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SUMMARY

Invertebrate investigations were conducted in the Simpson Lagoon
area on the Alaskan Beaufort Sea coast during the open-water seasons of
1977 and 1978 and during the winter of 1978-1979. The research concen-
trated on those organisms identified as important food items for animals
at higher trophic levels (fish and birds). The main objective of the
research was to study the seasonal and habitat distributions, abundances
and biomasses, and life histories of these important invertebrates.

Results of these studies showed that mysids and amphipods were
among the most abundant invertebrates in Simpson Lagoon in summer, in
terms of numbers and biomass, and also were the most common foods of key
species of birds and fish that used the lagoon in summer. Divers obser-
ved that most of the amphipods and mysids were on or near the bottom,
and were frequently associated with the detritus layer that covered most
of the bottom of the lagoon. Portions of this detritus may have pro-
vided these organisms with a direct or indirect source of food.

In both 1977 and 1978, amphipod and mysid densities and biomasses
varied widely in time and space during the open-water season. The total
biomass of these invertebrates was an order of magnitude lower in 1978
than it was in 1977. Extensive current-assisted movements of amphipods
and mysids into, out of, and within the lagoon appeared to occur during
the open-water season.

Mysids appeared to leave the lagoon in winter, but amphipods over-
wintered there. For example, in November 1978 both amphipods and mysids
were found under the ice in the lagoon, in abundances similar to those
of summer. By February 1979, mysid densities in the lagoon were greatly
reduced but amphipod densities remained high. Amphipods, but not mysids,
were found in April 1978 in high-salinity waters under the ice. This
suggests that mysids either die or leave the lagoon in winter. Mysids
apparently recolonized the lagoon each spring during and immediately
after breakup by moving in from the adjacent sea and along the shal-
low leads next to the mainland and island beaches.

Mysis litoralis and Mysis relicta grew at a rate of about 2.4 mm/30
days during the open-water season, but the only abundant amphipod
(Onisimus glacialis) grew much more slowly, about 0.8 mm/30 days. A1l
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“three species grew less rapidly during the winter; however, it is impor-
~ tant to note that for all three species growth continued in winter.
| Results showed that some M. litoralis, M. relicta and 0. glacialis
lived for three years, but most appeared to have two-year life cycles.
Breeding was generally restricted to second and third year individuals.
The major breeding season for these species was late fall and early
winter. Young of the two mysid species were released from brood pouches
in late spring (June-July), whereas those of 0. glacialis were apparently
released by April.
Two potential sources of adverse impacts are causeway construction

“and contamination by oil. Construction of causeways or other structures
that would block important movements of these invertebrates, particu-
larly those movements between the lagoon and offshore areas, are likely
to be detrimental. Likewise, invertebrates could be adversely affected
by oil in the water-column or (probably more critical to epibenthos) by
~oil on and in bottom substrates. Previous investigations have shown

- that responses of epibenthic invertebrates to oil are highly variable,
but that adverse effects occur under some circumstances. Adverse im-

' pa¢t540f blockage of critical migration routes or of 0il on invertebrates
might indirectly affect the fish and birds that depend on those inver-

tebrates for food.
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INTRODUCTION

The apparent inevitability of petroleum exploration and development
activities along the Alaskan Beaufort continental shelf has heightened
concern regarding the effects of these activities on the nearshore marine
environment. The interdisciplinary study of which this report is a part
(Beaufort Sea Barrier Island-Lagoon Ecological Process Studies, RU 467)
was initiated to examine nearshore trophic relationships and to define
important biological processes in a barrier island-lagoon system as a
strategy to assess the potential impacts of these activities. The first
year of field research (1977) emphasized higher trophic levels (fish
and birds), with the view that it would thereafter be possible to pro-
gress down the food web to develop an understanding of procesées that
supported the key vertebrates. Consequently our first Annual Report of
research (LGL 1978) described the importance of nearshore barrier island-
lagoon systems along the Alaskan Beaufort Sea coast (and especially
Simpson Lagoon) as summer breeding, rearing and feeding areas for birds,
and as feeding and rearing areas for anadromous and marine fishes. That
report showed that epibenthic invertebrates were the primary source of
food for the important vertebrate species in the barrier island-lagoon
system, and indicated that these invertebrates were present in sufficient
quantities to supply the energy needed by the birds and fish utilizing
the system. The objectives of the 1977-1978 open-water studies and the
1978-1979 winter programs were to provide more detailed information on
the biology and trophic relationships of the important invertebrate
species.

Objectives

The specific objectives for the invertebrate investigations during
the Simpson Lagoon study in 1977-1979 were
1. to determine the importance of infaunal and epibenthic

organisms to the higher trophic levels (fish and
birds) in Simpson Lagoon;

2. to determine temporal and spatial variations in the
abundances and biomasses of important invertebrate
groups;




3. to determine how biomass and productivity of important
invertebrates are related to energetic needs of their
consumers in Simpson Lagoon;

4. to gather seasonal life-history and growth information
(length, weight, sex, breeding condition) for the im-
portant species of invertebrates;

5. to investigate the immigration and emigration of key
invertebrates in Simpson Lagoon during the open-water
season; and

6. to determine the winter utilization of Simpson Lagoon
by invertebrates.
In 1977, the first objective was addressed and preliminary data on
the second objective were collected. Objectives two through five were
met in 1978, and objective six was addressed in the winter of 1978-1979.

Relevance to Problems of Development

0il contamination of the Jones Islands-Simpson Lagoon barrier
island-lagoon system might have serious effects, either direct or in-
direct, on the epibenthic community. If organisms came into physical
contact with oil in the water, indications from previous studies are
that they might succumb (e.g., Percy 1976; Busdosh and Atlas 1977; Foy
1978, 1979). 0i1 entering a shallow lagoon would also become mixed with
bottom sediments and organic debris. Benthic invertebrates inhabiting
or repopulating lagoons after water-column contamination had diminished,
would have to contend with oil-contamination of habitats and possibly
of food sources. These effects of o0il could reduce densities of epi-
benthic organisms, which in turn might affect organisms at higher tro-
phic levels.

Alteration of land masses through development activities (e.g.,
causeway construction, building of artificial islands) are likely to ac-
company development. Such alterations could affect circulation patterns
and thus disrupt the normal patterns of transport of invertebrates. The
results of this study showed transport of epibenthic invertebrates by
currents to be important in maintaining the standing crop of inverte-
brates in the lagoon. Moreover, maintenance of these standing crops
appeared to be important in sustaining food supplies for fish and birds

that used the lagoon in summer.




CURRENT STATE OF KNOWLEDGE

Prior to oil and gas development on the Alaskan coast of the
Beaufort Sea, most arctic studies of benthic invertebrates were quali-
tative in nature and, because of logistics difficulties, were conducted
primarily near the Naval Arctic Research Laboratory at Point Barrow.
MacGinitie (1955) conducted extensive survey work in this area from 1948
to 1950, and documented the species composition of the invertebrate
community. Taxonomic studies of a variety of benthic organisms have
been conducted near Point Barrow: sponges (De Laubenfels 1953), poly-
chaetes (Pettibone 1954), amphipods (Shoemaker 1955), molluscs (MacGini-
tie 1959), mysids (Holmquist 1963), and cumaceans (Given 1965). These
taxonomic studies are relevant to this study since several of the
species of invertebrates are common along the Alaskan Beaufort Sea coast
east to Demarcation Point. An extensive review of existing literature
and unpublished data on the distributions, abundances and life-histories
of benthic organisms, with emphasis on the Alaskan arctic coast, has
been compiled by Carey (1977). In addition, Feder et al. (1976a) have
published an annotated literature review of benthic invertebrates of
arctic regions in Canada and Alaska.

With the discovery and development of oil and gas in or near both
the Canadian and Alaskan parts of the Beaufort Sea, several quantitative
studies of infaunal and epibenthic invertebrates were initiated. (In-
faunal organisms live in bottom substrates, whereas epibenthic organisms
Tive in or near the bottom.) Crane and Cooney (1974) investigated the
invertebrate fauna of Simpson Lagoon during late summer. They found
that crustaceans, molluscs and polychaetes were the dominant members of
the nearshore invertebrate community, that biomass increased seaward of
the lagoon, and that the seasonal distribution of infauna was strongly
influenced by bottom-fast ice. However, as Feder et al. (1976a) point
out, the study was conducted over a short time period in August and it
lacked information on seasonal variations of invertebrate distribution
and biomass.
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More extensive work by Feder and Schamel (1976) in the nearshore
areas of Prudhoe Bay indicated that benthic biomass was low in that
area, although the number and diversity of organisms increased with in-
creasing distance from shore. This seaward increase suggests the exis-
tence of a marine stock of invertebrates that is available to repopulate
nearshore ice-stressed areas each spring (Feder and Schamel 1976; Feder
et al. 1976; Broad 1978). Broad (1977; Bread et al. 1979), in a compre-
hensive study of the Tittoral region (2-10 m depth) along the Alaskan
Beaufort Sea coast, found that the infauna was comprised predominantly
of polychaete and oligochaete worms and bivalve molluscs, and that the
epibenthos was made up primarily of motile crustaceans (amphipods,
mysids and isopods). The littoral region is poor in species and biomass,
probably because it is annually depopulated by shore-fast ice. They
found no detectable variation in the composition of the fauna with depth
over the 2-10 m range, or with the presence or absence of peat.

Carey et al. (1974) and Carey (1977, 1978) sampled benthos across
the Alaskan Beaufort Sea continental shelf in depths ranging from 20 to
>2,000 m. The results of these studies indicated that, generally, spe-
cies diversity and biomass increase with depth and distance from shore,
at lTeast from the 20-m depth contour to the edge of the continental
shelf (2,000 m). Wacasey (1975) also reported diversity and biomass to
increase with depth and distance from shore in the Canadian Beaufort Sea
between Herschel Island and Cape Dalhousie; his study was centered prin-
" cipally in nearshore waters of the Mackenzie Delta. He found low diver-
sity (<20 species per station) and low biomass (2 g/m?) in most near-
shore areas, but found biomasses as high as 5 g/m? in protected bays and
lagoons.

Awareness that specific groups of invertebrates are important to
higher trophic levels has been steadily building. Numerous studies have
shown that arctic epibenthic and pelagic invertebrates, principally
mysids, amphipods, isopods and copepods, comprise major components of
the diets of fish, birds and mammals (Griffiths et al. 1975, 1977;
Kendel et al. 1975; Stirling et al. 1975; Bradstreet 1977, 1979;

Bendock 1977; Fraker et al. 1977; Bain and Sekerak 1978; Divoky 1978;
Lowry et al. 1978).
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Schneider and Koch (1979) studied the diets of epibenthic organisms
at Point Barrow, Alaska and found none of the species to be trophic
specialists. They concluded that primary production (particularly ben-
thic diatoms) was the main source of energy for the nearshore marine
ecosystem; however, some species (e.g., the amphipod Gammarus setosus)
were able to assimilate detrital material, which is Tlargely of terres-
trial origin.
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STUDY AREA

A description of the topography of and the annual climatic cycle
in Simpson Lagoon is provided in Craig and Haldorson (1980). Figures 1
and 2 show the locations of the principal sampling stations in the
Simpson Lagoon study area for 1977 through 1979. The water depths and
substrate characteristics at the 1977 and 1978 stations are shown in
Table 1 and Fig. 3.

Simpson Lagoon has an average depth of 2.0 m and a maximum of 3.0 m.
On the ocean side of the barrier islands, depths increase to 2.0 m with-
in 50 m of the shoreline and to 10-15 m within 1 km.

The lagoon floor is uniformly flat and almost featureless (Table
1, Fig. 3). In the nearshore areas of the mainland and on both shores
of the barrier islands (Stations 78-1, 5 and 6), the substrate is com-
posed primarily of sand, with occasional soft sediments overlaying the
sand. Some exceptions to this are shallow embayments which have a soft
mud-clay substrate and are, in some cases, covered by a thick mat of
detritus. The deeper central portions (Stations 78-2, 3 and 4) are
uniformly composed of mud and detritus. The detrital layer, which varies
in thickness up to 2 cm, consists of a flocculent, amorphous mass. 1In
the deeper offshore waters (Station 78-7), the substrate is composed of
mud overlaid by a very light flocculent detritus.

Some topographic relief on the lagoon floor is provided by shallow
(3-5-cm deep) ice gouge marks in the central portion of the lagoon and
occasional tundra clumps and piles of small stones (~2.5 cm in diameter).

13
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Table 1. Water depth, bottom type and sampling dates at principal sampling stations in the Simpson
Lagoon area 1977 and 1978.

Sampling Date Stations Approximate Water Depth
Period 1977 1978 1977 1978 {m) Bottom Type
I 11-15 July 8-12 July 77-1 78-1 1.8 -Sand; occasionally covered
by soft sediment
1t 23-30 July 18-20 July 78-2 2.5 -Mud/detritus
Il 31 July-7 Aug. 3-5 Aug. 77-2  78-3 2.5 -Mud/detritus
v 14-20 Aug. 17-19 Aug. 78-4 2.5 -Mud/detritus
v 23 Aug.-2 Sept. 20-31 Aug. 77-3  78-5 1.0 -Sand ridges; detritus
between ridges
Vi 4-9 Sept. 14 Sept. 78-6 1.5 -Sand ridges; detritus
between ridges
Vil 14-20 Sept. 23 Sept. 77-5  78-7 7.5 -Very light flocculent mud/
detritus
SIMPSON LAGOON BEAUFORT SEA
MAINLAND BARRIER

ISLAND

(m)

Sond ; occasionally some soft ssdiment on the sand

DEPTH

Mud / detritus

Very light flocculent detritus / mud

1978 Stotion locations

gowygs

1977 Station locotions

Figure 3. Schematic cross-section of Simpson Lanoon showina invertebrate samplina stations for the open-
water seasons of 1977 and 1978 and substrate types.




METHODS AND RATIONALE OF DATA COLLECTION

Results from the first year of study (1977) showed that epibenthic
mysids and amphipods and, to a lesser degree, infaunal molluscs were
the predominant food items of birds and fish. Therefore, these orga:isms
were selected as the focal point of the 1978 summer invertebrate pro-
gram. In addition, a winter sampling program was conducted between
November 1978 and May 1979 to determine epibenthic invertebrate use of
the nearshore areas during the period of ice cover. This period is
particularly important for these organisms; results from both 1977 and
1978 indicated that epibenthic invertebrates breed and brood their young
at this time. ’

Open-Water Season, 1977

Epibenthic invertebrates were sampled by otter trawl, Faber net and
zooplankton net. Samples of all three types were collected at stations
77-1 through 77-5 (Fig. 1) during each of seven sampling periods (Table
1), ice and weather conditions permitting.

AOtter Trawl

A small otter trawl was used to sample epibenthic invertebrates on
and near the lagoon bottom. The trawl measured 4.9 m wide and 4.0 m
Tong with 16-mm bar mesh nylon marquisette with a 6.5 mm bar mesh cod
end. It was towed directly behind a boat for 3 min at a constant speed
of 1.1 m/s. Time was measured using a stopwatch, and the boat's speed
using a Gurley current meter (direct readout model No. 665). Tow rope
length varied from a ratio (length:depth) of 10:1 to 5:1 depending on
water depth.

Faber Net

A 0.5 m diameter modified Faber net (Faber 1968) was used to sample
ichthyop]anktbn and pelagic amphipods and mysids in surface waters of
Simpson Lagoon. The 1.024 mm mesh net was towed 30 m directly astern
of the boat for 5 min at a constant speed of 1.4 m/s.

17




Zooplankton Net

A 0.25m diameter zooplankton net (mesh size 0.239 mm) was used to
sample zooplankton in surface waters of Simpson Lagoon. The net was
towed at a constant speed of 1.1 m/s beside the boat for 5 min.

Epibenthic Shore Transects

Prior to spring breakup, a hand-pulled 14x10 cm neuston net (mesh
size 0.079 mm) was used to sample epibenthic invertebrates on 10 m
transects paraliel to the shoreline at seven sites in open leads around
Pingok Island.

Diver Transects

Diver transects, generally 25 m in length, were surveyed only on
relatively calm, clear days when water turbidity was minimal and visibi-
Tity was optimal. Along each of 12 transects, the diver made five
estimates of the densities of mysids and amphipods in a 10 cm? area.

The mean of these estimates was then extrapolated to 1 m2.

An analysis of the 1977 sampling techniques illustrated that tra-
ditional invertebrate sampling methods (trawls and nets) did not collect
reliable quantitative data about the epibenthos (Table 2). Estimates
based on diver observations were over 100 times those from traditional
sampling gear. It is believed that many epibenthic invertebrates move
to avoid approaching trawls and nets (Clutter 1965). Consequently, in
1978, invertebrates were sampled using a variety of improved techniques
(Table 3; see Limitations and Biases section).

Open-Water Season, 1978

Faber Net

A modified Faber net (0.5 m diameter; 1.024 mm mesh) (Faber 1968)
was used to collect samples of invertebrates and ichthyoplankton in the
water-column in Simpson Lagoon. The net was towed 30 m directly astern
a Boston whaler for 5 min. The volume of water filtered was calculated
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Table 2. Comparison of densities (No/m ) of mysids, amphipods, and
isopods collected in trawl samples and observed during diver
transects from three studies on the Alaskan Beaufort Sea Coast.

‘ Mysid Amphipod Isopod
S tudy Location No/m2 No/m?2 No/m?2

Simpson Lagoon Deep Lagoon (>2m) 1.0 NT 0.002
Crane, 19711 Shallow Lagoon (<2m) 1.8 NT 0.060
Offshore Ocean 22.7 NT NT
Kaktovik Lagoon Deep Lagoon (>2m) 17.9 2.0 0.7
- Griffiths et al. Shallow Lagoon (<2m) 1.6 0.8 0.2
19772
Simpson Lagoon Deep Lagoon (>2m) 0.2 0.2 0.002
Griffiths and Shallow Lagoon (<2m) 2.2 0.3 0.007
Craig, 19783
Simpson Lagoon Deep Lagoon (>2m) 700 188 only 3
e seen on
Griffiths and Shallow Lagoon (<2m) 532 188 a1l dives

. : n
_ Cra]g, 1978 combined

~12.0'm benthic travl, 7.8 mm stretch mesh; approx. 900 n2 sarpled.

. 24.88'm otter trawl; 16 mm bar mesh; 6.5 bar mesh cod end; approx.
940 m? sampled.

31.0 m benthic trawl; 6.5 stretch mesh; 3 mm stretch mesh cod end;
approx. 100 m%sampled.

“Diver transects; 5 estimates/transect of numbers in a 10 cm? area

_ extrapolated to 1 m2.

NT Data not taken.
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Table 3.

water season of 1978.

Invertebrate sampling schedules and methodologies followed in Simpson Lagoon during the open-

Sampling Stations Approximate No. of Data
Technique Sampled Sampling Periodicity Samples/Station Acquired
Faber net 2,3,4,6,7t 14 days 3 Density estimates of inverte-
brates in the water column.
Drop net 1-7 14 days 5 Density estimates of epibenthic
invertebrates.
Drift net Gaps in Weekly 2-10 Movements into and out of the
islands lagoon by epibenthic inverte-
brates.
Under-ice baited 1-7 Daily from 4-7 June 1 Early season presence of
amphipod traps invertebrates in the lagoon.
Observations by 1-7 Five dates (see text) 10 Density estimates of epibenthic
divers invertebrates.
Air Tift 1-7 Three dates (see text) 2 Bivalve biomass estimates.
Photographic 1-7 Five dates (see text) 6 Density estimates of epibenthic
quadrats invertebrates; svaluation of

substrate characteristics.

Tlce prevented sampiing at Stati

-

on 7 early in the season.




using time and a digital readout flowmeter (General Oceanics, Inc.,
model 2030). Triplicate Faber net samples were obtained at Stations 2,
3, 4 and 7 (the water at other stations was too shallow to sample with
this technique).

Drop Net

Two models of a central pursing drop net (Fig. 4) were designed
specifically for this project by modifying an epibenthic sampler devel-
oped by Clutter (1965).

1. A shallow-water version equipped with a pole handle.
2. A deep-water version with a heavy (10 kg) metal
frame.
A1l net screening was 1.0 mm nitex, and the purse collar was nylon bal-
lTistics cloth with 0.65 cm® atlas netting around the margin. Five drop
net samples were obtained at each of seven stations in each sampling
period, weather and ice conditions permitting.

The drop net used in shallow water was operated by first folding
the purse collar back over the metal frame so that the metal rings on
the collar encircled the bottom edge of the frame. With both the top
and bottom of the net open, it was thrust to the bottom and held in place
by the pole. Both purse lines were immediately pulled to enclose the
sample in the net. The sample was then washed down the sleeve into a
collecting bucket and the net was inspected to insure that all organisms
had been removed.

The drop net used in deep water was prepared and operated as above,
except that the net was dropped rather than thrust to the bottom. The
heavy weight of the frame caused the net to drop rapidly, and then held
the net on bottom substrates while the pursing lines were drawn.

Drift Net

A 2.8 m long tapering drift net (1.024 mm mesh size) was used to.
collect current-borne invertebrates moving into and out of the lagoon
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Figure 4. Two models of a central-pursing drop net (modified from the Clutter net) used for collecting

epibenthic invertebrates in Simpson Lagoon in 1978.
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through the gaps between the barrier islands. The net was attached to
al.0mx 0.2 mmetal frame and was set with its long axis vertical in
water about 1 m deep. Thus the net extended from the bottom to the top
of the water-column. The sample trap attached to the net was emptied
every hour and replaced by a new trap. The volume of water filtered was
calculated using time and a digital readout flowmeter (General Oceanics,
Inc., model 2030).

Amphipod Trap

During the preliminary stages of spring breakup in 1978 (5-7 June)
traps for amphipods were baited with meat and placed on bottom substrates
under the ice at six locations (See RESULTS section for locations) across
the lagoon and at one site on the ocean side of the barrier islands. The
traps were cylindrical with a funnel shaped entrance and measured 25 cm
in ]ehgth, 7 cm in diameter and were constructed of 1 mm wire mesh.

Diver Operations

SCUBA dives were conducted in Simpson Lagoon on five dates during
the open-water season: 21, 25 and 31 July; 19 and 29 August. Stations
1-5 were sampled on all these dates; stations 6 and 7 were sampled on
the last two dates only. Three divers were used on each occasion; two
conducted the sampling and the third acted as a safety diver. Divers
used the following sampling techniques.

Visual Estimates of Epibenthic Invertebrates. Each diver carried

a 20 x 20 cm (0.04 m?) quadrat frame and on five occasions during each
dive held the frame approximately 10 cm off the bottom and estimated the
number of organisms encompassed by the quadrat. This method was soon
discontinued for amphipods and used only for mysids because divers noted
that many amphipods burrowed into bottom substrates and could not be
counted.

Airlift Samples. Two airlift samples were collected from each

station during each of the last three dives. Divers implanted a plastic
tapered cylinder (15 cm in height and 40 cm in diameter = 0.125 m? area

at the bottom) into the substrate and vaccuumed out all material to a
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depth of about 2 cm. The airlift itself was a 1.5 m Tength of PVC pipe
(10 cm in diameter) with a net (mesh size = 1.0 mm) on the top. When
the compressed air inlet near the bottom of the pipe was activated,
material was drawn up the pipe and filtered through the net. Samples
were later sieved (0.5 mm mesh size).

Photographic Quadrats. Divers attempted to take color photographs

of benthic invertebrates by using a Nikonos camera equipped with a wide
angle lens and a strobe light system. An area of 50 x 25 cm (0.125 m?)
was photographed using a fixed-focus frame that ideally would allow
measurements and counts to be made from the photographs. Six photo-
graphs of the bottom were taken at each station during each dive period.
However, because of the turbidity of the water and back-scattering of
1ight, mysids and amphipods were not visible in the photographs.

Winter Season, 1978-1979

Samples of overwintering invertebrates were collected during three
periods (November 1978, February and May 1979) in Harrison Bay, in
Simpson Lagoon, and near the 'Boulder Patch' in Stefansson Sound (Table
4, Fig. 2). Where possible, the procedures used during the open-water
season were followed; however, when ice and weather conditions made
collections difficult, some modifications were necessary.

Drop Net

The deep-water drop net was used during November and February; how-
ever, this device was not used in May, when ice thickness made operation
of the net impractical. Samples were collected by first cutting a hole
in the ice (of adequate size to accommodate the net) and then operating
the drop net as described for the open-water season. The holes were
cut in approximately 10-15 min, using a power auger, and one sample per
hole was collected 15-30 min after the hole had been completed. All
drop net samples were taken during daylight hours.
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Table 4. Invertébrate sampling schedule and methodologies, winter sampling period, November 1978-May 1979.
The number of each type of sample collected is indicated.

November 1978 February 1979 May 1979
Sampling Harrison Simpson Stefansson Harrison Simpson Steffanson Harrison Simpson Stefansson
Technique Bay Lagoon Sound Bay Lagoon Sound Bay Lagoon Sound
Drop Net 5 5 5 - 5 8% - - -
Large baited 1 4 - - 2 5F - - -
amphipod trap
S} Small baited - - - ; ; - 7* 13%x 8
amphipod trap
Wildco dredge 1 2 2 - 2 3t 3 ] 3
Air 1ifts - - - - - 4 - - -
Under ice - - - - - 9 - - -

dip net

T3 of these samples collected from ocean side of Narwhal Islands.
* 2 of these samples collected from ocean side of Thetis Island.

** 4 of these samples collected from ocean side of the Jones Islands.




Amphipod Trap

Small amphipod traps used in May were identical in size to, and
were operated in a similar fashion as, those described for the open-
water season. The larger traps (1.0 m in length and 0.4 m in diameter,
mesh size 1.0 mm) used in November and February were baited with meat
and Tight (light sticks) simultaneously. The nets were lowered thiough
holes in the ice to the bottom; they were lifted and cleared after 24 h.

Wildco Dredge

Epibenthos was qualitatively sampled at each location using a Wild-
Co scrape/skid dredge (61 cm long, 36 cm wide, 36 cm in height, with a
1.05 mm mesh). The dredge was towed 50 m along the bottom between two
holes in the ice.

Dip Net

Hand-held dip nets were used by divers to sample invertebrates on
the underside of the ice in Stefansson Sound during the February samp-
ling period. The nets were flat top (40 cm wide at the top of the net)
and were made of 1.0mm mesh. To obtain one sample the net was pushed
in front of the diver along the undersurface of the ice for a distance
of 10 m (area sampled = 4 m2). To reduce potential bias induced by
the presence of the dive-hole, the area within 5 m of the hole was not
sampled.

