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- Occidenta
\. % Petroleum Ltd,

1500, 838 - gch Avenuve Souch West
Caigary, Alberta, Carasda T2P 321
(4032 234-68700 Telex 038-21515

April 9, 1984

Dr. M. Ruel

Director General, Environmental Protection
Canada (01 & Gas Lands Administration

355 River Road

Tower B, Place VYanier

. Ottawa, Ontario

K1A QE4
Dear Dr. Ruel:

Re: Petroleum Expleoration in Hudscon Bay

Canadian Occidental is seeking "approval in principle" to proceed
with petroleum exploration in Hudson Bay. Our Expioration Agreement
calls for a one or two well program no later than the end of 1836.
Surface cenditions dictate that this program must begin no later tasn
August of that year. Discontinuation of PIP grants after 1936 marxedly
affects the economics in this area and drilling past this date is
unlikely.

In seaking approval in principle, Canadian Qccidental is pleasad
to submit a draft copy of its Environmental Literature Review of rudson
Bay. This report forms only part of the studies undertaken by Canadian
Occidental Petroleum Ltd. in its evaluation of environmental paramcters
affecting petroleum expioration in Hudson Bay. The report summarizes
the current state of knowledge, evaluates the data base for operational
planning, and identifies key areas for envirgonmental protection and
contingency planning considerations. The document was intended fcr "in
house" use as a planning tool and is incomplete to the degree it comple-
ments ather studies being undertaken by Canadian Occidental Petroleum
Ltd. These studies include assimilation and analysis of extensive reports
and data collections from Aquitaine's operations in 1969 and 1974
including wind, wave, and environmental data; evaluation of other summary
reports for the region; wildlife observer programs in 1982 and 1983; and
commanity information and discussion programs.

Canadian Occidental's evaluations and discussions tc date support
DOE/DFO findings in their report "A Summary of Environmental Cancerns
Associated with the Disposition of Lease Acreage in Hudson Bay with
Recommendations" (1980). All indiceted drilling locations are well
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Dr. M. Ruel
Page 2
April 9, 1984

within Area D where DOE/DFO found that exploration activities should be
allowed to proceed with adequate safeguards. Wildliife observer programs
recommended by the report were undertaken and indicate a low density of
marine birds and mammals in the offshore region of Hudson Bay during

the open water season. Oceanographic data was found to be adequate for
operational planning. Further needs address real time operational
requirements and the detailed studies required for the environmental
protection and contingency plan.

On the basis of these findings, Canadian Occidental Petroleum Ltd.
respectfully requests that approval be granted for petroleum exploration
in Hudson Bay. Early resolution of this {ssue will allow Canadian
Occidental Petroleum Ltd. to proceed with operational and contingency
planning requirements in a timely and efficient manner.

Yours very tru1y,

~,

J

o~
| - / ////r/
/
E\ T. Peirce
General Manager, Exploration

RTP/jmd
Enclosure
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EXECUTIVE SUMMARY

INTROBUCTION

Canadian Occidental Petroleum Ltd. and its partners are proposing a one or twc well
exploration drilling program in Hudson Bay for the open-water season of 1986. This
report summarizes existing literature and data on the physical, chemical and ecolo-
gical features of Hudson Bay relevent to environmental and operational project plan-

ning.
METEOROLOGY

Wind is the meteorological parameter of primary interest since it determines struc-
tural loadings, creates waves and currents, and affects aviation. Other variables
affecting offshore operations include air temperature, precipitation, icing and fog.

A preferred track for intense storms crosses Hudson Bay from west to east in summer
and northern James Bay in fall. Wind data are available from land stations, ship
observations and geostrophic winds derived from pressure fields. Some wind. wave

and temperature data were collected from 1968-1974 by Aguitaine and in 1969 a weather
buoy was deployed during drilling.

During the open water (drilling) season, prevalent geostrophic winds are from the

west through to north. Wind speed tends to be stronger and more persistant in October
and November than in August and September. Few surface wind data are available.
Annual wind roses for coastal stations and monthly wind roses for the open water
season are included in this report. Calculation of surface winds from ageostrophic
winds is suitable for a first estimate of open water conditions but does not represent
extreme wind conditions. The need for long term observations may be satisfied in

part by the 1969 weather buoy data and should be sufficient for planning purposes.



Mean temperatures remain below freezing over the entire region until May. In the
fall and early winter there are warm areas over open water. There are no precipi-
tation records for central Hudson Bay although shore stations provide an indication
of seasonal variability and suggest the precipitation regime over the Bay. West
shore stations receive less precipitation than the east shore with heaviest
precipitation occurring between June and October. Total annual precipitation

is about 400 mm. Ice accretion on horizontal and vertical surfaces for each
coast is summarized. Long term records for fog and visibility are available

from land stations. Fog formation is most frequent in Tate summer. During

open water months, the incidence of fog over the Bay will be higher than for

the shore stations and the percentage of clcudiness over the Bay also increases,
reaching 85% in October.

PHYSICAL OCEANOGRAPHY

Hudson Bay is a shallow water body within a gently sloping basin having a shore-
line of low relief. It's area is about 760,000 km2 with a mean depth of about 125 m
and a maximum depth of about 235 m. Parameters of greatest relevence to the pro-
posed exploratory programme include coastal physiography, ice conditions, currents

and tides, and sea state.

Hudson Bay has three basic coastal types: Tlow lying coasts associated with sedi-
mentary formations (west James Bay and southwest_Hudson Bay, etc.); coastal cliffs
and headlands {northwest Hudson Bay, Southhampton Island, etc.): and intervening
areas of complex coastline exhibiting numerous small bays, inlets, and headlands.

The thermal regime is important for planning and operations in that it determines

the timing and rate of ice formation and disintegration and, to an extent. the
seasonal variation of pycnocline depths. As the temperature of the surface waters
decreases in the fall, density increases resulting in an unstable vertical stratifi-
cation and consequent vertical mixing between the surface and lTower layers. Density
gradients are also affected by salinity. The average salinity is about 32 to 33%/oo,

i1



which will result in a freezing point between -1 and -2° C at less than maximum
density. JIce formation may be expected near the end of November to early
December.

The depth of the surface water layer is at a minimum during eakly summer and deepens
in fall due to mixing processes. A typical temperature/salinity profile for early
September is reported.

Hudson Bay is the largest body of water that freezes completely over in winter and
becomes ice-free in the summer. The absence of stable ice cover in winter prevents
stationary ice-based drilling so that drilling is limited to a floating platform in
the ice-free perjod. Mean annual maximum ice thickness is about 1.5 m in April.

In winter, only a pronounced shore lead and isolated other leads interrupt a con-
tinuous ice pack. Break-up begins in May near shore, with the last ice disappearing
in August. Freeze-up begins along the northern shore in September and gradually
extends southward and eastward. Aquitaine's experience suggests that data from

Ice Forecasting Central of the Atmospheric Environment Service (AES) were useful and
accurate in relation to the area of operations, and invaluable in relation to moving
the drilling rig into and out of Hudson Bay. On average, there are about 3 months
of open water. Information soon to be available from AES is sufficient for planning
purposes ‘and ice forecasts will form the core of ice information required for oper-
ational purposes. '

Tidal information is collected from a number of coastal stations, and computer

models have been developed to interpret tidal effects over the entire Bay. Tidal
ranges are much greater on the west coast (up to 5.2 m) than on the east (as Tittle
as 0.5 m}). Surface and near surface currents are dominated by the tidal component at
all depths resulting in an overall counter-clockwise rotation. Averagé current
speeds recorded at 20 m, 50 m, and 100 m depths in September/October, 1981 were about
30, 12 and 15 cm/sec, respectively. The oceanographic parameters are highly depend-
ent on the wind stress and resulting currents.



Ship observations within Hudson Bay report a maximum wave height of 8.2 m and a
maximum swell height of 23.5 m. During Aguitaine's work in 1970, sea state studies
recorded mean wave heights of 0.7 to 2.0 m and a return period of 5 to 6 seconds.
The maximum swell observed had a height of 4.0 m and a period of 8 seconds. An
extreme wave hindcast study predicted greatest significant wave heights for the 1
in 10 and 1 in 100 year storms of 10.4 and 14.0 m, respectively.

CHEMICAL OCEANOGRAPHY

A series of oceanographic cruises in Hudson Bay during the 1970's has provided a
much improved understanding of its chemical oceanography, particularly during the
open-water season. Surface salinity ranges from 22.0 to 31.8% with highest values
occurring inshore around Coatsi and Southampton Islands, and offshore near the middle
of the Bay. Lowest salinity occurs close to shore near rivers. Waters below 50 m
have temperatures between 0 and -1.86°C and salinities of 30 to 33.7 °/00. Little
vertical mixing occurs in summer.

Hudson Bay is an oligotrophic body of water of low productivity, heavily influenced
by freshwater runoff. During the summer, Tack of vertical mixing appears to restrict
the regeneration of nutrients, particularly nitrate, in the surface waters. Hudson
Bay waters are generaliy well oxygenated. Few data regarding baseline concentrations
of heavy metals or hydrocarbons.are available. Secchi disc transparency exceeded

15 m in the open water of Hudson Bay in the few measurements made to date.

Sediments in shallow coastal regions'ahd'offshore shoals generally have a median
particle diameter in the fine sand-silt range, whereas deeper basin areas are charac-
terized by sediments with relatively high organic carbon content, having a median
diameter in the clay range.

MARINE ECOLOGY

Clear inshore-offshore gradients in physico-chemical and biological variables occur

iv



in Hudson Bay. The offshore zone can clearly be delineated from six nearshore areas.
Land runoff and associated coastal circulation appear to be the predominant factors
influencing standing crop and 1ikely productivity in the surface waters. Offshore
waters in summer are comparatively oligotrophic.

No specific microbiological studies have been reported for Hudson Bay. although
similarities in terms of oil-degrading bacteria might be expected with other northern
waters, Recent cruises have greatly augmented the data base with respect to phyto-
plankton communities and primary productivity. Diatoms form the largest group, fol-
lowed by dinoflagellates. A highly developed subsurface chlorophyll maximum Tayer

has been noted which may significantly contribute to annual production. An area west
of the Belcher Islands is thought to be particularly productive with respect to
phytoptankton. However, in general, in spite of the enormous freshwater runoff, the
biomass supported is Tow, perhaps due to limited return of nutrients from deep waters.

Estimates of zooplankton suggest production lower than the Atlantic Ocean but higher
than the central Arctic Ocean, with extreme annual variation occurring. Ciliates
occur in large numbers, at least in the Belcher Islands area and may be an important
component of marine food chains. Amphipods, mysids, euphausiids and shrimp are

prey for fish and marine mammals.

