May Early May Late May Early May Late May Early May Late May

Taxon Year - * s o0 mean T SD mean T SD mean T SD mean T SD - *SD mean  SD - * S D
Veyprechtia pinguis 1981 464 t 417 103.0 £73.9 88.5t124.6 205 t 2738 142 t 260  7.7% 13.7
1982 58.2 +58.145.1+ 35.8 745 t 660 6.5 t 55,4 21.6 £ 205 242t 411 11.0 ¢ 27.9 5.0+ 10.5
Onisims litoralis 1981 311 t 459 219, 72222.5 133 * 264  25.4 % 32.9 41+438 3.9+9.6

1982 4.4+ 228 8.9 +10.0 2.7 + 7.4 1.6* 6.4 6.8* 11.9 0 1.6t 5.6 0
Onisimus glacialis 1981 1.9 * 3.6 8.2 + 5.0 1.1 * 2.2 3.0+32 2% 2.4 4.2 + 7.0
1982 02 t06 1l.d* 1.9 0.2% 0.8 1.0t 1.6 25 t 36 6.2t59 0.1 £ 0.4 0.2+0.8
Onisims juveniles 1981 0 3.3* 3.8 0.1*0.3  0.6*009 0 0.3 * 0.6
1982 6.2 * 7,6 26.4* 25,5 1.5t 2.5 60 * 6.9 36.2%37.6 w3+ %8 2.5 % 30 57 * 6.3
Gammarus setosus 1081 133 + 0.6 0.8 * 16 06 ¥ 1.1 59 * 8.5 %7+ 69.7 66+ 168.9
1082 1.8+ 4.6 08 + 2.9 01+03 03%13.7 1.9 % 33 3,8+7.6 1.0t 42.6 1848 * 146.2
Ischyrocerus gp. 1981 136 * 0.8 5.1* 4.2 9.8+ 7.7 21.5* 3.7 10.2 * 12.6  22.0 * 18.6
1982 0.4 * 05 0.6 % 06 0.8 t 0.7 0.7 +0.6 1n.9t+ 8.8 20.0t147 3.6t35 1181146
Amphipoda 1981 82.3 * 69.0 353.5*% 265.3 117.6 £+ 125.8 935 + 73.8 1114 £ 1339 264.3 ¢ 211.2
1982 81.8 t 70.7 8.9 37.6 830 * 683 (4.3 * 559 0.0 + 53.6 129.5 * 97.5 68.3 + 62.3 215.7 * 150.9

"Bay 7 (refer-ace), Bay 9 (i Spersed cilrelesse),By 10 (di spersed 0il contamiration), By 11 (SUrface 0il relesse),
pre-spm(re(:éiie)19a§/1) (and pPest-sp|.1mi (Septenber 19&1, Elgust 1982, Se:zna:ber 198(;;, (
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Density (nos. /o)
i T

amphi

and tide levels ( bel
D omnant, el Sanpl es. e covring 0. 25 N7 mE"lm TG HeraE four bays' af Cape ace, Baffin Island, UTi NG August and
Bay 7 Bay 9 By 10 By 11
Augus September August September August September August September
Taxon Year mean T D - * s o mean t SD mean T D mean + SD mean T D mean T SD mean T 8D
Gammarus setosus 1981 0 42.0 * 21.6 2.6 £ 3.1 102.4 * 129.4 85.2 * 61.4 95,2 * 58.9 12.8 + 20.6
1982 35,2 * 310.2 5016 * 342.5 758.8 + 316.1  649.2 * 430.2 308.4 * 399.0  376.0 * 322.7 .8 ¥ 1571 222.4* 27186
Onisimis litoralis 1981 0 0 0 0.8t 1.7 0.4 * 1.3 12.8 * 1.3 0.8* 1.7
1982 2.8 % 3.3 5.2 * 5.0 34.0 * 19.3  376.4 * 745.8 78.4 % 103.3  572.4 + 952.8 216.0 ¢+ 136.6  473.2 ¢ 50L.3
Onisimus glacialis 1981 0 0 0 0 0 0 0
1982 2.8 13.8 2.4 3.4 63.6 * 60.3  228.0 t 637.8 236.4 £ 2243 237.6  371.3 633.6 £ 245.0  398.0 £ 476.1
Monoaulodes packardi 1981 0 0 0 0 0 0
1982 0.8t 1.7 0 3L.2* 255 165.6 £ 277.0 81.6 +159.5  287.6 t 414.9 10.4 £ 22.4 2,0 3.9
Amphipoda 1981 0 43.2 + 29.0 23.6 34,1 108.0 t 135.0 86.4 t .6 111.6 * 67.5 16.8 t 21.7
1982 362.4 t 357 511.2 * 346.3 892.8 +310.2 1,468.8 ¢+ 1,375.7 835.2 * BALT 15148 * 13458  1,065.6 * 399.5 1,146.4 * 892.2
Tide levels 1981 28-31 36-49 33-34 101-103 33-3% 57-64 26-31
{(cm below mean) 1982 66- 75 68- 78 74-W 6887 68- 95 68-93 89-101 71-94

