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EXECUTI VE SUMVARY

Effects of _in situ applications of oil and dispersed oil on the
abundance and productivity of under-ice algae and on behaviour, nortality
and distribution of under-ice amphipods were studied at Cape Hatt, northern
Baffin | sl and. I Mmedi ate effects of oil on ice al gae and amphipods were
studied by injecting oil into small chanbers on the under-ice surface. In
addition, distribution and life history data were collected for amphipods
occupying under-ice, intertidal and shallow sublittoral habitats. The latter
conponent of the study utilizes the large-scale experinental spills carried
out at the BIOS (Baffin Island 0il Spill) site im August 1981; we obtained

pre-spill (May and August 1981) and post-spill (September 1981) dat a.

Field studies were carried out during 16-31 May, 10-19 August and 7-8
Septenber 1981 from the BIOS project base canp located at Cape Hatt, Baffin
I sl and. Al'l under-ice and sublittoral sanpling and experimental work was
carried out by SCUBA divers working through holes in the ice (May) or from
small  inflatable boats (August and Septenber). Studi es on amphipod
di stribution and popul ation structure were conducted in three small bays at a
depth of 3-5 m or on the ice undersurface at the same |location; intertida
sanpling was carried out on the beach between two markers, 150 m apart, which
denmarcated the BIOS study bays. Experimental studies on amphipods and ice
al gae were conducted on the under-ice surface in another two bays over water

depths of 8 and 12 m respectively.

Productivity of under-ice algae was determned by a nodification of the

standard l4clightand dark bottle technique (Strickland and Parsons 1972).




Ice and water sanples were incubated in situ for 5-7 h periods, and ice

algal biomass was estimated from chlorophyll a concentrations in the

i ncubation chanbers. Light was neasured under the ice and used as a
covariate i N anal yses of covariance (Anco). Anal ysi s of variance (ANOVA)
and ANCOVA were used to examine field and |aboratory techniques, tenporal
differences in biomass and productivity, and the effects of various levels of

oil and dispersed oil on ice algal biomss and productivity.

Amphipods were captured and contained against undisturbed areas of the
under-ice surface in cylindrical plexiglass chanbers. Fol | owi ng exposures to
different levels of oil for 3 and 15 h, and to the same |evels of dispersed
oil for 3 h, amphipods within the chanbers were returned to the |aboratory.
Live and dead amphipods were separated, |ive amphipods were transferred to
clean seawater, and |ive-dead separations were continued daily for 4
post - exposure days. Effects of oil | evel and exposure on behaviour and

mortality were exam ned using correlation and ANOVA techni ques,

Quantitative sanples of anphipods were collected in the under-ice
habitat at two tines in May, in the shallow (3-5 m) sublittoral habitat
in May, August and Septenber, and ia the intertidal habitat in August and
Sept enber . Amphi pods were identified, counted, weighed and neasured.
Spati al , seasonal and  habitat variability in species conposi tion,

distribution and popul ation structures were exam ned using ANOVA techniques.

Salinities and concentrations of nutrients (phosphate, nitrite,nitrate
and silicate) at the productivity study site were typical of those found

el sewhere in the Arctic, and sufficient to support the growmh of sea ice



microalgae. Biomass and productivity of phytoplankton in the water
i medi ately beneath the ice were |Iow and typical for the season; bionass was
2 to 3 orders of mmgnitude |ower than biomass of ice algae in the soft bottom
| ayer of ice, and productivity values were near-zero. Ice algal biomass and
productivity under control conditions were conparable to val ues reported
el sewhere in the Arctic; bionass increased from about 6 to 11 ng Chl _a_/m2
over the study period (16-30 May), and productivity ranged from 0.3 to 3.3 ng
c/m2/h at different tines and in different locations in the 25-mradius study

area.

The highest oil |level used (nom nal concentration of 10,000 ppm

significantly suppressed algal productivity during each experinment, but in

most cases productivity at lower levels (10 and 300 ppm were not
statistically distinguishable. In sone cases, productivity at these |ower
oil levels was not different fromproductivity in control chanbers. Resul ts

were consistent on the two days that untreated oil was used, but when
di spersed oil was used, algal productivity was suppressed to a greater extent
at the highest level (10,000 ppm and there was sone evidence of stinulation
of photosynthesis at the |owest dispersed oil 1level (10 ppm). Hi gh

productivity values in some dark (oiled) chambers and oil-related

interference with measurenment of chlorophyll and radi ocarbon concentrations

caused some interpretational difficulties.

Behavi oral observations on oiled amphipods were performed in situ, and

results refer to all amphipods. Most of the amphipods used in these

experiments were later identified as Weyprechtia pinguis. Cont ai nnent or

handling effects were apparent both in situ (crowding wthin chanbers and




availability of additional substrate) and in the |aboratory, where nortality

of control animals was sonetinmes high.

In the control chanmbers many anphi pods were observed on the under-ice
surface and in the water col um. Prol onged exposure to oil resulted in the
occurrence of a high proportion of these anphi pods on the chanber bottons
(80-100% at the highest oil levels, 130 and 400 ppn . | mpai rment  of
| oconotor ability by direct coating with oil may have been the cause.
Degree of oiling (as measured on preserved anphipods) was directly related to
nmortality; only very lightly oiled amphipods survived for any length of time

fol | owi ng exposure.

| mediate nortality of Wyprechtia pinguis (i.e. nortality at the end of

the exposure period) increased significantly at higher levels of untreated
oil. I mmediate nortality was highest following the 15 h exposure to oil
alone, (58.5%, and delayed nortality was highest following the 3 h exposure
to oil alone (40.6%. Total nortality was simlar following 15 or 3 h
exposures to undispersed oil (66.5 68.6%, but nmuch greater than total
mortality after a 3 h exposure to dispersed oil at the sane three |evels.
Total nortality after exposure to dispersed oil was |ess than half of that

fol | owi ng exposure to oil alone.

The under-ice macrofauna in the three study bays included arctic cod

(Boreogadus saida) and nysids (Mysis spp.), but otherw se consisted entirely

of gammarid anphi pods. Cod were observed only in the large tide cracks just
i nshore of the entry holes in each of the bays. Mysids were present

throughout the water colum in each bay, and were generally concentrated in



the first metre of water just below the ice; densities were extremely high

and variable both within and anong bays.

Ten species of gammarid anphipods were collected on the under-ice

surface at Cape Hatt. Two species, Ischyrocerus sp. and Weyprechtia pinguis,

toget her accounted for 61.9% of total nunmbers, and three species, _Weyprechtia

pi ngui s, Ganmarus setosys and Oni sinus litoralis, together accounted for

86.1% of total biomass. By conparison, species diversity was considerably
lower in the intertidal habitat (sanples from August and Septenber 1981) and
consi derably higher in the sublittoral habitat (samples from May, August and
Septenber 1981).  Four anphipod species were found in the intertidal habitat;

Gammarus setosus Was dom nant both in terms of nunbers (93.2% of total) and

bi omass (76.8% of total). In the shallow (3-4 nm) sublittoral habitat, 31
identified species and at |east seven distinct but unidentified species were

col | ected. Orchomene minuta, Guernea sp. and Protonedi a fasciata together

accounted for 50.7% of total nunbers collected in My, August and Septenber,

and Anonyx nugax, Anonyx sarsi, O chonene minuta and Paroedi ceros lynceus

t oget her accounted for 62.9% of total bionass.

Al four species found in the intertidal habitat were also found on the
under-ice surface. Three and seven of the 10 anphi pod species found under
the ice also occurred in samples fromthe shallow sublittoral habitat in
spring and summer, respectively. Speci es occurring on the under-ice surface
in My were of very little inportance in the sublittoral habitat in My (0.3%
of nunbers, 1.1% of biomass), and of considerably higher inportance in August

and Septenber (8.6% of nunbers, 23.6% of biomass).



In general, abundance and biomass of all amphipods were highest inthe
sublittoral habitat, intermediate in the intertidal habitat, and |owest on
the under-ice surface. Consi derably fewer anph ipods occurred on the
under-ice surface in mid-My (<15/m2) than in the sublittoral habitat at the

sane tine (>200/m2); differences 1in biomasses were |ess nmarked, but still

very considerable. However, the species that dom nated the under-ice habitat
Were more numerous there than on the bottom Four domi nant speci es,

Ischyrocerus Sp., Weyprechtia pinguis, Onisinus litoralis and Ganmarus

setosus, were present on the under-ice surface in relatively | ow abundances

in m d- May. O these, only Ischyrocerus and Weyprechtia were collected in

the sublittoral habitat at that time, and then only in one bay. These data
indicate a very strong preference for the under-ice habitat in May for the
four domi nant species on the under-ice surface. In sublittoral sanples from

August and  Sept enber, Gammarus  and  Ischyrocerus were  not present.

Weyprechtia and Onisinus were absent or very rare in Septenber,

Two cohorts (year classes) were apparent in length-frequency data for

Oni sinmus litoralis and Weyprechtia pinguis, and at |east three cohorts were

present for Gammarus setosus. Gowh (as estimted by nean size of a cohort)

over the study period (May to August or Septenber) was apparent for all
speci es and cohorts. Weyprechtia was significantly variable in size anmong

bays, but Onisinus and Gamrarus were not. Juvenil e Gammarus had apparently

been rel eased from brooding fenales before the study period began. Rel ease

of Weyprechtia occurred during the study period (17-31 May) and juvenile

Onisimus Wwere too few to warrant discussion.

In general, there were pronounced anobng-bay differences in abundances

and biomasses of total anphipods and doninant species of anphipods on the

vii



under-ice surface. Furthernore, differences in abundance or biomass from one
time to another (nmid-May to |ate May, or August to Septenber) were not
consi stent anmobng bays; conversely, differences anong bays were not consistent

fromone tine to another.

Lagonedio crude oil was spilled as a surface slick in one bay between
the August and Septenber sanpling periods, and a relatively even coating of
oil was deposited on the beach (intertidal area) by the falling tide.
Observations following the spill and results of the present study indicate
that oil affected the anphipods that occupied the intertidal habitat. The

nunbers of intertidal Ganmarus setosus decreased sonmewhat in dispersed oi

bays from August to Septenber, but the corresponding decrease in the bay

contam nated with a surface slick was nuch nore marked. Oni si nus litoralis

was absent or rare in the intertidal habitat in dispersed oil bays, but, like
Gammarus, nunbers decreased drastically in the intertidal area of the bay

receiving the surface slick.

The absence or | ow abundance of Gammarus in the sublittoral habitat, and
its abundance in the intertidal habitat, indicate that the latter is the
source of recruitment for this species to the under-ice habitat. Thus ,
Gammarus Ay be | ess abundant on the ice in the bay contanminated with a
surface slick in 1982 than in 1981, Sanpling of all three habitats is

continuing in 1982, and any effects of the summer spills on the under-ice
communities in the following spring, as well as any recovery in the

intertidal zone, should be particularly easy to detect for this species

The results of the present study indicate that exposure to high levels

of dispersed oil may suppress ice algal productivity nore than exposure to
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the same (nominal) levels of untreated oil; procedural difficulties, however,
render this conclusion tentative. Recovery of oiled algal communities

subsequently exposed to clean water was not studied.

Anphi pods exposed in situ to various concentrations of dispersed oil for

arelatively short (3 h) period of time, however, were less affected than
those exposed to oil nmasses together with | ow concentrations of dissolved oil
conponents for relatively short (3 h) or long (15 h) periocas of tinmne.
Anmphipods in the intertidal habitat were apparently not affected by a
| arge-scal e dispersed oil spill, whereas nortality was high where untreated
oil was spilled. These results indicate that the chenical dispersion of oil
may be |ess harnful to anphipods in under-ice and intertidal comunities than
the accunul ation of untreated oil in these habitats. Di spersed oil may

contact much larger areas of the under-ice surface, however, resulting in

greater total nortality. Further studies are required concerning the
relative toxicities of di spersed and unt r eat ed oil at realistic
concentrations, the recovery of comunities exposed to oil, and, in

particular, the behaviour of oil and dispersed oil under the ice.