Hudson Bay benthic invertebrate communities have not been studied extensively, but
just over 200 species are known to occur in James Bay. Few growth or production

data are available. Due to the uniform mud substrata in the offshore region, exploit-
able numbers of commercial invertebrates are unlikely. Clams, snails and other
organisms provide food for walrus and other animals in shallow waters. Marine plants
are entirely seaweeds (algae) with the exception of "eel grass".

FISH AND FISHERIES

The Hudson Bay fish fauna is largely typical of Arctic regions and few species are
present. Although few studies have examined offshore waters, the most diverse fish



communities occur in nearshore areas, particularly around river mouths, where a

wider range of habitats occur and nutrient concentrations are generally higher.

The true marine fish species have been described as small, obscure, bottom-dwelling
forms of 1ittle economic value. Greenland cod and capelin are fished to a minor
extent. The nearshore zone and estuaries attract marine and anadromous species to
spawn and feed respectively. Sea-run brook trout, Arctic char and whitefishes are
the most prized species by fishermen.

Fishery exploitation to date has been minimal and concentrated along the shorelines,
mainly near river mouths where migration runs can be intercepted. Exploitable
commercial fishery resources of any practical scale do not occur. Utilization of
fish is principally for subsistence of the native populations where fishing is an
important social as well as nutritional function. A modest fishery for Arctic char
s centred at Rankin Inlet where a cannery was built, but escalating transportation
costs have reduced marketability, so that only frozen char is supplied today.

BIRDS
Hudson Bay and James Bay coastal environments provide critical nesting, staging

and migration habitat for large numbers of arctic and subarctic marine birds, water-
fowl and shorebirds., Of particular note are colonies of lesser snow geese, Canada
geese and thick-billed murres, and the migration-staging areas associated with
coastal marshes and tidal flats of the Hudson and James Bay Lowlands. These latter
areas support numerous transient geese, waterfowl and shorebirds. For several
spécies, these areas represent significant proportions of their North American
populations.

Among the notable physical features of the region are its great diversity of shore-
line habitats, and the fact that these coastlines provide a direct 1link between

southern wintering areas and summer breeding areas in the Canadian arctic. Most of
the important areas of bird habitat are associated with shore zones and islands and

Vi



are well removed from the area of exploration.

Waterfowl of the region are a noted resource of local and international importance.
Large numbers of geese and ducks are taken annually by native hunters of the region,
particularly in the James Bay area but alsc elsewhere. As well, ducks and particu-
larly geese form an integral part of the waterfowl hunting resource throughout east-
ern and central North America. Economic benefits associated with this waterfow]
hunting activity are measured in the millions of dollars.

. SENSITIVE AREAS AND CONTINGENCY PLANNING

As a result of our review, we have identified areas in the Hudson Bay region which
are particularly important to bird Tife and marine mammals. To a more general level,
types of habitat which are more productive for fish are also noted. We stress that
the identification of such areas relates entirely to the inherent importance of these
areas to the organisms themselves and does not take into account any aspect of the
probability of their disturbance by 011 spills. The proposed drill site is located
in the central portion of Hudson Bay and is well removed from all areas of biological
interest.

Seven areas of noted biological importance to marine birds are identified and mapped
in this report along with six areas of particular importance to marine mammals. Major
river estuaries are most important to fish communities.

Real time and two types of scenario o0il spil] trajectory models are described.
Sufficient data exist to run an 0il spill trajectory model forspill contingency
planning. The probability of an 0il spill during the 1986 exploratory drilling is
slight since there are no indications of overpressure zones.



As a first order estimate based on available data on o0il spill trajectory
analysis off the Hibernia oil field, such a spill could travel from 10 to
50 km per day. To cover the minmum 250 km distance to shore, the shortest
time required would be about 5 days and on an average, probably longer than
10 to 15 days. Over this period of time, the spill is likely to be highly
degraded and emulsified with over 90% of the volatiles evaporated.

Adegquate data are available to undertake the comprehensive trajectory modelling

required for contingency planning.
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1. INTRODUCTION

Canadian Occidental Petroleum Ltd. and its partners, Ontario Energy Corporation -
and Soquip are currently in the early exploration phase of searching for petroleum
reserves in Hudson Bay. A one or two well drilling programme is planned to be com-
pleted during the open water season (approximately 3 months) of 1986. At present
there are no plans for further drilling in other years. Figure 1-1 shows the pro-
bable location of drilling in central Hudson Bay: 89° W, 59° 40" N to 88° W, 59°
00' N. This map also identifies place names discussed in this report.

The Environmental Applications Group Limited was retained by Canadian Occidental to
review the existing environmental literature and data base pertaining to offshore
exploration in Hudson Bay. The present report will provide a basis for meking in-
formed project decisions regarding environmental and operational plarning requirements.
[t provides a critical summery of the state of present knowledge rather than a list-
ing of tabular data. In particular, this report concentrates on those parameters
Tikely ‘to affect or be affected by offshore petroleum exploration activities. Op-
erational data requirements and potentially sensitive areas are identified wherever
possible.

This study summarizes the major aspects relating to the physical and chemical ocean-
ography, meteorology, marine ecology, fisheries and marine birds. Marine mammals
were examined in a separate report by LGL {1983) in concert with wildlife observer
programmes undertaken by Canadian Occidental in 1982 and 1983. Hudson Bay is a
large and remote portion of the Canadian marine environment, where access and work-
ing conditions are difficult and expensiﬁe. As well, human population levels are
sparse and known exploitable resources quite Timited, so that some aspects of the
existing environment are Tess well known than for other offshore areas.
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2. METEQROLOGY

2.1 [NTRODUCTICN

The meteorological variables of particular concern for this study are the ones
which are related to the conditions of drilling operations and structural de-

sign. Because meteorology has influence on the physical oceanography, the two
sciences cannot be analysed separately. Consequently cross-references between

the two chapters (meteorology and physical oceanography} are freauently used in
this report.

2.2. METEOROLOGICAL VARIABLES RELEVANT TO OFFSHORE OPERATIONS

Wind is the meteorological parameter of primary interest, as it determines

structural Toadings, creates waves and water currents, and also affects aviation.

Meteorological variables of secondary importance affecting offshore operations in-
clude air temperature, precipitation, icing and fog.

COGLA {1983) recommends the following meteorological variables be observed:

wind barometric pressure air temperature
dew point Sky condition precipitation
visibility ice accretion

Additionally, two types of weather forecast services are required for the
drilling operation. The Site-specific Forecast Service is provided by the
drilling operator. This is intended to supply more accurate forecasts than
regional government forecasts and to supply up dated forecasts during emergency
conditions. The Aviation Weather Forecast Service is normally provided by the
Atmaspheric Environment Service (AES) and supports weather information for
f]yﬁng conditions.

At the end of tia drilling programme a data analysis is required by COGLA. The
report should include such sections as forecast verifications. data analysis of



storms encountered, and statistical summaries of meteorological observations.

Meteorological dataare also needed to formulate contingency plans for possible
emergency situations such as oil spills or evacuation procedures. The following
sections of this chapter address the current knowledge of the Hudsen Bay clima-

tology in iight of the data requirements.

2.3 SYNOPTIC SYSTEMS

One of the prime objectives in providing site specific forecasts is the identifi-
cation and prediction of movement of intense.storms or cyclones. Reitan (1974),
among others, has shown that one of the preferred cyclone tracks crosses central
Hudson Bay from west to east in summer and northern James Bay in the fall {Fig-
ure 2-1}. Archibald's (1969) ana1yses of intense storm tracks over Hudson Bay
reveals the same seasonal pattern. Based on analysis of sterms for a 5-year
period {1963-1967), Archibald found that for July, August and September, the
greatest frequency of intense storms lies across Hudson Bay with a less frequent
track to the north of Hudson Bay. During October, November and December. a pri-
mary (i.e. well defined cyclones) but less frequent track sti11 exists across

Hudson Bay and through southern James Bay.

Danard's review (1980) of the meteorological influences of Hudson and James Bays
includes a discussion of storm intensification. He indicates that in the fall
and early winter., prior to freeze-up (éee Section 3.3) the modifying influence
of Hudson Bay on cyclones is similar to the influence of the Great Lakes. When
an extratropical cyclone crosses the Great Lakes, the fluxes of heat and water
vapour cause a deepening of the low pressure. Higher winds also result from
storm intensification. This effect becomes less important during winter and

summer seasons, when the temperature difference between land and sea water

surface jis Jess.

Due to the large expanse of Hudson Bay, the intensification of a storm may not
be identified and the weather forecasts may be subsequently in error. However
in recent years the Atmospheric Environment Service (AES) has deplayed a drifter
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buoy transmitting information on atmospheric pressure. water temperature and
locaticn to demonstrate enhanced forecasting capabilities in Hudson Bay. The
additional data collected were found to improve the weather analysis and hence

improve the weather forecasts (M. Stauder, AES, personal communications).

The Atmospheric Environment Service (AES) has received funding for cne further
year for operational deployment of a drifter buoy in 1984. Combined with pre-
vious years (1979 to 1982}, this programme will provide useful data in hind-

casting and operational forecasting.

2.4 WINDS

There are currently three sources of wind data for the Hudson Bay area: land sta-
tions, ship observations, and geostrophic winds derived from pressure fields.

Some additional data (i.e. winds, waves and temperature} were collected between
1968 and 1974 by Aquitaine during a drilling campaign located in the triangular
area of 18E-19E-Z22E (see Figure 2-2 ). In 1969, Aquitaine deployed a weather
buoy, "Data Well" continuous recording wave meter buoy and a current meter with
readings every 6 hours at sea Tevel, half water depth, and sea bottom.

The land stations surrounding Hudson Bay are shown in Figure 2-2 along with the
grid points at which geostrophic winds are calculated. (The geostrophic wind

is the horizontal wind velocity for which the coriolis acceleration exactly
balances the horizontal pressure force in the free atmosphere i.e. removed from
the surface). Winds computed from pressure data have the advantage of a long
continuous record which may be used to infer a surface wind climatology over
Hudson Bay. The Atmospheric Environment Service (AES) has derived a geostrophic
wind climatology for marine areas, including Hudson Bay area, (Sauleslega, per-
sonal communication) and is currently looking at methcds of improving surface
wind hindcasts based on pressure data.