i 7 (reference),

persed of1 release), Bay 10 (].
respill (August 1981) and Post - spi | | (Septenber 981,

i spersed ail contamnation), By 11 (surface oil reesse).
fugust 1982,  Septenver 1982).




Appendix E.
are based on 10 sanpl es, each covering 0.25

Biomass (mg/n?) of dominant amhipods in the intertidal habitats of four baysl at Cape Hatt, Baffin Island, during August and September 1981 and 19822, Data
, in each bay and sampling period.

ra

Pre-s

(August 19

81363 9 dI spersed oil release), Bay 10 (dispersed oil contaminatiom),Bay 11 (surfaceail release).

and Pnt.

-SPi | | (Septesber 1981, August 1982, September 1982).

Bay 7 Bay 9 fray 10 Bay 11
Angust Sept enber August September August September Aygust Sept enber
Taxon Year mean T SD - * S D mean t SD mean T SD mean T D mean + SD mean T D mean 1 SD
Gammarus setosus 1981 0 1,132%799 223 + 242 621 £ 718 1,246 t 1,072 1,070 + 1,171 521 t 635
1982 8,325 t 8,198 13,891 ¢ 9,692 13,522 * 7,343 17,175 * 9,417 4,993t 4,845 6,672 7073 2,103 * 1,739 2,320 £ 2,582
Onisims litoralis 1981 0 0 0 5 123 32 % 100 770 * 440 60 = 126
1982 2212 52*50 304 t 168 4,335 + 8,809 676 t 837 6,423 + 10,541 1,793 t 1,243 5,313 * 6009
Onisims glacialis 1981 0 0 0 0 0 0 0
1982 2t 3) 23*33 454 t 424 1,9 * 5,538 1,664 * 1,651 2,331 * 3,778 4,271 * 1,803 3,304 * 4,193
Monoculodes packardi 1981 0 0 0 0 0 0 0
1982 132 0 12£9 93 1% 27 £ 50 144 @ 2C9 3*5 12
Amphipoda 1981 0 1,353 * 846 w + 242 1,202 * 140 1,292 + 1,056 1,859 * 1,423 842 t 796
1982 g7 * 8,230 13,973 ¢ 9,757 14,312 £ 7,215 23,837 + 13,311 14n % 4,257 16,064 * 13,786 8,7 * 3,999 11,551 * 9,30
L r ef erence),,

66
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sppendix g, Density (nos./n? X 109) of mjor meiofaunal groups exposed to oyl and chemically treated oill in two locations an the under—ice
surface at Cape Hatt, Baffin Island, during 18 May-2 June 1982. Data are expressed as mean * SD and based on 4 replicate ice cores (10 am

diameter) for each treatment, locatfon and sampling period.