TABLE OF CONTENTS

EXECUTI VE SUMMARY . . v v oo D e i

TABLE OF CONTENTS . . . . . . . . aressareseusaisisintiannineaans X
LIST OF TABLES ... v e X
LIST OF FIGURES ..ot o it ottt et Xii
ACKNOWLEDGENMENTS . . o s e X1
INTRODUCTION . et e et e et e e e s s et easa s eneneenena, 1
MATERI ALS AND NETHODS & o 6ot o oo 600600000000 00000000000000000000000000000 5
Ice algal biomass and productivity .. ... ........... Seviii T 1
Ol effects on under- ceamhipds . . .. .. ... . 1
Under-ice amphipod distributions and popul ation structures . ............ 14
RESULTS AND DISCUSSION « oo W 17
Ice al gal biomass and productivity ............ ... ... . i 17
Site deSCriptiOn ... 17
Phytoplankton biomass and productivity ........ ... ... ... i 18
Ice algal bionmass and productivity .. .. o 19
OLBFROIS . oo e 0. . . 21
Laboratory techniques . . . . . . . . . .. 0... 21
leealgal productivity . . .0 L 24
Ol Effects on Under—ice Amphipods ........ ... .. .. ... .. .. .. .. .. .. .. L. 21
Site desCriptiOn ..o 27
BEMAVIOU . . o o 28
MOFEAl i LY e 32
Ol level effects ..o e 35
EXposure eff @CtS ..o it 36
Size effects . . . . . L PR PR R IR IEIY 37
Degree of oiling ys. nortality . ... i 37
Under-ice anphipod distribution and popul ation structures .............. 40
Site description ........ ... 0 40
Species CconpoSition ... . ... . 42
Abundance and biomass .......... O 46
Population Structures ........ ... 52
LITERATURE CITED . . . . . e, 0o 57




LI ST OF TABLES

TABLE PAGE
L Effects of oil and dispersed oil on the productivity
meC/mZ/h) of under-ice algae at Cape Hatt, Baffin Island,
during May 1981. 25
2. Effects of oil level on immediate and del ayed nortality of
under-i ce anphi pods. 33
3. Ef fects of length of exposure to oil and dispersed oil on
i medi ate and del ayed nmortality of under-ice anphipods. 34
4, Degree of oiling vs. imediate nortality, delayed nortality
and survival of Weyprechtia pinguis. 39
5. Species conposition (% of total nunbers and bi omass) of

anphi pods in under-ice, intertidal and benthic habitats in
three bays at Cape Hatt during May, August and Sept enber

1981. 43
6. Densities (nos./mZ) of dom nant under-ice anphipod species

in under-ice, intertidal and shallow sublittoral habitats

during May, August and Septenber 1981 in three bays at Cape

Hatt, Baffin Island. 50
7. Conparison of biomasses and densities of anphipods in

under-ice and intertidal habitats in three bays at two

ti mes at Cape Hatt, Baffin Island. 51

Xi



LI ST OF FI GURES

FI GURES PAGE

L. Locations of study bays at the BIOS project site at Cape
Hatt, Baffin Island. 6

2. | mredi ate and del ayed reactions of anphipods to oil in
chanbers. 30

3. Percent conposition of nunbers and biomass of under-ice

anphi pods in systematic net sanples collected during 17-19
May and 31 May 1981 in three bays at Cape Hatt, Baffin

I sl and. 45
4. Abundance and biomass of all amphipods in under-ice,

intertidal and sublittoral habitats in three bays and at

four times at Cape Hatt, Baffin Island. 47
5. Lengt h-frequency histograms for Onisinus litoralis and

Weyprechtia pinguis in under-ice (May) and intertidal or
sublittoral (August) habitats at Cape Hatt, Baffin Island,

in 1981. 54
6. Lengt h-frequency hi st ogr ans for Gammarus setosus in

under-ice (May) and intertidal (August, September) habitats

at Cape Hatt, Baffin Island, in 1981. 56

xii




ACKNONLEDGEMENTS

Assi stance was provided by many people without whose efforts and
expertise this study would not have been possible. Special thanks are due to
those who assisted with field studies: John Barrie, Mchael Fabijan, Mal col m
Fey, Anne Maltby and Carole Martin of LA Ltd., and lkey MIlton of. Pond
Inlet. Laboratory anal yses were carried out by A Maltby, C Mrtin and D
Thonson of LGL Ltd. (anphipods), at Guelph Chemi cal Laboratories, Guelph,
Ontario (chlorophyll and nutrients) and at the Arctic Biological Station,
Ste- Anne-de-Bel |evue, Quebec (1%C). The assistance of LG staff B. DelLong
and K. Black (drafting), C. Holdsworth (computer analyses), B. Giffen and
H. Hogarth (report preparation) and especially Carole Martin (who assisted in
all aspects of the study) and W John Richardson (who assisted in study
desi gn, data interpretation and scientific editing) is gratefully

acknow edged .

Support provided by the Departnent of Supply and Services (Canada),
Petro-Canada, BP International (London) and Inperial GI Ltd. is gratefully
acknowl edged .  Thanks are extended to R.A. Davis of IGL Ltd., to P. Blackall
and G Sergy of the BIOS project office (Eps), and to R Clark, G Koenig,
N. Snow and B. Werner of Petro-Canada for administrative and |ogistical

support throughout the study.

Xiii



| NTRODUCTI ON

In spring, a dense growh or bloom of mcroal gae occurs on and in the
soft bottom | ayer of arctic sea ice. This algal layer begins to develop in
April and the bl oom peaks in May (Homer 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 |ocations (A 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 tw dimensions on the bottom of
the ice and, near the end of the bloom by their occurrence as macroscopic
'detrital' masses on the under-ice surface and in the water columm (Cross

1982) .

Ice algal concentrations are utilized by invertebrates occurring on the
under-ice surface and in the water colum (Bradstreet and Cross 1982). The
| argest and npst conspicuous invertebrates inhabiting the under-ice surface
are gammarid anphi pods. Domi nant species on the undersurface of the ice have

included, at various places and tinmes, Onisinus litoralis or_0,glacialis

(Geen and Steele 1975; Buchanan et al. 1977; Thomson et al. 1978; Cross

1980, 1982; Gainger and Hsiao 1982), Gammarus setosus (Thonson et al. 1978),

Ischyrocerus angui pes (Cross 1980, 1982) and Apherusa glacialis {Golikov and

Scarlato 1973; Cross 1980, 1982). Mst of these species are herbivores that



consurme ice algae (e.g. , Homer and Al exander 1972; Buchanan et al. 1977,
Brads treet and Cross 1980, 1982); O litoralis is also known as a scavenger
of dead animal material (e.g., MacGnitie 1955). The habitats of these
species in the absence of |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 pel agi c species

(Dunbar 1954; Barnard 1959), although A. glacialis often associates with pan

ice inlate sumer (e.g., Stephensen 1942; MacG nitie 1955; Divoky 1978;

Thomson et al. 1978) and O glacialis is also an epibenthic species in sone

| ocations (Griffiths 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; Steele and Steele 1970; Thomson and

Cross 1980).

Distributional and dietary information indicates that the ice habitat is
i mportant to anphi pods during spring. However, the relative inportance and
seasonal . utilization of pelagic, benthic and under-ice habitats by these
species is not known. Al t hough the abundance and bionass of nearshore
anphi pods have been reported for intertidal, sublittoral and under-ice
habitats in the eastern Arctic, sinmultaneous sanpling of under-ice and
bent hi ¢ 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-associated invertebrates are inportant food itens for arctic cod
(Bain and Sekerak 1978; Bradstreet and Cross 1980, 1982; Craig et al. 1982),

various pmarine birds (Bradstreet 1976, 1980; Divoky 1978; Johnson and




Ri chardson 1981; Bradstreet and Cross 1982), and ringed seals (Finley 1978).
In addition, the arctic cod is a major prey species of arctic marine mammal 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
communities may be critical elements of arctic nmarine food webs. Damage t 0
the under-ice communities could have effects on the mammals and birds that

occupy the higher trophic levels of the food webs

Studi es on plant and animal communities inhabiting the undersurface of
arctic sea-ice, and in particular studies allowing direct observations by use
of SCUBA nethods, have become 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 Hormer (1976, 1977). These include details of research carried out by a
group fromthe University of Al aska who used surface-operated and SCUBA
methods to study nicroaglae and primary productivity during 1972-1974
SCUBA- based quantitative studies of under-ice comunities in the central and
eastern parts of the Canadian Arctic are those of Buchanan et al. (1977),

Thonson et al. (1978) and Cross (1980, 1982).

In the event of a marine oil spill or blowout, large quantities of oil
are nost likely to accunulate 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 countermeasures for oilspills in ice-covered waters. Productivity

and bi omass of phytoplankton under oiled ice have been reported (e.g., Adans



1975), and | aboratory experiments concerning effects of oil and dispersed oil
on arctic phytoplankton have been carried out (e.g., Hsiao 1978), but simlar
studies of oil effects on ice algae have not been done. Laboratory studies
concerning the acute toxicity of oil to arctic marine invertebrates have also
been conducted, both in the Beaufort Sea (Percy 1974, 1976, 1977a,b; Percy
and Mullin 1975, 1977; Busdosh and Atlas 1977) and in the eastern Arctic and
sub-Arctic (Fey 1978, 1979), These studies have provided useful information
on the relative sensitivities of a range of organisms, including sone
under-ice anphipod species, but |aboratory studies cannot be used to predict
the effects of oil contam nation in a natural field situation (Fey 1978,
1979). In situ studies of oil effects on nearshore arctic benthos were
initiated in 1980 (Cross and Thomson 1981, 1982), but simlar studies have

not previously been carried out in arctic intertidal or under-ice habitats.

The present study exanmines effects of in situ applications of oil and

di spersed oil on the abundance and productivity of under-ice algae and on
behaviour, nortality and distribution of under-ice anphipods. | mredi at e
effects of oil on ice al gae and amphipods were studied by injecting oil into
smal | chanbers on the under-ice surface. In addition, distribution and life
history data were collected for amphipods occupying under-ice, intertidal and
shal low sublittoral habitats. The latter conponent of the study utilizes the
| arge-scal e experinental spills carried out at the BIOS (Baffin Island QO |
Spill) site in August 1981, we obtained pre-spill (May and August 1981) and

post-spill (Septenmber 1981) data.




MATERI ALS AND METHODS

Field studies were carried out during 16-31 May, 10-19 August and 7-8
Septenber 1981 fromthe BIOS (Baffin Island O Spill) project base canp
| ocated at Cape Hatt, Baffin Island. The study area consisted of four
shal | ow enbayments in Ragged Channel, sone 5-8 km SSE of Cape Hatt (72227'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
distance of sonewhat |ess than 500 m Bay 13 is simlar in size and
configuration, |located about 3 km to the north. Bay 1l has been designated
as the lower half and Bay 12 as the upper half of a deeper enbaynent
approximately 1 km x 1 km in dinensions, |ocated approxinmately 1 km north of

Bay 10 (Fig. 1).

Al under-ice and sublittoral sampling and experimental work was carried
out by SCUBA divers working though holes in the ice (May) or from small
inflatable boats (August and Septenber) . St udi es on anphi pod distribution
and popul ation structure were conducted in Bays 9, 10 and 11 (Fig. 1), at a
depth of 3-5 mor on the ice undersurface at the sane |ocations. Intertida
sanmpling was carried out on the beach between two markers, 150 m apart, which
demarcated the BICOS study bays. Experinental studies on anphipods and ice
al gae were conducted on the under-ice surface in Bays 12 and 13 over water

depths of 8 and 12 m respectively.
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Ice Algal Biomass and Productivity

Productivity of under-ice algae in Bay 13 was determned by a
nodi fication of the standard 1'% light and dark bottle technique (Strickland
and Parsons 1972). The ‘bottles’ in this case were cylindrical plexiglass
chanbers with an area of 20.27 cni and a length of 15 cm (volune ~304 cc).
Sampl es of ice algae were collected by inserting the chanbers about 1-2 cm
into the soft bottom layer of ice, severing the cores with a plexiglass
spatul a> and capping the chanbers. Separate sanples were collected in the
sane way for the determination of salinity, alkalinity and inorganic
nutrient concentrations. Chanbers to be used for productivity determnations
were replaced immediately in their original positions, and l4c-godium
bi carbonate (New Engl and Nuclear Corp.) with a specific activity of 53
uCi/umol was then injected to yield a final concentration of 50.0 puCi/L.
I ncubati ons began between 1200 and 1430 h and were allowed to proceed for a
period of 5-7 hours. At the end of the incubation periods, 1 mL of
concentrated formalin was injected and the chanbers were returned to the

field laboratory in insulated containers.