48]

Annuai wind roses for selected stations around Hudson Bay are presented in Figur
2-3. Monthly wind roses for August, September, October, and November are given
in Figure 2-4 (a,b,c.d). Only mean wind speeds are given for these stations; how-
ever, standard processing packages available at AES may be utilized to determine

the frequency and persistence of specified wind speed and direction classes. The
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major difference between west and east coast winds is the more freguens northwest

and west winds on the west coast compared with the east coast, especially during

October and finvember. For example, during November winds are from the west
through north-northwest at Poste de la Baleine only 23.5% of the time. The
corresponding figure for Churchill is 52% {AES, 1980). Danard {1980) suggests
that the difference in part may be due to a land-sea breeze circulation associ-
ated with the relatively warm open water. He also indicates that another factor
affecting Poste de 1a Baleine's and Inukjuak's winds is the tendency for deceler-
ating air (from the relatively smooth Bay surface to the increased roughness of
the shore) to deflect to the left. Thus a northwest wind could acguire a com-
ponent from the south. For all locations around the Bay shore based land stations
will underestimate the wind speeds over the Bay due to increased roughness over
land.

The geostrophic wind roses are shown in Figure 2-5 for the annual case. Figure
2-6 i1lustrates the morthly variation (August through November) for two grid
points in the middle of the Bay. It must be remembered that these winds are
derived using the geostrophic-approximation and must be corrected before being
representative of winds over the seaz surface. However, due to low friction over
the sea surface, the correction is less important than over land. The geostrophic
wind is predominantly northwest over the Bay over the year. During the months

of open water, the prevalent directions are from the west through to north.

Data on the persistence of geostrophic winds are also available in the AES geo-
strophic wind climatology. Partial data are presented in Table 2-1 for the months
of August to November. They represent the number of cases when wind was observed
above a certain speed (6 speed classes, from 5 m/s to 30 m/s) for a certain dur-
ation (10 of the 60 duration classes are presented in the table). Duration

class 1 represents wind persistence lasting from 6 to 11 hours. and class 2 from
12 to 17 hours, and so on. The table indicates that wind speed tends to be
stronger and more persistent during the fall months {i.e. October and November)

The last data base for winds s ship observations during the navigation season.
For the period 1895-1979 only 3202 cbservations of wind on the Bay have been
recorded or estimated. This data base is less adequate than the geostrophic

wind data base and no meaningful statistics can be derived from it.
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FIGURE 2-5
ANNUAL GEQSTROPHIC WIND ROSES FOR HUDSON BAY GRID POINTS
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FIGURE 2-5 (cont'd)
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FIGURE 2-6

MONTHLY WIND ROSES (AUGUST THROUGH NCVEMBER) FOR TWO SELECTED GRID

POINTS OVER HUDSON BAY
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FIGURE 2.8 (cont'd)
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l TABLE 2-1
FREQUENCY OF WIND SPEED OBSERVATIONS BY DURATION CLASS
' STATION: 19E (59.5 N, 83.4 W) (AES Marine Geostrophic Wind Climatology)
l MONTH: AUGUST
Duration Wind Speed (m/s)

l (6-hr. Periods) >5 >10 >15 >20 >25 >30
1 36 52 19 1 0 0
2 12 38 17 0 0 0

l 3 19 32 5 2 1 0
4 22 25 6 0 0 0
5 20 17 2 1 0 0

' 6 17 11 4 0 0 0
7 14 11 2 0 0 0
8 19 8 1 0 0 0
9 7 7 0 0 0 0

. 10 8 7 0 0 0 0

l MONTH: SEPTEMBER
1 25 43 29 9 3 1

l 2 11 37 27 8 2 0
3 17 39 22 6 0 0
i 19 31 8 4 0 0

l 5 16 25 13 1 0 0
6 11 14 8 1 0 0

_ 7 14 33 4 0 0 0

8 7 12 1 0 0 0

l 9 13 12 1 0 0 0
10 23 7 0 0 0 0

' MONTH: OCTOBER

l 1 23 52 25 20 5 0
2 10 32 40 9 4 1
3 15 33 37 12 1 0
4 18 35 25 g . 0 0

l 5 19 30 11 1 0 0
6 19 25 12 1 0 0
7 8 18 3 0 0 0

l 8 3 17 1 0 0 0
9 17 10 7 1 0 0

' 10 13 5 3 0 0 0
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MCNTH

" Duration

NOVEMBER

(6-hr. Periods)
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19
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38
33
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There is a sparse data base for surface winds although some valuable data may
be available from a weather buoy operated during the 1969 drilling campaign.
There is an inadequate data base to correct land-based data to offshore condi-
tions. However, the geostrophic winds corrected to the surface would pro-
vide, as a first estimate, an indication of the wind conditions over the Bay.
These estimates should be verified by observations on the Bay as they do not
represent extreme wind conditions. Long term wind cbservations would offer an
acceptable verification of the calculated winds. This may be satisfied in part
by the 1969 weather buoy data and should be sufficient for planning purposes.

2.5 OTHER METEORCLOGIC PARAMETERS

The source of information on meteorologic parameters other than wind are land-
based stations and ship observations. Although ship observations are of 1imited
use due to the sparse amount of data, some reference will be made to this data-
set where warranted. Danielson (1969), who used ship as well as land data, has
carried out a thorough climatological study except for precipitation.

2.5.1 Air Temperature

Figure 2-7 shows the patterns of monthly air temperatures throughout the year
(Danielson, 1969). Mean temperatures remain below freezing over the entire region
until May when they rise above 0 C south of about 55 degrees north. In the fall
and early winter, there are warm areas over open water {i.e. see November and

December in Figure 2-7).

For comparison to over water temperatures, the mean air temperatures are provided
for Churchill and Inukjuak in Table 2-2.
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TABLE 2-?
MONTHLY MEAN AIR TEMPERATURES FOR CHURCHILL AND INUKJUAK

deqrees centrigrade

Churchill [nukjuak

Month Extreme Extreme Extreme Extreme

Minimum Mean Maximum  Minimum Mean Maximum
Jan -45.Q -27.5 0.0 -46.1 -24.5 0.6
Feb ~-45.4 -25.9 1.1 -43.9 -25.0 5.0
Mar -43.9 -20.4 5.6 -45.0 -20.6 3.9
Apr -33.3 -10.1 28.2 -34.4 -10.9 7.2
May -21.7 -1.5 27.2 -25.6 -1.6 23.3
Jun -9.4 6.2 31.1 -9.4 4.4 30.0
Jul -2.2 11.8 33.9 -6.7 9.3 27.8
Aug -2.2 11.3 32.8 -2.2 8.9 25.6
Sep -11.7 5.4 27.8 -11.1 5.0 27.8
Oct -22.4 -1.5 20.6 -22.8 -0.4 16.7
Nov -36.1 -12.1 7.2 -33.9 -7.7 8.3
Dec -10.0 -22.72 2.2 -43.3 -17.9 7.2
YEAR -45.4 -7.2 23.9 -46.1 -6.7 30.0

Source: Atmospheric Environment Service, 1963

During July and August the temperatures are lower on the east coast than the west
coast mainly due to cooling of westerly winds over the partially fce covered Bay.
In October the trend reverses with the east coast temperatures being higher than
the west coast as westerly winds traverse the relatively warm open water of Hud-

son Bay.

2.5.2 Precipitation

There are no known precipitation records in Hudson Bay. Shore stations give some
indication of the seasonal variability and some knowledge of the precipitation
regime over the Bay. Table 2-3 gives precipitation data for Inukjuak and Churchill.
The heaviest precipitation occurs between June and October. A1l west shore sta-
tions receive less precipitation than those on the east shore. Perhaps most cri-
tical from operations viewpoint is the accumulation of freezing precipitation on
horizontal and vertical surfaces. Extreme values for ice accretion for Churchill

and Poste de la Baleine are given in Table 2-4.
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TABLE 2-2
MONTHLY PRECPITATION
AT CHURCHILL AND INUKJUAK (INOUCDJOUAC)

JAN FEB MAR APR MAY JUN Jub AUG SEP oCcT NOV DEC YEAR C(:)IEE
JAN FEV MAR AVR MAJ JUIN JUIL AOUT  SEPT OCT  NOV DEC ANNEE CODE

CHURCHILL A
S58°45°'N 94°4'W 29m

Rainfall I 0.1 2.6 2.0 13.5 399 45.6 58.3 44 5 15.4 1.0 0.2 2211 1
Snowtall 16.9 146 18.6 223 19.5 35 0.0 0.0 5.4 29.3 41.8 22.8 195.5 1
Total Precipitation 153 131 18.1 225 9 43.5 458 58.3 50.9 43.0 388 20.9 4023 1
Standard Deviation, Total Precipitation 2.5 79 135 19.6 244 29.8 219 2B.0 22.4 21.4 19.2 13.0 B7.4 1
Greatest Rainfall in 24 hours 0.3 1.3 15.2 8.4 22.4 325 323 511 422 26.2 4.0 1.8 2.3

Years of Record 37 37 38 37 38 38 38 37 ar 35 38 38
Greatest Snowfall in 24 hours 16.0 12.7 226 25.4 47.6 15.7 T T 175 361 s 218 47 .6

Years of Record 37 37 32 37 L 37 38 37 38 38 38 38
Greatest Precipilation in 24 hours 12.9 12.7 21.9 25.4 556 325 52.3 51.1 42.2 35.8 351 21.8 556

Years of Record a7 37 38 3z 38 el 38 37 37 el 38 38
Days with Rain . ] - 1 5 9 1 13 12 g 1 - 54 1
Days with Snow " 10 10 10 7 2 [} Q 4 14 18 14 100 1
Days with Precipitation 1 10 10 10 11 10 I8 13 14 17 19 13 149 1

JAN FEB MAR APR MAY JUN JUL  AUG  SEP OCT NOV DEC YEAR CODE
JAN FEV MAR AVR MAL - JUIR  JUIL  AOUT SEPT OCT NOV DEC ANNEE CODE

INGUCDJOUAC A

SN T8 TW  5m

Raintail T 0.0 0.2 14 125 311 53.9 4.8 542 244 kR 0.1 2463 1
Srnwial 10.0 a7 9.0 133 111 a7 04 T 49 220 re 2.2 1442 1
Total Precipitation 9.8 LY ] 9.0 148 04 M7 54.2 85.0 582 4.8 39.6 225 3885 1
Standard Deviation, Total Precipitation 8.8 8.3 72 14.9 16.1 19.0 3 25.0 26.8 17.2 2.0 17.7 983 t
Greatest Rainfal! iIn 24 hours T [} 1.3 8.7 258 388 40.1 - 485 23 3.8 9.7 1.¢ 485

Years of Record 42 43 43 44 47 50 52 47 53 52 47 47
Oreatest Snowfall in 24 hours 135 10.4 29 .1 17.0 8.9 8.4 [eX:] 19.4 28.2 43.2 3.3 432

Years of Record 43 44 43 44 47 50 49 45 5% 48 47 47
Greatest Precipitation In 24 hours 135 10.4 29 341 259 86 40,1 485 30.2 4.5 42,2 34.3 48.5

Years of Racord 43 44 43 44 47 50 49 44 50 48 47 47
Oays with Rain 0 4] . 1 4 8 1 14 14 8 1 ‘ 81 1
Darys with Snow 8 T 7 8 8 3 . * 3 T 18 13 88 1
Ceys with Precipitation 8 7 7 8 1" 8 11 14 18 17 18 13 139 1

Source: Atmoscheric Environment Service, 1983
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TABLE 2-4
ICE ACCRETION AT CHURCHILL AND POST DE LA BALEINE

ACCUMULATION ON HORIZONTAL ACCUMULATION ON VERTICAL
SURFACE {1in) SURFACE (in)
Churchil] Poste de la Churchill Poste de la
Baleine Baleine
Average 0.15 0.07 0.29 0.14
RETURN PERIOD
2 years 0.10 0.05 0.20 0.11
5 years 0.40 0.14 0.66 0.28
10 years 0.60 0.20 0.97 ¢.39
20 years 0.78 0.26 1.25 0.49
2 0.56

30 years 0.89 0.29 1.4
Source: Chaine and Skeates (1974) '
The Tower values of ice accretion on the east coast compared with the west coast

correspond to the precipitation pattern noted before. The potential problem of sea

spray freezing on structures is discussed in Section 3.7 Sea Spray Icing.