Airlift Samples

The airlift used in winter to collect epifauna and infauna differed
from the one used during the open-water season. It consisted of a
weighted length of PVC pipe 8 cm in diameter fitted at the top. with a
1 mm mesh net that retained the sample and could be removed QUickly and
capped. Areas to be sampled were circumscribed by an aluminum ring con-
taining an area of 0.15 m®. Motile epifauna within the 0.15 m2 area was
contained, and those outside were excluded, by 1 mm mesh netting cover-
ing the top of the ring. The airlift frame was placed on the bottom and
pushed as far as possible into the substrate to insure collection of
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shallow infauna. The netting over the ring contained a capped central
receptacle to receive the 'mouth' of the airlift. The airlift was at-
tached to the net, the air was turned on, and the mouth of the airlift
was moved around to cover thoroughly the area within the ring. The air
was turned off when reasonable (2-5 cm) penetration had been achisved
and all visible organisms had been collected, and the net on the airiift
was then removed, capped and replaced. The depth of penetration of the
airlift was variable, and was apparently inversely related to the degrec
of consolidation and the particle size of the substrate.

Miscellaneous Collections

A1l invertebrates collected incidentally in gillnets, fyke nets,
trammel nets and minnow traps (see Craig and Haldorson 1980) were pre-
served and returned to the laboratory.

Laboratory Techniques, 1977-1979

A1l samples were preserved in 10% formalin and shipped to the
laboratory for analyses.

Sorting

Samples were sieved through a 1.024 mm mesh nylon screen, washed
with water, and examined under a low-power binocular microscope. All
whole or partial organisms were separated into major taxonomic groups
(amphipods, mysids, etc.) and counted. Techniques for counting frag-

mented organisms were as follows:

1. Copepods: The total number of copepods was assumed to
be the number of whole organisms plus the number of
separate cephalothoraxes present.

2. Amphipods: Amphipod specimens were often in two parts
(head plus peraeon, abdomen plus telson) or three
parts (head, peraeon, abdomen plus telson). The sum
of the numbers of whole amphipods and separate ‘'abdo-
mens plus telsons' constituted the total number.

3. Mysids: The total number of mysids equalled the number
of whole organisms plus the number of separate telsons.
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4. Polychaetes: Polychaetes were generally broken in half.
The total number present was assumed to be the number of
whole polychaetes plus the number of anterior parts.

5. Medusae: The number of whole medusae plus the number of
bells constituted the total number in the sample; frag-
mented bells were counted if over one-half the bell was
present.

6. Bivalves: Similarly, the number of whole bivalves plus
the number of partial shells (>% of whole shell) cons-
titued the total number of bivalves in the sample. Half
shells were presumed to be from non-living individuals
and were not counted.

If large numbers of individuals were present, the sample was first
scanned for large or rare organisms, and was then sub-sampled with a
Folsom Plankton Splitter (following the methods of McEwen et al. 1954).
We found no significant difference between the number of specimens when
pairs of chambers were compared (Wilcoxon matched-pairs signed-ranks
test: n = 10 pairs, P < 0.05).

In 1977 all amphipods and mysids were identified to species if
possible; however, in 1978 and 1979 only those taxonomic groups that
comprised significant portions of the drop net samples or the diets of
vertebrates were identified to species.

Measuring

Two techniques were used to obtain total lengths of dominant in-
vertebrate species.

1. Because broken organisms sometimes precluded measure-
ments of total lengths of organisms (especially those
in fish and bird stomachs) specific anatomical struc-
tures (referred to as "partial lengths") were measured
(Table 5 and Fig. 5). These measurements were con-
verted to total lengths by using best-fit equations for
the relationship between the partial length and total
length. These equations are presented in Appendices
1 to 8. Because partial lengths were easy to measure,
all samples were analyzed in this fashion and later con-
verted to total Tengths. On the basis of total lengths,
organisms were assigned to 2-mm length intervals.

2. Bivalve and copepod total lengths were measured directly
because it was difficult to establish precise relation-
ships between partial and total lengths.
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Table 5. Equations and comparisons used to determine energy (Kcal) available to birds and fish in Simpson Lagoon, 1978.
Kcal/g Ash-Free
Partial Length:Total Length Total Length:Wet Weight Ash-Free Dry Weight Dry Wt.
Organism Conversion Conversion as % of Wet Wt N X
Mysis litoralis Total Length = . Wet Weight =
6.47 {Partial length) 0.844 0.029 (Total length)2'"3 11.5! 3 5.47
Mysis relicta Total Length = + Wet Weight =
6.60 (Partial length) 0.651 0.044 (Total length)2'3! 11.5! 3 5.47
Ontsimus glacialis Total Length = + Wet Weight =
2.23 {(Partial length) 0.600 0.054 {Total length)2'56 19.7} 3 5.07
Pontoporeia affinig Total Length = + Wet Weight =
2.67 (Partial length) 0.265 0.640 (Total length)!'27 17.82 -2 5.39
Apherusa glacialis Total Length = _ Wet Weight =
Halirages mixtus 5.067(Partial length) 0.093 0.083 (Total length)2°1! 13.73 7 6.80
Gamarus setosuy Total Length = + Wet Weight =
5.10 (Partial length) 0.608 0.050 (Total length)2:50 11.13 1 5.17
Parathemisto sSpp. Total Length = . Wet Weight =
3.75 (Partial length) 0.177 0.056 (Total length)2-u 14,93 3 6.30
Mysid spp. -4 -4 11.51 3 5.47
Amphipod spp. -4 - 15.11 3 5.37
Cyrtodaria kurriana - Body Weight =
0.0194?Tota] length)3- 30 74.3(Dry Weight)! 1 5.20
Calanoid copepods - Dry Weight =
0.0016 (length)2-89 76.3(Dry Weight)! 3 6.17

0.10
0.03

0.12

1petermined from bomb calorimetry results by Dr. D. Pattie, Northern Alberta Inst. Technology.
2Determined from data of Sars (1953).
3petermined for corresponding length intervals by Bradstreet (1977),

“Organisms in these groups were counted and wet weighed.
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Figure 5. Anatomical features of invertebrates that were measured for
later conversion (by equations) to total lengths.
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3. For the winter collections, technique 1 was altered so
that, where possible, total lengths of the organisms
were measured. In cases of broken organisms, the
method outlined in 1 was used.

Biomass

For each important invertebrate species, we measured and weighed
approximately 50 organisms from each 2 mm length interval and developed
best-fit equations for the relationship between total length and wet
weight (Appendices 1 to 8).

Wet weight was converted to ash-free dry weight and then to Kcal
energy content by using data from microbomb calorimeter studies carried
out by Dr. Donald Pattie of the Northern Alberta Institute of Technology
(Table 5). These data were used to calculate the amount of energy avail-
able (per m?) to consumers in Simpson Lagoon.

Limitations and Biases

Any method that involves the capture of mobile organisms with trawls
or nets contains inherent errors that should be taken into account. One
source of error results from the natural avoidance behavior of the or-
ganisms. Swift-moving epibenthic invertebrates (e.g., amphipods and
mysids) are able to avoid nets and trawls, but slow-moving or sessile
organisms (e.g., isopods and tunicates) are not. Consequently, densi-
ties of the swifter organisms can be underestimated but estimates of
the slower moving ones are relatively accurate. As an example of the
extent to which swift organisms may avoid nets and trawls, estimates
made of amphipod and mysid densities in this study by divers are two to
three orders of magnitude greater than are estimates based on trawl data
(Table 2).

Differences in mesh size also introduce a source of error since
small organisms may escape from large-mesh trawls and nets. Density
estimates resulting from standard trawl and net sampling techniques may,
therefore, be low, particularly for swift-moving and/or small organisms.

Limitations and biases of new techniques that were utilized in 1978
and 1979 are discussed below. '
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Drop Net

This net proved to be an excellent sampling device for epibenthic
invertebrates, which were usually within 10 cm of the lagoon bottom.
Diver observations of the operation of the drop net indicated that the
move-and-freeze evasive behavior of mysids did not prevent their capture.
The drop net was at maximum velocity just before it struck the bottom
and sealed against the substrate. No animals were seen to avoid the
descending net. Moreover, pursing of the net's bottom would be expected
to cause the mysids and amphipods to move upward and into the bag. The
drop net did not effectively sample infaunal organisms because the pur-
sing operation only scraped the substrate.

Several factors may have combined to make the use of this net less
efficient under ice. By cutting holes in the jce, workers exposed the
areas to be sampled to more light than illuminated the surrounding areas;
whether this attracted or repelled epibenthic invertebrates is not
known. When operated in shallow water (1.0 m of water between the bot-
tom of the ice and the substrate), the movements of the net prior to
the drop may have caused some invertebrates to leave the area to be
sampled.

Visual Estimates by Divers

This method provided densities that were, for several reasons,
biased downward.
1. As the number of organisms increased, the ability of

divers to count accurately the number within the
quadrat decreased.

2. Early in the season, organisms were small, almost
transparent, and therefore difficult to see and
count,

3. Many of the epibenthic organisms moved in and out of
the detritus, and some thereby escaped observation.
Diver observations also provided only limited taxonomic differentiation
of mysid and amphipod species, since diagnostic characters are often
observable only under a dissecting microscope.
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Airlift Samples

Airlifts appear to be effective in sampling infaunal organisms to
a depth of 2 cm; however, epibenthic animals are able to escape the
airlift during the placement of the circular frame and prior to activa-
tion of the 1ift. This method is most effective when used for sampling
soft bottom substrates.

Photographic Quadrats

This technique was used to acquire permanent records of benthic or-
ganisms and substrates at particular points in space and time. Its re-
cording capabilities were limited because of the evasive behavior of
"the motile organisms (amphipods and mysids), the periodic turbidity of
the water, and the presence of highly effective cryptic coloration in
some of the benthic organisms. The positioning of the strobe lights
on the photographic frame was critical to the acquisition of good quality
-photographs, since animals were obscured by improperly refliected Tight.
‘Partly because the strobe lights were improperly positioned, most of
the photographs were not sufficiently distinct to use for estimating
ndmbers of invertebrates.

Amphipod Trap

This technique is obviously biased, since some species of epiben-
thic invertebrate (i.e., planktivores, filter feeders)would not be
attracted by the bait and others might avoid light rather than be attrac-
ted to it.

Wildco Dredge

This sampler suffers from the same limitations as other dredges and
trawls; namely, motile epibenthic organisms (mysids and amphipods) can
easily avoid capture by taking evasive action as the dredge approaches
(Table 2).
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Laboratory Techniques

Wet weights used in this study are from formalin-preserved samples.
These wet weights must be considered approximate, since actual wet
weights of crustaceans and some other invertebrates are significantly
altered by preservation in 10% formalin (Conover and Lalli 1972; Brad-
street 1977; LGL Ltd. unpubl. data). The degree of weight alteration
depends on the species; for example, various amphipods may show changes
of +5-20% in weight.

Comparison of Sampling Techniques

The 1977 results indicated that traditional invertebrate sampling
methodology caused underestimation of the actual densities of mobile
epibenthic organisms by two to three orders of magnitude; diver esti-
mates appeared to provide more reliable values (Griffiths and Craig
1978). However, comprehensive sampling coverage by divers is limited by

expense, periodically adverse weather, ice conditions and high turbidity.
In 1978, an effort was made to develop a sampling device that could be

used to sample epibenthic organisms quantitatively from a small boat

in most weather conditions. Clutter (1965) developed a large drop net
to collect epibenthic invertebrates; this design was modified to produce
two types of drop net (see 'Open-Water Season, 1978'), which were used
in addition to diver observations and diver-operated sampling devices
(airlift). In this report, drop net results are used in most analyses,
since this method was applied more widely in time and space than were
other methods, and appeared to provide relatively realistic estimates of
the abundance of epibenthos, as discussed below.

Statistical comparisons of the density estimates obtained by the
various sampling techniques used in 1978 are shown in Table 6. The com-
parisons are based on occasions when two or three methods were employed
at the same place and time. Mysid and amphipod density estimates did
not differ significantly between the two types of drop net. Density
estimates for amphipods did not differ significantly between airlift
and drop net samples.
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Table 6. Statistical comparisons of density estimates of mysids and amphipods obtained with various sampling techniques in Simpson Lagoon, 1978.

Sampling Techniques Organisms Compared

Statistical Test

Resul

ts

Comments

Shallow vs Deep Water? Mysids
Orop Net Amphipods

Shallow Water Drop Net Amphipods
vs Airlift Amphipods

Shallow Water Drop Nett?f Mys ids

vs Estimate by Diver
1 vs Estimate by

Diver 2

Shallow Water Drop Net Mysids
vs Diver 1

Shallow Water Drop Net Mysids
vs Diver 2

Diver 1 vs Diver 2 Mysids

Paired t-
Paired t-

t-test

test
test

Mann-Whitney u

Friedman

Multiple
Friedman

Multiple
Friedman

Multiple
Friedman

Test

comparisons of
rank sums#

comparisons of
rank sums

comparisons of
rank sums

t=0.068, P>0.20, d.f.
t=1.661, P>0.10, d.f.

t=0,0496, P>0.20, d.f.=12
u=13, P>0.70, Ny=4, N,=10

X

.4, P<0.01
N=10

sum diff.
N=10

sum diff,

, N=10

sum diff.
N=10

No significant difference between
nets for either organism

No significant difference with
either test

Significant differences among
methods

No significant difference between
shaliow drop net vs diver 1 P>0.05

Diver 2 estimate significantly
higher than shallow drop net P=0.037

No significant difference between
diver 1 and diver 2 P>0.05

* Data collected in a pair-wise fashion.

H Only two divers were_in the water at a time, so diver 3 could not be used in the comparison.

* See Hollander and Wolfe (1973, p. 151).




There was a significant difference among mysid density estimates
by drop net, diver 1 and diver 2; the drop net gave significantly lower
estimates than diver 2 (Table 6). No direct comparisons among all three
divers were possible since only two divers were in the water at any one
time. However, three independent paired t-tests of estimates by divers

showed the following:

Diver 1 vs Diver 2 t = 3.8753 d.f. = 28 P < 0.01
Diver 1 vs Diver 3 t = 0.5333 d.f. = 28 NS P > 0.50
Diver 2 vs Diver 3 t =1.3858 d.f. = 28NS P > 0.10

Divers 1 and 3 were the most experienced in estimating densities of
epibenthic invertebrates and the agreement between them was the closest.
Diver 2 tended to give higher estimates in the early part of the season,
possibly because of his inexperience.
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RESULTS

Under-Ice Distribution of Epibenthic Invertebrates

Shallow nearshore areas of the Beaufort Sea, including Simpson
Lagoon, remain ice-covered for approximately nine months of the year.
Organisms inhabiting these areas during this period are subjected to
Tow temperatures (-1.5 to -2.0°C) and high salinities (>40 ppt). Prior
to this study, data on the winter utilization of Simpson Lagoon and other
nearshore areas by invertebrates were sparse. This deficiency was par-
tially addressed by (1) limited sampling conducted on the bottom under
the ice in Simpsom Lagoon in April-May 1978, (2) a more routine sampling
program carried out in the lagoon on 5-7 June 1978 prior to inundation
of the lagoon by river discharge, and (3) collections made under the ice
in November 1978, February 1979 and May 1979 in Simpson Lagoon and adja-
cent areas. These collections completed the year-round sampling of epi-
benthic invertebrates in Simpson Lagoon. A further sampling effort will
be conducted in the winter of 1979-1980 to further delineate important
processes (growth, reproduction) of epibenthic invertebrates in shallow
nearshore waters.

The results of the under-ice sampling have been organized season-

a]]y:

1. Early Winter, 1978
2. Mid-Winter, 1979
3. Late Winter and Spring, 1977-1979

Early Winter, 1978

In November 1978, invertebrates were sampled at various locations
along the Beaufort Sea coast using baited traps, drop nets and a Wildco
dredge (Fig. 2). A total of 21 species or groups were collected at this
time and catches varied considerably among sampling methods and sites
(Table 7). In Simpson Lagoon (2 m deep), Onisimus glacialis {6-12 mm)
was by far the most common amphipod collected by three sampling techniques.
At Harrison Bay (4 m deep), Boeckosimus affinis (7-15 mm) predominated
in the one amphipod trap collection but was absent from the Wildco
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Table 7. Percent composition of invertebrates collected at various locations along the Beaufort Sea coast during
early winter (November 1978).

Amphipod Traps Wildco Dredge Drop Net

Simpson  Harrison Simpson Harrison  Stefansson Simpson Harrison Stefansson
Group or Species Lagoon Bay Lagoon Bay Sound Lagoon Bay Sound
AMPHIPODS
Onisimue glacialis 95 * 73 1 3 33 * 9
Boeckoaimue affinis 1 99 3
Gammarug setosus * * *
Apherusa megalops 6 2
Halirages quardridentatus
Pontogenetia inermis 1 1
Pontoporeta affinis 5
Orchomene Sp. 2
Oedicerotids * 48 1 16 15
w Calliopiids 1 1
0
Amphipod sp. 3
MYS10S
Myais litoralis 19 39 9 12 9 27
Mysis relicta * 3 * 2
Mysis SP. 4 10 1 * * 7
HYDROIDS 14 2
1S0PODS
Saduria entomon 4 1 1 5
CUMACEANS 8 37 1
POLYCHAETE LARVAE 1 6 33 8
COPEPODS 63 1 37
CHITONS 1
Trotal & 100 100 100 99 98 97 100 99
No. of Samples 4 1 2 ] 2 5 5 5
Total No. of Organisms 8,176 2,370 242 348 95 274 335 101

*Indicates <1%.
*Percentages do not always total exactly 100 because of rounding-off.




dredge sample and the drop net samples (possibly indicating avoidance
behavior) (Table 7). The Wildco dredge and drop net tended to collect

a more diverse array of organisms (7 and 9 species or groups, respectively
vs 3 for amphipod traps in Simpson Lagoon) and proved much more effective
in capturing mysids (Table 7). The Wildco samples and the drop net
samples from Stefansson Sound (5 m deep) contained a wider variety of
organisms than did samples from either Simpson Lagoon or Harrison Bay.
This greater diversity may be a reflection of the unique habitat assoc-
iated with the kelp community in the Stefansson Sound (for a description
of this community see Dunton and Schonberg 1979).

Most samples collected in each area contained gravid females of both
mysid and most amphipod species; this indicates that most of the pelagic
and epibenthic invertebrates in the near-shore area of the Beaufort Sea
breed after ice formation. (For a more detailed discussion of the repro-
ductive process see 'Biology of Key Invertebrates Species' section.)

Mid-Winter, 1979

In February 1979, invertebrate samples were collected from Simpson
Lagoon and Stefansson Sound, again using a variety of techniques
(amphipod traps, Wildco dredge and drop nets) (Table 8 and Fig. 2). Due
to the presumed ecological importance of Stefansson Sound (notably, the
presence of the kelp community), additional samples were collected (1)
from the undersurface of the ice by divers using hand-held dip nets and
(2) from the bottom with a diver-operated airlift (Table 8 and Fig. 2).

In Simpson Lagoon, 0. glacialis was the dominant organism collected;
however, several other species of amphipods, both species of mysids,
and isopods were also present in the lagoon (Table 8). Females of both
mysid species and 0. glacialis were brooding young developing at this
time (see 'Biology of Key Invertebrate Species' section). Collections
from Stefansson Sound contained a more diverse fauna than was found in
Simpson Lagoon (Table 8). Onisimus Iitoralis, which was not found in
November 1978 samples, was the dominant amphipod species in the February
collections, particularly on the ocean side; this species was found to
be much more abundant in deeper (9-11.5 m) offshore waters than in inshore
areas (2-3.5 m) during the 1978 open-water season (Broad et a1, 1979).‘
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Table 8. Percent composition of invertebrates collected at various locations along the Beaufort Sea
coast during mid-winter (February 1979).

Afriift
Net (4 o# 0-15 o2 D Net
mpIOn s:&%ﬁlﬁﬁ Bﬁmw_“%_m :: riace of Ice %2_5":_5)07 E“"‘Do;:" 5";::::"“
___Group or Specfes _ Ligoon  Lagoon Ocesn  lagoon _ Ocewn _Stefansson Sound =~ _Sound _  lagoon =~ Jounc..
NPRIPOCS
Onisims glacialis a . 64 6 3 %
Owigimus litoralis 10 9 56 l .
Bosckowisms affinis 35 n . 1 2 s
Bosckosimus plautus 1 6 3
Apherusa glacialis 3 Yy
Aphurusa megalops
Atylus oarinata . T ¥ y
Pontogensia irerms . 1 3
Sammarus setosus hd 3
Gammaracanthus loricatus 1 2
Veyprechitia heugling 1 5
Veyprechtia pinguis . hd 8 &
Paroediceroé lycaneus 1
Anomyx”3p. ” 7 3 6
CGrohomens $p. . [
Oedicerotids 26 19 7 19 26
Calliopids 3 1
Amphipod spp. b 14 1 3
msSios
Mysis litoralis 3 * 2 [ 1 1 3
Wsis relicta 4 . 1 7
Mais SPP. & 3
EUPMAUS 1 105 1
COPEPODS 6 3
1S0P0DS 8 4 22
CUMACEANS 1 n \[]
POLYCHAETE LARVAE 5 10 3
ECHIMODERMS . 4
CHITORS 1
PRIAPULIDS 1
NYOROIDS 1
BIVALVES
awculus niger 1
Asinopeida ordioulats H
Astarte borealis 1
Astarce 3p. ?
GASTROPODS
Plicifusus kroyeri 1
Reptunea hercs 1
Soreotrophom $p. 1
Buacimem 5p. 1
Colus -$p. 10
PTEROPODS 1
. DECAPODS — — 5
Mol 3 100 100 99 101 104 102 100 99 100
No. of Samples 2 2 1 2 3 9 4 5 H
Total No. of Organisms 1,753 1,089 31,003 180 18 37 84 n n

*lndicates <15,
Trercantages ds nat tiways tetal exactly 100 bacause of rounding-ofY.
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It appears that, as winter progressed, several species of amphipods
(e.g., 0. litoralis, Anomyx sp.) moved into the Stefansson Sound area
from deeper offshore waters. The reason for this shoreward movement is
not known.

Samples from the undersurface of the ice indicate that the epontic
community is well developed by February; at this time amphipods comprise
the major portion of the community (Table 8). Similar amphipod-
dominated communities of ice fauna have been reported to occur later in
the season (May-June) in the Canadian High Arctic (Buchanan et al. 1977--
Bridport Inlet, Melville, Island, N.W.T.; Thomson et al. 1978--Brentford
Bay, Boothia Peninsula, N.W.T.). Several amphipod species were common
to the under-ice surfaces in the three areas; these included 0. glacia-
lis, Gammarus setosus, Gammaracanthus loricatue and Apherusa glacialis.
It is interesting to note that in Stefansson Sound 0. glacialis also
occurred on the lagoon bottom at this time. Gammaracanthus loricatus
was the most abundant (2/m?) amphipod collected from the under-ice sur-
face; this species also has been found associated with ice in Resolute
Bay, N.W.T., by Green and Steele (1975).

The density and species composition of amphipods on the bottom of
Stefansson Sound in February 1979 (collected by airlift) were substan-
tially different than were those recorded at the same time on the under-
surface of the ice. Densities were higher on the bottom than the
undersurface of the ice (560/m? vs 9.3/m2). Boeckosimus plautus (134.4/
m?) was the dominant species collected from the bottom, whereas Gammara-
canthus loricatus dominated on the undersurface of the ice (Table 8).
Numerous bivalves (56/m?) and gastropods (78/m?) were also collected in
the four airlift samples (Table 8); however, Cyrtodaria kurriana, the
dominant bivalve in Simpson Lagoon during the open-water season, was
absent from the collections. Most of the species of bivalves and gastro-
pods collected were the same as those reported during the summer of 1978
for the same area by Dunton and Schonberg (1979).

In summary, the February results indicated that the species composi-
tion of epibenthic invertebrates in Simpson Lagoon was similar to that
reported for November. However, in Stefansson Sound a much greater
diversity of organisms (particularly amphipods) was found in February
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than in November using the same sampling techniques. This increased
diversity appears to be caused by an onshore movement of more marine
species of amphipods (Table 8). Under-ice sampling showed a well-
developed ice fauna community already formed by this time.

Late Winter and Spring (April-May 1978-1979, June 1977-1978)

During the periods 12-15 April 1978 and 22-25 May 1978, four baited
amphipod traps were set beneath the ice off Milne and Oliktok Points
(Fig. 6). A1l traps, with the exception of one set in May near 0liktok
Point, were recovered after 24 h and all contained amphipods. On both
occasions at the site north of Milne Point in the central portion of the
lagoon, Onisimus glacialis was the dominant amphipod collected (Table 9).
In the April sample near Oliktok Point, Boeckosimus affinis was the
principal amphipod (total numbers in each trap are not available, be-
cause only representative qualitative subsamples were returned to the
laboratory for‘analysis). In May 1979, a series of amphipod traps were
set along the length of Simpson Lagoon and on the ocean side of the
barrier islands. As was the case in 1978, Onisimus glacialis (6-12 mm)
was by far the dominant amphipod in the eastern portion of Simpson
Lagoon during late winter and spring, but Boeckosimus affinis (7-15 mm)
predominated both in the western portion of the lagoon (i.e., on the
lagoon side of Leavitt and Spy Islands) and on the ocean side of the
barrier islands. These results were consistent between years and suggest
that conditions in the western part of the lagoon and seaward of the
islands may be similar at this time of year (Table 9, Fig. 6). Except
for the absence of B. affinis, Wildco trawl samples collected in the Simp-
son Lagoon area during this same period showed a similar distribution
pattern for amphipods, but tended to collect a more diverse array of
organisms (Table 9). Figure 7 shows a schematic representation of late
winter (April-May) distribution of amphipods in the Simpson Lagoon area
in 1979. .

Stefansson Sound samples from May 1979 showed a greater diversity
than those collected in Simpson Lagoon. The species composition of
samples from Stefansson Sound was most similar to that of samples taken
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Table 9. Percent composition of invertebrates collected at various locations along the Beaufort Sea coast during late winter and spring

(April-May 1978-1979, June 1977-1978).