To avoid disturbance fromair respired by divers, sanples were
collected, and chanbers replaced, in rows along ridges on the under-ice
surface. Adjacent chanbers were about 20 cm apart. Li ght was neasured with
a photoneter (InterOcean nodel 510) at each end of the row of chanbers bel ow
the layer of ice algae, and above the algal layer, after scraping this |ayer
away. These neasurenents were nmade at the begi nning and end of each
incubation, and sinultaneous neasurenents above the ice were nade with a

surface cell so percent transmission through the ice could be calculated. A



recordi ng pyranometer (Kipp and Zonen, nodel CM 6) |ocated at the Cape Hatt
base canp recorded incom ng radiation (W/m?) during the 4 weeks that the canp

was occupi ed.

Three types of experinments were carried out:

1. Control Measurenents. On each of 16 and 21 May, a set of nine
chanbers was placed in each of two locations within a 25 mradius of the dive
hole (total of 4 sets of 9 chanmbers). Each set consisted of five light and
two dark chanbers including water and ice as described above, and one |ight
and one dark chanber including water only. The ‘water only’ chanbers were
col l ected i nmedi ately bel ow the undersurface of the ice. Further control

measurenents were available from the other types of experinments (below).

2. GO Effect Experinents. The effects of untreated oil were studied
on 23 and 24 May, and dispersed oil effects were exam ned on 30 May.
Unweat hered Lagonedi o crude oil (Esso Resources Canada Ltd.), and a 10:1
m xture of Lagonedio : Corexit 9527 (Exxon Chemical Corp.) were the types of
oil and dispersed oil used. Three oil levels (nomnal concentrations of

~ 10 ppm 300 ppm and 10,000 ppm) and a control were used on each day; one

dark and three light chanbers were used for each oil level (including
control). Each chanber was nunbered and the sane chanbers were used for the
sanme oil levels on each day. Gl was injected into the chanbers before the
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i nJ ection of C blcarbonate-

3. Test of experinmental technique. On 29 May a test was nmde to deter-

mne the effectiveness of the chanmbers in containing the 1% C-bicarbonate




solution, and the effect of detaching the ice algal layer fromthe under-ice
surface prior to incubation. Sanpl es were collected, and incubations carried
out , in six Light chanbers as descri bed above under control neasurenents, An
additional six light chambers from the sane location were treated identically
except that the ice cores contained within the chambers were not severed, and
the tops of the chanbers were not capped, until the end of the incubation

period.

Carbonate alkalinity was calculated according to the nethods of
Strickland and Parsons (1972). A Fisher Accumet pH neter (nodel 630,

accuracy * 0.02 pH ) was used for the nmeasurenment of pH, and salinity was
calculated from Knudsen tables wusing tenperature and specific gravity

measurenents obtained with a hydroneter (Fisher, 1.000-1.070)

lce in samples from incubation chanbers was allowed to nelt at room

tenperature ; unoiled sanples were then stirred thoroughly, and subsampled for
l4c (50. nL) and chlorophyll (100 nlL) deterninations. All sanples were
filtered under a vacuum pressure of 200 nm Hg. e sanples were filtered
through 0.45 um Metricel menbrane filters; the filters were then rinsed twce
with 15 mL filtered seawater and placed in 20 mL Aquafluor (NEN Corp.) in
borosilicate glass scintillation vials. Chl orophyl | sanples were filtered
through 0.7 um Whatman glass microfibre filters (GF/F), with a few drops of
MgCO; added at the end of filtration. The filters were placed in glassine

envel opes and frozen in plastic bags containing silica gel.

The contents of incubation chambers containing oil were, after nelting

and stirring, poured into 500 mL pear-shaped separator funnels and allowed
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to stand for 1/2 h. The |ower 300 mL were then withdrawn and treated as for
control chanbers. Chanbers containing dispersed oil were treated in the
same way except that those containing the highest oil level were allowed to
stand in the separator funnels for 12 h. The effect of this procedure (use
of separator funnels to separate oil from water) was tested as follows:
After subsampling control chanbers for the ‘'experimental technique' test
(above), the remaining contents of the 12 chanbers were conbined and dil uted
with filtered seawater to forma uniformy labelled stock m xture. Si xteen
i ncubation chanbers were filled with this solution, and oil was injected as
in the in situ incubations (i.e. 4 chanmbers of each of 0,10, 300, and 10,000

ppn . The chanbers were then processed as for the in situ incubations

(separator funnels, filtration) except that 100 mL was filtered for l%cC

sanpl es.

1% radioactivity was neasured at the Arctic Biological Station at Ste-
Anne-de-Bellevue, Quebec, using a Nuclear Chicago Isocap 300 Scintillation
counter;. counting inefficiencies were corrected by using the channel ratios
met hod. Chl orophyl | a concentrations were determned using a Turner nodel
III Fluorometer at excitation and enission wavel engths of 430 nm and 630 nm
respectively (A.P.H.A. 1975). Nutrient concentrations were determnined using
a dual beam Beckman Acts 3 spectrophotoneter (A.P.H.A.1975).  Chlorophyll
and nutrient concentrations were measured at Guelph Chemical Laboratories

Ltd. , Guelph, Ontario.

Anal yses of variance (ANOVA) and covariance (ANCOVA) were perforned by
the SAS general linear nodels (GLM) program (Helwig and Council 1979). In

anal yses of covariance, light level (W/m?) during the experinment was used as
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a covariate for productivity (mg C/m? /h), and percent transmssion was used as
a covariate for biomass (ng chlorophyll _a/m?). Light levels were estimated
from solar radiation at the Cape Hatt canp and percent transm ssion through
the ice at the location of each experinmental chanber. Percent transm ssion
was calculated as 100 tines the average of the |ight readings below and above
the ice algal layer, divided by the reading at the upper surface of the ice,
Percent transmission for each replicate (chanber) was estimted by |inear
interpolation between the neasured values at each end of the row of
chanbers. Solar radiation falling during |1/2-h periods through the
incubations was calculated by planimetry from the recording pyranoneter
records. These figures were nultiplied by the percent transm ssion during
these |/2-h periods (assunming a linear change in percent transmission with
time of day) to give in situirradiance. ANOVA and ANCOVA were suppl enented

with multiple conparisons (Duncan’s nultiple range test,a=0.05).

Ol Effects on Under-ice Amphipods

Anmphi pods were captured and contai ned against undisturbed areas of the
under-ice surface in cylindrical plexiglass chambers with an area of 188.7
cm’® and a length of 20 cm (volume = 3774 cc). Air-filled plexiglass collars
around the chanbers held them in place against the under-ice surface. The
bottons of the chanbers were covered with 1 mm mesh netting with a centrally

| ocated val ve through which oil was injected.

Three types of exposure to oil were tested: On 26 and 27 May, chanbers
cont ai ni ng unweat hered Lagomedio crude oil were left in place for 15hours
and 3 hours, respectively. On 28 My, chanbers containing dispersed oil (10

Lagomedio:1 Corexit 9527) were left in place for 3 hours. On each day, three
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oil levels and a control were used; three replicate chanbers were used for
each oil level (including control). Volunes of 0.1, 0.5 and 1.5 mL of oil
were used to give nonminal concentrations of approximtely 30, 130 and 400
ppm Ol, dispersed oil, or water (controls) was introduced through the
chanber bottoms by vigorously punping a 3 mL syringe ten times. 0il/Corexit
m xtures became evenly dispersed throughout the chanmbers and persisted during
the three hour exposure. In oil alone treatnents, droplets rose to the ice
and persisted in the form of small, evenly distributed spheres. Droplet size
increased from approximately 0.5 to 2 mmin dianmeter with increasing oil
level, and at all levels the water within the chanbers becanme noticeably

di scol or ed. Each chanber was nunbered, and the sane chanbers were used for

the same oil | evel s on each day.

The nunbers of anphi pods on the ice, in the water and on the bottom of
the chanber were recorded beforq injection, imediately after injection, and
at the end of the incubation period. These observations were possible only

for exposures to oil alone, as the reduced visibility within dispersed oil
chanmbers hindered or precluded observations, After the last set of
observations, the ice core contained within the chanber was severed with a
pl exi gl ass spatula, and the chamber was capped. Charmbers were returned to

the field laboratory in insulated containers.

Upon arrival at the field laboratory, anphipods and ice from each

chanber were transferred into clean seawater ( - 33 °/00) in large trays.
Live and dead aninmals were separated, the criterion for death being failure
to nove when prodded. Dead animals were transferred into 5% formalin, and

live animals were placed in glass jars of seawater and maintained at 0°C in
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i ncubat ors. The animals were checked, and l|ive-dead separations nade at 24-h
intervals thereafter until 96 h after exposure, at which time |ive anphipods
were transferred into separate vials containing 5% formalin. Thus each
replicate (chanmber) produced a maxi mum of 6 preserved sanples: those dead on
arrival (day O, those dying on 4 successive days (days 1-4), and those

surviving (day 5).

Subsequent |aboratory analysis was carried out within one nonth. For
each anphipod in each sanple, the following data were recorded (where
possible): species, sex, length (m), wet weight (mg), and degree of oiling
(light, nedium heavy) on each of eight body areas: coxae, pleopods, nouth
parts, head/peraeon, pleon, urosone/uropods/telson, gnat hopods/ per aeopods

and ant ennae.

Behavi oral data were analyzed using the non-paranetric Spearnan rank
correlation nethod (hand conputation). Al other data were coded for
conputer. processing and analyzed using SAS prograns (Helwig and Counci |
1979). Variation anmong oil levels and exposures in percent nortality, both
i medi ate and del ayed, and in percent survival, was analyzed by two-factor
ANOVA (o0il level x exposure) and separate one-factor ANOVA's for both
abundance and bi omass data, The difference in nean size between all

anmphi pods in a chanber and those dying was cal cul ated where sanple sizes were

>3

, and anong-treatment differences in these values were analyzed by
two-factor ANOVA. Contingency tables were conpiled for degree of oiling vs.
day of death for each anphipod in oil alone treatnent chanbers (excluding

controls), and a X'value was conputed.
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Under-ice Arnphipod Distributions and Popul ation Structures

Quantitative sanples of anphipods were collected in under-ice,
intertidal and shallow (3-5 m) sublittoral habitats in each of BIOS study
Bays 9, 10 and 11 (Fig. 1). The under-ice surface was sanpled at two tines,
on 17-19 May and 31 May 1981 (10-16 replicates per bay per tine).- The
intertidal habitat was also sanpled at two tines, on 17-19 August and on 7
September 1981, and the shallow sublittoral habitat was sanpled at three
times, on 17-19 May, 10 August and 8 Septenber 1981 (10 replicates per
habitat per bay per tine). In late August 1981, 15 miof untreated Lagonedio
oil was released within boonms on the surface of Bay 11, and an additional 15
m’ of the sane oil treated with the dispersant Corexit 9527 (10 oil:l
Corexit) was rel eased underwater in Bay 9 (Fig. 1). Currents carried the
di spersed oil into Bay 10, which had originally been designated as the
control bay. This resulted in a relatively high level of contamination of
Bay 10-- approxi mately one order of magnitude lower than that in the dispersed

oil spill bay.

Al systematic sanpling on the under-ice surface was at least 5 m from
the entry hole to avoid disturbance artifacts. Macrofauna (mainly amphipods)
on the “under-ice surface were sanpled by scraping fine nesh (1 nm 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 m and were relatively
evenly distributed in the semi-circle seaward of the hole. Entry holes were
| ocated just seaward of mmjor tide cracks, and the area sanpled consisted

only of relatively flat, smooth ice.
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Intertidal sanpling was carried out at or near low ‘tide. A 0.25 n?
al um num quadrat was placed in the water 0.5 m seaward from the water |ine,
the substrate was manually disturbed, and all of the enclosed aninals were
renoved by using a small aquarium net. Sanpling |ocations were randonly
sel ected along 150 m segnents of the bays that corresponded with the BICS
study benthic transects. Substrates consisted of m xed sand, pebble and

cobbl e.