2.5.3 Fog and Visibility

Long term records for fog and visibility are available only for land stations.
The fog frequency for Churchill and Poste de la Baleine for the months of July
through December are given in Table 2-5. Fog formation is most frequent in late

summer, when relatively warm water provides adequate moisture to increasingly

cold air.
TABLE 2-5°
PERCENTAGE FREQUENCY GF FOG
Station Jul Aug Sep Oct Nov Dec
Poste de la Baleine 21.2 22.6 11.1 7.1 2.6 3.3
Churchill 10.8 9.2 11.8 7.2 4.4 4.5

Source: Atmospheric Envirconment Service Hourly Data Summaries
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During open water months (i.e. August through November), the incidence of fog
formation will be greater over the Bay than at the land stations, due to ad-

ditional moisture aver the water surface.

Another constraint on visibility is the amount and level of cloud. Danielson
(1969) has prepared monthly maps of cloud caver over Hudson Bay which are pre-
sented in Figure 2-8. After August the air is generally cooler than the water
and the input of heat and water vapour becomes & major source of low clouds over
the Bay. Percentage of cloudiness over the Bay reaches a maximum of 85% in

October.
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Fig. 2-8 Mean total cloud cover {per cent)
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3. PHYSICAL OCEANOGRAPHY

3.1 INTRODUCTION

Hudson Bay is a relatively shallow water body within a gently sToping basin having
a shoreline of Tow relief. The bay occupies an area of approximately 766,000 km?
and has an average depth of about 125 m, with no known depths in excess of 235 m.
Figure 3-1 illustrates the bathymetry of Hudson Bay, and Figure 3-2 contains three
cross-sectional profiles of the bay along transects indicated on Figure 3-1.

The bottom sediments are mainly from glacial drift, which is a mixture of 51lts,
sands, gravels, pebbles in variable proportions. Glacial boulders on or in the
sediments are also possible. A more detailed discussion of bottom charcteristics
is provided in Section 4.

The physical oceanographic parameters of greatest relevance to exploratory drilling
in Hudson Bay include coastal physiography, ice conditions, currents and tides,

and sea state. A comprehensive summary of relevant data for these parameters is
provided below.

o
.
(%]

COASTAL PHYSIOGRAPHY

The physiography of thé~Hudson-James Bay coastal region, for the most part, is a
reflection of regicnal geological structure. There are in effect three basic
cocastal types (1) low Iying coasts associated with unmetamorphosed Palaeoczoic
sedimentary formations, (2) coastal cliff and headland areas, and {3) intervening
areas of complex coastline exhibiting numerous small bays, inlets and headlands
(Fiaure 3-3).

Low coastal sections occur more or less continuously from southern James Bay north-
wards along the west coast of James Bay and the southwest coast of Hudson Bay to
the McConnel River some 100—150 km north of the Manitoba-N.W.T. border. Represeh—

tation of this coastal type is also strongly expressed along southern and western.
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BATHYMETRY OF HUDSON BAY
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portions of Southampton IsTand, and on Coats and Mansel Islands at the north

end of Hudson Bay. Associated onshore areas are characterized by extensive
coastal marshes, muskegs and pools (Figure 3-3). Well developed raised beaches
and abandoned shorelines are also characteristic features of onshore areas, their
development having resulted from the combined isostatic rebound and lTow energy
conditions. Offshore areas are characterized by expansive tidal mud flats, which
in some locations are up to 10 km in width.

Well developed cliff coasts and headlands occur primarily in two distinct por-
tions of the Region. The first area is located at the north end of Hudson Bay
and inciudes the west end of Hudson Strait, northeast Southampton Island, and
portions of the northwest coast of Hudson Bay. Most of these areas are associ-
ated with broadly developed fault systems and fold blocks {Bolton et al. 1977},
and show a distribution similar to that of offshore submerged canyons and cliffs.

The remaining prominant cliff-headland area is that of the Richmond Gulf-Belcher
Islands area, otherwise known as the Nastapoka Arc. Debate over the structural
development of this area is continuing, but there is considerable evidence to
suggest that cliffs of the Nastapoka Arc represent the exposed portion of an
extremely large astroidal impact crater {Beals 1968). The crater is 457 km in
diameter, and dips westward such that only 155 degrees of the arc is exposed.

Intervening complex coastal areas, mainly the east coast of James Bay, the east
coast of Hudson Bay north from Inoucdjouac, and the west coast of Hudson Bay be-
tween Eskimo Point and Daly Bay owe their present form primarily to extensive
folding and in some instances to volcanism. Associated differential erosion of
exposed rock types has resulted in the development of an intricate coastline of
small headiands and bays. These areas are among the more interesting of the
Region from a physical and biclogical viewpoint, because of the complexity of
Tand form types and associated habitats present.
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3.3 THERMAL AND SALINITY REGIME

An understanding of the thermal regime of Hudson Bay is important for planning
and operations in that it determines the timing and rate of ice formation and dis-
integration and to an extent the seasonal variation of pycnocline depths.

There are a number of sources for data that can be used to infer a thermal regime.
Panard et al. (1981) describe the growth of ice as being due to the difference be-
tween the heat flux into the atmosphere and the heat flux from the water to the
ice. This is complicated by the relationship between salinity, temperature and
density which results in a convective mixing of the surface Tayers in the fall and
winter, referred to as the Arctic vertical winter circulation. As the temperature
of the surface layer decreases, the density increases, resulting in an unstable
vertical stratification and consequent vertical mixing between the surface and
lower layers. As illustrated in Figure 3-4, when the surface layer achieves a
maximum density, a further decrease in water temperature produces a thin stable

layer that is much more prone to freezing.

Density gradients near the surface are due to salinity changes as well as to tem-
perature differences. Doronin and Kheisin (1977) give an average salinity for
Hudson Bay of between 32% and 33%, which corresponds to the value 30% given by
Prinsenberg (1982) for an area east-northeast of Churchill. According to the
density, temperature and salinity relationship illustrated in Figure 3-4, this
range of salinity will result in a freezing point between -1 and -2°C, at Tess
than maximum density. Figures 3-5 and 3-6 contain water temperatures provided

by AES drifter buoys in 1979 (Stark and Campbell, 1979} and in 1981 and 1982
(Markham 1983). These data indicate that aleng the buoy trajectory, ice formation
may be expected near the end of November to early December, in spite of the fact
that water temperatures may be below 0°C from early to mid November. Doronin
(1970) has a nomogram for calculating the growth of ice from degree days, and Cox
and Weeks (1974) use a linear regression for ice growth based on salinity values
(Danard et al. 1981). Either method may be useful for future operations as an

indicator of the timing of ice formation.
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FIGURE 3- 4 ‘DENSITY, TEMPERATURE AND SALINITY RELATIONSHIPS
OF SEA WATER

TEMPERATURE (°C)

SALINITY (g/kg) 247

Source: Pounder (1965)
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Prinsenberg (1982) modelled the seascnal variation of pycnocline depths in
Hudson Bay. Figure 3-7 shows that during the early summer pycnocline depth

is at its minimum. As summer progresses, the surface water will reach its
minimum salinity and temperature values before the pycnociine depth starts to
increase. In fall, large storms and maximum cocling deepen the pycnocline.

On the diagram, observed data ranges {denoted by range bars) are from the centre
of Hudson Bay in 1375. A typical vertical profile of temperature and salinity

for Hudson Bay in early September is shown in Figure 3-8.

3.4 ICE CONDITICNS

Kudson Bay is the Targest body of water in the world that freezes completely over
each winter and becomes ice-free in the summer (late August to Tate October). The
absence of a stable ice cover during winter (January to April) prevents stationary
ice-based drilling and requires a floating platform that is limited to operations
during the ice-free perijod. This operational mode necessitates information con-
cerning the extent of ice cover and the timing of freeze-up and break-up over the
Bay and the entrance from the Atlantic, for both planning and operational purposes.

Ice reconnaissance flights over Hudson Bay have been made nearly every year since
1950 by the Atmospheric Environment Service (formerly the Meteorological Branch of
the Department of Transport). These observations have been published yearly or
bi-yearly as a series of circulars {(i.e. Ice Summary and Analysis, 1968-70: Hud-
son Bay and Approaches). Since 1958 aerial surveys of ice break=up and formaticn
in Hudson Bay have been conducted primarily in support of shipping.

Danielson (1969) presented monthly mean ice cover distributions for Hudson Bay
based mainly on 9 years of aerial reconnaissance data from 1958 through 1966. Al-
though 9 years of data were insufficient to draw conclusions on small scale features

he made the following statements regarding the ragion:

L. Hudson Bay ice coverage varies annually from 0 percent to nearly 100 per-
cent, with mean annual maximum ice thickness of about 1.5 metres (5 feet)
occurring in April. In winter only a pronocunced shore lead and isolated
other leads interrupt a continuous ice pack.
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FIGURE

3-7
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2. Ice break-up begins in May, appearing first in James Bay and along the
western, northern, and eastern shores of Hudson Bay. The local appear-
ance of open water is controlled by wind direction and current movement
as well as thawing.

3. The islands in eastern Hudson Bay may hasten break-up in that area.
4. Most years, Hudson Bay sees its last ice in August.