Treatment

Solidified BP CID 8P 110D Corexit 9527

Taxon E’er:iod2 Location control ot1l oi1! 4011t 40111 40111
Copepoda Pre-spill 1 1 54.51 * 12.% 7081622  2697t1014  51.64ti13.8 36152767  36.72 t 25.75
2 52.40 * 13.69 489t 11.64  %19t1153  33.41%535  1339t10.39  68.95 t 19.81
Pre-spill 2 1 65.63 % 21.37 13.85* 12,42 39821424  8.90*39.34  6298t2051  45.76 *
2 79.69 £ 20.43  60.80 * 1173  76.35%6.32  26.78*14.2  3090%2236  90.28 * 13,03
Past-spill 1 1 52.14 * 13.20 5411275  22.33*7.60 310t 1.53 1.87* 1.48 2.55 t 155
2 7330 £ 12,37 SL.53t7.69 4641t 13.69 2.01 * 2.55 2.69 ¢ 1.52 2.08%1.65
Post-spill 2 1 45.15  13.89 7.05*289  2181t7.77 4.70 * 1.0 3.92+1.37 3.26 t 2.08
2 66.77 ¥ 18.48 41.61 * 12.23 39.55 * 7.54 3.01£0.87 2.75*% 1.78 2.49 * 1.47
Post-spill 3 1 36.80 t 6.97 6.691231  22.14*4.47 5.69 * 1.62 6.26 * 3.92 5.00 * 1.33
2 57.48 * 9.8  32.81+830  26.46.500 1031 * 0.84 3.10 * 2.86 6.87 + 2.51
Nematoda Pmspill 1 1 2.30 * 1.93 0.57.0.81 0.38 * 0.54 0.89 t0.80 1.05*0.% 1.24 * 0.85
2 1.53 * 1.33 1.24 t 1.01 0.6410.44 1.05t0.% 0.10 * 0.19 2.01 £ 1.9
Pre-spill 2 1 1.67 * 1.14 0.18 £ 0.77 0.78 £ 0.18 3.43 * 155 2.63 * 0.87 0.97 +0.23
2 3.05 * 1.98 2.66 + 1.35 0.76 £ 0.33 1.23+0.%9 0.42 + 0.43 1.26+0.70
Past-spill 1 1 3.33* 1.19 0.62 £ 0.20 1.77 * 1. 40 5.99 * 1.73 482+2.71 4.68 * 2.00
2 3.55 t 1.13 454 165 0.%¢t0.19 3951t 2.25 0.55 £ 0.49 3,71t 1.40
Post-spl 11 2 1 4.35 * 3.55 453 +1.82 % 29 1 ? 79 18,60t 12.22 6,30t 3.26 10.35 £ 5.31
2 4,48+ 2.01 4.25 + 4.04 LIRS 4.95 £ 2.88 0.35 ¢ 0.32 6.64 T 6.10
Past-spill 3 1 49b* 2. 33 5.24%2% 24 * 05 857 +3.11 6.90 £ 3.35 7.21 +2.38
2 4.90 t 2.57 3.27 * 1.47 35224 3.72t1.60 2.96 t 1.02 5.37 * 1Y
Polychacta Pre-spill | t 2.30% 1.93 0*0 8 37 * 0 433 1.15* 1.38 0.67 £ 0.65 0.57 * 0.49
2 0.89 t 0.44 335t 1.18 51+ 0.4 1.34t0.73 0.77 *0.% 1.34 £ 1.19
Pre-spill 2 1 1.48* 1.99 1.18 £ 0.63 1.82¢0.19 213t1.73 1.84 %137 0.86 t 0.43
2 1.25% 0. 54 3.10 £ 0.51 2.87+0.77 2.54 1 0.66 1551 0.74 2.11 £ 0.97
Post-spill 1 ! 1.68 * 1.51 L3t 1.14 1 ¥ 152 0to 0to0 0.16 £ 0.19
2 2.83 * 1.51 2.95 % 1.11 3.61¢0.53 0.13t0.22 0.17 * 0.24 0.29 t0.37

Post-spill 2 1 1.68 * 0.89 0.57 £ 0.27 % 6@ t 9 9@ 0.10% 0.17 0.14 * 0.20 0to
2 2.98 * 0.70 4.25 t 4,04 t L 0.10 * 0.09 0.08 * 0.09 0.11 * O.(M
Post-spil | 3 1 1.68 * 0.98 1.13 £ 1.07 19 ¥ 0,59 0.15  0.2b 0t 0 0.22 * 0.44
2 172 * 0.39 1.80 t 0.56 211 % 0,41 0t0 0.26 + 0.24 0.13£0.26

L yrsscathered Lagomedio crude oil.
0il treatments were applied on 23 and 24 May 1982,

16.57



101

Appendix G. Numbers of dominant! copepod groups or species collected on the under-ice surface in the
productivity study site at Cape Hatt, Baffin |sland, during 18 May-2 June 1982°. Data are total numbers in
subsamples of 4 replicate ice oores (10 cm diameter) for each treatwent and sanpling period.