Sublittoral sampling 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 mm nesh net, which retained the sanple
and could be renoved quickly and capped. Air was supplied froma 20 MPa air
cylinder fitted with the first stage of a diving regulator which reduced air

pressure to approximately 860 kPa above anbient. Areas to be sanpled were
demarcated by an aluminum ring containing an area 0f0.15m?. Motil e

epibenthos Within the 0.15 nfarea were contai ned, and those outside were
excluded, by 1 nm mesh netting covering the top of each ring. The netting
over each ring contained a capped central receptacle to receive the ‘nmouth’

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 mouth of the airlift was noved around
to cover thoroughly the area within the ring. The net on the airlift was

then renoved, capped and repl aced.
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In May, sublittoral sanpling locations were randomy selected at a depth
of 3-5 mw thin an area on the bottom bel ow the under-ice sanpling area. In
August and Septenber, sanples of epibenthic and shal |l ow infaunal anphipods
were again collected at the sane depths, but in areas only approximately

corresponding to those sampled in May. The substrate consisted of coarse to

fine sand with pebbles and cobble (up to 10 cm.

Al samples were preserved in 10% formalin. Anphipods were identified,

counted and weighed at species |evel (whenever possible) and anphipod |engths

were nmeasured to the nearest mm Anphi pods of the genus Onisimus were not

identified to species if <6 mmlong; nost Ischyrocerus collected were damaged

and hence were only identified to generic |evel. Wet wei ghts were obtained
by gently blotting dry and wei ghing on a Mettler PT200 bal ance to the nearest

mlligram

"he resulting data were anal yzed with one- and two-factor analyses of
variance, using the SAS general |inear nodels (GLM) program (Helwig and
Counci | 1979). Variabl es anal yzed included abundance (nos./m?) and biomass
(mg/m?) of all amphipods and of domi nant species, and, only for dom nant
species, mean size of each cohort in each sanple where n (in a cohort)
>3. Cohorts (year classes ) were identified from size-frequency plots for
each species for each nonth. All data were log-transforned prior to

anal ysi s.




RESULTS AND DI SCUSSI ON

Ice Algal Biomass and Productivity

Site Description

The under-ice surface in the study area was snmooth and relatively flat,
with shal | ow hummocks and ri dges. Productivity studies were carried out in
these areas of thicker ice, and ice depth was, therefore, sonmewhat greater
than the nmeasured depth of 135 cmat the entry hole. Snow dept hs over the
study area (a semi-circle 25 min radius) were 15.8 # SD 5.1 cm 19.5 + 7.2
cmand 17.2 + 5.4 cmon 16 May, 21 May and 1 June, respectively (n = 24-26 in
each case). The ampunt of light penetrating the snow and ice cover 1in the
study area varied both spatially (primarily because of variable snow cover),

and tenporally; tenporal wvariation, wthin and anong days, resulted from

changes in cloud conditions and in solar elevation. Total in situ radiation

varied among incubation periods by alnost an order of magnitude.

Salinity of ice and ice/water sanples ranged from 30.8 to 33.6 ©/o0; no
consi stent differences were apparent either between water and ice/water
sanples, or among days on which determ nations were made (16-30 May). The
nunber of stalactites on the undersurface of the ice increased over the study
period, probably indicating increased drainage caused by increased surface
t enperature. Snow nelt was al so beginning near the end of My, but no
obvious effects were observed under the ice. A thin (several cn) fresh water
| ayer was observed inmmediately beneath the ice in other bays, but within the

productivity study area no such |ayer was evident.

17
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Nutrient sanples were collected in duplicate on 21, 23, 24, 29 and 30
May.  Phosphate concentrations were somewhat higher on 23 My (4.86 and 18.23
pymol/L) than on other days (1.31 to 3.19 umol/L), whereas nitrate
concentrations were lower on 21 and 23 May (<0.01 to 1.81 umol/L) than on the
following days (4.13 to 6.01 umol/L). Nitrite and silicate concentrations
were relatively constant over the study period (<0.04 to 0.08 pmol/L and 6.12
to 14.45umol/L, respectively). Consistent differences between water and ice
+ water samples werenot evident for any nutrient. Wth the exception of the
hi gh phosphate concentrations on 23 May, which may indicate contaminant: on,
nutrient concentrations fall within ranges previously reported (e g.,
Al exander et al. 1974; Cross 1980, 1982; Gainger and Hsiao 1982), and are

sufficient to support the growth of ice microal gae (Hsiao 1980).

Phvtopnlankton Bi omass and Productivity

Bi onass (as estimated by chlorophyll a concentration) and productivity
were very low in the water inmediately beneath the ice on 16 and 21 May. The
concentration of chlorophyll a in water sanples (1.19 + SD 0. 47 mg/m3; n ~8)
was similar to that reported in other locations (Al exander et al. 1974; Cross
1980, 1982; Grainger and Hsiao 1982). After correction for dilution (sanpled
ice depth = 1to 2 cm chanber depth = 15 cm, the algal biomass per unit

volume was |ower in the water than in the ice by 2 to 3 orders of magnitude.

Productivity in the near-ice water was also |ow, indeed, after dark l%

upt ake (0.28 + 0.09 ng ¢/m®/h; n = 4) was subtracted from light l%c fixation,
productivity values were slightly but consistently negative (-0.033 * 0.023

ng C/m3/h; n = 4).  Aexander et al, (1974) also reported |ow productivity




19

estimates for phytoplankton in my at Barrow, Al aska: averages of (1.30 and

0.23 ny ¢/m®/h for 1972 and 1973, respectively.

Ice Algal Biomass and Productivity

Ice algal bionmass, as estimated by chlorophyll content in the ice,
increased significantly over the study period (ANOVA, F = 5.1; df = 5, 45; P
©0.0009). Mean values (+ SD) ranged from6.56 + 1.95 ng Chla/m? (n = 14) on
16 May to 10.93 * 0.64 ng Chla/mZ (n = 4) on 30May. These data are
conparable to those of Dunbar and Acreman (1980) for two arctic locations in
May, and those of Clasby et al. (1973) for Barrow, Al aska, in |late May,but
are considerably lower than chlorophyll concentrations at fast ice stations
in Pond Inlet during May and June reported by Cross (1982), viz 17.6 to 182.6
my Chla/m?. This probably is attributable to the relatively deep snow
present at the Cape Hatt study area; the |lowest nean biomass reported for
Pond Inlet (above) was at the station with the highest mean snow depth (15.8
cm , and. a significant negative correlation between snow depth and bi onmass
was found at some stations (Cross 1982). An inverse relationship between ice

chl orophyll and snow depth has al so been observed by Al exander et al. (1974).

Based on the data above, the net increase in epontic algal biomass was

437 mg Chla/m® for the two week period, or 0.31 ng Chla/m?/d.

Mean ice algal productivity on any day in any location (control data

only) ranged from 0.26 + SD 0.07 ng C/m’/h (n = 5) to 3.34 + 1.96 ng ¢/n’/h

(n =5); the overall nean for the study period was 1.83 * 1.39 ngy ¢/m? /h
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(n = 35). Wen total productivity during incubation periods was conpared

with the amount of in situ radiation present during the incubations on a

day/l ocation basis, the correlation was significant and positive (r = 0.87, n
= 8  P<0.01). Wen productivity data from different day/location
conmbi nati ons were conpared using ANOVA, differences were significant (F ~
5.71; df = 7, 26; P<0.001); however, when light data were used as a covariate
(ANCOVA), the day/location differences becane non-significant (F “1.73; df =

7, 26; P 0.146).

These data are comparable to those of Clasby et al. (1973) at Barrow,
Al aska, who reported nmean productivity val ues between 4 and 4.5 ng C/m?/h on
6 and 21 May, and values between 1 and 1.5 ng C/m?/h between 25 May and 5
June. It appears that the under-ice algal bloom and concomtant high
productivity, had begun to decline earlier at Barrow in 1972 than at Cape

Hatt in 1981.

The- increase in bionmass from 16 to 30 May (see above) can be conpared
with our productivity estinates. Using a C/Chla ratio of from 23 to 79
(Parsons et al. 1977, Table 11), and the daily rate of Chla increase
cal cul ated above, the net ampbunt of carbon fixed per day during the study
period was 7.1 to 24.5 ng C. Total  l%C productivity during 5 to 7 h
i ncubation periods ranged from 1.5 to 17.6 ny C nf(overall average of 10.7
ny C/m?). Assuming that productivity continues at this rate from12 to 24 h
per day (the latter is not likely), average daily productivity woul d be about
20 to 40 ng ¢/m2. Adnittedly these are very rough calculations, but it is
evident that the two methods provide estimates that are at least within the

sanme order of magnitude. A refinement of this productivity estimte woul d
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require, at the very |east, productivity measurements during the arctic

'night' in spring, and these are presently not avail abl e.

Two methods of collecting microalgal sanples for incubations were
conpared: (1) inserting the chanbers, cutting the core, and capping before
14C injection and incubation, and (2) inserting the chanber before. 1%C
injection but cutting and capping after the incubation. Bi omass of epontic
algae did not differ significantly between the two methods (ANOVA, F "1.53;
df =1, 9; P = 0.247). Productivity, however, was significantly higher with
the second method (2.89 + 0.44 ng ¢/m?/h) than with the first (1.58+0.46 ny
G nr/h) according to ANOVA, and, nore appropriately, ANCOVA with light as the
covariate (F = 16.99; df = 1, 9; P = 0.0026). This probably was attributable
to disturbance of the epontic algae when the core was cut prior to
i ncubat i on. If there was any |eakage of 1%C-bicarbonate when we used the
second method (not strictly a closed system, then this di sturbance effect
woul d be even greater than our data indicate. The second nethod was the one
used by Clasby et al. (1973), and clearly is the preferred nmethod. The first
net hod was the one used in the rest of our experinments, and hence our

productivity estimates are low by a factor of approximtely two.

0il Effects

Laboratory Techniques

Gl or dispersed oil was injected into the incubation chambers at the
start of incubation wtR*¢ and remined there throughout the incubation

peri ods. Previous investigators studying oil effects on productivity have
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not discussed effects of oil on |laboratory techniques; this is a concern
because of possible quenching effects on scintillation counts and inter—
ference in the fluorometric determination of chlorophyll concentrations. A
priori tests of the former indicated that only small amunts of oil could be
tolerated in scintillation cocktails, and therefore we attenpted to separate
the oil from the incubation nedium before filtration (see ‘Mthods’).

Interference by oil in fluorometry was not investigated.

In order to determ ne whether the separation of oil and incubation
medi um had any effect on Lig activity or apparent chlorophyll concentrations,
we performed a separate test using a uniformly labelled stock to which the
three oil levels were added (see ‘ Methods'). Specifically, it was suspected
that labelled algae may have remained with the oil in the separator

funnel s. The results of this test were as follows:

Noni nal 4o Activity (dpm) Chl or ophyl | _a (mg/m3)
Gl level
(ppm) nmean * SD (n = 4) nmean + SD (n = 4)

0 7255.5 % 234.34 25.11 £ 3.66

10 6098.5 + 131.58 20.18 + 0.90

300 4069.0 = 680. 60 17.20 + 3.51

10, 000 3665.3 + 381.63 15.25 + 0.73
Results of ANOVA showed that the decrease with increasing oil |evel was

significant, both for chlorophyll a and for Lig activity. Correction factors
were then cal cul ated for each variable, and applied to the results of the in
situ incubations (23, 24 May) using the same oil levels. A simlar test was

not conducted using dispersed oil, and so those data were not corrected.