5. Freeze-up begins along the northern shore in September and gradually ex-
tends southwards and eastwards. In the southeast, freeze-up occurs last,
typically around the first of January.

A more recent compilation of ice reconnaissance data appears in Sailing Directions —
Labrador and Hudson Bay (Fisheries and Oceans Canada, 1983).

Figure 3-9 shows monthly average and maximum conditions with respect to sea ice in
Hudson Bay, based on data from 1964 to 1979. The first ice formation usually oc-
curs in small coves in late October, although intrusions of ice from the Foxe Ba-
sin can occur from late August on. By mid-December all of Hudson Bay is iced over.
Throughout January to May leads develop in the lee of Coats and Mansel Islands and
along the west coast from Cape Kendall to Churchill, as pack ice is moved by the
wind. These leads refreeze quickly when the winds change direction or drop in
intensity. In late May and June the leads no Tonger refreeze, and by August ap- -
proximately half of the Bay is ice-free. Hudson Bay is generally ice-free during
September and October, and during the latter part of August and the first part of
November.

This summary of ice conditions was based primarily on data compiled by Ice Fore-
casting Central-Environment Canada in Ottawa. A compendium of approximately 25
years of ice observations will be available from Atmospheric Environment Service
in 1984 (W. Markham, personal communications). This ice atlas will Tllustrate
minimum, maximum and median ice conditions in Hudson Bay and its approaches. It
is anticipated that the atlas will be a valuable source of ice information for
planning purposes.

Another pertinent source of data are the studies undertaken by the Aguitaine Com-
pany of Canada Ltd. in support of its drilling programme in Hudson Bay in 1969 and
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FIGURE 3-9

| 9 ~—go— s _ac 70° 5] y 500
I I~ -
L, + N -
== > S R )
[ ] e ; -, . ‘ !
y: ; R E e %:1_\\\ ; .60
: — : I ; — Ao e
L o . AN T kY
£ T T {\,E\ — - N, T Y !
.'[ ‘T T ? ‘} Iﬁ ; Y ‘}“\\ A ‘{': k
/ , + ] 7 ) = ,
= 1 T v \ )i 7T N \\
1 1 LY
;_ — kf —1 l rq — ? — Y
I T H o
—_— = = T
f 7 j .
I + 1 { ! 24
é = — %o
— K : = N
e =+ |
s ; —
b 5 7 >
~ T \.‘_,.
\1'
"
- I - S
EXTENT DF SEA ICE/ETENDUE DES GLACES OE MER
(1864-1979) :
JANUARY / JANVIER 1
— i AVERAGE LIMIT LIMITE MOYENNE
%% l MAXIMUM LIMIT — — — — — — — LIMITE EXTREME
92 = | =y 70° é‘\ C
—————
W\+ a
é. V=) > =x
o = = —
— = =50 ‘T,
b =+ 1 > %
, ==—¢= =———
L . _: lz
— S
== — = 7!
i T 1 [t K} ‘
a : [ I=———19
| = : '
EE— : =
= = : a
/' \\ o2 \E
e i 4'{; ; BT
-~ & = N .
T —
~ ==
. . - - ﬁ@
- 1
EXTENT OF SEA ICE/ETENDUE BES GLACES DE MER
{1964.1979) i
" FEBRUARY / FEVRIER 1
| AVERAGE LIMIT LIMITE MOYENNE
| MAXIMUM UMIT = — = - — — — LIMITE EXTREME

SOQURCE : FISHERIES AND OCEANS CANADA 1983

45



FIGURE 3-9
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1974 (Aquitaine Co. Ltd. 1970 and 1975). The Aquitaine reports summarize ice
data relevant to their area of cperations and to the Atlantic approach to the
Bay. The reports also concluded that the data from Ice Forecasting Central of
the Atmospheric Environment Service were useful and accurate in relation to the
area of operations, and invaluable in relation to moVing the drilling rig into
and out of Hudson Bay. Ice Forecasting Central provides seasonal forecasts,
30-day forecasts, and weekly 2-week forecasts during open water, based on sa-
telTite imagery, aerial reconnaissance flights, ship observations and shore

station data.

Archibald (1969) determined the energy of moving ice in Hudson Bay assuming

that the ice floes were circular in order to determine the volume and mass of
the ice. An energy diagram (Figure 3-10} shows the energy of moving ice as a
function of speed in tenths of a knot. The greatest energy occurs during the
months from January to June. Archibald (ibid.) points out that 8 foot-pounds
would be approximately eguivalent to a 60,000 ton ship moving at 7 knots. Even
during the shoulder months of July and November, there is potentially sufficient

energy in ice floes to be of concern tc a drilling rig.

The movement of pack ice results from the interaction of three primary forces:
wind stress, water drag, and coriolis force. Results of numerical calculation

of these forces indicate (Ice Central, unpublished notes):

1. the drift angle relative to the wind direction of the wind induced ice
drift is a function of geographic latitude being greatest at the poles;

M~

the drift angle shows little variation with wind speed except at very low
wind speeds; '

3. the drift speed is a near linear relationship ¢f wind speed;
4, the smaller and thinner the floes, the greater the drift speed;

5. the rougher the surface of the ice floe, the greater the sail factor, and
the greater the drift speed;

6. the greater the ice concentration, the slower the drift speed.
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FIGURE 3-10

ENERGY OF MOVING ICE

ENERGY (FT.— LB)

0 1 2 3 4 5 6 7 8 3 B
SPEED (TENTHS QF A KNOT)

Source: Archibald (1969)

52



T N am

N N I N B aE Ty O AN BN B NN S e e e

Current work by Dr. Sykes on prediction of ice floe movements is being conducted
at the University of Waterloo, Ontario under funding by the National Research
Council,

Dynamics of ice growth and formation in Hudson Bay have been adéressed by a number
of researchers {Donovan 1957, Lardner 1968, Danielson 1971, Peck 1976, Catchpole
et al. 1976, Markham 1976, Freeman 1982, Danard et al. 1982) often in association
with chemical oceanography and/or meteorological investigations. For the most
part these data describe site specific ice conditions at a discrete point in time
and thus have Timited exploration application. Other researchers, most notably
Danielson (1969), Danard {1980} and Danard et al. (1981) have examined the theore-
tical dynamics of ice formation and disintegration.

The data base concerning ice conditions in Hudson Bay and its approaches indi-
Cates that on average, there are three months of open water (August, September

and October}: the duration of open water and the timing of freeze-up and break-up
is variable—dependent on meteorological factors. Information shortly to be avail-
able from Atmospheric Environment Service 1is sufficient for planning purposes, and
ice forecasts will form the core of ice information required for operational pur-
poses.

3.5 TIDES AND CURRENTS

The Fisheries and Marine Service of Fisheries and Environment Canada publishes
annual tidal data for Canadian waters. Daily tides as heights above a datum are
available for Churchill in Hudson Bay and for Sand Head in James Bay. There are
also data for secondary ports in the form of differences in water levels at high,
mean and Tow water between the secondary ports and the primary reference stations.
Secondary port tidal data from Hudson Bay are available for Kopack Island, Inuk-
juak (Inoucdjouac—formerly Port Harrison), Tukarak Island, innetaliing Island,
Flaherty Island, Winisk, Port Nelson, Eskimo Point, Marble IsTland, Rankin Inlet,
Chesterfield Inlet and Coral Harbour. There are also 15 secondary ports with
tidal data referenced to Sand Head in James Bay. Tidal data, for the most part
descriptive and specific to shore effects, are available in Godin (1974) Langford
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(1963) and Barnett (1966). Computer models have been used to interpret tidal

effects over the entire Bay, by Freeman et al. (1976 and 1974). A description

of the tides in Hudson Bay is provided in Sailing Directions—Llabrador and Hud-

son Bay and is summarized as follows.

Powerful tides surge twice daily into Hudson Bay through Hudson Strait, entering

the Bay via Evans and Fisher straits. The tide progresses in a counter-clockwise,
rougnly circular movement, following the contour of the shoreline (Figure 3-11).

The tidal height increases along the west side of the Bay to about Churchill, pro-
bably as a result of water piling up on the extensive shallows along the coast

(refer to Figure 3-1), to an average height of 4.0 m at Churchill. Eastward from
Churchill the tide decreases in height as it travels along the southwestefn coastline,
enters James Bay at the western side of the mouth and exits aleng the eastern side,
and then travels up the eastern coast of Hudson Bay. The difference in tidal heights
along the west and east coasts is illustrated in Figure 3-12. The range in height

- between high and low water may be as great as 5.2 m at Churchill and as little as

0.5 m at Inukjuak.

There is a ridge-like area within the centre of Hudson Bay, from about 60° 30' N,
87°W, extending southwestward toward Inukjuak, where the change in water level during
the semi-diurnal tide cycle is close to zero. The shape, size and depth of water in
Hudson Bay, and the gyroscopic and gravitational forces acting upon this water body
are assumed to have produced this effect. Although this ridge does traverse some
relatively shallow areas which could deflect tidal currents to some extent, the
bottom configuration as illustrated in Figure 3-1.and 3-2 does nat appear to cor-
respond to the alignment of this ridge. The length and width of this zone of ap-
parently tideless water are not yet clearly defined.

Information concerning currents within Hudson Bay is limited. Site-specific short-
term current data have been collected by numerous investigators (Budgell 1982,

Baird 1976, Brooks 1980, Freeman et al. 1982, -Peck 1976, Prinsenberg 1977. 1978,

1980. 1982) generally in support of chemical oceanographic research., Current

meter data was also collected by Aquitaine during its 1969 drilling campaign.

Limited longer term current data is available from Prinsenberg and Deys (1979), Prin- -
senberg (1982) and Prinsenberf (1983). Fiqure 3-13 shows the location of current
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monitoring sites described in these sources, including the deployment point of a
buoy placed to the northwest of the Belcher IsTands in September 1983. The
findings of these studies are essentially in agreément. Surface and near-sur-
face currents are dominated by the tidal component at all depths, resulting in
an overall counter-clockwise rotation. During the summer, low pressure systems
cause inertial currents that change and even reverse the tidal current for a
number of days, depending on the strength of the attendant winds. Average cur-
rent speeds recorded at 20 m, 50 m and 100 m depths in September/October 1981,
were approximately 30, 12 and 15 cm/sec, respectively.

Prinsenberg (1982) indicates that, based on data and model results, the oceanho-
graphic parameters are highly dependent on the wind stress and resulting currents.
Wind stress varies on a daily time scale, due to passing weather systems, and on
a monthly basis due to seasonal weather changes. Passage of weather systems
cause 4-6 day cycle variations in wind stress and currents, and daily Bay ex-
cursions of 20 km. Figure 3-14 illustrates the daily mean current {in c¢m/s) and
wind vectors (in m/s) for the summer of 1979, sampled at twoc different sites on
Hudson Bay. When the wind stress changes direction or intensity, inertial cur-
rents are generated. These currents rotate with a time period (called inertia
period) valued at near 14 hours for Hudson Bay.