Amphipod Traps

Wildco Dredge

Simpson Lagoon Area Leavitt and Spy Islands Stefansson Sound Simpson Lagoon Area Spy Island Stefansson Sound
Lagoon Habitat Ocean Habitat Lagoon Habitat  Ocean Habitat Lagoon Habitat Lagoon Habitat Lagoon Habitat Lagoon Habitat
Group or Species June 78 May 79 June 78 May 79 May 79 May 79 May 79 May 79 May 79 May 79
AMPHIPODS
Onisimus glactalis 99 99 16 * 1 90 32
Boeckosimus affinis * * 82 75 99 100 23 2
Boeckosimus plautus 35
Apherusa megalops 62
Atylus carinatus *
Gammarus setosus * * * 4 4
Gammaracanthus loricatus *
Anonyz sSp. * 8
Orchomene sp. 3 * 32
Oedicerotids 22 54 15
MYSIDS
Mysis relicta * 8
Mysis spp. 4
1SOPODS * 2 *
CUMACEANS 1
POLYCHAETE LARVAE * 15
ECHINODERMS * 7
Total % 99 99 100 100 99 100 99 100 101 100
No. of Sampies 12 9 3 4 5 2 8 1 1 3
Total No. of Organisms 16,548 25,358 542 1,246 3,684 3,029 879 53 28 13

*Indicates <1%
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on the ocean side of the barrier islands and in the western portion of
Simpson Lagoon (Table 9).

Between 5 and 7 June 1978, before river discharge reached the coast,
baited amphipod traps were set under the ice at six sites in Simpson
Lagoon and at one site offshore of the barrier islands (Fig. 6). Large
onmisimus glacialis (8-10 mm) were the most abundant amphipods in collec-
tions from the lagoon, but on the ocean side of the barrier islands
Boeckosimus affinie (8-10 mm) was the most abundant species (Table §).
The absence of newly-released young (2-4 mm) of these species is not
fully understood; young may have different feeding habits than adults
(i.e., plankton feeders vs scavengers) and thus are not attracted to
meat-baited traps, or they may‘occupy a different habitat. Buchanan
et al. (1977) reported large numbers of Onisimus glacialis and 0. litora-
1Zs in the layer of soft ice on the ice undersurface in Bridport Iniet,
Melville Island, N.W.T., in June. Similar observations of Onisimus
glacialis were reported during May in Brentford Bay, Boothia Peninsula,
N.W.T., by Thomson et al. (1978).

On 12 June 1978, after the peak of over-ice river runoff but before
the nearshore fast ice lifted from the bottom, four baited amphipod
traps were set in the shallow lead next to the mainland shore at Milne
Point (Fig. 6). The intention was to determine the rate at which amphi-
pods colonized previously frozen shoreline habitats. The traps were
checked twice daily. No organisms were captured until 19 June, approxi-
mately 12 h after the land-fast ice had lifted from the bottom between
the shore lead and the lagoon center. By 20 June, all four traps con-
tained numerous large Onisimus glacialis (8-10 mm) but no small indivi-
duals; in addition, one Mysis litoralis (7.0 mm in Tength) was collected.

On 28 June 1978, divers observed that small mysids and amphipods
(both 2-4 mm long) were abundant in the leads next to the mainland and
on the lagoon and ocean sides of the barrier islands (Table 10). A few
large mysids and amphipods were also observed near Milne Point at this
time. On 7 July, four female mysids (1 Mysis litoralis, 3 M. relicta)
that ranged from 11 to 16 mm in length and still brooding young (4-16
individuals per female; 2-4 mm in length) were collected just north of
Milne Point in shore leads. In the central portions of the lagoon at
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Table 10.

Diver observations in leads

inside and outside Simpson Lagoon on 28 June 1978.

Water Visibility
Location Substrate Depth (m) (m) Observations
Milne Point Tundra clumps 0.5 0.5 1 large mysid (1 cm), many small
sand and gravel mysids (2 mm), many small amphipods
(2-4 mm), a few large amphipods of
several genera (Onisimus, Pontoporeia,
Gammarus )
0.5 km 1agoonwardf Soft sediments 2.5 1.0 A few amphipods and some polychaetes
from Milne Point and sand
Mid—1agoon+ Soft sediments 3.0 1.0 Many polychaete worms, many Onisirus
and sand amphipods, only one mysid, 3 tunicates,
3 isopods
Lagoon side of Mostly sand 0.5 1.0 Numerous small mysids and amphipods.
Bertoncini Island Most mysids were moving passively west-
ward with the current ?:3 cm/s)s those
not moving were close to the substrate
Ocean side of Fine sand, cobble 1.0 0.5 Amphipods of various sizes in water

Bertoncini Island

bottom rippled
with detritus in
troughs

column; numerous small ones about 3 cm

off bottom. Few large mysids but many
small ones (2-4 mm) on the substrate

+Dives were conducted through large holes in the ice.




this time, numerous small and large amphipods were seen, but only one
large mysid (12-14 mm) and no small mysids were seen by divers. In 1977,
from 17 June to 3 July, small (<5 mm) mysids and amphipods were noted in
all the open leads around Pingok Island; however, no adults of either
group were collected (Table 11 and Fig. 8).

In summary, the winter and spring results show that the nearshore
areas of the Beaufort Sea are heavily utilized by a variety of mysid and
amphipod species during the period of ice-cover. In the Simpson Lagoon
area, 0. glacialis was the primary species found in the shallow under-ice
waters of the lagoon, whereas B. affinis was most abundant in deeper
water on the ocean side of the barrier islands and in samples taken in
the Harrison Bay region. It is uncertain whether this differential
distribution is the result of preference or requirements. Several spe-
cies of amphipod appear to utilize the nearshore areas through the en-
tire ice-covered period, but both Mysis Ilitoralis and M. relicta de-
treased in abundance as winter progressed. This decrease in mysid abun-
dance may be due to one or a combination of emigration, out of the system,
predation, or mortaiity (see below).

Samples collected in Simpson Lagoon during June of 1977 and 1978
and diver observations indicate that mysids recolonize the lagoon each
spring during and immediately after breakup, apparently by moving in
from the adjacent ocean along shallow shore leads next to the mainland
and island beaches. '

Winter Abundance and Biomass of Key Epibenthic Species

The winter abundance and biomass of important species of epibenthic
invertebrates in Simpson Lagoon, Harrison Bay and Stefansson Sound are
shown in Table 12. In November 1978, M. litoralis and M. relicta ap-
peared to be distributed along the nearshore Beaufort Sea from Harrison
Bay to Stefansson Sound (125 km) although M. litoralis was present in
larger numbers than M. relicta (Table 12). By February 1979, the abun-
dance and biomass of M. litoralis had decreased substantially in both
Simpson Lagoon and Stefansson Sound (Harrison Bay was not sampled). By
February the abundance and biomass of M. relicta in Simpson Lagoon had
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Table 11. Numbers of mysids and amphipods collected in epibenthic trawl samples in nearshore leads

around Pingok Island 17 June-3 July 1977.

Site 1, 2 Site 3 Site 5 Site 6 __Site 7 Site 8 Site 9
No/m? No/m? No/m?2 No/m? No/m” No/m’? No/m?
Date Amph. Mysid Amph. Mysid Amph. Mysid Amph. Mysid Amph. Mysid Amph. Mysid Amph., Mysid
17/06/77 400 0 NA NA NA NA 5 0 NA NA 0 0 NA NA
19/06/77 171 0 26 214 19 1 21 70 0 0 0 7 13 9
21/06/77 321 1 2 2 0 17 50 143 43 0 ] 0 9 10
24/06/77 59 153 ice ice 50 1414 ice ice 9 68 NA NA ice ice
over  over over  over over  over
26/06/77 221 1150 ice ice 14 1573 ice ice 100 7243 NA NA ice ice
over  over over over over  over
03/07/77 250 2985 50 6 129 1407 ice ice NA NA NA NA ice ice
over over over  over
NA Data not available.
Figure 8. Epibenthic trawl sites h
BEAUFORT SEA

in nearshore leads
around Pingok Island
17 June-3 July 1977.

Leavitt
island

SIMPSON LAGOON

1977
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Table 12. Abundance (No. m 2) and biomass (mg ash free dry weight m 2) of important species of epibenthic
invertebrates, 1978-1979. Based on 5 drop-net samples taken through 5 different holes at each
sampling station on each date (Fig. 2). Holes were 100 ft apart.

SIMPSON LAGOON

HARRISON BAY

STEFANSSON SOUND

November February November November February

Species Rbun. Bjomass Abun. Biomass Abun. Biomass Abun. Biomass Abun. Biomass
Mysis litoralis x 33.0 43.0 0.2 1.4 28.0 47.5 27.0 46 .1 1.0 0.2

sb 12.5 24.3 0.4 3.2 15.2 18.4 24.5 49.3 2.2 0.5
Mysis relicta x 10.0 14.5 5.0 4.0 2.0 8.1 2.0 0.3 0.0 0.0*

SD 8.7 9.4 3.5 5.6 2.7 11.2 4.5 0.6 0.0 0.0
Onisimus glacialis x 99.0 137.9 26.0 34.0 2.0 1.3 9.0 15.7 0.0 0.0

SD 156.8 283.2 13.4 21.2 2.7 2.0 10.0 25.6 0.0 0.0

*Some present in amphipod traps, but none caught in drop-nets.




decreased, but not significantly (Mann Whitney U = 8, P = 0.210): no m.
relicta were collected by drop net in Stefansson Sound in February, but
some M. relicta were still present because some were captured in amphi-
pod traps. Thus, as winter progressed, the density of M. litoralis
declined in the nearshore shallow waters of the Beaufort Sea, while that
of M. relicta declined in at least Stefansson Sound. The reasons for
these reductions are not clear but may be related to one or more of the
following:

1. emigration out of these areas triggered by changes in
temperature and salinity, or by changing current pat-
terns resulting from ice formation,

2. predation by marine species of fish (arctic cod, snail-
fish, etc.), and

3. mortality due to changing physical characteristics in

the nearshore system.

In both November 1978 and February 1979 the amphipod 0. glacialis
was more abundant in Simpson Lagoon than in any of the other areas
sampled (Table 12). This distributional trend is similar to the one
reported above for the late winter samples of 1978 and the open-water
season of 1978 (i.e., 0. glacialis is most abundant in Simpson Lagoon).
Although the abundance and biomass declined between November 1978 and
February 1979, qualitative samples collected in May 1979 showed this
species to be very abundant in Simpson Lagoon during late winter, par-
ticularly in the eastern section (Table 9, Fig. 7). During late winter
the highest salinities (46-54%) occurred in areas of high 0. glacialis
abundance; salinities were more marine (30-35%) in areas of B. affinis

abundance.

Open-Water Season Movements, Distributions and
Abundances ot Epibenthic Invertebrates

Drop net and Faber net samples were collected in a systematic tem-
poral and spatial pattern during the open-water season of 1978 to deter-
mine movements, distributions and abundances of the key invertebrate
species. The drop net was used to sample invertebrates near or on the
bottom, and the Faber net sampled invertebrates higher in the water
column. Results of both sampling methods are presented in Appendices 9
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and 10. The results are expressed in terms of bijomass (ash-free dry
weight per m2 for bottom samples or per m3 for samples in the water
column), since this measure, of the several available, most accurately
describes the energy available to higher trophic levels (birds and fish)
utilizing the system. By this measure, the two dominant groups of
invertebrates, both in the water-column and associated with the bottom,
were mysids and amphipods. However, it should be noted that if a smaller
(0.240 mm) mesh size had been used, copepods would probably have com-
prised a larger portion of the collections.

General Distribution and Behavior of Epibenthic Invertebrates

Diver observations, both in 1977 and particularly in 1978, have
produced an overall picture of the distributions and behavior of inver-
tebrate organisms in Simpson Lagoon. Generally, divers have founa that
epibenthic invertebrates (mysids and amphipods) are concentrated on or
within 0.5 m (usually within 10-20 cm) of the bottom even during calm
conditions (Fig. 9). A comparison of drop net (No/m?) and Faber net
results (converted to No/m?) showed that the key invertebrate species
were generally at least an order, and at times two to three orders, of
magnitude more abundant on the bottom than in the water-column (Fig. 10).

In the lagoon, mysids rested on and within the detrital layer and
seemed closely associated with the bottom. In areas swept by more rapid
currents (Stations 5 and 6), mysids tended to concentrate behind bottom
irregularities or in depressions where water velocities were reduced.
When startled, mysids moved rapidly in a horizontal direction from the
disturbance. They appeared to respond more to mechanical stimuli (i.e.,
water motion) than to visual clues.

Amphipods were more commonly associated with detrital material and
soft sediments than with sand substrate. Generally, amphipods were ob-
served to crawl or burrow into soft detrital material; if the detritus
were disturbed, larger numbers of amphipods became visible. In swift
currents, amphipods tended to collect in depressions and behind ridges
and, if disturbed, they showed the same escape response exhibited by
mysids.
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In the following analyses, the biomasses estimated in 1978 were
transformed to natural logarithms and the data were analyzed using two-
way analyses of variance for unequal sample sizes; collection period and
Tocation were the two factors. Specific comparisons among and between
stations were done using orthogonal comparisons. However, in the case
of sampling periods, specific comparisons were based on Duncan's muitiple
range test as planned orthogonal comparisons were not feasible. Results

on non-parametric analyses of the same data after pooling of replicates
(Griffiths and Dillinger 1979). Emphasis is placed on the 1978 data
because these were more reliable than 1977 data (see 'Limitations and
Biases'). However, the 1977 results are mentioned below where relevant.

Mysids

Mysids were very abundant in the study area and were the major food
item of vertebrate consumers in the system. Two species, Mysis litoralis
and M. relicta, were identified in 1978 samples. Other preserved speci-
mens, identifiable only as Mysis sp. because of the absence of diagnostic
characteristics, were most likely one or the other of the identified

species.

Mysids Near the Bottom. Mysid biomasses near the bottom at the

seven standard stations during seven 1978 sampling periods are shown in
Appendix 10 and Figs. 11-13 and compared in Tables 13 and 14. When all
stations (1-7) and sampling periods are considered, the biomasses of

both species of mysid and total mysid biomass showed significant dif-
ferences among stations, and among sampling periods (Table 13 and Fig.
11). A comparison of lagoon vs ocean stations showed no significant
differences for M. litoralis or total mysid biomasses, but the biomass

of 1. relicta (a brackish water species) was significantly higher at
lagoon stations (Table 14, Fig. 12). At Station 7 (deep ocean), the
biomasses of M. litoralis, M. relicta and total mysids were significantly
higher than those at Station 6 (nearshore shallow ocean), possibly due to
the unstable nature of the habitat at Station 6 (i.e., frozen during

winter and ice-scoured in summer).
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Ficdure 11. Biomass of mysids near the bottom in relation to date
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five drop-net samples collected in or near Simpson
Lagoon during 1976. * indicates no samples collected.
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Figure 12. Biomass of mysids near the bottom of various sampling
stations in and near Simpson Lagoon in 1977 and 1978.
Each 1978 data point is a mean of five drop-net samples
for each sampling date. Station 78 1-5 based on seven
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used in the two years, only general trends can be compared.

58




6S

Simpson Lagoon Stations

1978

500 o O--0 Total Mysids
O—@® Mysis litoralis
400 A O--O Mysis relicta
“ 300
% 00
~
P -
L 200 _
> o~ " e
& 100 - —_
o By o
w —_ M- 00— ——
i P——y——¢
L 18 30 14 23
T
»
b
2 1977
- 4 O--O Total Mysids
. O®—® Mysis litoralis
2 3 O--0O Mysis relicta
=
o -0
@ 2 1 -
-
/’D/
I L7 _e—®
//O\\\\
”’ \‘O
T L]
15 15 15
| wur | aue | seer
Figure 13.

Offshore

P

\

Stations

1978

O--0 Total Mysids
®—@® Mysis litoralis
O—-0O Mysis relicta

1977
0--0 Total Mysids
@—@® Mysis litoralis
O--0 Mysis relicta

n
Ve
7
/7
// .
Vd
Vd
e
J=——=== @
5 15 5
Juy | s | SEPT |

Biomass of mysids near the bottom of lagoon and offshore stations in relation
to date 1977 and 1978. Each 1978 data point is a mean of five drop-net samples
from each station on each date. The 1977 data are recalculated from Griffiths
and Craig (1978). Because of different samplina techniques used in the two
years, only general trends can be compared. * indicates no samples collected
at 1978 station 7 on these dates.




Table 13. Comparisons of mysid biomass near the bottom (In ha ash-
free dry weight m 2), all stations (1978 1 through 7) and

all sampling periods (8 July-23 September) considered.

Data

analyzed using two-way analysis of variance for unequal

sample size.

Among Stations

. F value
Species (d.f.=6,32) P
Mysis litoralis 11.14 <<0.001
Mysis relicta 18.02 <<0.001
Total mysids 19.36 <<0.001

Among Sampling Periods

F value
(d.f.=6,32) p
21.47 <<(.001
3.98 <0.01
10.01 <<0.001

Table 14. Planned orthogonal comparisons for mysid biomass (In mg
ash-free dry weight m 2) near the bottom using 1978 stations.
+ ++
A1 Stations {1-7) Lagoon Stations (1-5)
F values d.f.=1,112 F values d.f.=1,143
Stations Mysis Myatis Total Mysis Mystis Total
Compared Habitat Types litoralis relicta Mysid litoralis reliocta Mysid
6,7 vs 1-5 Ocean vs Lagoon 0.1 52.84 0.83 - - -
p=0.74 P<<0.001  P=0.36
6 vs 7 Nearshore Ocean 22.50 7.18 52.24 - - -
vs P<<0.001 P<0.001 P<<0,001
Offshore Ocean
1,5,vs 2, Shallow Nearshore - - - 74.31 19.23 94,95
3,4 ' P<<0.001 P<<0.001 P<<0.00]
Central Lagoon
1vs5 Mainland Nearshore - - - 1.64 46.38 76.17
vs -
Barrier Is. Nearshore P=0.20 P<<0.001 P<<0.001
3vs 2,4 Central Lagoon - - - 1.97 1.08 2.68
P=0.16 P=0.30  P=0.10

vs
Intermediate Depths

+ Only sampling perjods 3 August through 14 September used in comparisoms.
++0nly sampling periods 19 July through 23 September used in comparisons.
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Within the lagoon, the biomasses of M. litoralis, M. relicta and
total mysids were significantly higher at mid-lagoon stations (2, 3 and
4) than at the shallow nearshore stations (1 and 5), indicating that all
species of mysid preferred the deeper (>1.2 m) central portion of the
lagoon (Table 14, Fig. 12). The biomasses of M. relicta and total mysids
were significantly higher at Station 1 (nearshore mainland) than at
Station 5 (nearshore barrier island) (Table 14, Fig. 12). This trend,
and the relatively low biomass of M. relicta at the ocean stations (6
and 7), indicate that this species prefers the lagoon habitat, possibly
due to its warmer temperatures and lower salinities. There were no sig-
nificant differences among mysid biomasses at any of the central lagoon
statjons (2, 3 and>4).

When all sampling periods (19 July-23 September) are considered, the
biomasses of both species of mysid and also of total mysids differed
significantly among periods (Table 13). Mysis litoralis biomass de-
creased sharply (particularly after 18 August 1978) at both offshore
and lagoon stations (Fig. 13), possibly due to a combination of
predation and a net emigration from the lagoon (see later sections).
Overall Mysis relicta biomass was highest on 19 July (mainly due to
Station 6) and 23 September (due to lagoon Stations 1-5) but showed no
differences* among the other sampling dates (19 July through 14 Septem-
ber) (Fig. 13). The reasons for these early and late peaks are
not clearly understood at present. Total mysid biomass was highest
from early to mid-season (19 July to 18 August) and lowest near the end
of the season (30 August and 14 September) (Fig. 13). In general
total mysid biomass followed the pattern of M. litoralis biomass,
since the latter was the dominant mysid in the system; however, on 23
September M. litoralis biomass was at its Towest value during the open-
water season but total mysid biomass did not show as sharp a decline be-
cause M. relicta biomass reached a late season peak (Fig. 13).

Although direct comparisons between 1978 and 1977 results are not
possible, since different collection techniques were used, general
trends can be compared (Figs. 12 and 13). For lagoon stations, the

*Comparisons among sampling periods were done using Duncan's multiple
range test, where « = 0.05.
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biomasses of M. /Ztoralis and of total mysids followed similar patterns.
In both years, both of the biomasses were highest in the deep central
lagoon. Mysis relictec biomass tended to be highest near the mainland in
1978, but not in 1977. Mysis relicta biomass was low at offshore stations
(Station 77-5 and 78-7) in both years (Fig. 12). However, M. litoralis
(and consequently total mysid) biomass tended to be higher at offshore
stations, in relation to the lagoon, in 1978 than in 1977 (Fig.1Z ],

A comparison of biomasses among dates shows marked differences in
trends between the two years for M. litoralis, M. relicta and total
mysids at both Tagoon and offshore stations (Fig. 13). 1In 1977, M.
litoralis biomass and total mysid biomass within the lagoon increased
as the season progressed. However, at the offshore stations the
increase was noted only at the end of the season. In contrast, during
1978, these biomasses showed significant decreases at both lagoon and
offshore stations late in the open-water season. Mysis relicta biomass,
which was almost always low at offshore stations, decreased in the
lagoon toward the end of the 1977 season, but increased in the lagoon
late in the 1978 season. The reasons for these different trends are
unclear, but could represent between-year variations.

In summary, in 1978 there appeared to be a marked reduction in M.
litoralis biomass near the end of the open-water season; however, the
biomass of M. relicta showed an increase at lagoon stations during the
same period. Thus, emigration, rather than predation appeared to be
the main cause for the decrease in M. litoralis biomass, since it seems
unlikely that predators would select between these two similar species.
Mysid distribution within the lagoon was similar in both years but
markedly higher M. litoralis biomass was found at offshore stations in
1978 than in 1977.

Mysids in the Water-Column. Mysid biomasses in the water-cclumn

at the four stations sampled by Faber net during seven 1978 sampling
periods are shown in Appendix 9 and Figs. 14-17 and are compared in
Table 15. The 1978 biomass estimates of M. litoralis, M. relicta and
total mysids varied widely among stations and dates throughoui the open-
water period. Neither the differences among iagocr stations ncr among
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Figure 14. Biomass of mysids in the water-column in relation to date
and sampling station. Each data point is a mean of three
Faber net samples collected in and near Simpson Lagoon
during 1978. * indicates no samples collected. NS indi-
cates these stations not sampled due to shallowness of

the water.
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Figure 17. Biomass of mysids in the water column at offshore stations
in Simpson Lagoon in relation to date in 1977 and 1978.
Each 1978 data point is a mean of three Faber samples from
each station on each date. The 1977 data are recalculated
from Griffiths and Craig (1978). 1In 1977 only total mysid
biomass was available. * indicates that no samples were
collected on this date at Station 7.
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Table 15. Comparisons of 1978 mysid biomass in the water column (1n mg ash-free
dry wt. 100 m=3), in relation to station and sampling period 1978. Data
analyzed using two-way analysis of variance. Each station/date value
was the mean of three Faber net hauls at the station during the sampling

period.
A1l Stations (2,3,4,7) Lagoon Stations (2,3,4)
F value Fvalue | F value - F value
Among Stations Among Periods Among Stations Among Periods
Species (d.f.=3,15) (d.f.=5,15) (d.f.=2,12) (d.f.=6,12)
Mysis litoralis 1.77 2.14 1.94 5.12
P>0.05 P>0.05 P>0.05 P<0.01
Mysis relicta 1.10 2.29 2.53 9.54
P>0.05 P>0.05 P>0.05 P<0.01
Total mysids 1.82 2.41 3.51 10.79
P>0.05 P>0.05 P>0.05 P<0.01

+Only sampling periods 10 July-14 September 1978 used in comparisons.
A sampling periods 10 July-23 September 1978 used in comparisons.




the combined lagoon and offshore stations were statistically significant
(Table 15, Figs. 14 and 15). However, M. relicta was most common at
Jagoon Stations 2 and 3, and it was rare at Station 7 seaward of the
barrier islands (Fig. 15). No M. relicta were found in offshore samples
taken after 17 August (the offshore marine station was not sampled on 23
September), but during this same late-season period M. relicta biomass
increased markedly at the lagoon stations (Fig. 16).

When all stations were considered together, mysid biomasses in the
water-column did not differ significantly among sampling periods (Table
15). However, when only the lagoon stations (2, 3 and 4) were considered,
there were significant differences among collection periods (Table 15,
Fig. 16). Mysis litoralis biomass was greater in the lagoon on 10 July
than on 4 August (P < 0.05, Duncan's multiple range test), and M. relicta
and total mysid biomasses were markedly higher on 23 September than on
4 August (P < 0.05). Although there were insufficient data to statisti-
cally compare biomasses during various sampling periods at the one off-
shore station, from Fig. 17 it appears that the biomass for all mysids
was high early in the season and then declined dramatically to negligibie
levels after 4 August. These results are generally consistent with the
concept that, at least in the lagoon, mysids are most abundant in the
water-column during the periods soon after breakup and just before
freeze-up.

Comparisons of these data with 1977 results are limited to total
mysid biomass, not biomasses of individual species because mysids col-
lected in the water-column by Faber net in 1977 were not identified to
species. Offshore biomass was lower than nearshore biomass in both
years (Fig. 15); the differences among stations were significant in 1977
(Friedman x2 = 6.49, P < 0.05, k = 3) but not in 1978. 1In 1977, total
mysid biomass generally decreased during the course of the season at
lagoon stations but showed a mid-season peak at the offshore station
(Figs. 16 and 17). In 1978, it generally increased at lagoon stations
and decreased markedly at offshore stations as the season progressed
(Figs. 16 and 17). The pronounced increase in total mysid biomass at
Tagoon stations during the last collection period of 1978 occurred largely

because of the increase of M. relicta biomass (Fig. 16).
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In summary, mysids were much more abundant near the bottom than in
the water-column at both lagoon and offshore stations (Fig. 10). The
wide variations in mysid biomass among stations and collection periods
in both water-column and benthic habitats (in 1977 and 1978) suggests
that there may be both uneven distribution and rapid rates of movement
of these organisms within the nearshore system. The occurrence of rapid
movements is further indicated by the apparent immigrations of mysids
into the lagoon during early summer (see 'Transport of Invertebrates'
and 'Late Winter and Spring').

Amphipods

The amphipod species collected in 1977 and 1978 were known from
previous studies to occur along the Alaskan Beaufort Sea coast (MacGini-
tie 1955; Crane 1974; Feder and Schamel 1976; Feder et al. 1976b). In
1977, all amphipods collected both near the bottom and in the water-
column were identified to species (Griffiths and Craig 1978). In 1978,
only those amphipods that comprised a significant portion of the samples
or contributed significantly to the stomach contents of birds and fish
were analyzed to the species level.