23

A conparison of the results for oil incubations using corrected and
uncorrected data, however, indicated that the in situ addition of oil did not
have the sane effect as did the |aboratory addition of oil. ANCOVA on

uncorrected biomass (chl a) data showed non-significant variation anmong oil
levels, both on 23 May (F = 2.29; df = 3, 11; P = 0.14) and on 24May (F =
0.77; df~3, 11; P ~0.54). The same anal yses using ‘corrected’ biomass
data showed marginally significant differences anong oil | evels on 23 My
(F °3.71; df = 3, 11; P = 0.046) and highly significant differences on 24
May (F = 6.57; 4f = 3, 11; P = 0.008), Mreover, the differences in

corrected data were not those expected--on both days higher corrected biomass

values were calculated for the two higher oil levels than for the control or
the lowest oil level. A possible explanation is that, in the |aboratory
experinment , algae in chanbers were dispersed throughout the water colum, and

hence nore susceptible to entrainment by the injected oil than were the al gae

in the in situ experinents, which were concentrated in the ice.

Another probable artifact became apparent only after inspection of the
scintillation counts. In nost cases, dark lhe uptake in oiled incubation
chanbers (169 to 606 dpm) was within the range of dark 1% uptake val ues
nmeasured in control chanbers. Rel atively high values, however, were recorded
in some of the dark chanbers to which oil was added: 1792 dpm (23 May, 300
ppm; 2266 dpm (24 May, 10,000 ppm); 13,168 dpm (30 May, 100 ppm); 1751 dpm
(30 May, 300 ppm). Dark values were routinely subtracted from each of the
corresponding replicate light values in the calculation of productivity to
account for dark Mc upt ake by al gae; high dark uptake from ot her sources
(biotic or abiotic) would lead to significant underestimates of algal

productivity. Thus , we present productivity data (below) based on (1)



24

measured dark values at each oil |evel on each day, and (2) control dark

val ues for each day, applied to all oil levels.

Ice Algal Productivity

Data on the effects of oil and dispersed oil on ice algal productivity
are given in Table 1. The results of 3 nmethods of calculation are included
data corrected for !% loss resulting fromthe separation of oil fromthe
i ncubation medium prior to filtration (see above), and uncorrected data using
dark incubation values from (1) chanbers containing oil and (2) contro
chambers (see al so above). The productivity values vary anobng calculation

nmet hods, but the results of ANCOVA are simlar for all nethods

High oil |evels suppressed productivity significantly on each day,
regardless of the nethod of cal cul ati on used. One-factor ANCOVA with oi
level as the factor and light as the covariate revealed a significant
(p<0.01)- oil effect in every case. In all cases, productivity was | ower at
the highest oil level than at any other level including controls (Table 1).
Results of multiple conparisons, however, showed that differences anmong, O
10 and 300 ppmoil levels were not consistent either anong days or types of
dat a. In nost cases productivity at the lowest levels (10 and 300 ppm or O

10 and 300 ppm) were not statistically distinguishable (Table 1).

Two-factor ANCOVA for the two days when untreated oil was used showed
significant variation anong oil levels (P< 0.00l) , but no significant
variation between days (P>0.07) and no significant interaction between days

and oil levels (P>0.65). This was true regardl ess of which of the three




25

Table 1. Effects of oil and di spersed oil on the productivity (mg C/m/h) of under-ice algae at Cape
Hatt, Raffin Island, during May 1981. Data shown are nean + Sp (n = 3) for each date ad 0il |evel;

results are shown for 3 different methods of calculat ion.

lce Algal Product ivit y (mg C n#lh)

Nominal Uncorrected Data?
Gl Level Data corrected for
Date!l (ppm) 011 level dark val ues Control dark val ues oil/medium separation
23 May 0 1.92 + 0. 43 1.92 +0.43 1.92+ 0.43
10 2,17+ 0. 28 2.19 £ 0.28 2,58+ 0.33
300 1.32 + 0.13 1.47 £ 0.13 2.36 £ 0.23
10,C00 0.38+ 0.18 0.36 £0.18 0.76 £ 0.35
Ml tiple
Campar isons3 3<2<0,1 3<0,1,2; 2<1 3<0,1,2
24 May 0 2.21 £0.33 2.21 £0.33 2.21+ 0.33
10 0.82 +0.22 0.81 £0.22 0.97+ 0.26
300 0.74 + 0.07 0.73 + 0.07 1.31 +£0.12
10,000 0.13 +0.13 0.34 £ 0.13 0.26 £ 0.26
Ml tiple
Comparisons3 3<1, 2<0 3<0,1; 1,2<0 3<1, 2<0
30 May 0 1.64 +0.21 1.64 +0.21
10 0.88 +0.21 2.63 z0.21
300 0.61 *0.15 0.81 +0.15 -
10,CX30 oo1 f ool -0.01 fool
Ml tiple
Camparisons3 3<1, 2<0 3<2<0<1

Untreated Lagamedio crude oil was used on 23 and 24 May; 10 Lagamedio:l Corexit 9527was used on 30

May .

See text for methods of cal cul ation.

Duncans nultiple range test,

pon, respectively.

o = 0.05; tales O3 represent naminal oi |

levels O 10, 300 and 10,000
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net hods of cal cul ati on were used. Thus , results were consistent on the two

days when untreated oil was used.

The effects of dispersed oil on ice algal productivity appeared to
differ fromthose of untreated oil in two ways. (1) The highest oil |evel
(10,000 ppm resulted in near zero productivity in the case of dispersed oil,
whereas it resulted in much reduced but still positive productivity in the
case of untreated oil. Laboratory treatment of the highest dispersed oil
level, however, was unique (longer tine in separator funnels), so it is
uncertain whether the greater apparent decrease in productivity was real.
(2) The only significant increase in productivity with increasing oil |evel
occurred on 30 May (dispersed oil day): productivity was 60% greater at 10
ppm di spersed oil than in controls (Table 1), but only when control dark
values were used. Hsiao et al, (1978) presented sone evidence of a stimula-

tion of photosynthesis when ‘dispersed oil' (10 ppm Pembina crude oil + 10

ppm Corexit) was added to natural arctic phytoplankton communities, but it is
not clear whether their results are based on dark bottles containing
di spersed oil. In the absence of an adequate explanation for the high dark
val ues observed within oiled chanmbers in the present study, the wvalidity of

the observed stimulation of productivity cannot be assessed.

Despite the procedural and interpretat ional difficulties discussed
above, it is clear that the highest oil level studied had a pronounced effect
on ice algal productivity. 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 much reduced from control

| evel s. Nom nal concentrations of oil and dispersed oil were the sane at
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each level; actual concentrations were not neasured but were undoubtedly nuch
lower in the case of undispersed oil. Hsiao et al. (1978) reported oil
effects on productivity of arctic narine phytoplankton in oil-seawater
di spersions at concentrations as |low as 10 ppm at concentrati ons between 43
and 147 ppm val ues 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 nominal concentrations between 10 and
10, 000 ppm (Hsiao 1978). After 10 day’s exposure, diatomgrowth was reduced
at all concentrations for all oils tested, but the highest concentration was
lethal only to some conbinations of species and oils. Further studies are
required in order to deternmine if the observed effects on growth and

productivity are reversible, particularly in the case of chemcally dispersed

oil which would likely only contact the ice for a linted period of tine.

Ol Effects on Under-ice Anphipods

Site Description

Amphi pod experinents were carried out in Bay 12(Fig.])overawater
depth of approxinmately 8 m Ice depth at the entry hole was 156 cm and snow
depth in the study area (a circle of 25 mradius) was 26.2 + SD 5.6 c¢cm (range
of 12-38 cm n = 40). A layer of fresh water several cmthick was observed
just beneath the ice on each of the study days (25-28 May).  Anphipods were
collected in the incubation chanbers and the chanbers were then placed on
shal | ow hunmocks or ridges on the under-ice surface. In this way we avoi ded
bot h di sturbance of the under-ice surface by respired air from SCUBA and any

effects of the fresh water |ayer occurring under thinner ice.
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The nmost abundant amphipod in the study area, and hence in the

experimental chanbers, was Wyprechtia pinguis (76.5% of total number in

chanbers) . The remaining 23.5% of the total nunber included 7 distinct
species as well as unidentified damaged and juvenil e anphi pods. One or nore
of the chambers at each oil level on 26 My contained only a few anphipods (2
to 11), so for that day the results for tw chanbers at each oil |evel were
pool ed to provide adequate nunmbers for analysis (behavioral data excluded).
All results below are concerned only with Weyprechtia (except for behaviour,
when anphi pods were not identified), as numbers of other species were too |ow

to allow neaningful analysis.

Behavi our

Most of the amphipods in the study area occurred on the undersurface of

the ice; when disturbed, anphipods either dropped, notionless, through the

water colum, or began sw nm ng downwar ds. In either case, upward notion
began within a few seconds and the anphi pods resunmed their positions on the
ice, sometimes leaving and returning totheice several tinmes before
settling. Simlar behaviour was observed within incubation chanbers,
al t hough contai nment effects were al so apparent. O the enclosed anphipods,
only half were on the under-ice surface prior to oiling, and the rest were
distributed evenly between the water columm and the chamber bottons (averages
of 50.2% on ice, 26.0% in water, and 23.8% on bottom all chanbers
i ncl uded). The | ower proportion of anphipods on the ice relative to that
outside of the chanbers (close to 100% probably was attributable to the
availability of another surface (chanber bottom or to crowding on the ice

w thin the chanbers. When oil, dispersed oil or water was injected through
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the chanber bottom nost anphipods |eft the ice and swam around the chanber
and upwards towards the ice; a prolonged setting process was again observed.
Approximately five mnutes after ‘oiling , fewer anphipods were on the
under-ice surface, and nore were in the water and on the chanmber bottons than

prior to ‘oiling’ (averages of 31.0%on ice, 39.7% in water and 29.3% on

bottom dispersed oil chanbers not included).

During the observation period there was no apparent avoi dance of oil by
anmphi pods; in fact, direct contact between anphi pods and oil droplets was

often observed while anphi pods were settling on the under-ice surface. W

observed no obvious differences in anphipod behaviour anmong oil levels

(controls included), and the proportions of amphipods on the under-ice

surface before or shortly after oiling were not correlated with oil |evel
during any experinment (Spearman rank correlation, maximm r = —0.40 for n
“11) . “Abnormal’ behaviour, i.e. circular sw nmng, prolongedsettlingtime

and reduced nunmbers of anphi pods on the ice, occurred in both control and
treat ment chanbers and hence nust have been the result of confinenent in the
relatively small chanmbers or disturbance due to the injection of oil or

wat er .

Prol onged exposure to oil was the only factor that markedly affected the
percentage of the anphipods that dropped to the bottom of the chanber.
Cccurrence of amphipods on the chanber bottons was not significantly
correlated with oil level either before or imrediately after the injection of
oil, during either exposure period (Fig. 2). 1In nost cases, nore than 50% of
t he anphi pods were in the water colum or on the ice. At the end of the 3 h

exposure period, anphipod distribution in control chanbers was sinmilar to



BOTTOM

ON CHAMBER

OF AMPHIPODS

PROPORTION (%)

30

3h EXPOSURE 15h EXPOSURE
BEFORE EXPOSURE
100 100
rs= ‘0.27 ns fg o 051 ns
80 80~
604 60
40 . . 40
207 . ] 20 :
T T T
0 [ 2 3 0 2 3
AFTER  EXPOSURE
1007 100
= 0.34 ns My = 0.38 ns
80 80—
60 _ 60 ~
404 : : 404
20 . : ' _ 20
T T T T T ] T
0 2 3 0 [ 2 3
END OF EXPOSURE
100 oy .o 100 .o ..
80 - 80 . )
. 1
60 — 60
404 : 40—
50 . s = 0.88 50~ s = 055
P< 0.001 P< 0.001
1 T T T T T I T
0 [ 2 3 0 [ 2 3
OIL LEVEL

FIGURE 2. Inmmediate and del ayed reaction of anphipods to oil in
chambers. G| levels O 1, 2 and 3 represent nom nal
concentrations of O 30, 130 and 400 ppm untreated
Lagonedi o crude oil.
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that at the start of the experinment ; a sonmewhat higher proportion of
amph ipods were on chanber bottoms at the end of the 15 h exposure. However ,
at all oil levels in both exposures the percentage of anphipods on the
chanber bottons had increased by the end of the exposure period; at the two
hi gher concentrations (130 and 400 ppn) it was between 80 and 100% The
correlation between anphipod distribution and oil | evel was highly

significant at the end of both experinments (p<0.001, Fig. 2),

Sone of the anphi pods at the chanber bottoms at the end of the exposure
period probably were already dead. Those still alive probably were at the
chanber bottons because of inpaired |ocomptor ability or inpaired ability to
remain on the ice rather than avoidance of the oil on the under-ice surface.
Percy and Mullin (1977) reported inpairnent of locomotoryactivityinthe

arctic anphipod Boeckosinus affinis after 24 h exposures to all oil

concentrations tested (nominal concentrations of 50-2000 ppm). Qur exposures

were shorter, but many of the anphipods at all oil levels were apparently

unable to swim at the end of the exposure periods.