Other data on surface currents were generated by buoy drift studies in 1979
(Stark and Campbell 1979) and in 1981, 1982 (Markham 1983}. These studies con-
cur that surface currents are influenced greatly by strong winds, and that the
general surface current pattern corresponds to the tidal movement— counter-clock-
wise. Figures 3-15 and 3-16 illustrate the surface currents of Hudson Bay as

- determined by 1981 and 1982 buoy trajectories.

3.6 WAVES

There are no extensive wave or swell measurements aVai]ab]e for Hudson Bay, apart
from those made at ports (MEDS, personal communications). Ship observations with-
in Hudson Bay (for the period 1895-1977) indicate a maximum wave height of 8.2 m
and a maximum swell height of 23.5 m (AES, 1983). . Tables 3-1 and 3-2 summarize

the ship observations on file recorded over a period of 82 years.
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There are sea state data available for the southwestern quadrant of Hudson Bay
arising from earlier exploration of this area by Aquitaine. Sea state obser-
vations were undertaken on board the Andromede, during the periodrlate July to
late October in 1968 and 1970, using a “Tucker“ ship-borne wave meter. Figure

_3-17. 111ustrates the location of the 1970 sea state monitoring programme. The
mean wave recorded had a height of 0.7 to 2.0 m and a period of 5 to 6 seconds.
The maximum swell observed had a height of 4.0 m and a period of 8 seconds,

Extreme wave statistics are used in the design of exploratory and production
structures to determine the following (Readshaw and Baird 1981):

1. the extreme loading including drag, inertial and impact
forces on offshore structures;

2. the minimum deck or freeboard c1earances for moored or
gravity structures;

3. the response of floating structures in survival conditions.

Estimates of extreme wave values are determined by extrapolating a wave height
which is characteristic of the peak of a storm. Extrapolation is conducted by
assuming a suitable probability distribution. This approach has been used in the
Beaufort Sea, North Sea, and in the Great Lakes. These techniques provide the
probability that a wave height will not exceed a certain value over a specified
period. ' '

Two recent reports published by the Marine Environmental Data Service describe
available techniques for estimating extreme wave heights (Readshaw and Baird,
1981; LeBlond, 1981). These reports provide technical descriptions of statistical
methods and various wave hindcasting models.

Of the many methods reTating observed or predicted meteorological data to wave
conditions, one of the most commonly used is due to Bretschneider (1951, 1957,
1970) based on the work of Sverdrup and Munk {1947). This approach uses wind
speed, the duration of the storm, and the length of water fetch over which the
wind acts, to derive the height and period of the significant wave (the average
of the one-third highest waves). A description of this method as applied to the
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Beaufort Sea is given in a report submitted to AES by Dames & Moore (1975) and
summarized in Beaufort Sea Project Report No. 21 (1975) "Weather, Waves, and
Icing in the Beaufort Sea". A FORTRAN program to solve the Bretschneider wind-
wave relationships for deep water is available from the Atmospheric Environment
Service (Lalande, 1975). This technique is adeguate in providing a large area
extreme wave climatology for Hudson Bay with currently available Fleet Numerical
Oceanic Centre (U.S. Navy) geostrophic level pressure analysis and Atmospheric

Environment Service ice cover data.

Spectral methods describe the evolution of the sea state in terms of discrete
frequency and directicn bands, representing the evolution of wave spectra in
time. These models are more computer intensive than the parametric models such
as the Bretschneider technique.

Aguitaine commissioned an extreme wave hindcast study designed to predict maxi-
mum conditions on the basis of available information. Tables 3-3 and 3-4 con-
tain extreme sea state conditions estimated for the 1 in 10 year, and the 1 in
100 year storms, respectively, for various locations in southwest Hudson Bay.
The greatest significant wave height predicted for the 1 in 10 and the 1 in 100
year storms is 10.4 and 14.0 m, respectively.

3.7 SEA SPRAY ICING

Ice accumulation on marine structures, especially on sea going vessels, represents
a substantial danger to the maritime community. Ship icing occurs with the cry-
stalization and accretion of atmospheric water or ocean spray onto the vessel's

sides, the walls of the superstructure and the deck houses, deck gear and cargo,

and the open deck itself, as well as the ship's masts, spars, rigging, and aerials.
'This accumulation of ice leads to an increase in the vessel's weight and a lowering
of the freeboard. As the ice builds up above the centre of gravity, the stability

- of the ship is greatly reduced. Its rolling movement is increased with the

wind load and a dangerous listing of the vessel can occur. While the most freguent
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TABLE 3-3

PREDICTED SEA STATE DURING THE 1 IN 10 YEAR STORM

LOCATION Hg(H1/3) M H1/10 M H1/100 M T secs
Walrus 9.7 12.5 16.5 14
61°N  90%35'W 10.4 13, 17.4 14
60°N  90°45'W 10.4 13. 17.4 14
59°N  90°45'W 8.9 11, 14.9 14
58°N  91°W 8.4 ‘10. 14.0 13
57°N° 88°45'W >5,2 6. 8.5 --
57°N  82°30'W 7.9 10. 13.4 13
58°N  83°15'W 8.8 11. 14.9 14
59°N  83°45'W 9.1 11. 15.4 14
60°N  83°15'W 10.1 12. 16.9 14
(Aquitaine only)

LEGEND:

Hg —
Hi/3 -
Hi/10 —
Hi/100 —

Tg —

Source:

the significant wave heiéht

the average height of the highest third of
the average height of the highest tenth of

all waves
all waves

the average height of the highest 1% of all waves reaching
the structure

the significant period (average 'period' of the highest third

of waves)

Aquitaine studies in support of exploration
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TABLE 3-4

PREDICTED SEA STATE DURING THE 1 IN 100 YEAR STORM

LOCATION Hg(H1/3) M Hi/10 M Hnax M Ts secs
Walrus 12.8 16.5 23.8 15
61°N 90°45'W 13.7 17.5 25.7 16
60°N 90°45'W 14.0 17.9 26.2 15
59°N  90°45'W 12.3 15.8 23.2 - 15
58°N 91°W 10.7 13.6 19.8 15
57°N  88°45'W >6.1 8.5 8.5 —
57°N  82°30'W 10.9 14.0 20.4 15
58°N 83°15'W 11.9 15.2 22.1 15%
59°N  83°45'N 12.2 15.5 22.9 15%
60°N 83°15'W 13.7 17.5 25.8 16

LEGEND:

HS — the significant wave height

His3 — the average height of the highest third of all waves

Hisip — the average height of the highest tenth of all waves

Hmax ~— the height reached by one wave in a thousand, during the

1 in 100 year storm
Te — the significant period (average 'period' of the highest third
of waves)
Source:  Aquitaine studies in support of exploration
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Shellard (1974) summarized the conditions for icing due to sea water. Icing rarely
occurs at air temperatures above 6°C and has been recorded at temperatures below
-25°C. The freezing point of saline spray varies from a little below 0°C for slightly
saline water to -1.9°C for ocean water; the freezing point is dependent on the salinity.
At a wind speed of 17-21 knots (Beaufort Force 5) a small vessel is Tikely to begin
generating spray. At 22-27 knots (Force 6 with waves of 3 m or higher), most small
vessels moving against the waves will be showered in spray. However, spray result-
ing from wind action against the wave tops is not likely to be a serijous source of
icing until higher wind speeds are reached. It takes a Force 9 wind of 41-47 knots

to carry significant amounts of the spray as high as deck level to the point where
visibility would be affected. Measurements of sea spray with height indicate that

sea spray seldom reach as high as 16 m above the peak water Tevel (Minsk 1977). In
general, the Tower the air temperature and the higher the wind speed, the more likely
icing is to occur and the greater the seﬁerity.

While the most frequent reports of tragic losses due to icing involve ships,
the phenomenon of marine icing can occur on any structure surrounded by or in
the proximity of ocean waters. These structures could include stationary or
submersible drill rigs as well as ships and boats of all sizes. However the
larger structures have sufficient buoyancy and stability to be less susceptible
to the effects of icing.
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4. CHEMICAL OCEANOGRAPHY

4.1 INTRODUCTION

In recent years, the existing data base related to the chemical composition of
Hudson Bay waters has become much improved, particularly with respect to the

summer and fall seasons, when exploration activity would take place. Major infor-
mation sources include the results of oceanographic cruises sponsored by Fisheries
and Oceans Canada in the 1970's. At present, there are no specific COGLA require-
ments relating to chemical oceanography, and this discipline does not play a signi-
ficant role in operational safety. Other than direct petroleum inputs in the event
of an 0il spill, the only potential area for interaction between the marine waters
and exploration activities might relate to the release of drilling muds and their

components.

4.2 SALINITY

Numerous oceanographic cruises took place in the 1970's, particularly concentrating
on the southeast portion of Hudson Bay and on James Bay. These have provided im-
nortant data on the salinity distributions during the open water (drilling} season.
Winter measurements, however, are somewhat sparSe.

Salinity patterns have been described for the northern portion of Hudson Bay by
Dunbar (1958) and for the whole of Hudson Bay by Anderson and Roff (1980a) based
upon data reported by Anderson (1979}, Prinsenberg and Collins {1979}, Prinsenberg
and Flemming (1982) and Prinsenberg (1977). Figuré 4-1 outlines surface salinity
(2 m) distribution in summer, 1975. Values ranged from 22.0 to 31.8% with highest

™

salinities being found inshore around Coats and Southampton Isltands, and offshore

near the middle of the Bay.

Anderson and Roff {1980a) reported that the lower salinities were found in all in-
shore areas except the west coast where values 29 ©/00 were similar to those in
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the adjacent offshore region. Lowest concentrations (<23 °/00) were recorded very
close to shore, adjacent to the Nelson River. The authors reported a relatively
large body of water of 25 O/oo salinity south of the Belcher Islands (Figure 4-1}.

Pett and Roff (1982) reviewed salinity and other data and concluded that recent
{1975-1978) oceanographic cruises by the "Narwhal" and "Petrel" have yielded the

same deep water temperature - salinity reiationshfps reported in earlier studies
(Hachey 1931, Bailey and Hachey 1951, Bailey 1957, Dunbar 1951, Coachman and Aagard
1974, Dunbar 1958, Barber 1967, 1968, 1972, Sadler et al. 1979). MWaters below 50 m
are characterized by temperatures between 0 and -1.86°C and salinities of 30 to .
33.7 O/oo. Although warmer, fresher bottom waters are prevalent near the James Bay -
Betcher Islands area, Pett and Roff (1982) concluded all bottom water pcints fall
within the Arctic polar waters temperature - salinity polygon described by Dunbar
(1951).