Amphipods Near the Bottom. Amphipods near the bottom were collec-

ted by drop nets at the seven standard stations during each sampling
period of 1978, weather and ice conditions permitting. The results are
shown in Appendix 10 and Figs. 18-21 and are compared in Tables 16 and
17. It is apparent from these figures that 0. glacialis was by far the
most important amphipod in the lagoon on a biomass basis; it was also
one of the most important species to birds and fish (Johnson and Richard-
son 1980; Craig and Haldorson 1980). Only 0. glacialis and Gammarus
setosus were collected in sufficient numbers to allow for statistical
analyses. However, the seasonal trends of three other amphipod species
(Halirages mixtus, Pontoporeia affinis and Parathemisto sp.) are of
sufficient interest to deserve comment.

Two-way analyses of variance for unequal sample size, for all
seven stations and sampling periods showed significant among-station
differences in biomasses of total amphipods and the two amphipod species
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Figure 18. Biomass of amphipods near the bottom in relation to date
and sampling station. Each data point is a mean of five
drop-net samples collected in or near Simpson Lagoon,
1978. * indicates no samples collected.
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Figure 19. Biomass of amphipods near the bottom at various sampling

stations in 1977 and 1978. Each 1978 data point is a
mean of five drop-net samples for each sampling date
Stations 78 1-5 based on seven sampling periods (8 July
to 23 September), Stations 78-6 and 7 based on four
sampling periods (3 August-14 September). The 1977
data are recalculated from Griffiths and Craig (1978).
Because different sampling techniques were used in the
two years, only the general trends can be compared.
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Figure 20. Biomass of amphipods near the bottom at lagoon stations
in Simpson Lagoon in relation to date in 1977 and 1978.
Each 1978 data point is a mean of five drop-net samples
from each station on each date. The 1977 data are re-
calculated from Griffiths and Craig (1978). Because
different sampling techniques were used in the two
years, only general trends can be compared.
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Biomass of amphipods near the bottom at offshore stations
in Simpson Lagoon in relation to date in 1977 and 1978.
Each 1978 data point is a mean of five drop-net samples
from each station on each date. The 1977 data are recal-
culated from Griffiths and Craig (1978). Because different
sampling techniques were used in the two years, only
general trends can be compared. * indicates that no
samples were collected on these dates at Station 7.

74




Table 16. Comparisons of amphipod biomass near the bottom (Tn me
ash-free dry wt. m~2), all stations (1-7) and sampling
periods considered. Data analyzed using two-way analysis
of variance for unequal sample size.

Among Stations Among Periods
F Value P F Value P
Species (d.f.=6,32) (d.f.=6,32)
Onisimus glacialis 27.493 <<0.001 3.39 <0.01
Gammarus setosus 4.77 <0.001 0.56 0.78
Total amphipods 11.26 <<0.001 4.55 <0.001

Table 17. Orthogonal comparisons of amphipod biomass on the bottom
at various stations and groups of stations.

F values for

Stations Habitat Onisimus Gammarus Total
Compared Type glacialis setosus Amphipods

6.7 vs 1-5 Ocean vs Lagoon 107.21 6.34 61.50
P<<0.001 P<0.001 P<<0.001

6 vs 7 Nearshore Ocean 30.62 0.01 0.71
vs Offshore Ocean P<<0.001 P=0.91 P=0.40

1,5 vs 2,3,4++ Shallow Nearshore 13.15 5.35 28.11
vs Central Lagoon P<<0.001 P<0.001 P<<0.001

1 vs 5++ Mainland Nearshore 1.15 0.07 0.17
vs Barrier Is. Nearshore P=0.29 P=0.79 P=0.68

3vs 2,47 Center of Lagoon 1.95 9.39 2.61
vs Intermediate Depths P=0.16 P<<0.001 P=0.11

+0n1y‘samp11ng periods 3 August-14 September considered.
++On]y sampling periods 19 July-23 September considered.
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considered, and significant among-period differences for 0. glacialis
and total amphipods, but not for G. setosus (Table 16 and Fig. 18). Bio-
masses of the two amphipod species considered individually and also total
amphipod biomass were higher in the shallower lagoon waters than in the
deeper ocean waters (Table 17, Figs. 18-19). Onisimus glacialis biomass
was also greater in the lagoon than at the offshore station in under-ice
collections during early June 1978. Only 0. glacialis differed signifi-
cantly in biomass at offshore Stations 6 and 7; its biomass was signi-
ficantly higher at Station 6 (ocean side of barrier islands) than at
Station 7 (offshore ocean) (Table 17, Figs. 18-19).

Biomasses of 0. glacialis, G. setosus and total amphipods were all
significantly higher in the central lagoon (Stations 2, 3 and 4) than
near the edges of the lagoon (Stations 1 and 5; Table 17, Figs. 18-19).
Thus, amphipods appeared to show a preference for the deeper (> 2.0 m)
waters of the lagoon. There were no significant differences in biomas-
ses for the two individual species or total amphipods between Station
1 (nearshore mainland) and Station 5 (nearshore barrier island) (Table
17, Figs. 18-19). A comparison of the central lagoon stations (3 vs 2
and 4) showed no significant differences in the biomasses of 0. glactia-
lis, and total amphipods; however, the biomass of G. setosus was signi-
ficantly higher at Stations 2 and 4 than at Station 3 (Table 17, Figs.
18-19). Reasons for the differences in this last comparison are un-
known; physical conditions and habitat types are similar at all three
stations.

Gammarus setosus biomass did not differ significantly among samp-
1ing periods (Table 16 and Fig. 18), but the biomass of 0. glacialis was
significantly higher on 19 July than on any other sampling date* (Table
16, Figs. 18 and 20). Halirages mixtus biomass tended to be higher later
in the season; it did not appear in samples until 18 August 1978 and
reached a maximum on 14 September 1978 (Fig. 18). This marine pelagic
species appears to move into the system from offshore waters late in
the open-water season. Pontoporeia affinis biomass showed a reversed

*Comparisons among sampling periods were done using Duncan's multiple
range test, where « = 0.05.
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pattern; it was higher in the early samples (10 July-18 August 1978)
than in the later ones (30 August-23 September 1978) (Fig. 18). The
reasons for this decrease in biomass as the open-water season progressed
are not known. Total amphipod biomass followed a seasonal trend similar
to that of 0. glacialis, the most abundant species in the system; total
amphipod biomass was significantly higher on 19 July 1978 than in any
other sampling period (Figs. 18 and 20).

Although other amphipod species did not comprise a major component
of the total amphipod biomass in the system in 1978, the distributional
trends of these species are of note, especially in relation to 1977
results. For example, the large increase in total amphipod biomass at
offshore Station 7 late in the 1978 season (Fig. 18) was the result of
an influx of Parathemisto sp., a genus of pelagic marine amphipod. A
larger influx of Parathemisto libellula was noted in 1977 at offshore
Station 77-5. That year, large numbers of this amphipod were washed-up
in windrows on the ocean side of the barrier islands.

In 1978, Onisimus glacialis was the dominant bottom-dwelling amphi-
pod in Simpson Lagoon in terms of biomass, but in 1977 trawl samples
had showed this species to be only a minor component of the amphipod
fauna (Figs. 19, 20 and 21). Gammaracanthus loricatus and Gammarus
setosus were the most abundant amphipods in 1977 samplés. However,
their apparent importance that year was likely an artifact of the samp-
ling technique--the large mesh size of the trawl used in 1977 selected
against the relatively small 0. glacialis. In 1978, the apparent impor-
tance of other smaller amphipod species (e.g., Halirages mixtus and
Pontoporeia affinis) also increased relative to that of the larger am-
phipods G. loricatus and G. setosus; this may have been caused by the
same sampling artifact. Consequently, any between-year comparisons
of amphipod biomasses or trends are confounded by this problem.

Amphipods in the Water-Column. Amphipods were collected in the
water-column regularly over the open-water season of 1978. The results

for all collections are shown in Appendix 9, Figs. 22-25 and are com-
pared in Table 18.
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Table 18. Comparisons of amphipod biomass in the water column (1n mg ash-free dry wt.
per 100 m=3) within lagoon stations (2,3,4) and all stations (2,3,4,7) com-
bined, and among respective sampling periods. Data analyzed using two-way
analysis of variance. Each station/date value was a mean of three Faber
net hauls at the station during the sampling period.

A1l Stations (2,3,4,7) Lagoon Stations (2,3,4)

F value F value : F value F value

o Among Stations Among Periods Among Stations Among Periods++
-~ Species (d.f.=3,15) (d.f.=5,15) (d.f.=2,12) _ (d.f.=6,12)
L Onisimus glacialis 3.54 1.34 2.73 3.34
o . | | 0.05>P>0.01 P>0.05 P>0.05 0.05>P>0.01
8 Gommarus -setosus 1.01 0.61 1.37 0.97
‘ | P>0.05 P>0.05 P>0.05 P>0.05
Apherusa glacialis 3.13 11.51 2.93 8.33
T P>0.05 P<0.01 P>0.05 P<0.01
Halirages mixtus 0.31 3.41 1.82 27.57
R P>0.05 .055P>0.01 P>0.05 P<0.01
Pontoporeia affinis 4.02 3.21 1.99 0.99
IR 0.05>P>0.01 .055P>0.01 P>0.05 P>0.05
" Parathenisto spp. 1.36 4.49 1.95 7.80
DR P>0.05 .05>P>0.0] P>0.05 P<0.01
. Total amphipods’ - 2.14 16.46 2.82 15.36
L ey  P>0.05 P<0.01 P>0.05 - P<0.01

| ;':+dn1yASampjinglperﬁodsvTO'JuTye14iSeptember 1978‘used.in comparisons.
”f_:jf+0n1y samp11hg_periods_10xJu1y—23_Septemberv]978 used'in comparisons.




The total biomass of amphipods, and the biomasses of the six indi-
vidual species considered, did not differ significantly among deep
(> 2.0 m) lagoon stations (2, 3 and 4) (Table 18, Figs. 22 and 23).
However, there were spatial differences in biomasses of Onisimus glacia-
1is and Pontoporeia affinis when the ocean Station 7 was included in
the comparisons. 0. glacialis biomass was higher in the lagoon (Sta-
tions 2, 3 and 4) than in the ocean (Station 7) (orthogonal comparison,
0.05 > P > 0.01; Fig. 23). (Similarly, 0. glacialis biomass in the
under-ice samples, and on the bottom during the summer, was higher in
the lagoon.) The differences (orthogonal comparisons) in biomass of
P. affinie among lagoon and ocean stations (7, 2, 3 and 4) lies in a
combination of stations not predicted and not tested due to lack of de-
grees of freedom for additional orthogonal comparisons.

Within the lagoon (Stations 2, 3 and 4), the biomasses of 0. glacia-
lis, Apherusa glacialis, H. mixtus, Parathemisto spp., and total amphi-
pods differed significantly among sampling periods (Table 18, Figs. 22
and 24). In all cases, the biomasses increased markedly during August
1978 (Fig. 24). (Apherusa glacialis, H. mixtus and Parathemisto sp., are
all pelagic marine species and apparently move into Simpson Lagoon
during August from deeper offshore areas.) When lagoon and offshore
stations (2, 3 4 and 7) were considered together, biomasses of A.
glacialis, H. mixtus, P. affinis, Parathemisto sp., and total amphipods
showed significant differences among sampling dates (Table 18, Figs.

23 and 24); the seasonal patterns were similar tco those within the
lagoon. Except for P. affinis, which was not collected in the system
after 30 August 1978, biomass of all these species increased signifi-
cantly in mid- to late August and remained high until the termination
of sampling in late September (Figs. 22, 24 and 25).

Early in the open-water season of 1978 (10 July-4 August), 0. gla-
cialis comprised most of the amphipod biomass in the water-column at
both lagoon and offshore stations (Figs. 24 and 25). As the season pro-
gressed (4 August-23 September), no one species of amphipod dominated
the amphipod biomass at lagoon stations, but severé] species (4dpherusa
glactalis, Parathemisto Sp., Onisimus glacialis and Halirages mixtus)

were common (Fig. 24). At offshore stations during August and September,
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Apherusa glacialis and Parathemisto spp. formed the largest portion of
the amphipod biomass in the water-column (Fig. 25).

The total amphipod biomass in the water-column at both lagoon and
offshore stations increased markedly late in the season in 1978. In
1977, the total amphipod biomass at lagoon stations was high early in
the season, declined at mid-August and then increased into September,
while at offshore stations it increased dramatically as the season pro-
gressed (Figs. 24 and 25). In the water-column of the lagoon relative
abundances of different species of amphipods were similar in the two
years (except for Halirages mixtus which was not recorded in 1977). At
the offshore stations, Parathemisto libellula was the most abundant
species in the water-column after mid-August 1977 and Apherusa glacialis
was the second most common; this was the reverse of the situation in
1978. The abundance of Parathemisto sp. offshore in late summer of
1977 paralleled the increase of this species in near-bottom habitats
(see previous section).

In summary, all sampling methods (drop and Faber nets and diver
observations) showed seasonal and among-station variations in biomasses
of amphipods and mysids, and in species composition of amphipods, both
in the water-column and near the bottom. This suggests an uneven dis-
tribution and rapid movements of epibenthic and pelagic amphipods and
mysids within the Simpson Lagoon and nearshore system. Similar uneven
distribution patterns of epibenthic invertebrates have been noted in
arctic waters by numerous authors (MacGinitie 1955; Crane 1974; Feder
et al. 1976a; Griffiths et al. 1977). The occurrence of rapid movement
is also suggested by analysis of drift net data in this study (see
following section) and by the apparent immigration of mysids into the
lagoon during early summer (see 'Under-Ice Distribution of Epibenthic
Invertebrates')

Transport of Invertebrates

Periodically during the open-water season, plumes of water from
offshore areas were observed moving into the lagoon through entrances
between the barrier islands. Our studies showed that amphipods and
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mysids are carried into the lagoon entrained in this water, suggesting
that movements of invertebrates were likely to be facilitated by
wind-driven water exchange, which may provide a means of dispersal for
amphipods and mysids. The high flushing rate of the lagoon (0.2 times/
day on the average and as much as once per day during winds greater than
40 km/h, Mungall 1978) could in theory result in the rapid movement of
amphipods and mysids into and out of Simpson Lagoon at various times
throughout the season. Data collected by Feder and Schamel (1976) sug-
gested the onshore movement throughout the open-water season of marine
epibenthic invertebrates from offshore poputations.

Basically, two types of movements of amphipods and mysids into and
out of the lagoon were postulated:

1. Movements parallel to the shore. Longshore movements

might be a consequence of, or at least assisted by,

wind-generated currents which typically move in an
east-west direction during the open-water season, and

2. Movements between shallow estuarine and deeper marine
waters. During the open-water period these move-
ments may depend on wind and current action, perhaps
during storms. The organisms may respond particularly
to water motion near the bottom, where they exist in
greatest abundance.

Drift net samples were collected in the gap between Pingok and Peat
Islands on an intermittent basis throughout the 1978 open-water season
in order to estimate the transfer rates of epibenthic invertebrates be-
tween the ocean and the lagoon. Mysids, the dominant food item in the
diets of both fish and birds (Craig and Haldorson 1980; Johnson and
Richardson 1980), were the dominant component of the biomass in the
drift net samples. The biomass of M. litoralis in these samples exceedec
that of M. relicta by a ratio of 24:1; consequently, in the analysis,
only M. litoralis was considered. The data are presented as the biomass
of M. litoralis passing through a square meter vertical plane in one hour.
Too few samples were collected at locations and times when water
was entering the lagoon (6 of 40) to provide a reliable estimate of the
immigration rate of organisms into the lagoon. The results from the 34
samples collected at locations and times when water was leaving Simpson
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Lagoon are presented in Table 19 and Fig. 26. The data were separated
into two groups; those collected when M. litoralis biomass was high near
the bottom of the lagoon (20 July-23 August) and those collected after
it had declined significantly (29 August-16 September) (Figs. 10 and 12).
Our intention was to determine if, under conditions of high M. Iitoralis
biomass, the current speed required to initiate transport out of the
lagoon was lower than that required when the biomass was lower. Biomass
data were transformed to natural logarithms before carrying out the
analysis.

There was a positive but not statistically significant correlation
between current speed and M. litoralis biomass transported out of the
lagoon during the period of high M. litoralis biomass (r = 0.362, d.f.
= 14, P > 0.10) (Fig. 26). The lack of significant correlation may be
a reflection of the limited range of current speeds in which these
samples were collected; 12 of the 16 samples were collected in currents
of 29-36 cm/s (x = 33.6, S.D. = 2.6). During the subsequent period of
low M. litoralis biomass, the variation in current speeds was much
greater (x = 47.8 cm/s, S.D. = 20.0) and there was a significant posi-
tive correlation between current speed and biomass transported (r = 0.800,
d.f. = 16, P < 0.001) (Fig. 26). The slopes of the 'biomass transported
vs current speed' lines during the two periods were not significantly
different (P = 0.685), whereas the intercepts were (P < 0.05). The
results suggest that the rate of transport depends on M. Ilitoralis
biomass; a lower current speed was required to initiate transport when
the biomass was higher (Fig. 26).

Although M. litoralis biomass near the bottom of the lagoon was
measured on only a few dates, estimates for other dates were made by in-
terpolation between values measured at Station 5 (station nearest site
of drift net sampling where drop net samples were taken; Table 18). The
results of a 3-variable multiple regression analysis of emigration rate,
expressed on a logarithmic scale, vs (1) the date of the collection,

(2) current speed and (3) estimated biomass of M. litoralis on the
lagoon bottom are summarized below:
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Table 19. Mysis litoralis biomass transported out of Simpson

Lagoon through the pass between Pingok and Peat Islands,
20 July-23 September 1978.

Mysis litoralis
Biomass High*

Mysis litoralis Estimate of
Transported M. litoralis Biomass at
Current Speed (mg ash-free dry wt. Station 5 on Given Date
Date (cm/s) m=2 h-1) (mg ash-free dry wt. m=2)
20/07/78 36 7.24 0.014
34 5.43
36 10.68
36 8.08
34 6.15
29 18.22
25/07/78 32 49 .53 0.0268
35 55.48
J2/08/78 30 0.60 0.048
30 0.72
35 0.40
36 0.45
06/08/78 8 0.04 0.036
5 0.54
23/08/78 17 5.98 0.022
22 13.88

Mysis litoralis
Biomass Low*

29/08/78 48 6.94 0.007
35 3.05
48 5.55
28 2.68
52 8.77
36 3.25
38 2.76
26 0.76
47 3.89
33 1.68

05/09/78 25 0.50 0.004
22 0.63
59 0.38
47 0.89

/09/78 76 46.68 0.0605

85 34.13
78 7.38
/8 72.72

*For definition of high and lTow M. litoralis biomass, see text.
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Standardized

F Value d.f. Regr. Coeff. p
Date 11.28 1,30 -0.575 <0.01
Current 11.17 1,30 0.542 <0.01
Biomass 6.56 1,30 -0.448 <0.05

These results indicate that the biomass of M. Ilitoralis transported out
of the lagoon decreases as the season progresses, presumably reflecting
the seasonal decrease in M. litoralis biomass in the lagoon; and that
the rate of emigration is positively correlated with current speed.

More surprisingly, the negative partial correlation of transport rate
with biomass suggests that, even after allowing for the date and current
effects, the transport rate increased as biomass in the lagoon decreased.
Furthermore, on 14-16 September 1978, the biomass of M. litoralis in the
water-column showed a late season peak at Station 4, the station nearest
the site of drift net collections where densities in the water-column
were measured (Figs. 14 and 16). This may have been due to high current
speed on 14 September (Table 19). However, it is also possible that

the decrease in M. litoralis biomass on the bottom of the lagoon recorded
at the end of the open-water season (Figs. 11 and 13) may be partially
due to an active movement--the organisms may move up from the bottom

into the water-column in order to facilitate emigration. This postu-
lated movement up into the water-column may be in response to an external
stimulus such as photoperiod, temperature, salinity.

Trophic Relationships

The most important food sources for both fish and birds in Simpson
Lagoon during summer are mysids (Mysis litoralis, M. relicta) and amphi-
pods (especially Onisimus glacialis) (Craig and Haldorson 1980; Johnson
and Richardson 1980). This section compares the daily food requirements
of fish and birds to the availability of food (mysids and amphipods)
during the open-water season. Since the fish and birds selectively
utilize the lagoon in preference to the ocean, only the feeding inter-
actions within the lagoon were evaluated. However, as will be noted
tater, food appeared to be equally abundant in the marine water habitats
beyond the barrier isiand.
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Daily food requirements of the key vertebrates (fish and birds)
in the study area during both 1977 and 1978 were estimated using fish
and bird densities estimated by Craig and Haldorson (1980) and Johnson
and Richardson (1980) (Tables 20 and 21). Bird densities were available
for both years. O0ldsquaw ducks were the prime avian consumers, and were
the only birds considered in this analysis. The 1977 and 1978 energy
requirements for birds have been computed using the following equation
from Kendeigh et al. (1977:201): at 0°C, M = 4,142 WO0-544%, where M =
daily existence energy requirements during the molting period (Kcal) and
W = weight of bird (g). A digestive efficiency of approximately 70%
(Owen 1970) has been used in converting daily existence energy require-
ments to intake requirements. Fish densities for 1977 were assumed to
be the same as those estimated for 1978 by Craig and Haldorson (1980),
with the exception that the run of arctic cod encountered on 11-20
August 1978 did not occur. Fish species considered were arctic char,
arctic cisco, least cisco, arctic cod and fourhorn sculpin. Energy
requirements of fish are assumed to correspond to an intake of 6% of
body weight per day for small fish, and 5% per day for large fish. The
6% figure was derived by Craig and Haldorson (1980); the 5% figure is
arbitrary but based on the general principle that energy requirements
do not increase linearly with body weight.

In 1977 the amount of food (mysids and amphipods) available was
calculated using diver estimates of densities of mysids and amphipods.
The diver estimates in August 1977 at lagoon Stations 1, 2 and 3 were
converted to estimated biomasses of epibenthic invertebrates, by using
the 1978 ash-free dry weight (Table 5) for the predominant size classes
of mysids and Onisimus amphipods observed by the diver in 1977.

For July 1977 and September 1977, the only available data concern-
ing epibenthos were the otter trawl samples. The following procedure
was used to correct these results for underestimations of the biomass
present. For each of mysids and amphipods, and separately for each of
the stations 1-3, the July:August and September:August ratios of wet
weights in trawl samples were multiplied by the August estimate of grams
ash-free dry weight/m? previously mentioned. A weighted mean for the
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Table 20. Estimates of daily food requirements (g ash-free dry wt*/m?) of small and large fish in Simpson Lagoon in 1977** and 1978.

Lagoon Edye (6.9 km?) Lagoon Center (153.1 km?) L
Small Fish (=15 gq] Large Fish (=470 q) Small Fish (=15 q) Large Fish (= 470 gJ Daily Ration
Density? Rationtt ﬁhpgnsigx_r Ration Dens ity Ration Density Ration (Weighted Mean)
Date No./mZx10 * q/mZx10 * No./m?x10 g/m?x10 No./m’x10 ¢ q/mZx10 ¥ No./m"x10 ® g/m?x10 q/mx1074

Jul 01-10 5 0.5 5 141 0.5 0.1 0.5 1.4 2.1
11-20 20 2.2 20 56.4 2 0.2 1.5 4.2 6.7
21-31 50 5.4 40 112.8 5 0.5 4 1.3 16.4
Aug 01-10 50 5.4 40 112.8 5 0.5 4 11.3 16.4
11-20 1250+t 72.0 40 112.8 1200t++ 69.1 4 11.3 84.9
21-31 70 7.6 40 112.8 7 0.8 4 11.3 16.8
Sep 01-10 100 10.8 40 112.8 10 1.1 4 11.3 17.2
11-20 100 10.8 10 28.2 10 13 1 2.8 5.4
20-30 100 10.8 5 14.1 10 1.1 0.5 1.4 3.5

*Ash-free weight calculated by taking 12% (mean of mysids and amphipods) of wet weight.

**Density estimates for 1977 are assumed to be the same as 1978 less the arctic cod run 18-20 August.

tDensity estimates from Craig and Haldorson (1980).

++Daily food rations (wet weight) are assumed to be 6% of body weight for small fish (Craig and Haldorson 1980) and 5% of body weight for
large fish.
Food ration for this period is based on small fish approximately 8 g in weight (arctic cod).




21. Estimated daily food requirements (mg ash-free
dry wt./m?) of oldsquaw ducks in Simpson Lagoon
in 1977 and 1978.

1977

no./km?+

mg/m2t+

5
20
23

5

15

25
28-29

5
15
25
30

5
15
22
23

June
June
June

July
July
July
July

August
August
August
August

September
September
September
September

0.0 0.0
0.2 0.009

6.0 0.26

321.1 14.01

261.0 11.39

137.1 5.98

666.3 29.07

1978

no./km?

mg/m?

0.1

15.5
183.2
79.8

75.4
100.7
58.2

23.2
26.3

199.2

0.004

0.68
7.99
3.48

3.29
4.39
2.54

1.01
1.15

8.69

TDensities are based on the results of aerial surveys and
are yeighted means for the lagoon (Johnson and Richardson
1980).
++Food requirements were calculated assuming 240 Kcal/bird-
day as the gross energy needs of oldsquaw ducks (Johnson

and Richardson 1980).

This was converted to mg ash-free

dry weight by assuming that 5.5 Kcal is equivalent to
1.0 g ash-free dry weight.




whole lagoon was then determined for each sampling period (15 July, 15
August and 15 September) (Table 22). The estimate for Station 3 on 15
September 1977 was not used as it appeared unrealistically high (68.7 g
ash-free dry weight/m?), possibly due to a sampling artifact; only one
otter trawl sample was collected at this station and date. In this
case, the weighted means for Stations 1 and 2 was assumed to apply to
the entire lagoon.

For 1978, available biomass was determined using results from the
drop net samples. For each sampling date, the five lagoon stations
were combined to produce a weighted mean for the entire lagoon (Table
22).