During our observation periods there was no apparent avoi dance of the
oil at the under-ice surface. Previous studies have denobnstrated an

avoi dance reaction in Boeckosinus affinis to sedinents contaninated with 4

types of oil (Percy 1977a) and to crude oil and oil-tainted food (Percy
1976). The avoidance reaction was dimnished, however, if the oil was
weat hered or if the anphi pods were pre-exposed to oil (Percy 1976), or when
high concentrations of oil were mixed wth sedinents (Percy 1977a).
Responses varied with type of oil (Percy 1976, 1977a), and Busdosh and Atlas

(1977) found a conplete lack of an avoi dance response to surface slicks of a
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different type of oil in B. affinis and Gammarus zaddachi. The inportance of

this susceptibility to oiling in the case of anphipods living and feeding on
the under-ice surface, where oil slicks may accunul ate, has al ready been

poi nted out (Percy 1974, 1975; Busdosh and Atlas 1977).

Mortality

Data on (1) imediate post-exposure nortality, (2) delayed mortality
within four days of exposure, and (3) survival for four days post-exposure,
are shown in Tables 2 and 3. Each of these three variables was calculated as
a percentage Of the total nunbers or biomass of anphipods for each chanber
(replicate). The three variables are clearly not independent, since the
three values for a chanber total 100%; this nust be considered in the

interpretation of results.

Control nortality inmmediately following each exposure was |ow (<3. 3% of
nunbers, <0.2% of biomass; Table 2). Delayed nortality in controls, however,
was somewhat higher, particularly following the dispersed oil exposure (31.9%
of nunbers, 17.4% of biomass). The latter may have been due to the Ilarger
nunbers of control anphipods naintained in small containers in the |aboratory
following the dispersed oil exposure (50) as conpared with those naintained
foll owing exposure to oil alone (20, 27). In any case, delayed control
nortality must be attributable to some aspect of the field or |aboratory
procedures. There was no evidence, however, of any form of contamnation of

controls by oil during or follow ng exposures.




Table 2. Effects of oil level on imediate and del ayed nortality of under-ice amphipods. Data presented are means of percentages within replicate
chambers (n = 2 for 15 h exposure, 3 for 3 h exposures).

ANOvAl
Percent of Numbers Percent of Bionmass Significance

Exposure Vari abl e Control 30 ppo 130 pm 400 ppa Control 30 ppm 130 ppm 400 pp numbers bicmass

al-15 | mredi at e * F
nortality 0 25.0 62.9 87.5 0 11.8 41.7 92.2 P =0.025 P "0.032

De laved s ‘ns ns
nortality 14..3 41.7 16.9 8.3 11.9 9.0 20.6 5.3 P=0.2344 P = 0.646
Sur vi val 85.7 33.3 20.2 4.2 88.1 79.2 37.6 2.5 P =0.022 P ~0.025

Ol-3 h Immediate ok ns
nortality 3.3 3.2 23.3 67. 4 0.2 0.8 1.3 36.6 P = 0.003 P =10.053

Del ayed ' ns
mortality 7.5 64.5 52.3 27.4 2.1 23.0 52.1 41.7 P = 0.014 P:O.*128

*k

Survi val 89.2 32.3 24. 4 5.3 97.7 76.3 46.6 21.7 P = 0.002 P = 0.031

Di spersed | mredi at e ns na
Ol1-3h nortality 0 16.1 15.9 6.1 0 9.5 3.0 8.1 P = 0.502 P-=0.671

Del ayed ns na
nortality 319 45. 8 27.8 5.2 17.4 39.7 22.3 37.4 P = 0.545 P = 0.506

ns ns
Survi val 68.1 38.0 56.2 28.7 82.6 50.8 74.8 54.5 P ~0.123 P °0. 246

1 one-factor anova for oil levels, including controls. .5 geans P>0 05, * means 0.05 >P>0.01, and ** means 0.01 >P>0.001.

£e



and dispersed oil on imediate and delayed nortality of under-

Table 3. Effects of length of exposure to oil
oi | ed chanbers | ess nean control

Each value represents the nean percent nortality in all

i ce anphi pods.
nortality; n = 9 except for 15 h exposure where n = 6.
Ol - 15 h Oil -3h Dispersed Gl - 3 h ANOVA
Signi ficance

% of % of % of % of % of % of

nunbers bi omass nunbers bi omass nunber s bi omass numbers bi omass
| mmedi at e
mortality 58.5 48. 6 28.0 12.7 16.1 6.8 P = 0.023 P ~0.013
Del ayed
mortality 8.0 -0.3 40.6 36.8 11.0 15.7 P ~0.015 P “0.011
All nortality 66.5 48. 3 68.5 49.5 27.1 22.6 P = 0.001 P “0. 157

ve
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G| Level Effects

Fol l owi ng the 15 hour exposure to oil alone, imediate nortality and

survival of Wyprechtia pinguis (based on percent of nunbers and of biomass)

varied significantly anong oil levels (O 30, 130 and 400 ppm), whereas
del ayed nortality did not (Table 2). I medi ate nortality increased and
survival decreased with increased oil Ilevel. Following the three hour oil
exposure all variables based on nunbers differed significantly with oil
level; when based on biomass, only survival differed significantly anong oil
levels, although directions of trends were the sane as for nunbers. Agai n,
there was a progressive increase in immediate nortality and a progressive
decrease in survival with increasing oil |evel. Del ayed nortality generally
decreased with increasing oil level, but this trend was sinply a result of
the lack of independence anobng variables. Total mortality increased with

increasing oil I evel in both oil-alone experinments.

Foy (1978) also reported increased nortality with increasing oil | evel

in the arctic amphipods Onisimus litoralis and Boeckosimus edwardsii.

oi |l -seawat er di spersions were wused in the |aboratory, with nominal (added)
concentrations of 50-800 ppm and measured concentrations of 20-47 ppm from
the | owest to the highest concentrations, mortality after 96 h exposures

increased from O% to 45% in Onisimus and from O% to 83% in Boeckosimus.

Del ayed mortality was not measur ed, but the <condition of the test ani mal s
indicated that it could be substantial (Fey 1978). In further studies with
Onisinmus and other arctic anphipods, additional nmortality was indeed observed

in 24 h post-exposure periods (Fey 1979).
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Fol I owing the three hour exposure of Wyprecht ia pinguis to dispersed

oil, differences anong oil levels (including controls) were not significant
for any variable (P>0. 123 in each case; Table 2). This was only partly
attributable to relatively high nortality in controls. Survival in

Weyprechtia at high oil levels was consistently higher when the anphi pods had
been exposed to dispersed oil then when exposed to untreated oil. The trends
apparent after exposure to untreated oil (progressive increases or decreases
with increasing oil level) were not apparent in any variable after exPosure
to dispersed oil. The results of Foy (1978) for short exposures to
Corexit-dispersed oil are simlar: very little nortality was observed after
24 h laboratory exposures at concentrations up to 213 ppm (nom nal

concentration of 400 ppm) in the anphi pods Onisinus litoralis and Boeckosi nus

edwardsii . At a higher concentration (800 ppm nominal, 355 ppm nmeasured),

however, 24 h nortality was >50% in both species.

Exposure Effects

The type of exposure had a significant effect on the anmount and timng
of nmortality (Table 3). One denobnstration of this is the fact that there was
a significant ‘oil level x exposure type’ interaction termin 2-way ANOVAs of
imediate nportality (P = 0.005 for biomass, P ~0.011 fornumbers).
I mmedi ate nortality was highest following the 15 hour exposure to oil al one
(58.5% of nunbers, 48.6% of biomass) and del ayed mortality was highest
following the three hour exposure to oil alone (40.6% of numbers, 36.8% of
bi omass) . Total nortality was similar following 15 or 3 h exposures to
undispersed oil (66.5, 68.6% of nunbers; 48.3, 49.5% of biomass), but nuch

greater than total nortality after 3 h exposure to dispersed oil at the same
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three oil |evels. Total nortality after exposure to dispersed oil was |ess

than half of that followi ng exposure to oil alone (Table 3).

Size effects

Di fferences between nmean size of Weyprechtia pinguis in the sample and

mean size of those dying within four post-exposure days were small (dead
anphi pods were smaller by an overall average of 1.0 mMj; nean size of dead

Weyprechtia was greater than nmean size of the whole sanple in only two of 28

cases, and smaller in 21 of 28 cases. There were no significant di fferences
in this wvariable (the difference in nean size between all amphipods and dead
anphi pods), however, either anmong exposures (P = 0.89) or anong oil |evels,
including controls (P ~0.39). This suggests that any size selective

mortality that occurred was due to handling, either in situ or in the

| aboratory.

Degree of Qling vs. Mrtality

The rel ationship between martaiity and degree of oiling (i.e. evidence
of oil on preserved anphi pods) was exam ned using a contingency table. Only
oil levels 1, 2 and 3 were considered (89.4% of these anphipods were oiled to
some extent); the inclusion of control data could produce a significant
relationship merely because no control anphipods were oil ed. As di spersed
oil did not adhere to anphipods, only data from ‘oil alone’ exposures were

used.
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The resultant contingency table is shown in Table 4. At higher levels
of oiling (right half of table), immediate mortality was not related to
extent of oiling; none of these anphipods survived beyond the end of the
exposure. In order to evaluate the effects of low to noderate oiling on
survival, statistical tests were carried out only on the left half of the
contingency table (lowto intermediate degree of oiling). The x* statistic
for this table was highly significant (df 4, P ~0.0001). | medi at e
nortality increased and survival for any length of time decreased wth

increased oiling when only the low to noderate |levels of oiling were

consi der ed.

The results of the present field study on the effects of untreated oil
on under-ice anphi pods corroborate those of Percy (1974) and Busdosh and
Atlas (1977), who concluded from | aboratory studies that anphipods that cone
into direct contact with oil have little chance of survival. Anphi pods
ei ther have no apparent avoidance response to oil (present study; also
Busdosh and Atlas 1977), or an observed avoi dance response is dimnished in
the presence of high concentrations of oil (Percy 1976, 1977a). This further
i ndi cates the susceptibility of these animals to oil spills. Thi s study
extends the results of laboratory experinments to actual conditions on the
under—ice surface, and supports the concern of previous investigators (e.g.,
Percy 1974, 1975; Busdosh and Atlas 1977, Foy 1978) that under-ice

comunities may be particularity susceptible to oil spills.

The use of chenical dispersants increases the dispersion of oil in
water, generally leading to higher nortalities in test organisns for a given

amount of oil added (e.g., Foy 1978, 1979). These previous results are based
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Table 4. Degree of oiling vs. inmediate nortality, delayed nortality and
survival of Weyprecht ia pinguis. ‘Degree of oiling’ is the sumof oil codes
(light, nedium heavy "1, 2, 3) on 8 body parts (see ‘Methods’) of each
anphi pod exposed to oil alone (controls not included).