Observed patterns of salinity and other parameters may be explained in terms
of the water budget of Hudson Bay, including both marine and freshwater sources.

Barber {1968) proposed the following:

In (106 ms sec'1) : Qut (106;m3 sec’])
From Hudson Strait : 0.5 Through Hudson Strait : 0.6
Through Fundy and

Helca Strait : 0.05
Fresh Water : 0.05

Prinsenberg (}977) examined the freshwater inputs to the Hudson/James Bay system in
1ight of the proposed James Bay hydroelectric development. Over a yearly period,
the equivalent of a 64 cm layer of freshwater is added over the surface area of
Hudson/Jdames Bays by rivers in the southern portion of the system, with ten times
as much entering from May to October as in the winter. The author concluded that
following hydroelectric development, the runoff rate of the La Grande River itself
will increase by 470% of its present winter rate resulting in a 20% runoff in-
crease in winter for the Hudson/James Bay system.
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In the summer, there appears to be little vertical mixing among surface and sub-
pycnocline waters, particularly in the offshore areas (Pett and Roff 1982). Pett
and Roff (1982) proposed a turnover time for deep Hudson Bay waters in the range

of 4 to 14 years, and noted that this range agreed well with Barber's (1967) 5 to

7 year estimate. Stability of the water column in the central portion of Hudson
Bay appear to be quite strong during the open water season. In nearshore waters,
greater instability is found (Legendre et al. 1982) related to the combined effects
of both winds and fortnightly tides.

With regard to winter conditions and vertical water exchange, Dunbar (1982) noted
the differing opinions on the strength and extent of such mixing. While Hachey
(1954) and Dunbar (1958) postulated (having the benefit of very meagre data) that
the water column would be uniform by freeze-up time, Barber (1967) came to a
different conclusion on the basis of salinity values between 50 and 75 m depth and
Prinsenberg (personal communication reported in Dunbar 1982) considered about 60 m
to be the depth to which winter vertical mixing reaches.

Recent studies by Prinsenberg (1982 b) examined data near a river mouth entering
Kudson Bay where large horizontal gradients in temperature and salinity are found.
Variations of 0.5 C and 0.3 °¢/4,, which are equal to 30% of their total range with
depth, occur at the 10 m level. The 0.3 °/so variation in salinity was reported
to be caused by‘tida1 motion of surface water, which has a horizontal gradient of
1°/., in ten kilometers. This magnitude of salinity gradient is found in the

inshore areas of Hudson Bay. s . -

A more detailed discussion of vertical temperature and salinity characteristics of

Hudson Bay is provided in Section 3 {Physical Oceanography).
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4.3 NUTRIENTS AND MEASURES OF PRODUCTIVITY

The primary nutrients - phosphorus, nitrogen, and for some .organisms, silicon -
are present in inorganic form in seawater mostly as phosphate, nitrate and
silicate ions, respectively (Dugdale 1976). The major exogenous source of phos-
phorus and silicon is from land drainagé but this is Qery small compared with the
supply contained in the vast volume of seawater. Nitrogen compounds also enter
by land runoff but the larger proportion comes from the atmosphere as a result of
eVaporation of ammonia from the land surface and fixation by marine plant Tife.

Dugdale (1976) noted that nutrients are removed from seawéter by photoplankton

in the euphotic zone, resulting in a nutrient-depleted layer. This surface nutrient
deficit is replenished in most seas by mixing from the nutrient-bearing deeper
waters and by local regeneration processes.

Legendre and Simard (1979) suggested nitrogen limitation in Hudson Bay, and demon-
strated low nitrate levels {maximum of 6.6 mg m=3 as N-NO3) even in deep Hudson

Bay water, with similar levels noted by Pett and Roff in the Chesterfield Inlet area
(unpublished data cited by Anderson and Roff 1980a). Legendre and Simard (1979)
suggest that the low concentrations of nitrate observed in deep waters might be a
result of a low rate of nutrient regeneration and also the uncoupling of Hudson

Bay from Atlantic waters due to intense mixing in Hudson Strait. Nutrient levels
reported by Pett and Roff (1982) support the theory of a non-Atlantic source for
deep waters in Hudson Bay. Reactive nitrate plus nitrite, soluble reactive phos-
phorus, and reactive silicate are very similar to levels in other Arctic areas, but
are distinctly different from Atlantic Ocean waters.

Using nutrient and oxygen measurements from the 1976 and 1878 "Petrel" cruises,
Pett and Roff (1982) provided further evidence that low concentrations of
nitrate and other nutrients are a consequence of slow or incomplete nutrient
regeneration alone. The authors used a model based upon apparent Oxygen
utilization (AOU) to separate expected nutrients of oxidative origin {i.e.
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regenerated from organic matter} from those performed (originally present in
surface waters of source regions). The quantity of nutrients actually measured
is then the sum of oxidative and preformed nutrients. Table 4-1 summarizes
mean observed and expected (calculated from AQU) nutrient concentrations in

sub-pycnocline waters.,

The authors noted that at almost all stations considered, the measured nitrate
was less than expected, while observed levels of soluble reactive phosphorus
were greater than or equal to those expected throughout the water column.
Observed levels of reactive silicate only exceeded expected levels in the

upper 50 m.

Pett and Roff (1982) concluded that nitrogen regeneration in deep offshore
waters of Hudson Bay is clearly slow and characterized by incomplete nitrifi-
cation. MWith respect to phosphorus and silica, their much smaller deficits
in deep water suggested that additional factors may be significant in their
regerieration. The authors noted that in both cases the expected concentra-
‘tion never attains values comparable to deep Atlantic waters.

The low productivity of Hudson Bay reported by Anderson and Roff (1980 a) (see
Section 5) was attributed by Pett and Roff {1982) to incomplete mixing and
resultant low regeneration rates of nitrogen. Their preliminary calculations
indicated that nitrate and total nitrogen contributicns from deep water mixing
and freshwater runoff are of the same order of magnitude, but direct atmospheric
contributions are about 10% of the total. The authors felt that freshwater
runoff to Hudson Bay affects primary production negatively by increasing vertical
stability, but positively by its relatively significant nutrient additions.

To summarize, it appears that, during the summer months, Hudson Bay is an
oligotrophic body of water of low productivity, heavily influenced by fresh-
water runoff.

There are still many unknowns regarding nutrient distributions (spatial and
temporal) in Hudson Bay, particularly for winter, and a complete understanding

of nutrient cycling is not currently possible.
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4.4 OTHER PARAMETERS

4.4.1 Metals

Baseline concentrations of metals and organic parameters are poorly known,
since oceanographic cruises to date have concentrated on physical and biolog-
jcal characteristics of Hudson Bay. Barber (1968) included no data of this

nature in his major review of Hudson Bay waters. Information relating to sources
and sinks of such materials is not available. Atmospheric deposition and geo-

logical sources of metals, hydrocarbons or other parameters of water quality
interest have not been evaluated.

4.4,2 Oxygen

Hudsgf'Bay waters are generally well oxygenated with observed values ranging
generally from 4 to 9 mg/L although lower values are occasionally noted in
deep waters due to respiration of animals and other oxidative processes. Dis-
solved oxygen data for deep waters suggest water exchange in late summer as
high values occur throughout the depths after August (Barber 1968). The con-
dition of coldest water with Teast oxygen appeared to have taken place in
August suggestfng a greater influence at the sampling location of water
predominantly from within Hudson Bay. Conversely, the author felt that the
relatively warm water of high oxygen content of October suggests a greater
influence of water from Hudson Strait. T

4,4.3 Bottom Sediments and Turbidity

Although bottom sediment data are sparse, Leslie (1965) collected 73 grab samples
and & cores and analyzed them for selected eco]égica] and sedimentary character-
istics. He found that in shallow coastal regioné*and offshore shoals, sediment
particles generally have a median diameter in the fine sand-silt range, whereas
deeper basin areas, which are less influenced by wave and tide energy, are
characterized by sediments with relatively high organic carbon content and

have a median diameter in the clay range. As a general rule, clay-sized par-
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ticles tend to contain higher concentrations of adsorbed metals and organic
materials than larger grain sizes. As well, the fine materials are more easily
re-suspended by disturbance and remain in the water column for longer periods

of time.

Sea bottom conditions are important with respect to anchor holding power. As
well, the nature of the substratum influences the types of benthic communities
that can utilize this habitat. The earlier Environmental Impact Assessment for
Aquitaine Company of Canada Ltd. (Carruthers et’al. 1974) noted that available
data indicates that the bottom sediments are mainly glacial drift — a-mixture

of consolidated silt, sand, gravel and pebbleé — providing a stable surface which

should provide good holding power.

In a study of dredged samples in Hudson Bay by the Bedford Institute of Ccean-
ography (1968) it was found that there was a predominance of a rather Upper Ordo-
vician affinity. X-ray diffractometry was used to determine the proportions of
quartz, calcite, dolomite, potash feldspars and plagioclase feldspars. Twenty-

two types of microfacies and one intermediate type were recognized.

Extensive survey data on the nature and distribution of sub-tidal substrates ap-
pear to have been gathered in a preliminary sense for Hudson and James Bays but .
these apply only to materials less than 2 mm in diameter (LesTie 1963). Any as-
sessment of bottom types is therefore speculative (EAG 1979). It is assumed that
within the shallow water zone, bottom types will be similar to those of inter-
tidal zones except that finer sediments will occur in greater abundance. Hence,
rocky inter-tidal zones will tend to accumulate sands and silts further offshore
(Bird 1977), and muddy shore communities will grade into silty clays. Super-
imposed on this process are general circulation patterns which are known to be
important in Hudson Bay. For examp1e along the west coast of Hudson Bay, counter
clockwwse currents tend to remove finer materials and deposit them in southern
and eastern portions of the bay, 1eav1ng sands and grave]s as the major sediment
type along the west coast (Leslie 1963). Pe]let1er (1969) provided additional in-
formation on sediment physiography, bottom sediments and models of sediment trans-
port in Hudson Bay.

Sandy bottom communities are undoubtedly better developed with sub-tidal eco-
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systems than they are in inter-tidal zones, with modest to good representation
occurring in parts of western and southwestern Hudson Bay. Local occurrences
are also likely to be found along the east James Bay coast. With the possible
exception of southwestern Hudson Bay, it is anticipated that most sand deposits
will occur in conjunction with silts, graQe] and rock substrates.