Treatment
Soldified  BPCID BP 110CMD Corexit 9527

Taxon Period? Comtrol 0i13  oi13 40113 +ou3 +0i13
Cyclopina schneideri Pre-spill 1 62 37 50 35 52 78
Pre-spill 2 460 220 288 292 290 525

Post—spill 1 356 106 122 1 4 5

post—spill 2 580 238 269 22 34 27

Post-spill 3 261 66 58 40 37 35

Cyclopoid c:Opepodii:e4 Pre-spill 1 359 218 293 176 292 360
Pre-gpill 2 695 696 1,019 564 884 1,099

Post-spill 1 208 111 88 1 2 7

Post-spill 2 289 257 326 10 27 23

Post-spill 3 97 60 94 18 15 1

Tisbe furcata Pre-spill 1 86 56 18 48 25 100
Pre-spill 2 206 146 56 89 114 288

Post-spill 1 144 83 35 5 2 4

Post-spill 2 182 148 109 1 9 25

Post-spill 3 97 41 78 1 17 1

Tisbe copepodite Pre—spill 1 19 1 2 14 8 7
Pre—spill 2 19 12 15 32 7 32

Post-spill 1 20 6 10 6 0 2

Post-spill 2 19 8 43 22 2 3

Post—spill 3 20 2 14 3 0 1

Nauplii Pre—spill 1 15 14 8 18 21 14
(Cyclopoid and Pre-spill 2 67 67 48 67 43 80
Harpacticoid) Post-spill 1 45 30 24 15 9 5
Post-spill 2 62 71 109 6 14 16

Post-spill 3 22 17 20 4 2 3

1 96,6% of total copepod mmbers.

2 O treatments were applied on 23 and 24 My 1982
3 Umteathered Lagomedio crude oil.

‘Majority identified i s Cyclopina sp.



Appendix H. WMl er-ice prodwtivity and biomass data for varizbles measured in only three sampling periods at Cape Hatt, Baffin Island, during 18 May-2 Jume 1982'.
Saple SizeS are given in Appendix A.

Treatment
Solidfied BP CID 8P 110WD Corexit 9527
Variabl e Periodl Locat i Control 0i L’ 0i 1° +0i12 +0i12 +0i12
Product ivity3 Pre-gpill 1 1 1.49*0.13 0.03 0.19 * 0.01 2.97 *0.45 1.12 £ 0.22 0.34 * 0.07
(mgC/mzlh) 2 1.66 * 1.03 0.96 * 0.31 0.40 ¢ 0.19 0.11 * 0.03 0.11 * o0.08 3.61 * 1.25
Vet-spill 1 1 1.92*0.75 0.12 * 0.03 1.33 * 0.60 1.15 * 0.43 1.25 £ 0.14 1.12 & 0.46
2 2.45 * 0.49 19 * 0.27 1.62 * 0.44 1.26 * 0.28 0.09 * 0.08 1.07 * 0.31
Post-spill 3 1 2.273 * 0.05 0.41 * 0.05 1.57 * 0.40 2,02 * 13.35 1.43 * 0.22 1.40 £ 0.16
2 2.51 *0.58 1.89 * 0.07 1.14 * 0.20 1.41 * 0.32 0.07 * 0.03 2.05 * 0.36
Chlorohyll 23 Veé-spill 1 1 10.61 * 1.¢6 3.32 * 0.% 6.30 + 0.65 11.77 * 2.40 10.79 *  1.19 8.02 * 2.76
(mg/m?) 2 12.18 £ 2.02 10.88 * 0.81 10.50 * 2.69 6.49 t 3.50 5.12 * 0.57 13.05 * 2.88
Post-spill 1 1 1452 + 1.09 5.68 * 1.18 14.85 * 3.18 13.17 * 1.56 13.72 * 1.02 11.12 * 1.89
2 13.08 £1.33 13.07 * 1.82 12.42 £ 1.06 9.27 t 1.9 4,13 + 3.12 11.92 ¢ 1.08
Post-spill 3 1 15.20¢ 1.69 9.98* 1.17 9.8 * 3.54 10.82 * 0.80 1225+ 2.81 11.55 * 2.59
2 14.70 * 2.93 13.89 £ 1,46 15.06 * 3.73 9.57 t 2.02 6.57 +2.73 12.24 * 3.73
Particulate Carbor Pre-spill 1 1 197.45 ¢ 1.8% 36. 87 120.72 + 26.61 217.72 166.31 £ 6.71 146,12 + 44,36
(mg/m*) 2
Post-spill 1 1 290.55 * 34.19 115.7 £ 27.59 214,43 + 48.36 226.75 t 26.61 314.11 * 111.00 208.69 £ 51,06
2 485.78 £ 26.83 354,81 ¢ 14,71 356.95 ¢ 62.32 177.71 t 87.% 264.00 ¥ 16.3%4
Post-spill 3 1 418.53 + 19.37 225.98 t 1104 371.33 £ 46.30 357.87 + 54.09 298,73 £ 47.28 328.57 ¢ 30.40
2 599.99 £ 7.25 355. 42 392.67 *167.15 255.43 * 69.35 123.47 * 2.16 367.35 * 22.29
Particul ate Carbon® Pre-gpill 1 1 426.11 *1%25 6$. 57 159,12 * 56. 69 284,21 363.15 + 115.87 191,17 * 59.61
(we/u?) 2
Post-spill 1 1 324,21 £ 49,55 113.45 * 159 26260 £ 41,11 260.18 + 17.42 278.08 £ 4.00 200.43 £ 25.53
2 466.19236. 35 3%$3.% ¢ 41.44 337.75 t 10.49 230.72 * 27.91 134.56 % 95,10 405.68 t 57,23
Post-spill 3 1 437.27 ¢ 35.27 182.84 t 8.66 289.25 ¢ 20.45 336.92 t 15.8 %625+ 3.79 229.96 * 28.99
2 441.41 ¢ 62,10 313.34 £ 9.95 261.32 % 64,70 204,33 + 30. 40 g6l £ 17. % 297.81 ¢+ 7.25
Dissolved Qrganic Pre~gpill 1 1 8.88 + 0.5% 0.20 0.70 £ 0.24 7.68 + 1.59 4,02* 172 1.62 £ 0.13
2 441 * 1.89 2.15 % 0.77 0.61 t 0.13 0.35 ¢ 0.9 0.50 £ 0.33 6.17 t 1.45
(meC/ut/h)
Post-spill 1 1 9.87 t 4.39 0.51 * 0.23 3.57 t 2.47 474 1. 14 560t 0.23 5.03 +1.50
2 11.64 ¢ 3.36 8.42 t 1.45 5.84 t 1.67 3.77 * 1.01 0,2 * 0.37 4.46 * 2.14
Poet-spill 3 1 9.24 £0.73 1.86 ¢ 0.81 6.79 + 0.78 7.09 * 1.3S 6,54 * 1,69 5.71 t 1.6
2 10.60 £ 1.% 4,40 -0.04 * 0.23 5.94 + 0.47