Comparisons of food (mysids and amphipods) available in the lagoon
during 1977 and 1978 with the daily food requirements of the oldsquaw
ducks and the major fish species using the lagoon are shown in Fig. 27.
The energy available showed different trends in the two years. In
1977, it exceeded the daily requirements of consumers by 1% or 2 orders
of magnitude and apparently increased in availability as the season
progressed; this suggests that food was not a limiting factor for the
fish and birds in the lagoon during the summer of 1977. Also, diver
estimates of densities of epibenthic invertebrates, the basis for the
1977 'Food Available' line in Fig. 27, are biased downwards (see
'Sampling Limitations and Biases'). Thus, the difference between food
available and daily food requirements were, for 1977, probably somewhat
-larger than shown in Fig. 27. 1In 1978, the available supply of food
apparently was an order of magnitude less than in 1977 by the end of
the open-water season. The number of oldsquaw ducks present during
late summer of 1978 was approximately half of that in 1977, and their
energy demand was correspondingly reduced. However, fish densities and
energy needs were greater in 1978 because of a large influx of arctic
cod in mid-August of 1978 (Table 20). Whether the year-to-year
variations in numbers of consumers are related to differences in the
energy available is not known. The interpretation problem is compounded
by imprecise estimates of both vertebrate densities and food availability
and by natural variations in the densities of all the organisms involved
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Table 22.

Lagoon in 1977 and 1978.

Estimates of food available (mysids and amphipods) (g ash-free dry weight/m2) in Simpson
Recalculated from Griffiths and Craig (1978).

Approximate
Lagoon Area

1

977 (g AFDW m 2)*

Station Represented (km?) 15 Jul 15 Aug 15 Sep
1 36 0.12 0.33 0.24
2 102 0.15 0.76 1.16
3 22 0.30 0.93 +
Total 160
reighted 0.16 0.69 0.92
eans
Approximate -
Lagoon Area 1978 (g AFDW m 2)*
Station Represented (km?) 8 Jul 19 Jul 03 Aug 18 Aug 30 Aug 4 Sep 23 Sep
1 36 0.11 0.16 0.22 0.068 0.06 0.27 0.25
2 34 0.12 0.23 0.37 0.30 0.20 0.33 0.18
3 34 0.04 0.39 0.19 0.66 0.18 0.20 0.23
4 34 *k 1.25 0.14 0.30 0.14 0.12 0.11
5 22 0.029 0.12 0.10 0.09 0.04 0.06 0.01
Total 160
Weighted
Means 0.079 0.45 0.22 0.30 0.12 0.21 0.17

* Biomass is the sum of all mysids and amphipods in g ash-free dry weight/m?.
** Value at Station 4 assumed to be a mean of values at Stations 2 and 3.

t+ Estimates for Station 3 on this date not used as they appeared unrealistically high (68.7 g/m2).
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caused, in part, by the responses of the organisms to various physical
conditions (wind, temperature, salinity, ice, etc.).

The biomass of mysids and amphipods was apparently similar in mid-
July of the two years. In 1977 it increased thereafter until] the end
of the open-water period, but in 1978 it tended to decrease during the
same period. The drop net results of 1978 showed that the biomasses of
M. relicta and 0. glacialis did not decrease significantly in the lagoon
as the season progressed, but that the general biomass decrease was
caused by a decrease in the biomass of M. I<itoralis. In order to sup-
port the vertebrate consumers during the 80-day open-water period in
1978, and at the same time maintain the standing stock, the invertebrate
biomass would have had to be replenished through growth of individuals
and/or a net immigration of organisms into the Tagoon from other loca-
tions (i.e., offshore and/or other nearshore areas) (Fig. 27). 1In 1977,
when the invertebrate standing stock was higher relative to require-
ments of vertebrates, it is not as clear that growth or replenishment
cf the epibenthos was necessary to support the vertebrates. But growth
and/or replenishment must have also occurred in 1977 because the bio-
mass present increased with time.

The importance of invertebrate (particularly mysid) growth and/or
immigration in 1978 became even more apparent when the energy require-
ments and food habits of 0. glacialis were considered. A large portion
of the diet of this omnivorous amphipod consists of crustacean parts
(Broad 1977; Broad et al. 1979). Observations of feeding 0. glaciulis in
aquaria and in the field indicated that they readily consumed mysids.

An estimate of the daily ration of mysids for 0. glacialis was calcu-
Tated using the following findings and assumptions:
1. An average daily increase in weight of 0.04 ng wet
weight was determined for first year class indi-

viduals, the dominant size class in the lagoon (see
‘Biology of Key Species').

2. If we assume that this growth represents 10% of the
food consumed (Parsons et a}l. 1977:143), the daily
food ration of 0. glacialis is about C.4 mg wet
weight or approximately 0.08 mg ash-free dry veight.

3. It is also assumed for the sake of argument thiat only
10% of the diet of 0. glacialie is comprised of mysids.

97




Using these estimates in conjunction with the weighted mean density of
0. glacialis in the lagoon we calculated the food requirements for this
species in summer (Table 23 and Fig. 27). Even if only 10% of the diet
of 0. glacialis is composed of mysids, this predation represents a
significant demand on the food resource when compared to the demands

by birds and fish.

The question now arises as to whether the initial early summer im-
migration of mysids coupled with growth during the summer was sufficient
to provide an adequate food supply for the consumers present (birds, fish
and amphipods) or whether additional immigration was required through-
out the open-water season to replenish the food supply. Weighted mean
density estimates of mysids in the lagoon are used since no recruitment
through reproduction occurs during the open-water season. Therefore,
any variations observed during the summer in weighted densities must
have been caused by a combination of immigration, emigration and/or crop-
ping by predators. The number of mysids consumed by predators was
calculated using the following assumptions:

1. The mysid component of the diets of consumers was

80% for fish (Craig and Haldorson 1980)
69% for birds (Johnson and Richardson 1980)
10% for 0. glacialis (see above)

2. Fish and 0. glacialis consumed size ranges of
mysids in approximately the same ratios that
existed in the environment at any given time;
oldsquaw ducks consistently selected the
larger (~ 10 mm) mysids.

3. For the consumers, the ash-free dry weight (AFDW)
of mysids required during each interval between
sampling periods was determined using the rela-

tionship:
Required AFDW = (Y;+Y,)(ax)(% of mysids in the diet)
2
where Y; = AFDW required at start of sampling period
interval
Y, = AFDW required at the end of sampling period
interval
Ax = number of days in the interval between

sampling period

a8
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Table 23. Estimated total daily food ration (mg ash-free dry wt. m~2) for Onisimue glacialis in Simpson
Lagoon 8 July-23 September 1978.

Approximate Estimated Total Food Requirements (mg ash-free dry wt. m~2)
Lagoon Area
Station Represented (km?) 8 July 19 July 3 August 18 August 30 August 14 September 23 September

1 36 0.5 1.3 0.8 0.1 0.5 0.1 1.2
2 34 1.1 0.2 1.3 1.4 0.8 1.0 0.6
3 34 0.2 1.7 1.7 2.7 1.9 1.3 0.8
4 34 + 8.8 1.9 4.6 0.6 1.5 0.2
5 22 0.1 1.8 0.8 0.5 0.1 0.3 0.1
Weighted Means 1.9 13.9 6.5 9.3 3.9 4.2 2.9

Assuming Diet 10% Mysids
Daily Ration of Mysids 0.19 1.39 0.65 0.93 0.39 0.42 0.29

+Va]ue at Station 4 assumed to be mean of values at Stations 2 and 3.




4. For oldsquaw ducks, the required AFDW of mysids was
converted to number of mysids by dividing by the
AFDW of a 10.5 mm mysid. For fish and 0. glacialis
the numbers were obtained by dividing by the AFDW
of an average mysid during each time period.

The expected and observed mysid density at the end of each time
period are shown in Table 24. The generally greater observed densi-
ties suggest that net immigration of mysids continues intermittently and
replenishes the lagoon supply throughout the open-water season; without
this immigration mysid populations would presumably be rapidly depleted
by the predators (Fig. 28). The expected depletion rate of mysid popula-
tions for each time period (Fig. 28) suggests that even as late as 3
August the density of mysids was insufficient to last the predators
until the end of the open-water season without new immigration. Obvious-
1y disruption of these mysid immigrations could have adverse effects
on their consumers, the fish and birds.

The food preferences of some of the epibenthic invertebrates them-
selves is at present being studied under a separate contract (Schneider
and Koch 1979). Generally, these authors have found that most species
of epibenthic invertebrates in the study area were not trophic
specialists.

Major species of epibenthic invertebrates and their
principal foods.*

Species Principal Foods
Onisimus glacialis Crustacean parts, Diatoms
Mysis relicta Peat, Diatoms, Crustacean parts
Mysis litoralis Diatoms, Peat, Crustacean parts
Onisimus litoralis Diatoms, Crustacean parts
Gammarus setosus Peat, Diatoms, Crustacean parts
Apherusa glacialis Diatoms, Dinoflagellates, Peat, Crustacean parts
Saduria entomon Diatoms, Polychaetes, Peat

*Adapted from Schneider and Koch (1979).

Similarly other investigators have found arctic epibenthic invertebrates
to be omnivorous: Gammarus setosus, Steele and Steele (1970) and Broad
(1977); Oonisimus glacialis, Broad (1977); Parathemisto libellula, Dunbar
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Table 24. Comparison of expected mysid densities+ (No./m?2) after predation and observed mysid densities
in Simpson Lagoon during the open water season 1978.

Requirements of

101

Consumers Predicted at End
For Sampling Observed at Start of Each Time Period Observed at Start of
Time Period Daily Period of Each Time Period (After Predation) Successive Time Period
8-18 July 7.3 73.5 106 .8 33.3 286 .9
19 Jul - 2 Aug 6.8 102.4 286 .9 184.5 206.2
3 Aug - 17 Aug 6.7 100.2 206.2 106.0 185.4
18 Aug - 29 Aug 5.3 63.5 185.4 121.9 39.9
30 Aug - 13 Sep 2.1 30.8 39.9 9.1 78.6
14 Sep - 23 Sep 3.5 34.5 78.6 44 .1 55.8
+ A1l densities are weighted means for the Tagoon.
Figure 28. Seasonal densities (---) of mysids % 200 4 /Dt““*?f\h
observed in Simpson Lagoon and s J NN
expected rates of depletion assuming 10 - / AR
only cropping by predators and no = / \\<§ "N\,
new immigration. Z 100 o . SN T
o \\\ o \\\\ /.\
5 N
; = ]




1946), Wing (1976); Parathemisto pacifica, Wing (1976); Pontoporeia
affinis, Segerstrale (1973). Although peat is abundant in the lagoon
system, Schneider and Koch (1979) reported that, of all the epibenthic
organisms tested, only the amphipod Gammarus setosus could directly
assimilate it; some of the other amphipods (é.g., Onisimus spp.) could
utilize it with the aid of a microbial intermediate and Mysis litoralis
did not appear to derive any of its carbon from peat.

The ultimate sources of carbon for the epibenthic organisms in the
nearshore system are also being studied (Schell 1979). The age (i.e.,
'old' [peat] or 'modern'*) of the carbon comprising the tissues of the
organisms was used to determine its source. 01d carbon in tissues in-
dicated that its source was terrestrial detritus (peat). 01d carbon
from peat could be assimilated either directly as detritus or indirectly
in the form of microfauna living on the detritus; in either case, de-
trital peat would be the main food source for the lagoon epibenthos.
However, if the carbon was modern, then recent primary production must
have been the main food source for the epibenthic invertebrates. Recent
production could be marine production (phytoplankton and ice algae) or
recent terrestrial production (modern detritus) carried to the lagoon by
runoff.

Schell (1979) reports the depressions in C-14 activity in epi-
benthic invertebrates from Simpson Lagoon indicate that peat (i.e..
old) carbon appears to account for approximately 10 percent of the car-
bon in the organisms. Total terrestrial carbon (i.e., peat carbon plus
river-transported modern carbon) may account for as much as 30-40 per-
cent of the carbon comprising the organisms in the lagoon (Schell 1979).
If this is the case, then the largest (60-70%) portion of the carbon
utilized by invertebrates in Simpson Lagoon comes from marine primary
production.

In summary, it appears that primary production in the ocean is the
main supplier of carbon for the nearshore epibenthos. Each spring, a
major portion of these epibenthic invertebrates (which comprise most
of the diets of fish and birds) repopulate the shallow nearshore areas.

*See Schell (1979) for a discussion of 'old' and 'modern’ carbon, methods
used for aging, and use of the technigues.
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Any disruption of either the migration of these invertebrates or of the
food used by the invertebrates could have repercussions that would be
felt to the top of the food chain (e.g., by fish and birds).

Biology of Key Invertebrate Species

The three most important invertebrate species in diets of birds
and fish in Simpson Lagoon are Mysis litoralis, Mysis relicta and
Onisimus glacialis (Johnson and Richardson 1980; Craig and Haldorson
1980). This section discusses selected aspects of the life histories of
these key species and presents brief outlines of the life histories of
other invertebrates that are present in the nearshore environment.

The biology of arctic marine epibenthic invertebrates is poorly
known because most previous studies have been conducted over short per-
jods of time during the open-water season or have been mainly concerned
with the species composition of the invertebrate community. The kinds
of information acquired in this study permit a more detailed description
of the biology of the three most important species.

Distribution of Mysis litoralis and Mysis relicta

The reported geographical distributions of Mysis relicta and M.
litoralis are somewhat confusing because of taxonomic disagreements.
Mysis relicta was formerly described as a subspecies of M. oculata (M.
oculata var. relicta) and there is still considerable disagreement as
to its taxonomic status in relationship to M. oculata and M. litoralis.
M. relicta can be found in freshwater lakes and the brackish coastal
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zones of both Europe and North America. In North America M. relicta
ranges as far south as the Great Lakes and the Upper Lakes in New York
and Wisconsin (Tattersall 1951; Holmquist 1958; 1963; Johnson 1964).
Mysis litoralis is a recently described species. Banner (1948) des-
cribed a new genus and species of mysid found in Puget Sound, Pugeto-
mysis litoralis, which he redescribed in 1954 as Mysis oculata. Holm-
quist (1958) separated M. oculata into M. litoralis and M. oculata,
further confusing distribution records for M. litoralis. She also de-
fined the distribution of M. litoralis as circumpolar; it is found in
Spitsbergen, Nobaya Zemlya, the Bering Strait, Baffin Island and Green-
land. The distribution of M. oculata was described by Tattersall (1951)
as circumpolar in the arctic regions (south to Labrador in the Atlantic
and to the Gulf of Alaska in the Pacific); Banner (1948) extended that
range to the Northwestern coast of the United States. M. oculata has
also been found in algal beds in Greenland (Holmquist 1963) and in the
Arctic Ocean where it is considered an under-ice dweller (Geiger 1969).
In general, M. oculata is considered to be a marine species not commonly
found in coastal waters (Holmquist 1963, Geiger 1969).

The differences in the habitat preferences of the arctic species
of mysids are unclear, but there is some evidence that M. relicta pre-
fers less saline waters than does M. Ilitoralis. (Holmaquist (1963)
concluded that both are coastal and euryhaline, but that M. relicta
prefers nearshore brackish waters, whereas M. litoralis avoids fresh-
water and ranges into the marine environment. Geiger (1969) collected
both M. litoralis and M. oculata in the Arctic Ocean off the coast of
Siberia but did not find M. relicta. We found that M. relicta and M.
Litoralis are both common in Simpson Lagoon but M. oculata was collected
in offshore waters (Station 77-5) only in September of 1977.

Mysis litoralis

In temporate areas, mysids generally have a one-year life cycle
(Wigley and Burns 1971; Morgan and Beeton 1978). Mysis litoralis col-
lected in Simpson Lagoon and surrounding areas between 8 July 1978 and
15 May 1979 were separated into three year-classes on the basis of
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length-frequency distributions (Table 25, Fig. 29). However, both sexes
of the larger (30-35 mm) third-year M. litoralis were only found in
significant numbers in otter trawl samples taken seaward (1-5 km) of
Pingok Island in 1978,

The size used for a division point between first- and second-year
individuals increased throughout the year because growth continued for
these organisms (Fig. 29). In most cases the division point was readily
apparent; on dates when this was not the case (19 July, 18-30 August)
the point was estimated. By 15 May 1979, the first-year individuals had
reached the size that the second-year individuals were on 8 July 1978
(Fig. 29).

It is evident from Fig. 29 that second-year individuals were not
always represented in the collections (e.g., 3 August, 14 and 23 Septem-
ber 1978), indicating that these animals possibly move about more than
first-year individuals or that they occupy different habitats during
certain portions of the year. First-year individuals (i.e., those in-
dividuals released in the spring of 1978) reached 10-12 mm in length by
the end of the open-water season, second-year animals are 16-18 mm long
at this time and third-year animals range from 25 mm to 35 mm. The
Simpson Lagoon population consists predominantly of first-year animals
and some two-year-old individuals.

Growth Rate. Mysis litoralis collected between 8 July 1979 and 15
May 1979 were used to determine growth rates (i.e., rates of increase in
both total length and wet weight) for this species at various times in
its Tife cycle (Table 25, Fig. 30). In these analyses, the mean length
and weight of mysids on each collection data (not each individual mysid)
constituted a unit of observation, and data were transformed to natural
logarithms because growth was non-linear. The sexes have been combined
in these analyses as there were no significant differences in the growth
rates of males and females for either first-year (ANACOVA F for equality
of exponents = 0.380 d.f. = 1, 13, P > 0.25) or second-year individuals
(ANACOVA F for equality of exponents = 0.400, d.f. = 1, 10 P > 0.25).
The relationships between time and both total length (mm) and wet weight
(mg) are summarized below:
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Table 25. Growth rate (total length and wet weight) for Mysis litoralis collected in Simpson Lagoon and
surrounding areas, 8 July 1978-15 May 1979,

All_Individuals Combined Male Female
Length {mm) wet Length™ (mm) wet Length (mm) wet
Year Day . weight* . weight . weight
Class Date Number n  x  S5.0. _(mg) nh x S.D. (ng) o x S.D.
8 July W o500 07 15 e- eem e - 3 65 0.4 28
19 July 1 864 6.5 1.2 28 ---  eem e-- .- M2 7.2 13 37
3 August 26 73 88 09 6.0 18 9.0 0.8 6.3 53 87 08 538
H] 18 August 41 681 9.7 1.0 7.6 270 9.9 0.9 8.0 4N 9.6. 1.0 7.4
= 30 August 53 114 9.9 24 8.0 54 9.5 1.8 7.2 54 10.8 2.2 9.8
o 14 September 68 57 10.9 0.9 10. 28 10.9 0.9 10. 28 109 0.7 10.
L 23 September 77 48 11.7 1.6 12.0 21 1n.2 1.2 10.8 27 12,1 1.8 13.0
b 15 November 130 182 12.7 1.6 146 104 126 1.6 143 78 127 1.2 14.6
15 February 222 14 142 1.7 19.2 7 143 2.2 19.5 7 140 1.1 18,9
15 May m 1 150 --- 22,0 1 15,0  -== 22,0 === ees mem ae-
8 July 366%* 7 16,5 1.3 27.7 3 157 1.9 245 4 17,2 0.1 30.7
19 July 377 172 16.3 2.1 27.0 23 167 2.1 28.5 149 163 2.1 27.0
= 3 August 392 mes mee eee == ems eme eme mem eee ese ems eoe
) 18 August 407 9 18.4 2.3 36.2 4 173 20 NI 5 19.3 2.3 40.6
> 30 August 419 9 17.2 0.8 30.7 5 17.5 0.7 32.0 4 7.0 1.0 29.8
2 14 September 434 --- -e- - - I —e eee
§ 23 September 443 1 17.0 --- 29.8 1 17.0  --- 288 -cc  eo- -o- oe-
) 15 November 496 17 2.2 2.9 57.2 1n 225 1.1 591 6 21.5 4.8 6529
16 February 588 1 23,7 3.0 67.1 2 236 0.8 66.4 9 237 3.3 67.1
15 May 677 1 27.2  -«- 940  ---  -ee eme - 1 27.2  --- 94.0
8 July . “—- == mme  mes mee eee mee cem ees eme -a-
19 July 742 5 23 2.4 63.0 1 222 --- 8.2 4 231 2.2 63.0
3 August 757 --- - —ee eem eme eee ame ee- L T
= 18 August 772 2 258 2.3 8.6 2 25.8 2.3 826 ---  -m= - .-
& 30 August 784 cme mee mme mme cee mmm mmm mme mee mee cee eee
° 14 September 799 L
= 23 September 808 I T IR T L T R CE R
= 15 November 861 R s N R
15 February 953 T s S T S S LR S
15 May 1042 --- T I

* Wet weight was calculated using total length-wet weight relationship shown in Appendix 1.
* Day 1 corresponds to the first collection date (8 July 1978).

** Day 366 assumes these M. litoralie are one year older than day 1 individuals.

* Day 731 assumes these M, litoralis are two years older than day 1 individuals.
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First-Year Class Total Length = 4.591(day)?-203 r = 0.984
P < 0.001
Wet Weight = 1.213(day)?-%399 r = 0.983
P < 0.001
Second-Year Class* Total Length = 0.102(day)?-8%% r = 0.960
P < 0.001
Wet Weight = 0.00011(day)2-°87 r = 0.960
P < 0.001
Third-Year Class Insufficient data to determine significant re-
lationships.

Although sample sizes and numbers of individuals were insufficient dur-
ing the under-ice period to allow for a statistical comparison of growth
rates between summer and winter, some trends are obvious from Fig. 30.
First-year individuals grew more rapidly in July and August of the open-
water season; the rate then slowed after late August but continued
through the under-ice period suggesting an active life style during this
period (Fig. 30). A somewhat similar pattern appears to hold for the
second-year class; however, the small number of individuals of this year
class collected tends to confound the picture to some degree (Table 25,
Fig. 30). The different growth rates exhibited by this species in sum-
mer and winter may be related to temperature and/or food availability
(i.e., colder temperatures and/or less food available during the winter
months causing decreased growth rates).

Reproduction. The sexes of mysids can be distinguished when mysids

are -6 mm in length on the basis of sexual characteristics described by
Tattersall (1951) and Tattersall and Tattersall (1951). Male and female
M. litoralis appeared to reach sexual maturity at different ages; sexu-
ally mature first-year males (10-12 mm in length) with elongated fourth
pleopods (a breeding characteristic) were collected in Simpson Lagoon

by the end of September, but no first-year females showing secondary
breeding characteristics were found in these collections. 0f the 19
female M. litoralis in breeding condition (carrying eggs or with brood
pouches) collected during November from Harrison Bay to Stefansson
Sound , none were first-year individuals (see Table below; also cf. Table

25). We concluded that breeding was apparently confined to second- and

*For second-year class equations, only days 366-677 are valid.
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third-year males and females with a possible contribution from first-
year males. Differences in secondary sexual development have also been
reported for other mysid species (Mauchline 1967, 1968, 1969, 1970
Wigley and Burns 1971).

Number of Females Total Number of Diameter
in Length Eggs/Brood of
Breeding Condition (mm) Pouch Eggs (mm) Comments
x = 24.2 x = 48.9 Only 10 females
19 SD = 2.8 Sh=14.8 0.7-0.8 with intact brood
range 18-29 range 28-81 pouches were con-
sidered in egg
analysis

Most spawning appeared to occur in late September or early October;
gravid M. litoralis were collected in November 1978 in Simpson Lagoon,
Stefansson Sound and Harrison Bay. However, there may be a minor amount
of spawning during the open-water season; three immature individuals with
lengths typical of newly released young-of-the-year =ecn length 3.8 mm
(range 3.5-4.1 mm) were found in Stefansson Sound in November 1978. The
young are apparently brooded over winter and released the following
spring, by which time they are 2-4 mm in length. In February 1979, a
single M. litoralis (21.1 mm in length) collected in Simpson . goon was
carrying 38 developing young mean length 2.2 mm, (range 2.0-2.3 mm), and
in May 1978 another M. litoralis found in Stefansson Sound was carrying
61 young mean length 3.1 mm (range 2.7-3.8 mm) (Table 25). In both
cases the brood pouch was intact. The exact time of release of young
probably depends on conditions (perhaps temperature, food supply, etc.)
immediately surrounding the female; because the coastal environment is
spatially variable, release of necessary young by the population as a
whole probably occurs over a long period.

Fecundity. Of the 19 female M. litoralis collected in breeding
condition, only 10 had intact brood pouches. The spawning females
averaged 24.2 mm in length and carried a mean of 48.9 eggs, 0.7-0.8 mm.
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Fecundity was significantly related to total length (r = 0.62, d.f. = 10,
0.05 > P > 0.01) (Fig. 31) indicating that the larger the female, the

greater the number of offspring produced.

Mysis relicta

Mysis relicta collected in Simpson Lagoon and surrounding areas
between 8 July 1978 and 15 May 1979 were grouped into two year-classes
on the basis of length-frequency distribution data (Table 26, Fig. 32).
As with M. litoralis, the size used for a division point between first-
and second-year indiv’ *uals increased over the year as growth continued
(Fig. 32). In most cases the division point was clear; however, on
dates when this was not the case (14 September, 23 September) the point
was estimated. By 15 May 1979 the first-year individuals had reached
the size that the second-year individuals were on 8 July 1978 (Fig. 32).

First-year individuals (released in the spring of 1978) reached a
mean length of 8-10 mm (range 4-11 mm) by 23 September, and second-year
individuals had reached a mean length of 14-16 mm (reage 13-20 mm). A
few larger M. relicta (23-28 mm) of both sexes were ccllected in otter
trawls both inside and outside the lagoon, suggesting that some portion
of the population Tlives at least three years. Insufficient numbers of
these larger M. relicta have been collected to permit their inciusion
in the following analysis.

In temperate lakes, M. relicta has essentially a one-year life-
cycle, although in some cases a few females live an additional threé
months and produce a second brood (Tattersall 1951; Lasenby and Langford
1972; Morgan and Beeton 1978). McWilliams (1970) found that in Lake
Michigan the Tife span of this species varied with depth and that indi-
viduals in shallow water lived only seven months but those in deep
water lived for as long as 20 months. Larkin (1948) found M. relicta to
live slightly longer than two years in Great Slave Lake; and a similar
1ife span was reported for this species in Char Lake in the High Arctic
(Lasenby and Langford 1972). It appears that the 1ife span of M. relicta
increases with latitude and water depth.

111




cIl

Mysis litoralis

80 °®
% ® femalss with eggs
';-’_ O females with young of year
t
% e
g y = 3.5(x) - 39.|
§ r= 0.62
N=12
s
S 40 A
[72]
(L]
(L)
Ll o
T
o] 20 -
[+ -
[FY]
|
=
=2
z
i 1 I { | 1
5 10 15 20 25 30

TOTAL LENGTH (mm)

Figure 31. Relation between total length and fecundity for Mysis litoralis. Only
individuals with iniact brood pouches used.




Table 26. Growth rate (total length and wet weight) of Mysis relicta collected in Simpson Lagoon and surrounding
areas, 8 July 1978-15 May 1979.