Degree of Gling

0-3 4-7 8-11 12-15 16-19 20-24 - Tot al
Imediate nortality 6 22 30 17 17 11 103
Del ayed nortality 56 25 3 0 0 0 84
Survi val 39 3 0 0 0 0 42

Tot al 101 50 33 17 17 11 229
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on relatively long (24-96 h) exposures to nmechanically dispersed oil-water or
di spersant-oil-water nmixtures, however, and thus do not sinmulate a realistic
spill situation. In the present study, anphipods exposed in situ to various
concentrations of Corexit-oil-water mixtures for a relatively short (3 h)
period of time were less affected than were those exposed to oil masses
together With | ow concentrations of dissolved oil conponents for relatively
short (3 h) or long (15 h) periods of time. Sublethal effects on nmetabolism
activity or nutritional state (Percy 1977b) were not studied, but our results
on immediate nortality and survival for a 4-day post exposure period indicate
that the chenical dispersion of oil may be less harnful to anphipods in the
under-ice community than the accumulation of untreated oil on the ice under-
surface. Di spersed oil may contact nuch |arger areas of the under-ice
surface, however, resulting in greater total nortality. Further studies are
required on the relative toxicities of dispersed and untreated oil at

realistic concentrations, and, in particular, on the behaviour of oil and

di spersed oil under the ice.

Under-ice Amphipod Distribution and Popul ation Structures

Site Description

Under-i ce anphi pods were sanpled in Bays 9, 10 and 11 at Cape Hatt
(Fig. 1) through dive holes over a water depth of 3-4 m In each bay, holes
were |located just offshore (within 10 m) of the furthest tide crack from
shore; the area sanpled was seaward of the dive hole and consisted of snooth,

relatively flat ice. Ice depths at the dive holes were 122, 152 and 163 cm

in Bays 9, 10 and 11, respectively, and snow depths on 31 May were 14.3 * SD
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4.2 cm(n =39), 14.3 +4.9 cm(n = 27) and 8.9 =+ 5.5 cm(n = 39). In each
bay a relatively light-coloured algal |ayer was present on the ice under-
surface, and its distribution was patchy on a scale of nmetres or tens of

metres.

Intertidal and shallow sublittoral substrates consisted of fine to
coarse sand mixed with pebble and cobble; finer sedinents became increasingly
predom nant with increasing depth. The shoreline was icebound to a depth of
2 Or 3 m during My, and very little drifting or grounded ice was present

during August and September.

The under-ice macrofauna in the three study bays included arctic cod

(Bor eogadus sai da) and nysids (Mysis spp.), but otherw se consisted entirely

of gammarid anphi pods. Cod were observed only in the large tide cracks just
inshore 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 cmwide at a
di stance. of about. 1/2 mfromthe bottom of the ice; nost cod noved up into
the cracks when disturbed. Mysids. were present throughout the water colum
in each bay, and were generally concentrated in the first metre of water just
bel ow the ice. Densities of nysids were extremely variable both wthin and
anong bays; estimtes based on anphipod dip net sanples were as high as 225
individuals or 6 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 follow ng results concern

only the anphipods <collected in this study, and only those amphipods

occurring on the under-ice surface are treated in detail
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Speci es Conposi tion

Ten species of gammarid amphipods were collected on the under-ice

surface at Cape Hatt (Table 35). Two species, Ischyrocerus Sp. and

Weyprechti a pinguis, together accounted for 61.9% of total nunbers, and three

species, Weyprechtia pinguis, Gammarus setosus and Onisinus litoralis,

t oget her accounted for 86.1% of total bionass. Ei ght of the 10 species have
previously been <collected in spring on the under-ice surface at various
localities in the central and eastern Arctic (Geen and Steele 1975; Buchanan
et al. 1977; Thomson et al. 1978; Cross 1980, 1982); the exceptions were

Weyprechtia pinguis and Pontogenieia inerms. Those t W species have

previously been collected on the under-ice surface only in late February in

the western Arctic (Griffiths and Dillinger 198 ).

By conparison, species diversity was considerably lower in the

intertidal habitat (sanples from August and Septenber 1981) and considerably
hi gher in the sublittoral habitat (sanples from May, August and Septenber
1981). Four amphipod species were found in the intertidal habitat; Gammarus
setosus was dominant both in terms of nunbers (93,2% of total) and biomass
(76.8% of total). In the shallow (3-4 m) sublittoral habitat, 31 identified
species and at least 7 distinct but unidentified species were collected.

O chonene minuta, Guernea Sp. and Protonedia fasciata together accounted for

50. 7% of total nunmbers collected in My, August and Septenber, and Anonyx

nugax, Anonyx sarsi, Orchomene minuta and Paroedi ceros lynceus together

accounted for 62.9% of total bionass.

Al four species found in the intertidal habitat were also found on the

under-ice surface. Three and seven of the 10 amphipod species found under
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Table 5. Species composition (Z of total numbers and biomass] of amphipods in under-ice, intertidal and benthic habit ats
in three bays at Cape Hatt during May, Auguét and September 1981.

Intertidal Under-ice Sublittoral Sublittoral
(Aug, Sept) (May) (May) (Aug, Sept)

% of % of % of % of 1 of Z o % of % of
Species numbers biomass aumbers biomass numbers biomass numbers biomass
Onisimus litoralis 3.8 14,0 8.0 285 18 10.6
Gammarus wilkitzkit 0.7 4.6 0.1 1.1 <0.1 0.1
Gammarus setosus 93.2 76.8 8.8 26.3
Gammaracanthus loricatus 0.2 4.1 0.5 1.5
Lschyrocerus sp. 41.5 7.6 <0.1 <0.1 0.2 <0.1
Weyprecht ia pinguis 20.4 31.3 <0.1 0.5 6.2 11.9
Onigsimus glacialis 1.8 1.9 0.2 0.5
Pontogene ia inermis 02 0.2 03 06 0.2 <0.1
Onisimus nanseni 0.1 0.1 <0.1 0.5
Apherusa glacial ig 1.0 0.4
Orchomene minuta 25.0 24.8 15.4 7.8
Guernea 8p. 27.3 3.5 10.7 0.7
Protomedeia fasciata 13.6 2.5 3.2 0.7
Paroediceros lynceus 4,7 8.5 9.9 12.7
Monoculopsis longicornis 14.0 0.9
Monoculodes borealis 0.7 3.3 12.2 4.7
Boeckosimus plautus 2.5 2.6 4.9 4.4
Corophium clarenscense 3.9 0.6 0.3 <0.1
Stenothoidae spp. 0.9 0.2 4.2 0.3
Monoculodes latimanus 3.3 2.1 0.7 0.3
Call iopiidaespp. 2.4 1.1 1.7 0.2
Oedicerotidae spp. (2 species) 0.1 <0.1 2.9 0.2
Anonyx nugax 1.2 34.6 0.9 11.1
Pontopere ia femorata 1.0 2.2 1,2 0.6
Oediceros borealis 1.0 0.5
Anonyx sarsi 0.1 0.3 1.2 28.3
Westwoodilla megalops 0.4 <0.1 <0.1 <0.1
Monoculodes longirostris 0.3 1.7
Atylus carinatus 0.2 1.1
Bathymeden obtusifrons 0.2 0.1
IMelitadentat_a 0.1 0.1
Monoculodes schneideri 0.3 0.2
Boeckosimus edwards jj <0.1 <0.1
Lysianassidae sp. <0.1 0,1
Monoculodes packardi <0.1 <0.1
Phoxocephalus holbolli <0.1 0.1
Westwoodilla brevicalcar <0,1 <0,1
Total %' 97. 9% 99. 5% 82.3% 98. 9% 88.9% 89. 7% 92.5% 97. 8%
Total number orbiomass (Q) 969 16.312 4127 49,122 1782 7.549 1268 13.24°
Total qq./m2 OF g/m2 194 3,262 13 0.154 1188 5.033 423 4,410

Does not include unidentified, juvenile or damaged amphipods.
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the ice also occurred in sanples fromthe shallow sublittoral habitat in

spring and  sumrer, respectively (Table 5). Ganmmarus  setosus  and

Gammaracanthus loricatus were not collected on the bottom (but were present

in the intertidal habitat); these species have previously been reported to
occur in the nearshore benthos (e.g., MacGinitie 1?55; Steele and Steele
1970) and were found in low nunbers in sanples collected by Cross and Thomson

(1981, 1982) at 3 and 7 mdepths in the same bays at Cape Hatt (La Ltd.,

unpubl. data). Apherusa glacialis forned a small part of the under-ice

community, but was found in neither intertidal nor sublittoral habitats,
either in this study or in that of Cross and Thonson (1982). This species is
pel agi ¢ (Dunbar 1954) and often associates with pan ice in late sumer
(St ephenson 1942; MacGinitie 1955; Divoky 1978; Thomson et al. 1978).
Species occurring on the under-ice surface in May were of very little
inportance in the sublittoral habitat in May (0.3% of nunbers, 1.1% of
bi omass), and consi derably higher inportance in August and Septenber (8, 6% of

nunbers, 23.6% of biomass; Table 5).

Percent conposition of total nunmbers and bi omass of under-ice anphi pods
in each bay during md-May and |ate May are shown in Figure 3. Di fferences
anong bays were nore narked than differences between md- and late May. In
terms of nunbers, percent conposition changed very little fromnid- to late
May. In terms of biomass, the nost obvious tenporal difference is the

reduced relative inportance of Weyprechtia pinguis in |ate Muy.

In terns of numbers, Weyprechtia pinguis and Ischyrocerus sp. were the

most inportant species on the under-ice surface. At both times in My,

Weyprechtia was dominant in Bay 9 and Ischyrocerus was domi nant in Bays 10
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and 11; both species were anong the top 3 contributors to total numbers in

each bay at each tine. Onisimus litoralis and Onisimus glacialis conpri sed

hi gher percentages of nunbers in Bay 9 than in Bays 10 or 11. Gammarus
setosus and Gammarus juveniles together accounted for 37.0% and 45.3% of
total nunbers in Bay 11 in md- and |late My, respectively, and contributed

mich less (<9% to total nunbers in Bays 9 and 10.

In terms of biomass, Ischyrocerus was nuch |ess inportant (Fig. 3); at

both tinmes in May, Wyprechtia was dominant in Bay 10 and Gammarus Set osus

was first-ranked in Bay 11. Oni sinus litoralis was nore inportant in Bay 9

than in Bays 10 or 11, and was dom nant (62.1% of biomass) in Bay 9 on 31

May.

Abundance and Bi omass

Abundance (nos./m?) and biomass (g/nt) of all anphipods in under-ice,
intertidal and sublittoral habitats are shown for each of the 3 bays and 4
sanmpling periods in Figure 4. In general, abundance and bi omass were highest
in the sublittoral habitat, internediate in the intertidal habitat, and
| owest on the under-ice surface. However, intertidal habitats sometines
cont ai ned nore anphi pods than sublittoral ones. From August to Septenber,
sublittoral abundance and biomass remained simlar or increased in nost

cases, whereas intertidal anphipods usually decreased (Fig. 4).

Consi derably fewer anphipods occurred on ‘the under-ice surface in
ni d- May (<15/m?) than in the sublittoral habitat at the same time (>200/m?);

differences in biomasses were | ess marked, but still very considerable.
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However, the species that dom nated the under-ice habitat were nore numerous

there than on the bottom Four dominant species , Ischyrocerus Sp.,

Weyprechtia pinguis, Onisimus litoralis and Gammarus setosus, were present on

the under-ice surface in relatively |ow abundances in md-May (0.1 to 7.1

indiv,/nf) . Of these, only Ischyrocerus and Wyprechtia were col | ected in

the sublittoral habitat at that time, and then only in one bay (Table 6); for

Ischyrocerus, this was the only occurrence in the sublittoral sanples. In

this bay, nunbers of Weyprechtia in the sublittoral habitat increased from
May to August, and decreased in Septenmber; in Bays 10 and 11, Weyprechtia was

absent in sublittoral sanples in Muy, present in August, and again absent in

Sept enber (Table 6). Simlarly, Onisinus was present in the sublittoral
habitat only in August. Gammarus was not present in sanples fromthe
sublittoral habitat; it was found on the ice in all three bays, but was

comon only in Bay 11. These data indicate a very strong preference for the
under-ice habitat in May for the four donminant species on the under-ice
surface. This preference apparently varies anong species and with locality:

Percy (1.975) reported that Boeckosinus affinis congregates near the ice in

winter, but is still present in the sedinent, and |leaves the ice in |ate My

to return to the bottom Giffiths and pDillinger (1981) reported that

Weyprechtia pinguis was collected both on the bottom and on the under-ice

surface in Prudhoe Bay in |ate February.