L a1l treatments wre applied m 23 ad 24 May 1982.

2 Umeathered Lagomedio crude Oi | .

3.0 filter.
‘0.45;; filter.

¢0T



Appendix | . g acti vi ty in under-ice copepods exposed to oill and cheni cal | y treated oill on the under-ice surface in the productivity
study site at Cape Hatt, Baffin Island, during 18 May-2 June 1982°. Sawple sizes are given in Appendix A.

Treatment
Sol idif ied BP CID BP 1100/ Corexit 9527
Variabl e Pericd Locat ion control oi1l oi1l +0i1l +0i1l +0i1l
4 act ivity per Pre-spill 1 1 2.9+0.8 0.2 0.6+ 0.2 39%13  1.9%0.8 0.8+ 0.2
copepad 2 1.8% 1.2 31209 19:08 05+03 0.320.l 10.1 2.8
(mgC/cop/h x 1077) .
Post-spill 1 1 4.4 2.1 0.2 2.1 4.1 & 2.4 2.3%0.3 5.9 £ 3.3 6. 6
2 50 1.6 5.7 £ 0.1 4.5 £ 0.9 7.5+3.2 0.8 £ 0.6 1.5% p.3g
Post-spill 3 1 6.0 £ 0.6 29 % 2.2 3.4:0.7 6.1 £ 1.8 2.9 £ 0.1 54t 2.7
2 4.4 6.0 £ 0.7 35111 6.2+ 1.0 0.2 £ 0.6 7.0+ 0.9
Copepod secondary Pre-spill 1 1 13.6 £ 3.0 0.0 1.2*0.3 190 * 0.9 7.6 % 7.2 2.1 1.6
product ivity 2 8.1* 2.7 183*7.4 152* 54 1.5 * 0.9 0.5 * 0.3 68.3 * 42.0
(mgC/m?/h X 107
Post-spill 1 1 23.5 +13.2 0.3 0.9 10.1 £ 8.9 0.50.0 1.6 £ 1.8 1.1
2 39.6 £ 15.8  31.3 *1.9 1.4 % 9.2 1.1 £ 1.4 0.2 * 0.1 0.3% 0.4
Post-spill 3 1 24.3 £ 5.2 1.8+0.8 7.8t238 3.6+18 1.5t1.1 2,4* 0.8
2 27.2 22.3 * 6.7 7.6 £ 1.2 6.4 1.4 0.1 * 0.1 4.2+ 1.9

£0T

1 yrveathered Lagomedio crude Oil .
2 0il treatments were applied on 23 amd 24 May 1982.