A1l Individuals Combined Male Female
Length {mm) wet Length (mm) wet Length (mm) wet
Year Day _ weight* . weight - weight
Class Date Number n x S.0. {mg) n  _x_ S.D m n X S.0.
8 July 1T 80 4.8 1.1 1.6 mem mem mme eme mee mem mme -es
19 July n 177 6.1 0.8 2.8 2 6.9 0.5 3.8 88 6.3 0.7 3.1
3 August 26 162 8.2 0.9 5.6 66 8.3 0.8 5.8 93 8.2 0.8 5.6
5 18 August 41 82 9.1 1.0 7.2 48 9.2 0.8 7.4 34 9.0 1.3 7.0
= 30 August 53 54  10.0 2.2 8.9 29 10.0 2.4 8.9 25 10,0 1.9 8.9
e 14 September 68 313 10.4 0.9 9.8 146 10.3 0.8 9.6 166 10.5 0.9 10.0
¢ 23 September 17 289 10.5 1.0 10.0 151 10.6 0.9 10.2 138 10.4 1.1 9.8
o 15 November 130 --- - --- ——— --- -—— - - - -—- ——— ---
15 February 222 5 1.8 1.0 13. 1 11.0 -—- 1a 4 12.0 1.0 13.6
15 May 3N 26 13.3 1.1 173 15 13.2 0.9 17.0 9 13.6 1.4 18.2
8 July 366** 17 14.0 1.8 20.6 6 14.5 2.0 21.2 n 13.7 1.8 18.6
19 July 377 46 15.3 1.9 24.0 12 16.4 1.3 28.2 34 15.0 2.0 22.9
: 3 August 392 7 16.1 2.2 271.0 3 14.9 1.5 22.5 4 17.0 2.3 30.6
o 18 August 407 13 17.0 1.3  30.6 8 17.0 1.2 30.6 5 17.0 1.6 30.6
> 30 August 419 10 16.3 0.9 27.8 3 16.5 1.1 28.6 7 16.2 0.9 27.4
S 14 September 434 25 16.6 1.2 30.0 12 16.3 1.0 27.8 13 16.9 1.3 30.2
9 23 September 443 14 17.9 1.2 34.5 5 17.% 0.6 32.8 9 18.2 1.4 35.9
“ 15 November 496 6 19.2 1.1 40.6 --- - -—- - 6 19.2 1.1 40.6
15 February 588 9 20.5 0.7 47.3 .- -—- - --- 9 20.5 0.7 47.3
15 May 677 8 18.6 1.4 37.7 3 17.6 0.6 33.2 5 19.2 1.5 40.6

* Wet weight was calculated using total length-wet weight relationship shown in Appendix 2.
* Day 1 corresponds to the first collection date (8 July 1978).
" Day 366 assumes these M. relicta are one year older than day 1 individuals.

’ 113




30 - 8 JULY 1978 B 59 i4 SEPT 1978

20 - N=97 1 N= 338
° Ll
J el ‘l ',..A¢xl'1 l' ' ' ’ r .
30 1 19 JuLy 1978 T 65 23 SEPT (978
20 N = 223 - N = 303

10 4 .

FREQUENCY
>
+

30 1 3 AUG 1978 1 15 NOV 1978
20 N: 169 . N:6
- 104 l - ‘ \ l
: 5 '-II l ll AT 1 L T ¥ .l T T L) 1 R T 1 1 T 1 T L i T
rs o
& 30 18 AUG 1978 ] I5 FEB 1979
& L, N: 95 - N I3

° ] JH \lr... NI ‘ 11 1l {

T T T 7 T T T T Y

30 1 30 AUG 1978 R 15 MAY 1979
20 A N = 64 - N= 32

‘ d - J
A l ll l‘l A JA A ] l ul
L A T T

v T L 1 1

L)
3 56 7 9 11 1315 17 18 21 23 25 27 35 7 9 11 1315 17 19 21 23 25
TOTAL LENGTH (mm)

-

e indicates <%
A division Dbetween yeor classes

Figure 32. Length frequency of Mysies relicta collected in Simpson Lagoon and surrounding areas 8 July
1978-15 May 1979.




Growth Rate. For the subsequent analyses, the data were transformed
to natural logarithms, and the mean for each collection date constituted
a unit of observation. Growth rates for M. relicta collected in Simpson
Lagoon and nearshore areas between 8 July 1978 and 15 May 1979 are
shown, separately for each year-class and by sex, in Table 26 and Fig.
33. There were no significant between-sex differences in the growth
rates for either first-year individuals (ANACOVA F for equality of ex-
ponents = 2.318, d.f. 1,12; P > 0.10) or second-year individuals (ANACOVA
F for equality of exponents = 2.93, d.f. 1,14; P > 0.10), so that males
and females of a given year-class were grouped for subsequent analyses.

The relationships between date and both length and weight are sum-
marized below for each year-class. The year classes were separated to
give a clear picture of growth during the first year; first-year indivi-
duals comprise the dominant group in the lagoon.

First-Year Class  Total Length = 4.541(day)?-185 r = 0.98
Wet Weight = 1.408(day)0-433 r = 0.98
Second-Year Class* Total Length = 0.967(day)?-%7% r  0.33
Wet Weight = 0.050(day)!-953 r = 0.84

It is clear that individuals of both year classes grow rapidly until
late August when the growth rate slows, but growth does cor.tinue through
the winter (Fig. 33). However, insufficient numbers of M. rel ‘a were
collected in under-ice samples to allow for a statistical comparison of
summer vs winter growth rates. The relative roles of reduced mean tem-
perature, reduced food levels and other factors potentially causing this
decrease in growth rate during winter are not known. Morgan and Beeton
(1978) found young-of-the-year M. relicta in Lake Michigan to grow at a
rate of 0.7 mm/30 days between March and September. Similar findings
were reported for M. relicta by Lasenby and Langford (1972). This rate
was slower than that of our first-year individuals during the 1978 open-
water season; however, it should be noted that after 365 days young-of-
the-year M. relicta had reached 14.0 mm length in both Lake Michigan and
in Simpson Lagoon. Thus, the overall growth rate of M. relicta in the

*These equations are only valid for day numbers 366-677.
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first year was similar in both areas. Growth, relative to that in tem-
perate waters, appe:ars to be faster in the summer in the Arctic, but
slower in the winter.

Growth rates of M. litoralis and M. relicta were similar for first-
year individuals (ANACOVA F for equality of exponents = 0.978, d.f. =
1,15, P > 0.50); however, second-year M. litoralis grew more rapidly
than did second-year M. relicta (ANACOVA F for equality of exponents =
6.355, d.f. = 1,14, P < 0.025) (Fig. 34).

Reproduction. The sexes of M. relicta can be distinguished when

they reach 6 mm in tou. 1 length, although the animals are not sexually
mature until they are 11-12 mm in length (Tattersall 1951). Large num-
bers of 8-10 mm (first--year) M. relicta were collected on 23 September;
these animals included males with breeding characteristics (elongated
fourth pleopod). However, no females in this size class showed evidence
of sexual maturity (i.e., no brood pouch). Samples collected in Novem-
ber 1978 included gravid second-year M. relicta of mean length 19.2 mm
(range 17.3-21.0 mm); these females contained a mean of 33 eggs, 0.7-0.8
mm in diameter. No first-year females (8-10 mm) were found in gravid
condition in the November samples (Table 27). This irdicates that first-
year female M. relicta, like first-year female M. litoralis, G0 not
breed; however, some first-year males may. McWilliams (1970) re-
ported size differences between breeding male and breeding female M.
relicta in Lake Michigan (mean lengths 14.5 and 17.8 mm, respectively).
Breeding appears to take place in late September or early October
in the Simpson Lagoon area; in temperate zones M. relicta breeds from
October to May (Juday and Birge 1927; Tattersall 1951). In our study
area, the young are brooded until sometime in early spring; then they
are released at about 2-4 mm in length. Samples collected in February
1979 contained 11 M. relicta that\were brooding young. The mean length
of these females was 20.4 mm (range 19.1-21.5 mm), and the mean length
of their young was 2.4 mm, range 1.7-3.1 mm) (Table 27). None of the
brooding females collected had an intact brood pouch, so no estimate of
brood size was possible. No M. relicta brooding young were collected
in April-May 1979, and in 1978 small free-swimming individuals (2-4 mm)
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Fecundity estimates of Mysis relicta collected during November 1978. Female M. relicta

Table 27.
collected during February 1979 carrying young are also shown.

Number of Females in

-Breeding Condition Total Length Number of Diameter
November (mm) Eggs/Brood Pouch of Eggs Comments
x=19.2 x=33.0 Only three females with intact
11 $.D.=1.2 S.D.=2.6 0.7-0.8 brood pouches considered in
Range=17.3-21.0 Range=30-35 egg analysis.
jort
o Number of females
Carrying Young Total Length Number of Total Length
February (mm) Young/Brood Pouch of Young Comments
x=20.4 - x=2.4 No intact brood pouches
11 S.D.=0.8 -—-- S$.D.=0.3 found.

Range=19.1-21.5

--- Range=1.7-3.1
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were found in the lagoon in late June and early July. However, three
female M. relicta with ruptured brood pouches containing several juven-
iles (2-4 mm) were also found, suggesting that all the young had not
been released as of early July.

The main spawning period of M. relicta in Simpson Lagoon is in
September and October, but some spawning oc¢curred earlier during the
open-water season. Drift net samples collected between the barrier
jislands from late July to late September contained male and female M.
relicta (10-12 mm) with secondary breeding characteristics. No newly-
released M. relicta or gravid females were captured during the summer;
however, five juveniles of mean length 4.5 mm (range 3.7-5.5 mm) were
collected in November 1978; they must have been released sometime after
23 September. Two individuals 4.2 and 4.3 mm in length were found in
February 1979 in Simpson Lagoon.

Fecundity. Only three gravid M. relicta with intact brood pouches
were collected during the winter sampling, so that an analysis of the
relationship between total length and brood size was not feasible.

The mean number of eggs in these three females was 33 (range 30-35 ),
and egg diameters were 0.7 and 0.8 mm.

Onisimus glacialis

Our understanding of the biology of Onisimus glacialis is confused
by uncertainty about its taxonomy. Whether 0. glacialis and 0. birulai
should be grouped together as 0. glacialis has been the subject of a
great deal of taxonomic dispute. 0. birulai has been described only for
Arctic Russia, and is thought to replace 0. glacialis and 0. litoralis
in that region. It is probable that 0. birulai is a form of 0. glacialis;
considered together, the two forms range south as far as Kotzebue,
Alaska, and the Strait of Belle Isle in North America, and occur off
Iceland, Northern Norway, and the Russian Bering Sea in Europe and Asia
(Shoemaker 1955; Holmquist 1965). Thus, the distribution of Onisimus
glacialis is circumpolar subarctic to arctic.
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Onisimus glacialis inhabits the nearshore, brackish water zone of
Simpson Lagoon and is the dominant species of amphipod found there.
Qutside the barrier islands it is replaced by 0. litoralis and Boeckosi-
mus affinis, which in turn are replaced farther offshore by Anonyx spp.
and possibly B. plautus (Dunbar 1954; Feder and Schamel 1976; Feder et
al. 1976a and b; Griffiths and Dillinger 1979; H. Koch pers. comm.).

Specimens of Onisimus glacialis collected in drop net samples and
amphipod traps during the 1978 open-water season and through the winter
of 1978-1979 were separated into two year-classes on the basis of their
size frequency distributions and the state of maturity of individuals
(Table 28 and Fig. 35). From Fig. 35 it is evident that on 8 July 1978
the population of 0. glacialis consisted of two distinct groups--(1) im-
mature, first-year animals of mean length 3.8 mm (range 1.5-6.5 mm) and
(2) sexually mature, second-year individuals of mean length 9.0 mm (range
7.5-11.6 mm). The size used for a division point between the two year-
classes was < 7.0 mm (i.e., immature vs mature) for the open—wéter
period (8 July-23 September). For November and February the separation
was estimated, and in May only one year-class was collected. If group
(1), the immature first-year animals, is followed through subsequent
samples, it can be seen that by the following spring (15 May 1979) these
animals were approximately the same size as group (2), the sexually
mature second-year individuals, had been on 8 July 1978 (Fig. 35).
Animals belonging to group (2) on 8 July 1978 also increased in size in
subsequent samples, but were entirely absent from the last sampling
collections on 15 May 1979 (see 'Reproduction' below).

First-year immature animals released in spring 1978, the dominant
group in the lagoon, averaged 5.3 mm in length by the end of the open-
water season (23 September) and 8.0 mm by the spring of 1979 (15 May).
Second-year individuals (released in spring 1977) averaged 10.2 mm by
23 September 1978 and 11.9 mm by 15 May 1979 (Table 28). Steele (1961)
has postulated a similar two-year life cycle for 0. glacialis in the
eastern Arctic. However, several large (15-16 mm) individuals of both
sexes were collected during the winter of 1978; this suggests that some
small portion of the population 1ives beyond two years. Too few of
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Table 28. Growth rate (total length and wet weight) for Onisimus glacialis collected in Simpson Lagoon 8 July
1978-15 May 1979.

Sexes Combined Male female
Length™ (mm) wett Length {mm) wet Cength (im} wel
Year Day _ weight _ weight _ weight
Class Date Number n x  S.D. (mg) _n_ _x_  S.D. (mg) n_ x S.D. (mg)
8 July 1** 120 3.8 0.8 1.7
19 July 1 m 4.0 0.7 1.9
3 August 26 366 4.1 0.8 2.0
= 18 August LY 483 4.4 0.7 2.4
2 30 August 53 187 4.8 1.1 3.0 Individuals too small to be sexed.
- 14 September 68 172 5.6 0.7 4.5
4 23 September 77 134 5.3 0.6 3.9
et 15 November 130 129 6.7 0.8 7.1
15 February 222 184 7.6 1.3 9.8
15 May n 527 8.0 1.0 1.0 17 9.8 0.9 18.7 252 8.6 0.6 13.4
8 July 366t 40 9.0 1.0 15.1 10 9.9 1.2 19.3 30 8.6 0.8 13.4
19 July 377 221 8.9 1.0 14.7 81 9.3 1.1 16.4 140 8.7 0.8 13.8
“ 3 August 392 67 8.2 1.0 1.9 3 8.6 1.2 13.4 36 7.9 0.6 10.8
3 18 August 407 85 8.6 1.0 13.4 35 9.4 0.8 6.9 50 8.1 0.8 11.5
> 30 August 419 48 9.4 1.4 16.9 14 9.8 1.1  18.8 29 9.4 1.5 16.9
e 14 September 434 40 10.8 1.6 24.1 17 11.0 1.0 25.2 20 10.9 1.9 24.6
o 23 September 443 50 10.2 1.5 20.8 29 10.7 1.3 23.5 17 9.8 1.2 18.8
& 15 November 496 400 11.6 1.5 28.9 38 12.3 2.1 33.6 362 11.5 1.4 28.2
15 February 588 24 12.3 1.4 33,5 4 13.3 1.0 4.0 20 121 1.5 32.2
15 May 677 B --- - --- --- --- --- - --- --- ---
First Year Class: Total Length=0.015{day)+4.06
n=10 r=0.96 P<0.01
Wet Weight=0.034(day)+1.585
r=0.98 P<0.01
***Second Year Class: Total Length=0.018(day)+1.79 Total Length=0.020(day)+1.65 Total Length=0.019(day)+1.25
n=9 r=0.90 P<0.01 r=0.92 P<0.01 r=0.88 P<0.01
Wet Weight=0.100{day)-23.873 Wet Weight=0.123(day)-30.380 Wet Weight=0.101(day)-25.101
r=0.93 P<0.01 r=0.94 P<0.01 r=0,90 P<0.01
First and Second Total Length=0.014(day)+4.10
Year Class: r=0,98 P<0.01
n=19 Wet Weight=0.046{day)+0.129
r=0.94 P<0.01

Twet weight was calculated using total length-wet weight relationship shown in Appendix 3.
*k

Day 1 corresponds to the first collection date (8 July).
HDay 336 assumes these 0. glacialis are one year older than day 1 individuals.

kA
For second year-class equations are only valid for day 366 to 588.
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these large 0. glacialis were collected to permit their inclusion in

subsequent analyses.

Growth Rate. Samples of 0. glacialis collected between 8 July 1978
and 15 May 1979 were analyzed to determine increase in total length and
wet weight in relation to time for both year-classes; this was done for
the population as a whole and, where data permitted, separately for the
different sexes (Table 28). These relationships were approximately
linear and are summarized below.

Daily Increase in Daily Increase in

Length (mm) Weight (mg)
First-year class 0.015 (r = 0.96) 0.034 (r = 0.99)
Second-year class 0.018 (r = 0.90) 0.100 (r =0.93
Second-year males 0.020 (r = 0.92) 0.123 (r = 0.94)
Second-year females 0.019 (r = 0.88) 0.101 (r = 0.90)
Population as a whole 0.014 (r = 0.98) 0.046 (r = 0.94)

To statistically compare summer vs winter growth rates for both
groups, each sample collected during the under-ice period was used as
a unit of observation, but for the open-water season each unit of obser-
vation was the mean on each collection date. This was necessary because
of the limited number of sampling periods during the winter.

For first-year individuals growth rates during the open-water and
winter‘seasons differed significantly suggesting that growth decreased
during winter (ANACOVA F for equality of slopes = 5.491, d.f. = 1,23,
0.05 > P > 0.01) (Fig. 36). However, the winter slope for growth was
significantly > 0 (F = 35.115, d.f. = 1, 19 P < 0.01), and suggests that
growth is maintained during winter for this group, indicating that an
active life style (i.e., feeding) persists during periods of low tempera-
ture (-1.5 to -2.0°C). Field observations during winter showed O.
glacialis actively swam inholes that were cut through the ice.

The results of a similar analysis for second-year individuals were
somewhat confused by the absence of this group after February. Growth
rates during the open-water and winter seasons did not differ signifi-
cantly (ANACOVA F for equality of slopes = 4.587, d.f. =1, 14 P > 0.05)
and the winter slope for growth was not significantly > 0 (F = 3.087,
d.f. =1, 10 P > 0.10). This suggests that second-year individuals stop
growing during their second winter after breeding has occurred (see below).
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There was no significant difference in the growth rate between the
sexes (only second-year individuals are large enough to determine sex)
(ANACOVA F for equality of slopes = 0.034, d.f. = 1, 14, P > 0.75). How-
ever, on each sampling date, second-year males were consistently larger
than second-year females (Paired t-test = 5.874, d.f. = 8, P < 0.001)
(Table 28), suggesting that male 0. glacialis are larger at the start of
their second year than corresponding females.

Reproduction. The majority of the 0. glacialis found in the lagoon

during the open-water season were juveniles (< 7.0 mm long). These had
not attained sufficient size (8-10 mm) by 23 September, when open-water
sampling was terminated, to permit us to distinguish gender.

Second-year males collected in Simpson Lagoon during September
showed some lengthening of antennae, a breeding characteristic of Onisi-
mus amphipods. However, second-year females collected at this time
showed no brood pouch development or egg production. ‘

Breeding times of Onisimus amphipods are not well-defined, but
some breeding is known to occur in September or October in other arctic
areas; several researchers have found male 0. glacialis in varying stages
of breeding condition at this time (Dunbar 1942, 1954; Steel 1961).

Samples collected in Simpson Lagoon during November 1978 contained
343 gravid 0. glacialis of mean length 11.6 mm (range 9.5-15.0 mm).
Thus, 0. glacialis breed between September and November (Table 29). It
appears that only second-year individuals (i.e., those released in the
spring of 1977) contributed to the 1978 breeding population. The eggs
produced in late fall are brooded during the winter. In February 1979,
five female (X length 11.5 mm, range 10.5-14.2 mm) 0. glacialis, brood- -
ing young (X number 11.5, range 9-14) were collected in Simpson Lagoon.
The young (X length 2.1 mm, range 1.1-2.9 mm) were more advanced in
their development (i.e., all appendages present) by this time, compared
to M. litoralis or M. relicta.

By May 1979, our collections contained no males or females large
enough to be second-year individuals. The female 0. glacialis collected
in May averaged 8.6 mm long (range 8.0-11.0 mm). This was significantly
shorter than animals collected during November (x = 11.6 mm) and Febru-
ary (x = 12.1 mm). The males showed a similar trend; their average
lengths were 9.8 mm in May but 12.3 mm in November and 13.3 mm in Febru-
ary. Second-year animals were also absent from March and April 1978
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collections. Apparently the young had already been released by this time
and the larger individuals had either died or moved to some other area.
Small individuals (2.1-3.2 mm) were collected in Stefansson Sound and in
Harrison Bay during the May 1979 sampling effort, but none were found in
Simpson Lagoon.

Although most spawning by the Simpson Lagoon population appeared to
occur in the fall, some breeding must also occur in the summer. Small
individuals (2-3 mm), the size of recently-released 0. glacialis, were
collected during November 1978 in both Simpson Lagoon and in Stefansson
Sound. In August, Feder and Schamel (1976) found 0. glacialis with
empty brood pouches in Prudhoe Bay; these animals had apparently re-
leased young recently, and thus must have bred in early spring. This
wide range of breeding times has been reported for other arctic amphipods
(Stegocephalus inflatus, Pontoporeia femorata and Anonyx nugax) by Steele
(1961). Onisimus litoralis has been found to spawn in winter and spring
in the eastern Arctic, and Anonyx nugax was found to have an extremely
long breeding period (December to August) in Barrow Strait, N.W.T.

(Foy 1978).

Fecundity. Eighty-seven gravid 0. glacialis carrying a mean number
of 11.2 eggs (range 9-15) of 0.7-0.8 mm diameter were collected in
Simpson Lagoon in November 1979 (Table 29). There was no correlation
between size of female and number of eggs (Fig. 37).

Other Species of Amphipods

A brief discussion of the other amphipod species collected in trawl
samples, Faber hauls, drop net samples and fish and bird stomachs in
Simpson Lagoon during 1977 and 1978 follows. The relative biomasses of
all species of amphipods collected in the water-column and on the bottom
in 1977, when all amphipods were identified, are shown in Fig. 38 and
39. As discussed in the ‘Limitations and Biases' section, the trawl
data in Fig. 37 are biased in that many individuals of the smaller spe-
cies probably escaped through the coarse mesh used in the trawl.

Apherusa glacialis (Hansen). This pelagic amphipod is circumpolar,
arctic-subarctic; it usually occurs in the upper portions of the water-
column (Dunbar 1957) and under-ice (Barnard 1959; Buchanan et al. 1977;
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Thomson et al. 1978). It is considered to be a member of the ice-assoc-
jated amphipod community in the Alaska and Soviet Arctic and the Cana-
dian High Arctic (Sekerak et al. 1976; Golikov and Averincey 1977;
Divoky 1978). During summer it occurs in large numbers on the
undersurface of ice pans, but it also occurs in the water-column in near-
shore and offshore areas . (Shoemaker 1955). Sekerak et al. (1979)
sampled the entire water-column in northwest Baffin Bay during summer
and found 4. glacialis occurred at all depths (surface to > 1200 m), but
was most abundant between 250-1200 m. In 1977, four oldsquaws collec-
ted on the ocean side of Pingok Island among many small ice pans had con-
sumed large numbers of 4. glacialis; inspection of the undersurface of
these small pans revealed swarms of 4. glacialis. Arctic cisco also
fed on A. glacialis throughout the season.

In 1977 4. glacialis was not collected from the bottom in trawl
samples (probably because of its small size); however, it formed a
major component of the amphipod community in the water-column (Fig. 38).
Generally, it was most abundant early in the season in offshore waters
(Station 77-5) and on the lagoon side of the barrier islands (Station
77-3) (Fig. 38). The 1978 seasonal distribution of A. glacialis 1is
presented in the 'Open-Water Season' section.

Pontoporeia affinis (Lindstrgm). Pontoporeia affinis is a widespread
northern species, although it is not circumpolar in distribution. It

is found in shallow brackish estuarine habitats and freshwater lakes

in Europe and North America. In 1978 in our area, P. affinis showed a
preference for warmer, less saline water (see 'Open-Water Season'). In
1977 it was not found in trawl samples, and only occasionally in the
water-column.

In northern marine waters, individuals do not breed until the winter
of their second year, and young are released in the following spring.
In other areas, such as the Baltic Sea, a one-year life-cycle has been
recorded; the shorter cycle is presumed to have been a consequence of
the higher environmental temperature (Segerstrale 1967).

Pontoporeia affinis is considered by Segerstrale (1973) to be a
deposit feeder; he recorded it feeding heavily on bivalve sprat in the
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Baltic Sea. In our study this species was not an important food item
for fish or birds except for arctic and least cisco collected in the
Colville Delta, in the spring of 1978.

Halirages mixtus (Stephenson). This species was first described from
water off eastern greenland by Stephenson (1931). Dunbar (1954) found
H. mixtus in Ungava Bay and it was also captured in plankton samples

taken in Frobisher Bay (Steele 1961). The species appears to have an
Arctic distribution although there are relatively few distribution re-
cords. It was not recorded in our study area in 1977; however, in
1978, H. mixztus was collected both near the bottom and in the water-
column (see 'Open-Water Season')..

Gammarus setosus (Dementieva). This circumpolar species generally
inhabits intertidal zones and shallow water (E1lis and Wilce 1961). It

has been reported to be ice-associated in several locations in the
eastern Canadian Arctic (Green and Steele 1975; Buchanan et al. 1977;
Thomson et al. 1978). It is euryhaline and can survive in low-salinity
waters (Steele and Steele 1970). In 1977 and 1978, G. setosus was col-
lected intermittently near the bottom during the open-water season in
Simpson Lagoon, but was rarely found in the water-column (Figs. 37 and
38; see 'Open-Water Season').

Only one brood is produced each year, and young are released in
early spring when plant production begins (Steele and Steele 1970).
Thomson et al. (1978) recorded 25 female brooding young in Brentford
Bay, N.W.T., in May.

Steele and Steele (1970) found G. setosus to be predominantly car-
nivorous; however, Schneider and Koch (1979) found it to be able to assim-
ilate organic detritus.