A conparison of under-ice and intertidal habitats also shows species and

locality differences. Gammar us setosus was present either on the under-ice

surface (May) or in the intertidal habitat (August, Septenmber) in all 3 bays;
in each case abundances were highest in August and |lowest in May. Densities

were considerably higher in the intertidal area (12.8 to 102.4 indiv./mZ
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dependi ng on bay and nonth) than on the under-ice surface (0.1 to 4.8 indiv./

nt) . Oni sinus litoralis was also present in each bay on the under-ice

surface in May, and was found in the intertidal area in August and Septenber,
but only in Bays 10 and 11. Densities were simlar in both habitats in Bay

10, and higher in the intertidal habitat in Bay 11. Weyprechtia pinguis and

Ischyrocerus Sp. were absent fromthe intertidal areas of all three bays

(Tabl e 6).

Anal yses of variance were used to conpare abundances and biomasses oOf
all anphi pods and of four dominant species in different bays and at different
times (Table 7). In nost two-way ANOVA's, interactions between the bay and
tim factors were significant (p<0.05; Table 7). This indicates that
differences in abundance or biomass from one time to another (md-May to late
Flay, or August to Septermber) were not consistent anobng bays; conversely,
di fferences anobng bays were not consistent fromone tine to another. These
interactions necessitated the use of separate one-factor ANOVAs (bay effects)

for each time period.

In general, there were pronounced anong-bay differences in abundances
and bi omasses of total anphipods and dom nant species of anphipods, Among-—

bay differences were somewhat nore pronounced in late May than in mid-May: in
md-My there were no differences anobng bays in the bionmass of total

anmphi pods, or in the density or bionmass of Onisimus litoralis, whereas in

late May densities of all taxa and biomasses of all taxa but Ischyrocerus

Sp. differed significantly anong bays. In the intertidal habitat, the

numbers and biomass of Onisinus litoralis differed significantly anong bays

only in August, whereas numbers and biomass of Ganmarus setosus differed

among bays only in Septenber (Table 7).



Table 6. Densities (nos./m?) Of daminant under-ice amphipod species i N under-ice, intertidal and sallow sublittoral habitats dwing May, A gust ead September 1981 in three bays
at Cape Hatt, Baffin Island., Data are expressed as mean * SD and based on 10-16 replicates.

By 9 Bay 10 Bay 11
Mid Late Md late Mid Late
Species Habi t at May May Aug Sept May May A Sept May May Axg Sept
echt ia pingui Under—ice/Intertidall 1.5 6.7 2.6 3,4 0.8 2.6
Weyprecht 1a pinguis er-ice/Intert * 1.0 -y 0 0 + 3 36 0 0 * s * 5 0 0
Shallow Sublittoral? 0.7 9.3 13 0 41.3 0 0 0.7 0
+2.1 * 114 2.8 * 26,1 + 2.1
Onisimus 1 itoralis Urder—ice/Intert idal 0.9 4.9 0 0 0.4 0.6 0.8 0.4 0.3 0.1 12.8 0.8
- * 1.2 *4.7 * 0.8 £ 0.7 1.7 1.3 t 1.0 ' 133 * 7.3 ¥ 1.7
Shallow Sublittoral 4.7 2.0 8.7
ow Sublittoral 0 71 0 0 Y 0 0 95 0
Isch ) Under—ice/In idal 0.3 1.2 3.7 8,6 7.1 13.1 w
Loy % ervice/Intert: ida (33 e 1 0 0 £32 s 102 0 0 fTE 8 0 0 o
Shallow Sublitoral 0.7 0 0 0 0 0 0 0 0
£2.1
G— s setosus Under—ice/Intertidal 0.1 0.1 42.0 23.6 0.1 1.1 102.4 85.2 1.6 4.8 95.2 12.8
- 1 0.1 0.1 1216 * %i * 0.2 * 19 11294 t 6l.4 1.7 £3.1 %589 206
Shallow Sublittoral 0 0 0 0 0 0 0 0 0
Total amphipods Under-ice/Intert idal 2.9 15.3 43.2 23.6 7.3 14.1 108.0 86.4 13.9 32.5 1116 16.8
t20 t11.8 t227 *34.1 57 £12.2 *135.0 t 60.6 £11.9 t %5 $67.5 :21.7
Shal | ow Sublitteral 759.3 39.3 47.3 209.3 262.7 3%0 219.3 50.0 90.0
1 835.2 123.0 +3h1 ¥ 050 t155.0 ¢ 190.0 £ 404.0 £36.8 859

-nosamples COl | ect ed. ) )
] Under-ice in May ad I Ntertidal in Asgust and September.
*Depth 35 m.




Table 7. Comparison Of bianasses and densities of amphipods in under-ice and intertidal habitats in three bays at tw tines at Cape Hatt,

Baffin Island. F - values are shown W th associated significance |evels (ns = PX0.05; * P<0.05; #* p<Q. O1; *+ P<0. 001).

ANVAs, significance levels are not given for the main effects when the interaction term was significant.

In the 2—smy

Sowce Of variat iom and df!

Two-fac tOor ANOVA

One~ factor ANOVA (bays)

Bay Time Bay x Time BayZ Bays
Habi t at Variabl e Taxon 2, 74(54) 1, 74(54) 2, T4(54) 2,45(27) 2,45(27)
Under-ice Habitat Biomass Total awphipods 2.16 14. 92 6.73 ** 0.42 ns 5.9]1 **
Gammarus setosus 32.82 10.01 9.06 ¥k 15.69 ok 18.99 <ok
Onisimis litoralis 12. 24 12.09 12,11 #k 1.10 ns 11.88
Weyprecht ia pinguis 6. 77 0.08 5.25 #* 4,07 * 13.01 %%
Ischyrocerus SD. 6. 76 8. 12 dx 1.22 ns 6.66 sx 2.78 ns
Abundance Tot al amphipods 9.38 ek 23. 24 ok 1.96 ns 8.54 ¥k 3.35 ¢
Gammarus Set 0SUS 63.35 25. 49 6.89 ¥ 35.08 %% 31.25 #*%
Oni si nmus litoralis 21.23 13.24 12. 37 %% 2.14 ns 39.98 wkx
Weyprecht | @ pinguis 5.70 ** 14, 48 % 2.17 ns 4,05 * 3.37 *
Ischyrocerus Sp. 23.19 Hk 6.91 * 0.24 ns 14,08 ##* 9.14 e
Intertidal Habit at Biamass Gammarus setosus 0.20 3.22 6.3 Yo 2.07 ns 4,81 *
Onisimus litoralis 29.98 24. 40 21.95 ek 31.79 ok 1.04 ns
Nurber Gammarus setosus 1.34 6.90 9.92 wwk 1.90 ns 11,12 =%
Onisimus litoralis 29. 68 23.43 18.69 ke 36.38 k¥ 1.08 ns

! Denaminator df are shorn for under-ice habitat, followd by intertidal habitat (in parentheses).
‘Bay effects for mid-My (under-ice) or August (intertidal).
‘Bay effects for late May (tier-ice) or September (intertidal).

IS
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Lagonedi o crude oil was spilled in Bay 11 between the August and
Septenber sanpling periods, and a relatively even coating of oil was
deposited on the beach (intertidal area) of Bay 11 by the falling tide.
Observations following the spill (Cross and Thonson 1982), inspection of the
data (Table 6) and significance of the bay x time interaction terns in Table
7 all indicate that oil affected the anphipods that occupied the intertidal

habi t at . The nunbers of intertidal Gammarus setosus decreased sonewhat in

Bays 9 and 10 from August to Septenber, but the corresponding decrease in Bay
11 was nuch nore marked (September densities were 56.2, 83.2 and 13. 4% of

August values in Bays 9, 10 and 11, respectively) . Oni sinmus litoralis was

not found in the intertidal habitat in Bay 9, and was very sparsely
distributed in Bay 10, but, |ike Ganmarus, nunbers decreased drastically in

the intertidal area of Bay 11,

The absence or | ow abundance of Gammarus setosus in the sublittoral

habitat, and its abundance in the intertidal habitat, indicate that the

latter is the source of recruitnment for this species to the under-ice

habi t at . Thus , Gammarus may be | ess abundant on the ice in Bay 11 in 1982
than in 1981. Sampling of all 3 habitats is continuing in 1982, and any
effects of the summer spills on the under-ice communities in the follow ng
spring, as well as any recovery in the intertidal zone, should be

particularly easy to detect for this species in Bay 11.

Popul ation Structures

Length-frequency histograns for Weyprechtia pinguis and Onisinus

litoralis collected on the under-ice surface in May, and in intertidal
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(Onisimus) or sublittoral (Weyprechtia) habitats in August, are shown in

Figure 5. Both species are of a simlar size, and tw cohorts (year classes)
are apparent for each. Too few of the first year class of Onisimus were

collected to warrant analysis or discussion.

The second year class of Onisinus increased significantly in size from
12.2 to 15.2 mm over the nmid-May to late May to August study period (F =
34.57, df 2,30; P<0.0001), but only the increase from May to August was
significant (Duncan’s Miltiple Range Test, P<0.05). Two-factor ANOVA (bays,
tinmes) for Onisimus fromthe under-ice surface only, showed no significant

differences in size either between the two May sanpling periods (F = 3.54, df

“1,18; P = 0.076) or anong the bays (F = 1.06, df = 2,18; P ~0.368).

The first year class of Weyprechtia pinguis was considerably nore

abundant in late May than in md-My, and the reverse was true for the second
year class (Fig. 5; areas sanpled were 576 nfand 384 niin nmid- and late
May, respectively). This indicates that release of juveniles was occurring
between the two dates. Juveniles increased significantly in length over the
m d-May to August study period, from3.6 to 7.2 mm (F = 155.27, df = 2, 36;
P<0.0001), and significaat growth occurred in both the m d-May to | ate My
and the late May to August periods (Duncan’'s Miltiple Range Test, P<0.05).
Sinmilarity, the second year class of Wyprechtia increased significantly in
l ength over the study period (F = 23.01, df = 2,33; P<0.0001). Results of
two-factor ANOVA and nultiple conparisons showed that the first year class
was significantly smaller in Bay 11 than in Bays 9 and 10 (F = 8.87, df =
2,26; P =0.0012), and that the second year class decreased progressively in

size fromBay 9 to Bay 10 to Bay 11 (F = 5.44, d4f = 2,28; P "0.0101).
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Lengt h-frequency histograms for Gammarus setosus (+ Gammarus juveniles)

collected on the wunder-ice surface in mid- and late May, and in the
intertidal habitat in August and Septenber, are shown in Figure 6. At |east
three cohorts are present; the largest probably consists of two or nore year
classes, but numbers are too low to allow distinction or further discussion.
The smal | est cohort had apparently been released prior to our first sanpling
peri od. These juveniles grew significantly, from3.0 to 5.7 nmon average,
between mid-Miy and mid-September (F = 204.7, df = 3,44; p<0.0001). Gowh
was not apparent between the two sanpling dates in May, likely because
amphi pods were neasured only to the nearest nm Mean  sizes were
significantly different, however, in each of My, August and Septenber
(Duncan’s Miltiple Range test; P<Q05). The second year class increased in
length from 7.1 to 12.8 nmm during the study period (Fig. 6). Again, this
increase was significant (F~144.5, df 3,36; P<0.0001), but for this year

class, increase in length was significant between each of the sanpling dates.

Two-factor (bays, nonths) ANOVA for nmean size data on Gammarus setosus

collected in the intertidal habitat showed non-significant interaction
effects between bay and nonth factors in either cohort (F = 1.93, df = 2, 33;
P =10.1617 for cohort 1 and F “0.14, df 2,13; P ~0.8673 for cohort 2).
There were also no differences anong bays in the nean sizes of Gamarus in
either cohort (F "2.26, df = 2,33; P = 0.1202 for cohort 1 and F = 1.91, df
= 2,33; P =0.1877 for cohort 2). These results, together with inspection of
Figure 6, indicate that there was no size-selective nortality in Ganmarus

resulting fromthe spill in late August.
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