On a seasonal basis, G. setosus was not a major food item for old-
squaw (0.8-1.7% wet weight) ducks or fish (3.6% wet weight) in Simpson
Lagoon in either 1977 or 1978 (Craig and Haldorson 1980; Johnscn and
Richardson 1980). However, in Creswell Bay, Sommerset Island, N.W.T.
this species comprised 36.9% (wet weight) of the diet of oldsquaw ducks
(Alliston et al. 1976).
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Parathemisto libellula (Lichtenstein). In the Arctic this species
is circumpolar in distribution; it is found in the Pacific Ocean and in
the Bering and Okhotsk seas as well. The near-bottom and water-column
distribution of P. Iibellula in 1977 and of Parathemisto sp. in 1978 are
presented in the 'Open-Water Season' section and in Figs. 37 and 38.
Parathemisto libellula is the largest member of the genus (up to 60 mm
long) and is found in waters as deep as 2500 m (Shoemaker 1955). It has

a two-year life-cycle in arctic waters and spawns from September to May
or June (Dunbar 1957). The young are brooded in the female's marsupium
and are released when they reach a length of 2-3 mm. In southeastern
Alaska, P. libellula has a one-year life-cycle. Broods are released in
early May. Juveniles initially live in the surface 50 m, but by late
June (at a size of 10 mm) they migrate vertically. By late October,
they have a daytime depth of 200-300 m. Males mature in late winter at
19-21 mm and females at 21-25 mm (Wing 1976).

The species is predominantly carnivorous but also ingests some
vegetable matter (Dunbar 1946). Parathemisto libellula and Parathemisto
sp. have been shown to be important food items for a variety of Arctic
birds and mammals from the Chuckchi Sea, Alaska to northwest Baffin Bay,
N.W.T. (Alliston et al. 1976; Divoky 1978; Lowry et al. 1978; Bradstreet
1977, 1979). In our area, Parathemisto sp. was found in oldsquaw sto-
machs only in September collections during both 1977 and 1978 (Johnson
and Richardson 1980). In September 1977, glaucous gulls were observed
feeding on windrows of P. libellula that had been stranded on the sea-
ward side of Pingok, Island. However, these amphipods were never a major
component of the fish diets (Craig and Haldorson 1980).

Parathemisto abyssorum (Boeck). This arctic species also occurs in
deep waters of subarctic regions (Ekman 1953). Bowman (1960) found
that P. abyssorum avoided shallow coastal waters and was generally found
throughout the water-column over deep areas. In Lancaster Sound, N.W.T.,
during the summer of 1976, this species was more abundant in deeper
water (150 m) than in shallow water (<50 m) (Sekerak et al. 1976).
However, Sekerak et al. (1979) found that this species was most abun-
dant in the top 150 m of the water-column in the Baffin Bay area.
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In the Barents Sea, P. abyssorum requires two years to reach matur-
ity, breeds once, and then dies (Bogorov 1940, in Bowman 1960). The
breeding season in the Arctic extends from February to August (Bowman
1960).

Gammaracanthus loricatus (Sabine). This circumpolar amphipod was

found in shallow water and depths of 35 m at Point Barrow (MacGinitie
1955; Shoemaker 1955). Ellis and Wilce (1961) found G. loricatus in
Admiralty Inlet (Baffin Island) under boulders and among rockweeds.

This species is at times pelagic and is found on the underside of per-
manent ice in the Arctic Basin (Barnard 1959). In 1977, G. loricatus
was the most abundant amphipod in trawl samples, within Simpson Lagoon,
possibly due to its large size (Fig. 37) (see 'Limitations and Biases').
In 1978, this species was rarely collected by the sampling technigue
used. Gammaracanthus loricatus is a hardy species and can tolerate
great changes in salinity (MacGinitie 1955). Broad (1977) found this
species to be omnivorous in feeding habit. In 1977, this species ap-
peared only incidentally in the diets of oldsquaw ducks and arctic cisco.

Acanthostepheia behringiensis (Lockington). This amphipod is a
widely-distributed arctic species and reaches lengths up to 37 mm
(Shoemaker 1955). MacGinitie (1955) collected A. behringiensis at
Point Barrow in water 3-4% m deep. In 1977, trawl samples showed A.
behringiensis to be most abundant in offshore waters (Station 77-5)
during July and August (Fig. 37). This species feeds mainly on diatoms
but is probably omnivorous (Broad 1977). Acanthostepheia behringiensis

was not an important food item in the diets of either oldsquaw ducks
or fish.

Bivalves

Bird feeding ecology studies conducted in 1977 and 1978 showed that
bivalves, particularly Cyrtodaria kurriana, periodically comprised a
portion of oldsquaw diets during the open-water season (Johnson and
Richardson 1980). Airlift samples were collected at all stations dur-
ing diving operations in 1978 to determine the distribution and biomass
of this bivalve species. Data from lagoon Stations 78-1 and 78-5 (<2 m
depth) were not included in the analyses because C. kurriana was found
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infrequently in samples at these sites, probably because the ice annually
froze to the bottom there. Crane (1974) also reported few C. kurriana
in shallow water (<2 m) during his survey in Simpson Lagoon. Cyrtodaria
kurriana was only a minor component of the bivalve community at 1978
Stations 6 and 7 (ocean side of the barrier islands); there the bivalve
Portlandia arctica was dominant. Carey (1977) reported a similar distri-
bution for C. kurriana in that it was found alive only inshore of the
barrier islands.

Results of all dates at deeper (>2 m depth) lagoon stations (78-2,
3 and 4) were combined to produce a seasonal mean density and biomass

for Cyrtodaria kurriana.

No. of smg ash-free*
Airlifts no./m? S.D. dry weight/m? S.D.
17 - 366.6 282.3 639.9 700.6

*Dry weight refers to body dry weight only, shell removed.

Crane (1974), using a grab sampler, found lower densities (112 + 167
individuals/m2?) but higher biomasses (9.61 + 13.69 g dry weight/m?) in
deeper (>2 m) portions of Simpson Lagoon. His dry weights included
shells, and corresponds to approximately 1268.8 mg ash-free dry weight
with shell removed. These results indicate that, on the average, his
collections contained larger individuals than ours; however, Crane pre-
sented no specific information about size distribution. The apparent
difference in size distribution between 1974 and 1978 may have been due
to physical forces, as postulated by Feder and Schamel (1976). These
authors found that size distribution and abundance of C. kurriama increased
significantly between 1974 and 1975 in Prudhoe Bay (45 km east of Simp-
son Lagoon)(Fig. 40), and suggested that these increases in density

and size were due to storm waters moving individuals of the species to-
wards shore. MacGinitie (1955) also reported that storms moved bivalves
toward shore at Point Barrow, Alaska.
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Isopods

The isopod Saduria entomon was collected in all habitat types (i.e.,
shallow and deep water) in Simpson Lagoon and in the deep offshore
waters during the open-water seasons of 1977 and 1978, and in under-ice
samples during the winter of 1978-1979. Densities of this species were
similar to those reported in other studies along the Beaufort Sea coast
(range 1.0 x 107 3/m2 to 110 x 10" 3/m2) (Crane 1974; Griffiths et al.
1977). In Simpson Lagoon, densities were highest (110 x 1073/m?) in
waters more than 2 m deep.

Crane (1974) provides a detailed account of this species in Simpson
Lagoon. He speculated that isopods in Simpson Lagoon emigrate as
freeze-up progresses, perhaps in response to increases in salinity below
the ice, and reoccupy the lagoon each spring from offshore areas. How-
ever, our winter collections showed that at least some small (<50 mm)

S. entomon remain in Simpson Lagoon the entire winter.

Isopods were found in the diets of fish (particularly fourhorn scul-

pins) and birds during this study but not in significant numbers.

Tunicates

Tunicates were sampled during the 1977 open-water season. The pre-
sence of this sessile group at all lagoon stations indicates that they
overwintered in the lagoon. The tunicate biomasses at Station 77-1
(nearshore mainland) early in the season and at Station 77-3 (nearshore
barrier island) late in the season suggest that these animals may be
able to withstand freezing, since the water freezes to the bottom at
these shallow (<2 m) stations during the winter. Many of these tunicates
were large (2.0 cm diameter), and had apparently been present for a
considerable period. It is unlikely that they could have moved either
out of the deep central portion of the lagoon earlier in the year or
back into deeper waters late in the season. However, some redistribu-
tion of tunicates from the central lagoon may have occurred as a result
of storm-generated turbulence.

Tunicates were not eaten by fish and were found in only one bird

stomach during the two summers.
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DISCUSSION

" The results of the present study have been combined with the per-
‘tinent literature to assess the potential vulnerability of population
regulating processes (e.g., breeding, growth, feeding), of key epibenthic
invertebrates in the nearshore waters of the Alaskan Beaufort Sea, to
development-related perturbations. These regulating processes can be
affected either directly or indirectly. Direct effects could result
from’contamination by 0il and refined petroleum products, natural gas,
drilling muds and formation water. Indirect effects could be caused
by changing patterns of temperature, salinity, tides, currents and mi-
gration; these changes might occur because of the construction of cause-
ways or artificial islands, or through shoreline stabilization, barrier
island removal and dredging. Where possible, factors affecting these
processes have been treated separately in the following sections.

Temperature

The biology of estuarine epibenthic invertebrates is temperature-

' dependenf (Kinne 1964; Vernberg and Vernberg 1972; Golikov and Scarlato
1973). 'Howéver, the effects of temperature are variable and are often
d1ff1cu1t to 1so1ate from the effects of other environmental factors.
For examp]e, sa11n1ty tolerances decreased with increasing temperature
for Mysis relicta and M. stenmolepis (Dormaar and Corey 1973, 1978), but
increaséd with temperature for Neomysis vulgaris, Mysidopsis almyra,
'ahd M. bakia (Vorstmann 1951; Conte and Parker 1971; Price 1976). In
the ‘case of two arctic amphipods, Boeckosimus (onisimus) affinis and
Gammarus zaddachz, salinity tolerances were inversely related to tempera-
ture (Busdosh and Atlas 1975; Percy 1975). In European estuaries,
sa]ihity to]erance also decreased with increasing temperature for Gam-
marus amphipods (Dorgelo 1974). Conversely, G. palustris (a salt marsh
gammarid amphipod‘found on the east coast of the United States) was
stressed by Tow salinities when temperatures were Tow (Van Dolah 1978).
With these limitations in mind, the effects of temperature on mysids
and amphipods in estuarine regions are discussed below.
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Mysids

Although no temperature tolerance or preference tests were conduc-
ted during this study, the year-round (1978-1979) sampling in our study
area suggested that both mysid species not only tolerated but thrived
within a wide range of temperatures during the open-water season (0.2 to
13.5°C) and in winter (-0.5 to -2.0°C).

Holmquist (1959), cited in Fass (1974), found arctic mysids to be
eurythermal, in that they survived both Tow (-2°C) and constantly high
(17-18°C) temperatures. Gunter (1975) found that cold-water organisms
appeared to have the ability to maintain a high metabolic rate at low
temperatures. Our field observations tend to confirm this because mysids
appeared to be equally active in summer and winter.

Temperature affects several aspects of mysid biology (e.g., breed-
ing and brooding time, incubation, growth, migration). In temperate
regions, breeding of some mysids is initiated by increasing temperature
(Muus 1967; Rasmussen 1973; Pezzack and Corey 1979). In our study area,
both Mysis litoralis and M. relicta bred in early winter (October to
November), when water temperature in Simpson Lagoon fell below freezing
for the first time since spring (early July). However, winter results
showed that breeding occurred simultaneously in the lagoon and in deeper
offshore waters, where the bottom temperatures remain constantly near
or below freezing year-round. This suggests that breeding may perhaps
be stimulated by a more consistent factor (e.g., photoperiod).

Incubation in Neomysis americana and Mysis stenolepis is temperature-
dependent; growth of brooded young slows or stops during winter enabling
them to be held until spring, a more favorable period for rapid growth
(Amaratunga and Corey 1975; Pezzack and Corey 1979). In Simpson
Lagoon, M. litoralis and M. relicta both follow a similar strategy; the
young grow and develop slowly through the winter and are released in
the spring (Table 25 and 27).

No obvious effects of temperature on molting frequency and growth
rates of Metamysidopsis sp. in California were observed by Clutter and
Theilaker (1971). Faas (1974) stated that the metabolic rates of tem-
perate mysids were greatly reduced in winter. Most speciesconsumed Tless
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or stopped feeding entirely, and Neomysis integer nearly ceased growing
at -2°C (Faas 1974). The winter growth rate for M. relicta appears to
be variable. In Lake Michigan, its most rapid growth was in January-
April (Reynolds and DeGraeve 1972); in Stony Lake, Ontario, and Char
Lake, N.W.T., the winter rate decreased (Lasenby and Langford 1972);
while in Paajarvi Lake in Finland growth ceased (Hakala 1978). In Simp-
son Lagoon M. litoralis and M. relicta continued to grow during the
winter months, although at a reduced rate, and thus presumably continued
feeding (Tables 24 and 26, Figs. 30 and 33). This reduced growth rate
may be either temperature-dependent or the result of a reduction in
available food or both.

Migratory behavior in mysids has been related to temperature. In
the Indian River inlet, Delaware, decreased winter temperatures cause
Neomysis americana to move to deeper water (Hopkins 1965). A similar
phenomenon has been reported in Denmark and Sweden for . vulgaris
(Muus 1967; Rasmussen 1973). Although Mysis litoralis appeared to emi-
grate out of Simpson Lagoon in late fall and early winter and reoccupy
it in the following spring (Tables 8, 9 and 12), there are no data to
show whether these movements are temperature-dependent.

Amphipods

Aithough no temperature tolerance or preference tests were conduc-
ted during this study on Onisimus glacialis, the principal amphipod in
Simpson Lagoon, this eurythermal organism was collected and apparently
thrived in a wide range of temperatures (-2.0 to 13.5°C) during 1978-79.

Temperature-associated breeding in amphipods has been documented
by several authors. Kine (1963) found reproduction in amphipods to be
primarily temperature-dependent, and for intertidal, burrowing and sub-
tidal tubicolous amphipods, increased spring temperatures initiated
breeding (Nagle 1968; Parker 1969; Fincham 1970; Coker et al. 1975).
Autumn breeding in Onisimus (Pseudalibrotus) and other arctic amphipods
provides for release of the young in the spring when temperature and
food supply are most favorable (Steele 1961). In Simpson Lagoon,
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0. glacialis breeds in early winter, but whether this breeding is in-
duced by temperature, photoperiod or other factors is uncertain.
Most temperate amphipods reduce or cease feeding during winter

months (Faas 1974), and in the case of Gammarus duebeni growth ceased
at -2°C (Kinne 1963). In contrast, first-year 0. glacialis in Simpson

Lagoon continue to grow and presumably feed through the winter months
(-2°C), although at a rate slightly reduced from that of the open-water
period (Table 28, Fig. 36). The brooded young of 0. glacialie also
grow and develop during the winter months and are released in late
winter (i.e., prior to April).

The distribution of amphipods may also be temperature related. In
a study at Cape Cod, Sameoto (1969a, b) found haustoriid amphipods to
be distributed vertically through the water column according to tempera-
ture tolerance. Intertidal species, Haustorius canadensis and Neohaus-
torius biarticulatus, tolerated temperatures of up to 41°C; the subtidal
species Acanthohaustorius millsi, Protohaustorius deichmannae and P.
Longimerus succumbed at 39°C.

Amphipods may migrate in response to temperature changes. Decreased
winter temperatures initiated a seaward migration in Gammarus palustris
(Van Dolah 1978) and Bathyporeia spp. and in haustoriid amphipods
(Fincham 1969; Coker et al. 1975). However, Moore (1978), found no
temperature-induced migration patterns in haustoriid amphipods in the
Mersey estuary, although such had been documented earlier by Fincham
(1970). In our study, Onisimus glacialis appeared to utilize Simpson
Lagoon year-round, suggesting that no temperature-induced migration oc-
curred (Tables 7, 8 and 9).

Other Crustaceans .

Most temperature related research on invertebrates has dealt with
the economically important groups (e.g., shrimp, crabs).

Population success of brown shrimp, Penaeus aztecus, and white
shrimp, P. setiferus, is affected by temperature. For example, labora-
tory experiments by Zein-Eldin and Aldrich (1965) suggest that low
winter temperatures in brackish bay systems are unfavorable for survival
and growth of brown shrimp postlarvae.
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In Barataria Bay, Louisiana, growth rates of brown shrimp range
from 20-45 mm per month in summer, and increase with temperature above
20°C and salinities below 22 ppt (Jacob and Loesch 1971). Juvenile
white and brown shrimp found in Mobile Bay, Alabama, grow more rabid]y
in summer (June to September) than in winter (Loesch 1965). Growth and
reproduction of the grass shrimp, Palaemonetes pugio, are temperature-
dependent; growth was most rapid at high temperatures (30°C), and a
minimum temperature of 18-20°C was required for reproduction (Wood 1967).

Movements of penaeid shrimp appear to be strongly temperature-
dependent. For example, in the Gulf of Mexico, these shrimp move on-
shore in the spring and offshore in the fall. Gunter et al. (1964)
felt these movements were due to changes in salinity; however, a number
of authors found temperature to be a major factor (Gunter 1950; Williams
1959; Hoese 1960; Gunter 1961a; Barrett and Gillespie 1973; Gaidry
1974; Barrett and Ralph 1976).

Holland et al. (1971) found that the survival of blue crab larvae
(Callinectes sapidus) increased with increasing temperature, but de-
creased with a combination of high salinities and lower temperatures.
Costlow (1967) suggests that blue crabs required both high salinity
and high temperature for successful metamorphosis and increased survival.

In summary, while eurythermal nearshore arctic organisms can toler-
ate and survive well in a wide temperature range, some biological pro-
cesses (breeding and growth) may occur at optimal levels only within a
relatively narrow band of temperatures. For example, in Simpson Lagoon,
both species of mysid and the amphipod 0. glacialis grow more rapidly
during the warmer open-water periods than in the winter months. Breed-
ing and the brooding of young occur during the winter months, so that
the young are ready for release during the spring--the most opportune
time for rapid growth. Although no single pattern of response to tem-
perature variations will hold for all epibenthic species in arctic es-
tuaries, the wide range of tolerance exhibited by most species suggests
that a shift in these patterns, of a few degrees centigrade, will not
adversely affect the organisms involved.
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Salinity

Marine epibenthic invertebrates can be divided into two groups:
stenohaline, those tolerating only a narrow salinity range, and eury-
haline, those able to adjust to a broad salinity range (Kinne 1964).
Typically, stenohaline organisms dwell in the open ocean and appear in
estuaries only as migrants brought in by the tides or currents; eury-
haline animals are typically estuarine in distribution for at least part
of their 1ife cycle (Day et al. 1952; Scott et al. 1952; Doreglo 1974).

Mysids

Although Mysis relicta and M. litoralis are both considered eury-
haline, their salinity preferences differ. Mysis relicta is a euryhaline
species found in all waters from fresh to marine (Tattersall 1954; Dor-
maar and Corey 1978). In the present study, M. relicta was significantly
more abundant along the mainland shore where the water was more brackish
than along the lagoon shore of the barrier islands where the water was
usually marine (Fig. 11). Typically, this species was not abundant at
the more marine ocean stations during the study (Fig. 10), suggesting
that M. relicta, in our system, prefers brackish rather than marine
waters. Mysis litoralis has not been found in fresh water, but it has
been collected in a wide variety of brackish and marine habitats
(Holmquist 1958, 1963). Holmquist (1963) estimated that both M. litora-
1is and M. relicta can tolerate a salinity range of 0-60%.. Faas (1974)
reported that M. relicta survived salinities ranging from 1 to 65%e.
Broad et al. (1979) found that M. litoralis collected at Point Barrow,
Alaska, tolerated acute salinity changes (range 5-70%0) and gradual
salinity changes (5% increments every 2 days) from 0.25 to 65%o, and
thrived at salinities ranging from about 5 to 45%e., In the Simpson
Lagoon area, both M. litoralis and M. relicta were collected in a wide
range of salinities (1-36%o); suggesting that these species are well
adapted to the estuarine environment.

Holmquist (1963) reported that mysids, amphipods and other estuar-
ine organisms, in Northern Alaska, apparently preferred the hypersaline
(40-60%e0) ;unfrozen bottom waters during the winter months and did not
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hibernate as resting stages, although the survival mechanisms are un-
known. However, in Simpson Lagoon, winter results suggested that den-
sities and biomasses of both mysids decreased (possibly due to a com-
bination of mortality and emigration) as winter progressed (Table 12).
By latewinter, salinities in the lagoon had reached 50-60%. and, although
both species of mysid can tolerate these high salinities, they seem to
prefer the more marine offshore waters or deeper (=5 m) but less saline
(30-35%o0)nearshore waters (e.g., Stefansson Sound; Tables 7, 8, 9 and
12). It is evident that both mysid species have adapted physiologically
to the harsh winter conditions, as both continue to grow and reproduce.
In other estuarine areas, including the Atlantic and Pacific
Oceans, the Gulf of Mexico and the coastal waters of Britain, euryhaline
mysids are common; tolerance of high rather than low salinity is usua11y
the rule. Salinity tolerances ranged from 0 to 35%. for Mysis stenolepis
(Dormaar and Corey 1973), Neomysis americana (Hurburt 1957), Mysis
oculata (Remane and Schlieper 1958), and Mysidopsis almyra and Taphro-
mysis louisiana (Conte and Parker 1971; Odum 1971; Price 1976), and
from 10 to 35%e for Gastrosaccus dissimilis and Mysidopsis bahia (Odum
1971), Neomysis vulgaris (Percival 1929; Vorstman 1951; Wittman 1978)
and Neomysis (awatschensis) mercedis (Turner and Heubach 1969).

Amphipods

Most estuarine gammarid amphipods are euryhaline (Day et al. 1952;
Saunders et al. 1965; Odum 1971; Larson 1976; Thomas 1976). Although
salinity tolerance vs preference experiments were not conducted,

Onisimus gldcialis were collected and appeared to thrive in a

wide range of salinities (1-54%.) during this study. Salinity changes in
the Simpson Lagoon area can be very dramatic (e.g., from > 35% to 0%o) in
less than 24 h during inundation of the lagoon by the Kuparuk River 7-8
June 1978, Matthews 1979). Similar rapid osmotic adjustments appeared
necessary for amphipods in hypersaline under-ice communities; these
amphipods tolerated the rapid salinity shifts typical during spring run-
off (Mohr and Tibbs 1973, cited in Faas 1974).
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Busdosh and Atlas (1975) and Percy (1975) found that an amphipod
of a closely related genus, Boeckosimus affinis, was able to tolerate
acute salinity changes (4-50%.)over a range of temperatures (5-15°C),
to tolerate an even wider range of salinities (4-63%.)if the changes were
gradual, and to tolerate higher salinities if temperatures were lower
(5-15°C vs 25°C). ‘

In the arctic coastal zone, Carey (1978) found fewer species of
epibenthic gammarid amphipods than in deep offshore waters. He attri-
buted this to the extreme variations in salinity and to habitat distur-
bance by sea ice. Gammarid amphipods collected in Simpson Lagoon (e.g.,
Gammaracanthus loricatus, Gammarus setosus, G. wilkitzkii, Weyprechtia
heugleni and W. pinguis) are euryhaline estuarine species able to tol-
erate salinities from 1 to 50%.. They appear to utilize the shallow
nearshore areas year-round (Tables 7, 8 and 9). Van Dolah (1978) found
Gammarus palustris, a tidal salt marsh amphipod, to be more affected
by Tow salinity at low temperatures. Generally, species affected by low
salinities are able to migrate vertically or horizontally to regions
of favorable salinity (Brattegard 1966).

Amphipods of the Baltic Sea display a range of salinity tolerances.
For example, Gammarus spp. and Calliopus laevisculus are considered
euryhaline (Dahl 1973; Jazdzewski 1973); however, the two species of
Pontoporeia show niche differentiation with respect to salinity. P.
affinis ranges from fresh to brackish water but is absent from truly
marine habitats, while P. femorata is typically marine (Dahl 1973). In
Simpson Lagoon P. affinis was most abundant along the shore, a region
of lower salinities (range 2-24%o)than at other lagoon stations (salinity
range 14-30%.) while P. femorata was usually found only at the offshore
marine station.

Gammarid amphipods in other estuarine areas also show salinity re-
lated niche determination; some authors feel that salinity is the main
limitation on amphipod distribution (Goodhart 1941; Reid 1941; Bassindale
1942).
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In the deltas of the Rhine, Meuse and Scheldt rivers, gammarid am-
phipods are distributed according to salinity tolerances. Marinogrammus
marinus is intertidal (salinity range 10-25%., M. obtusatus is more
marine (salinities > 28%o),Gammarus duebeni and G. locusta are generally
estuarine in habitat (salinity range 5-35 , and G. zaddachi is tolerant
of low salinities (range 2-15%c)but is unable to penetrate fresh water
(Den Hartog 1964).

Other Crustaceans

Shrimp production in the Gulf of Mexico is related to salinity;
however, the range of salinities suitable for growth and survival in-
creases with increasing water temperature (Zein-Eldin and Aldrich 1965).

Freshwater input from rainfall and river discharge reduces estuarine
salinities and can affect shrimp production (Barrett and Gillespie 1973).
In Louisiana estuaries, production for both white (P. setiferus) and
brown (P. aztecus) shrimp was better when river discharges were low,
while the poorest production occurred during years of high river dis-
charges (Barrett and Gillespie 1973; Barrett and Ralph 1976). However,
white shrimp appear to have greater tolerance of low salinities than
brown shrimp (Gunter 1961b), and studies in Texas estuaries (which re-
ceive a much lower average freshwater discharge than Louisiana) suggest
that higher rainfall and runoff lowers the salinity to optimum values
for white shrimp (Gunter and Hildebrand 1954; Gunter 1961b).

In summary, estuarine epibenthic invertebrates in Simpson Lagoon
are able to tolerate and thrive in wide ranges of salinities and con-
sequently, shifts of a few ppt in the salinity patterns would not be
expected to have noticeable effects on the organisms. However, since
no studies have been conducted on the salinity preferences or on the
optimal salinities for major biological processes (e.g., growth and
breeding) of the major individual species, the effects of Tong-term
large changes in the salinity patterns of Simpson Lagoon cannot be
predicted with accuracy.
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Tides and Currents

The effects of tides and current-caused water movements through an
estuary are variable. The water movements can be either beneficial, by
replenishing and turning over food supplies, or detrimental, by
moving organisms into less desirable environments.

Mysids

Holmquist (1963) found M. relicta in isolated coastal arctic poﬁds
and speculated that they had been carried in from the sea by the high
tides or storm surges. In laboratory studies, Holmquist (1959), cited
in Ricker (1959), found M. relicta able to turn against a gentle cur-
rent and take refuge in the bottom detrital layers; however, a strong
current would wash them away. Although Ricker (1959) did not observe
M. relicta to swim against the current during his field observations,
in Simpson Lagoon, a concentration of M. litoralis and M. relicta (1.3 m
in width ; estimated densities of 10,000-50,000 mysids/m2) was observed
in water (0.2 m deep) next to shore on 2 August 1978. The mysids were
moving with the current (approximately 5 cm s']) but were oriented into
it and easily swam against it when startled. Other authors have found
that mysids are capable of holding their position or even advancing
against tides and currents. Clutter (1967) found that the Metamysidop-
sis species in California headed upstream into currents and advanced
against water speeds of up to 10 cm']. In eastern Canada, Acanthomysis
sculpta was able to maintain both horizontal and vertical positions in
surge channels with a 1-2 m swell (Green 1970). Colman and Segrove
(1955), working in Yorkshire, U.K., felt that, although mysids (even
those species that normally sought the water's edge) could be passive
drifters, they could also swim well enough to avoid being cast onto the
shore during rough weather.

Several authors have observed mysids being passively carried by
tides and currents. For example, in the estuary of the Rivers Tamar and
Lynher in Britain, mysids were carried about by the tides, and tended
to concentrate at the eddies (Percival 1929; Mauchline 1971d). In the
Delaware River estuary, Neomysis americana was more abundant than in

147




the nearby sea and appeared to collect there by avoiding"out-f1owing
surface waters and by taking advantage of landward flowing bottom waters
(Hurlburt 1957). In spring, N. americana reproduces in both the sea

and the estuary, but most young and adults are carried into the estuary
and collect there (Hurlburt 1957). In the present study, both species
of mysid appear to reoccupy the shallow water of the lagoon from deeper
offshore waters each spring (late June-July) by moving in with the pre-
vailing currents and fhen dropping to the bottom where divers noted that
currents were almost nil. Most of the mysids moving into the region in
spring are young-of-the-year (i.e., released in May-June). Drift net
samples collected between the barrier islands during the open-water
season (Table 18) showed that there was continuous movement of mysids
into and out of the lagoon; this movement was directly dependent on
current.

The significant decrease in abundance of M. litoralis recorded in
Simpson Lagoon during the latter part of the open-water season (Fig. 12)
may have been due to active migration accomplished by moving up into
the water-column (where currents are much stronger than on the bottom)
and being transported out of the lagoon by the prevailing currents (see
'Transport of Invertebrates').

Amphipods

Currents and tides appear to have primarily indirect effects on
epibenthic or benthic amphipods, since current patterns influence the
distributions of sediments and organic matter, which then determine the
zonation and distribution of filter-feeding and detritus-feeding amphi-
pods (Sanders 1958; Nagle 1968; Parker 1969). In Simpson Lagoon, the
dominant amphipod species (0. glacialis), unlike either of the mysids,
is a year-round resident. It apparently completes its two-year life
cycle within the lagoon. This species is most abundant on the bottom
where currents are the least strong. In contrast, other more pelagic
species (e.g., Parathemisto Spp., Apherusa glacialis and Halirages
miztug) moved into the nearshore area and the lagoon as the season pro-
gressed (August-September) in 1977 and 1978, possibly under the
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influence of onshore currents. In 1977, large numbers of Parathemisto
libellula were stranded on the ocean side of the barrier islands after

a period of storms in late September. These species either died or left
the lagoon during winter, since none were collected with any sampling
device in the spring of 1977 or 1978.

Nuttall (1975) found that Gammarus duebeni gathered and began migra-
ting in anticipation of tidal currents. Fincham (1969, 1970) documented
the nocturnal presence of benthic amphipod species in the surf zone
of British beaches and conciuded that these amphipods were actively
migrating rather than being passively transported, since breeding coin-
cides with the spring tides.

Other Crustaceans

Penaeid shrimp larvae utilize the flood tides to move into estuarine
nursery areas (Copeland 1962; Cook and Linner 1970 and others). Rekas
(1973) found that flood tides were responsible for 99% of the migration
of Penaeis aztecus and P. setiferus into the Airplane Lake (Louisiana)
nursery area. The larvae were caught near the surface both day and
night (more post-larvae were caught at night) except during full or new
moons when increased numbers of post-larvae were caught at all depths.

In the Alaskan Beaufort Sea, astronomical tides are small (15-20
cm), and the main agents of transport are wind tides (up to 1.5 m) and
prevailing wind-generated currents. This transport js particularly im-
portant for mysids that reoccupy the nearshore areas from offshore re-
fugia each spring. This method of transport also appears to be impor-
tant in maintaining the standing crop available to the higher trophic
levels (fish and birds) utilizing the lagoon, by constantly replenishing
the lagoon with mysids from offshore and/or adjacent alongshore areas.
Any alteration of this transport by shifts in existing current patterns
through development (e.g., causeways or artificial jsland construction)
could affect the food available to birds and fish utilizing the lagoon.
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Migration

A pronounced seasonal migratory cycle appears to exist among most
crustaceans in estuarine regions, Typically, these migrations are of
two types: (1) spawning migrations, photoperiod being the major factor
in the synchronization of the breeding cycle, and (2) seasonal migra-
tions to and from summer and wintering habitats, possibly under the
influence of temperature (Vernberg and Vernberg 1972).

Mysids

Many mysid species appear to follow seasonal migratory patterns,
moving into bays, lagoons and estuaries in spring or summer and return-
ing to deeper waters in fall or winter.

The mysid populations in Simpson Lagoon appear to be seasonal; they
reoccupy the lagoon in late June and emigrate during the early winter
months (see 'Under-Ice Distribution of Epibenthic Invertebrates').
However, it should be noted that some mysids of both species are present
through the winter until May, but late winter densities are greatly re-
duced compared to those in summer. Alexander et al. (1973) found evi-
dence of small-scale seasonal migrations of Mysis oculata from offshore
areas into shallow lagoons along the Beaufort Sea coast. As pointed out
in the 'Tides and Currents' section, M. litoralis appears to emigrate
actively from the lagoon at the end of the open-water season, presumably
to deeper offshore waters. The stimulative clue used by the mysids is
uncertain; however, photoperiod seems the most likely (i.e., dependable),
because temperatures in these shallow waters are extremely variable
(0-13°C) during the open-water season.

Similarly, Mysis stenolepis in eastern Canada moved from shallow
water in summer and fall to deeper offshore water in winter (Amaratunga
and Corey 1975). The same behavior has been observed for Neomys ameri-
cana in Delaware coastal waters, Delaware Bay and Chesapeake Bay (Hurl-

burt 1957; Hopkins 1965). In his comprehensive study on Danish lagoons
‘and estuaries, Muus (1967) noted that larger crustaceans, including
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mysids, made seasonal migrations to deeper water in the winter, and
returned to the shallows in spring.

In Britain, several species of mysids (e.g., Schistomysis ormata,
S. kervillea and Paramysis arenosa) show a similar pattern that is not
only seasonal but also related to breeding. Several species migrate to
and from well-defined breeding and spawning grounds (Mauchline 1967,
1968, 1969, 1970, 1971 a-d and f).

Amphipods

Less evidence of seasonal migrations exist for amphipods. There
is no evidence of a seasonal migration to and from Simpson Lagoon by
Onisimus glacialis or by the common species of gammarid amphipods.
However, this type of migration has been reported to occur in nearby
Prudhoe Bay for the closely-related Boeckosimus affinis (Feder and Scha-
mel 1976; Feder et al. 1976 a, b). During our winter sampling (November
1978-May 1979) it was noted that the species composition of amphipods
on the ocean side of the barrier islands changed as winter progressed
(Tables 7, 8 and 9). It appears that some marine species of amphipod
(e.g., 0. litoralis, Anonyx sp.) move into shallower nearshore areas
from deeper offshore waters. The reasons for these movements are not
clear but may be related to breeding, as some gravid females were collec-
ted during February 1979.

Seasonal migratory behavior also occurs among the amphipods Bathy-
poreia, Acanthohaustorius and Haustorius on the coasts of the U.K. and
the U.S. (Coker 1967a, b; Fincham 1969, 1970; Coker et al. 1975) and
among Microdentopus in the Gulf of Mexico (Nagle 1968; Parker 1969).

Other Crustaceans

Seasonal migratory behavior is common among other crustaceans.

In Texas, brown and white shrimp have similar life histories.
Adult shrimp spawn in the open Gulf waters where their larvae also hatch.
After hatching, tides and currents transport the young into estuaries
which serve as nursery areas for these post-larval shrimp. These shrimp




grow quickly and return to the sea in fall when they have matured (Loesch
1965; Zein-Eldin and Aldrich 1965; Moffett 1967; Wilson 1969; Clark
1977).

In the Gulf of Mexico, pink shrimp (Penaeus duorarum) spawn off-
shore, and currents carry their larvae toward the mainland. During
this period (3-5 weeks) the larvae pass through several developmental
stages and reach approximately 1.25 cm in length. After entering in-
lets and estuaries, their growth accelerates and within 2 to 4 months
they return to the sea as adults to complete their 1ife cycle (Clark
1977).

The larval migrations of shrimp (Penaeus setiferus, P. duorarum
and P. aztecus) into the estuaries of North Carolina are to some extent
circulation-dependent; however, some migration may occur independently:
shrimp feed and grow rapidly and then move toward the sea as they mature
(Williams 1955).

Blue crabs, Callinectes sapidus, also migrate as larvae and post-
larvae into estuaries along the East and Gulf coasts of the United
Statés; they return to deeper water again in the fall as they mature
(Saila 1973).

The spring (June-July) migration of mysids into Simpson Lagoon is
extremely important, as these organisms comprise the largest portion of
the diets of birds and fish (Fig. 27). This net immigration into the
lagoon appears to continue intermittently throughout the open-water
season and maintains an adequate level of food for consumers (see 'Trans-
port of Invertebrates'). A disruption of their migration patterns could
alter the trophic balance in the lagoon to the extent that food for fish
and birds might become 1limited.

Feeding Ecology

Mysids

Numerous studies conducted in various locations throughout the
world have found that mysids utilize a wide variety of foods. Members
of the genus Mysis are thought to be omnivorous, generally feeding on
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plant material (detritus and diatoms) and occasionally capturing cope-
pods and other small crustaceans (Tattersall and Tattersall 1951; Lasen-
by and Langford 1973; Bowers and Grossnickle 1978; Foulds and Mann

1978; Morgan and Beeton 1978). Other mysid genera are also omnivorous
(Mauchline 1967, 1968, 1969, 1970, 1971 a, b, c, d; Odum 1971; Kost

and Knight 1975; Price 1976; Chadwick et al. 1972) with some evidence of
cannibalism (Wittman 1978).

Segerstrale (1967) believed that the presence of Mysis relicta and
Linmocalanus grimaldi in the Gulf of Bothnia (Baltic Sea) was attribu-
table to their ability to utilize the loose layers of humus (i.e., detri-
tus) that collected on the bottom in the deep waters of the Gulf. This
material originated in peat bogs and was carried in great quantities in-
to the Gulf by surface waters.

In Simpson Lagoon, both M. litoralis and M. relicta are omnivorous;
Schneider and Koch (1979) found principal food items to include diatoms,
peat and crustacean parts. They concluded that primary production (par-
ticularly diatoms) was the main source of energy. A study complementary
to ours suggests that 60-70% of the carbon utilized by these mysids is
derived from new marine primary production, while the remainder is from
terrestrial sources (i.e., carbon from peat or from recent terrestrial
production transported to the lagoon by river runoff) (Schell 1979).

Amphipods

Few estuarine amphipods appear to be trophic specialists and most
species ingest detrital material and assimilate the microfauna found on
it (Heald 1971; Odum 1971; Harrison 1977; Livingston et al., 1977; Van
Dolah 1978). Schneider and Koch (1979) found that, of all arctic near-
shore amphipod species they tested, only Gammarus setosus Wwas able to
assimilate the peat itself. They suspected that the other species (e.qg.,
0. litoralis) probably utilized the microfauna that derive their energy
from the peat.

Members of the amphipod family Lysianassidae (e.g., 0. glacialis)
are reported to be omnivorous (Enequist 1949). Holmquist (1965) re-
ported that Onisimus amphipods feed not only on injured or dead animals
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but also attack mysids held in sampling jars with them. Similar obser-
vations were made in Simpson Lagoon during the present study. In addi-
tion 0. glacialis kept in aquaria were observed to feed actively on
mysids. Marine primary production appears to be the most important
source of energy for 0. glacialis in Simpson Lagoon.

An epontic community study near Pond Inlet, N.W.T., conducted
through May-July 1978, showed 0. glactalis to feed mainly on ice-assoc-
jated pennate diatoms, while 0. glacialis, Apherusa glacialis, Gammarus
wilkitakii, Parathemisto libellula consumed ice-associated pennate dia-
toms and crustacean appendages (W. Cross, LGL Ltd., pers. comm.).
Buchanan et al. (1977) found 0. litoralis grazing on pennate diatoms on
the under-surface of the ice in Bridport Inlet, N.W.T.

Other Crustaceans

Clark (1977) found that the penaeid shrimps (i.e., brown, pink and
white) of the southeastern U.S. and Gulf coasts subsist on plant detri-
tus, small crustaceans, worms and various larvae and, thus, they served
as important converters of energy (Idyll et al. 1968). Studies of the
grass shrimp, Palaemonetes pugio, found that it not only satisfied its
own feeding requirements but in doing so played an important part in
the food web by accelerating the process of detritus breakdown. Palae-
monetes pugio actually created a steadier flow of detrital energy
through its breakdown of detritus into feces, heterogeneous fragments
and shrimp biomass. This reduced the accumulations of detritus from
emergent grass and macroalgae that otherwise might have occurred (Welsh
1975). Although epibenthic invertebrates in Simpson Lagoon appear to
utilize little of the peat in the lagoon for nourishment, they probably
play a similar role in accelerating the process of peat breakdown. The
most important source of carbon for the invertebrates of Simpson Lagoon
appears to be marine primary production, so the continuous replacement
of lagoon water provides a constant source of nourishment for the in-
vertebrates. A disruption of the water movement through the lagoon
could reduce the amount of carbon available to the epibenthic inverte-
brates, which could ultimately mean less food for the birds and fish.
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Habitat Utilization

Mysids

Estuarine areas throughout the world have long been known to be
highly productive (Hedgpeth 1966; and others). Many studies have shown
estuaries to be used as nursery grounds by both marine fishes and in-
vertebrates (Gunter 1960, 1961a; Skud and Wilson 1960; Chin 1961; Living-
ston et al. 1977). Mauchline (1970) found that young of the mysid
Schistomysis ornata in the U.K. migrate to shallow, brackish waters to
grow. Whether Mysis relicta and M. litoralis utilize Simpson Lagoon as
a nursery ground is not clear. First-year individuals were the dominant
group of both species of mysid collected during this study (Figs. 29,
32). The low proportion of larger second-year animals in the lagoon and
offshore (Station 78-7) may reflect an increased predation pressure
(i.e., being larger, they are more easily seen and captured by predators)
or the utilization of an alternate habitat or some combination of these.
There was no obvious difference in the seasonal size distribution of
either mysid species between samples from the lagoon and samples from
the ocean. This suggests that the growth rate was similar in the two
areas (Fig. 41). The mysid populations residing in the lagoon on any
given date are probably transient in nature, since drift-net data show
a continuous flux of mysids in and out of the lagoon, and since prevail-
ing currents would carry new individuals in and resident ones out. It
appears, then, that the entire nearshore area within several km of shore,
and not just lagoons and bays is important, since several key biological
processes (growth, breeding) for these species may occur throughout
this zone and not just in specific areas like Simpson Lagoon.

Within Simpson Lagoon, both species of mysid showed a preference
for the mid-lagoon area (Fig. 11). Whether this was due to the deeper
water (i.e., less turbulence) or the presence of large amounts of de-
tritus is not clear, although divers noted that mysids appeared to col-
lect on the detrital mat and dive into it when startled.
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Amphipods

Non-burrowing members of the Onisimus family (Lysianassidae) are
thought to dwell in or around bottom detritus layers (Enequist 1949).
However, the newly-released young may utilize different habitats;
Thomson et al. (1978) and Buchanan et al. (1977) found young (2 mm)
Onisimus spp. on the ice undersurface community in the Canadian High
Arctic. Atylus sp., Gammarus tigrinus and Melita nitidae all dwell on
or near the detrital layer in Barataria Bay, Louisiana, as do similar
species in South Florida estuaries (Odum 1971; Thomas 1976; Livingston
et al. 1977).

Division of habitat among amphipods according to sediment type was
found by Jones (1948) on the Isle of Man. Burrowing species (Lysianas-
sidae, Haustoriidae, Ampeliscidae, Corophiidae) preferred fine sand
and silty sand, and most non-burrowing Lysianassids preferred coarse
sand or gravel, while Oedicerotids preferred mud. Thomson et al.
(1979) found Onisimus litoralis associated with sand and small pebbles
(< 1 cm) and Gammarus setosus with large cobbles (> 5 cm) in the inter-
tidal zone near Pond Inlet, N.W.T.

Since 0. glacialis appears to be a year-round resident of Simpson
Lagoon and was only rarely collected at offshore marine stations, its
microhabitat requirements in the lagoon are of the greatest interest.
As was the case with the mysids, 0. glacialis appears to prefer the
deeper mid-lagoon stations (Fig. 19). Divers noted that this species
moved about in large numbers on the surface of the detritus layer and
also lived within the layer (i.e., numerous individuals of this species
were'observed rising up from within the mat when it was disturbed).
Onisimus glacialis also dived into the detrital layer when startled.

Other Crustaceans

Estuaries serve as nursery areas for many species, including
shrimp (Rounsefell 1963). Sand shrimp (Crangon franciscorum) use the
upper Columbia River estuary as a nursery ground (Haertel and Osterberg
1967). Caillouet (1970) felt that commercially important shrimp depend
on estuaries to serve as their nursery areas, and occasionally to
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support adult populations. Some ecologists believe it is critical for
early stages of ocean-spawning shrimp to reach bay waters in order to
survive (McHugh 1976).

Although several authors agree that estuarine waters are necessary
for penaeid shrimp to complete their life cycle, there is a great deal
of discussion as to whether temperature or salinity is the key para-
meter (Gunter 1950, 1961a; Williams 1959; Barrett and Gillespie 1973;
Gaidry and White 1973; Barrett and Ralph 1976).

Some authors believe that residence in estuaries serves a dual pur-
pose for young shrimp: (1) estuaries provide rich feeding grounds for
shrimp, with an abundance of detrital and microfloral material suffi-
cient to meet the food requirements of shrimp during their rapid phy-
sical growth in the period before they assume their oceanic residence
as adults (Idyll et al. 1968; Jones 1973; Clark 1977; Livingston et al.
1977); (2) estuaries provide protection from predators and competitors
(Hoese 1960; Idyl1 et al. 1968; Wilson 1969; Clark 1977).

In Simpson Lagoon, both amphipods and mysids obtained 60-70% of
their carbon from marine primary productivity, and use the detrital
layer as a habitat rather than as a main source of food. This layer

may afford protection from predators by providing a place to hide.

Influence of Predators

Mysids and amphipods appear to form important 1inks in many estu-
arine and marine food webs. The predator-prey relationships for impor-
tant mysids and amphipods are detailed below.

Mysids

Mysis litoralis and M. relicta are the major food items for ana-
dromous and marine fish and oldsquaw ducks in the Simpson Lagoon area
(Craig and Haldorson 1980; Johnson and Richardson 1980). Competition ap-
pears to be relatively minor for this plentiful food supply, as there is
much overlap among the diets of predators (Craig and Haldorson 1980) and
the food supply remains large relative to the daily requirements of the
predators. However, the continued abundance of these important’ food
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items in the nearshore environment appears to depend on uninterrupted
immigration or dispersal of these mysid species into shallow water (see
'Transport of Invertebrates').

Craig and Haldorson (1980) found that arctic cod in nearshore zones
feed heavily on mysids and gammarid amphipods; similar results were re-
ported for offshore waters (Frost et al. 1978). This feeding pressure
can be significant, as was the case during August of 1978, when a large
school (estimated in the millions) of arctic cod moved through Simpson
Lagoon and, through predation, may have been at least partly responsible
for the decline in M. litoralis biomass recorded in the latter part of
August.

It should be noted that, during the open-water season, predation
is much heavier in Simpson Lagoon than on the ocean side of the barrier
jslands. The difference is due primarily to the absence of oldsquaw
ducks in the marine environment, except under special circumstances
(e.g., the presence of large amounts of floe ice).

In other areas, mysids also form an important part of the diet of
predators. Mysis stenolepis is an important food item for cottids,
gadids and rajiids on the east coast of Canada (Amaratunga and Corey
1975) and, in the Baltic Sea, Gastrosaccus spinifer is a preferred food
of cod (Arnte 1978). Striped bass on the east coast of the U.S. prey
heavily on Neomysis americana (Markle and Grant 1970), while striped
bass on the west coast prey almost exclusively on N. (awatchensi)
mercedis (Heubach 1969; Turner and Heubach 1969). According to Turner
(1972), when striped bass larvae reach approximately 0.6 inches in
length they begin to feed heavily on Neomysis (awatchenei) mercedis.
Although the bass prey increasingly on other fish after one year of age,
Neomysis remains an important food source. Adult shad of the Sacramen-
to-San Joaquin estuary consume primarily Neomysis, and all sizes of
catfish and black crappie fed on Corophiwm and Neomysis (Stevens et al.
1972). In South Florida, Odum (1971) found Mysidorsis almyra, M. bahia
and Gastrosaccus dissimilis to be major food items for fishes. The
eight major species of mysids found in Galveston Bay serve as important
food items for six species of fish and two species of penaeid shrimp
(Price 1976), and Clutter (1967) found similar predation on mysids in
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California coastal waters. Mysis relicta is also an important component
in freshwater fish diets in some northern lakes (Juday and Birge 1927;
Larkin 1948; Morgan and Beeton 1978).

Amphipods

Next to mysids, amphipods, particularly Onisimus glacialis, were
the most important prey item found in the stomachs of anadromous fishes
and birds in Simpson Lagoon in 1977 and 1978 (Johnson and Richardson
1980; Craig and Haldorson 1980). Competition among these groups ap-
parently was relatively minor for this abundant food supply; the index
of overlap among consumers was high (Craig and Haldorson 1980). Onisi-
mus amphipods are also important food items of birds and fish in near-
shore waters in the eastern Arctic (Alliston et al. 1976; Bain and
Sekerak 1978). Barnard (1959) found Onisimus amphipods in the stomachs
of arctic cod captured in traps at Ice Island T3 in the Arctic Ocean.

Other amphipods also serve as food items in various estuarine
systems. Fish in a South Florida estuary were heavy predators on three
species of amphipods--Melita nitida, Grandidirella bonnieri and Corophium
lacustre (Odum 1971). The salt marsh gammarid amphipod, Gammarus palus-
tris, is also heavily preyed upon--most particularly the adults as a
result of their size (Van Dolah 1978). Amphipods in Barataria Bay,
Louisiana, were a major food item of the sheepshead (Thomas 1976).

Any perturbation that reduces the biomasses of these key epibenthic
invertebrates in shallow waters could have serious effects on the high-
er trophic levels, as the largest concentrations of predators occur in
these areas rather than in the offshore marine environment (Divoky 1978;
Johnson and Richardson 1980; Craig and Haldorson 1980).

Effects of Contaminants

Several studies of the effects of oil contamination on arctic
marine and Tittoral invertebrates have been conducted (Percy and Mullin
1975; Percy 1976, 1977; Busdosh and Atlas 1977; Johnson 1977; Atlas
et al. 1978; Foy 1978, 1979). However, comparisons of relative sensi-
tivities of different species to various toxicants are difficult due to
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differences in the methodology of the various studies, the variety of
species tested, and the variable chemical composition of the oil. The
sensitivity of littoral and sublittoral invertebrates to oil contamina-
tion can also vary significantly depending on species, habitat, life
stage, time of year and even the time of day (Swedmark et al. 1973;
Foy 1978, 1979). In spite of these limitations, certain generalizations
concerning the effects of a major oil blow-out or spill in a shallow
nearshore zone are possible. The contamination of a barrier island-
lagoon system might have serious effects on the epibenthic community.
These effects could be either direct or indirect. If organisms came
into physical contact with the oil, the indications are that they could
succumb. Effects on invertebrates of water-soluble and suspended com-
ponents of 0il in the water-column would depend on the concentration and
chemical composition of these components. On the other hand, epibenthic
invertebrates might actively move out of the lagoon as a result of
avoidance behavior.

0il entering a shallow lagoon would become mixed with bottom sedi-
ments and organic debris. Any repopulation of the lagoon from stocks
of marine invertebrates offshore (Feder et al. 1976; this study) would
have to contend with an oil-contaminated substrate and food source.
The species composition can be significantly different after oil-contam-
ination of the sediments. For example, Atlas et al. (1978) found more
bivalves and polychaetes and fewer amphipods after contamination by oil.
This could result in drastically reduced densities of epibenthic or-
ganisms, the effects of which might be felt to the top of the food web.
The rate of recovery of oil-contaminated benthic communities varies
with substrate (i.e., a few weeks for rocky shorelines; up tc five years
in soft bottom areas) (Boesch et al. 1974). 1In arctic nearshore areas,
Atlas et al. (1978) found the rates of biodegration to be limited by
temperature and availability of nutrients; consequently petroleum hydro-
carbons may remain in arctic ecosystems for prclonged periods after oil
contamination. This may be particularly true for nearshore zones like
Simpson Lagoon, which has a soft-bottom substrate overlaid by an uncon-
soliated flocculent amorphous detrital layer.
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Large scale blow-outs and accidental spills of oil account for
only a small portion of the total amount of o0il entering the marine en-
vironment. Small spills, losses during offshore production, natural
seeps, and pumping of ballast tanks and bilge water account for most of
the 0il entering the sea (NAS 1975). In the Beaufort Sea, the amount
of 0il likely to enter the marine environment through the above routes
has been estimated to be about 200 barrels of every million produced,
or about 0.02% (Mackay 1977). This chronic oil contamination may have
long-term sublethal effects on the biology of nearshore marine inverte-
brates. Johnson (1977) has compiled an extensive literature review on
the sublethal effects of petroleum hydrocarbon exposures on the physio-
logy, behavior, growth, development and reproduction of arctic and sub-
arctic marine invertebrates. He found that, for crustaceans (e.g.,
mysids and amphipods), each of these processes was adversely affected
by sublethal levels of hydrocarbons; which could result in a reduction in
biomass or density of the affected organism.

In the Simpson Lagoon barrier island-lagoon system, the high flush-
ing rate of the lagoon (0.2 times/day on the average and as much as once
per day during winds greater than 40 km/h, Mungall 1978) could result in
a rapid turnover of mysids and some species of amphipod (e.g., marine
pelagic species). This rapid replacement rate, and the enormous reser-
voir of these organisms in the large offshore area in relation to numbers
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