The predominant sediment type of Hudson and James Bays and undoubtedly Foxe
Basin, in deep waters is silt (Leslie 1963). Therefore, giﬁen that silt com-
munities are widespread and abundant in the Vicinity of most of the region's
coastlines both at depths and in the inter-tidal zones, it is reasonable to as-
sume that muddy bottom communities are well represented at intermediate depths
as well (EAG 1979). Common life forms present include sea anemones, polychaete
tube worms, sea stars, sea urchins and sea cucumbers.

Kranck and Ruffman (1982) summarized data for the northern part of James Bay pro-
vided by Meagher et al. (1976) and Duncan (1981). A1T1 sediment samples reported

~fron_the north end of Jaiies pay and the portion of Hudson Bay south of the BeTcher

Islands comprised fine mud.

Few background turbidity data have been recorded in Hudson Bay but levels would
Tikely be low in the offshore zone (EAG 1979). Except for periods of excessive
fluvial discharge during melt-off, Hudson Bay waters are clear owing largely to

“oligotrophic conditions which prevail throughout the region. Seasonal variations

are Timited to brief algal blooms during the open water season, and spatial vari-
ation.typically involves local differences caused by estuarine effects or near-
shore turbulence.

Kranck and Ruffman (1982} and Barber (1972) have brought together miscellaneous
measurements of Secchi disk transparency and report that the Secchi depth ex-
ceeds 15 m in the open water of Hudson Bay. This can be contrasted with the
much more turbid waters of James Bay which range from a Secchi depth of only
about 2 m in the south to about 10 m at the junction with Hudson Bay. The low
transparency in James Bay results from high sediment loads entering from tribu-
tary rivers in James Bay and southwestern Hudson Bay. Higher turbidity in shal-
Tow waters was attributed to re-suspension of bottom sediments by wave action.
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5. MARINE ECOLOGY

5.1 INTRODUCTION

This section of the review focuses on phytoplankton (including general primary
productivity questions), zooplankton, benthic invertebrate communities and
marine plants. These components of the ecosystem are closely interrelated

with the physical, biolegical and social aspects of the Hudson Bay environment.
Both community structure information and energy nutrient mechanism data are
required to undertake a detailed analysis of marine community structure. As
has been noted in section 4, the nutrient budget for Hudson Bay is quite poorly
understood. Data relating to plankton and primary productivity have recently
become much improved, although a detailed understanding of interrelationsnips
among plankton, fish, mammals, birds etc. is not yet feasible.

In general terms Anderson and Roff (1980 a) found that clear inshore-offshore
gradients in physico-chemical and biological variables existed in Hudson Bay.
Within the inshore region, they delineated 6 areas based upon biomass values,
biomass ratios, salinity-temperature distributions, phytopiankton data, cor-
responding watershed areas and known duration of winter ice cover. Figure 5-1
outlines these areas which are: '

Chesterfield Inlet area

The west coast area, north of the Churchill River

The southwest coast, from the Churchill River to James Bay

The Belcher Islands area, north of James Bay-Hudson Bay boundary and

west of the Belcher and Sleeper Islands

5. The Southampton-Coats-Mansel Islands area, around these islands and
contiguous with Kudson Strait

6. The northeast coast area, between Marcel Island and the Ottawa Islands.

oW N
T T

The authors notes that the inshore areas which are subject to higher fresh-
water runoff had significantly Tower salinities and temperatures, and signi-
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ficantly higher chlorophyll a. Land runoff and associated coastal circula-
tion appear to be the predominant factors influencing standing crop and probably
productivity in the surface waters of Hudson Bay (Anderson and Roff 1980 a).

Offshore waters in summer were comparat1ve]y oligotrophic with significantly
lower values for such measures of product1V1ty as chlorophyll a, adenosine tri-
phosphate, particulate organic carbon, particulate organic nitrogen and ash-free
dry weight (Anderson and Roff 1980 a, Table 2). Their transect analyses indicated
that in all cases biomass decreases away from shore in the summer.

5.2 ~ MICROBIOTA

The microbial part of the biological cycle in Arctic waters has been little studied
except for some work on the microphytoplankton (Dunbar 1975). In response to
Beaufort Sea 0il exploration, the metabolic requirements of oil degrading bacteria
are now under investigation. Bunch et al. (1980) examined the abundance and acti-
vity of heterotrophic marine bacteria in marine bays at Capé Hatt, N.W.T., while
Mulkins-Phillips and Stewart (1973, 1974) undertook surveys of distributions of
hydrocarbon-utilizing bacteria such as Nocardia sp. in northwestern Atlantic

waters and coastal sediments and subseguently (1975) examined the effect of en-
vironmental parameters on bacterial degradation of Bunker C 0il, crude oils and
hydrocarbons.

Atlas et al. (1978) examined Prudhoe crude oil degradation and interactions with
microbial and benthic communities in an Arctic setting, and found that in non-
oil-contaminated ecosystems, the oil-degrading microbial population constituted
ronly a small percentage (0.01 to 0.1%) of the viable heterotrophic microorganisms.
f?6110w1ng exposure to oil for 30 days, the estimated percentage of oil-utilizing
tiorganisms rose greatly (~50%) in over-water experiments but only minimally in
‘over- and undér-ice experiments (0.03 to 0.5%).

It appears that no specific microbiological studies have yet taken place in

Hudson Bay which examined the baseline characteristics of marine bacterial popu-

lations. Similarities to other northern waters would be expected, although the
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oligotrophic nature of Hudson Bay may result in some adaptations in hetero-

trophic communities.

5.3 ° °PHYTOPLANKTON AND PRIMARY PRODUCTIVITY

Dunbar (1982) has provided a historical review of phytoplankton research in Hudson
Bay, based upon the work of Davidson (1931) to date. Bursa (1968) noted that

the number of phytoplankton épecies recorded in the Arctic Ocean (63 species)

is less than the number found in Foxe Basin {121) which in turn is much less

than the number found in Hudson Bay (235). Dunbar {1982) found that the

number of known spectes in Hudson Bay has been increased by the recent work of
Gerrath et al. (1980) who added 37 freshwater species new to the flora and re-
corded 42 freshwater species in all, reflecting the large freshwater runoff into
the Bay.

Results from the "Narwhal" cruises in the 1970's (Anderson 1979, Anderson and

Roff 1980 a,b, Anderson et al. 1981) have greatly augmented the data base with
respect to biomass (total seston), phytoplankton and general productivity. A

total of 82 genera and 158 species of phytoplankton were identified in 130 samples,
many of these being reported for the first time. Diatoms formed the largest

group with 23 genera and 57 species. Dinoflagellates were represented by 10
genera and 46 species. |

Figures 5-2‘—faf5—4 depict surface abundances of diatoms, dinoflagellates and other
flagellate forms of plankton. Anderson (1979) provides complete listings of genera
and species from Hudson Bay along with qualitative and quantitative descriptions

of the taxa from 130 stations. Phytoplankton abundances and species composition
both reflected freshwater and marine influences at the surface in Hudson Bay.

Cell abundances ranged from 5,000 to 200,000 cells per litre for diatoms and

2,000 to 125,000 cells/L for dinoflagellates. In general, Anderson reported that
high numbers of diatoms were associated with lower numbers of both dinoflagellates
and ff]age11atesf, the Tatter group including Chlorophyta, Chrysophyta, Crypto-
phyta, Cyanophyté, and unidentified flagellate forms,

Subsequent work by Andersonugz'él. (1981) noted that certain areas of Hudson
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Bay have much higher phytoplankton standing crops than previously believed,
often greatly exceeding counts from Foxe Channel and Hudson Strait. The lowest
diversity indices of diatoms, dinoflagellates, and the two groups combined were
observed at lower salinities along the southwest coast. The diversity index of
diatoms and dinoflagellates combined was found by the authors to be otherwise
high throughout the Bay (>3) and was highest in the Coats and Mansel islands

area.

Anderson and Roff (1980b) also reported the presence of a subsurface chlorophyll
maximum layer in the offshore waters of Hudson Bay, one of the most northerly
and most highly developed maxima yet discovered. This layer occurred at depths
from juét below to 20 m below the pycnocline, usually between 0.1 to 1.0% of
surface light levels, and may contribute significantly to annual production in

Hudson Bay.

Legendre et al. (1982) concluded that summer phytoplankton blooms in upper Mani-
tounuk Sound, north of Great Whale River in southeastern Hudson Bay (Figure 1-1},

were caused'by cycles of relative stability and instability of the water cotumn,
driven by local winds and tides. These authors alsc suggested that other coastal
embayments of Hudson Bay may also exhibit similar summer phytoplankton blooms.

No subsurface chlorophyll maximum was observed in nearshore waters, in contrast
to the results reported by Anderson and Roff (1980 b) for offshore areas.

ash free dry weight values for surface waters of Hudson Bay, these being para-
meters which reflect plankton biomass and nutrient status. These findings con-
tributed to the delineation of areas by Anderson and Roff (1980 a) shown in
Section 5.1 (Figure 5-1). Offshore values of chlorophyll a were always low,

3

averaging 0.09 mg m~ > while inshore values averaged 0.28 mg m . Sampling

stations are shown on Figure 5-8.

The higher inshore concentrations of phytoplankton in Hudson Bay (along with
nutrients, standing crop and plankton production)are characteristic of most
large.bodies of water (Anderson and Roff 1980 a). The authors noted that the
Belcher Islands area was characterized by low salinities of 25 to 27/wand the
highest biomass of all inshore areas. It receives 44.6% of the annual runoff to
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Hudson Bay and circulation patterns direct relatively nutrient-rich waters from
the southwest coast and James Bay to this area, resulting in mixing and higher
biomass. As well, this area receives warm James Bay water early in the spring,
so that production may begin here sooner and continue later than in ice—;overed

portions of Hudson Bay.

Grainger (1982) examined factors affecting phytoplankton stocks and primary
productivity near the Belcher Islands and found planktonic succession to be
typical for arctic marine waters as described by Bursa (1963) although with a

Jonger time interval than found in other arctic localities. As diatoms fell

in numbers, planktonic ciliates increased conspicuously through August. The
author suggested that grazing was the major cause of the diatom decline in
August, occurring at a time when neither subsurface light nor nutrients ap-
peared to play a limiting role.

Anderson and Roff (1980 a) found that the carbon : nitrogen ratios in Hudson Bay
were similar to Pacific Ocean and North Atlantic values but were lower than for
surface waters of the Arctic Ocean sampled under the ice. This suggested more
productive conditions in Hudson Bay, compared with the Arctic Ocean, at least
for the inshore. The authors notes that several authors since Huntsman {1954)
have considered Hudson Bay generally to be a region of low productivity, and
the biomass data and the existence of a well developed subsurface chliorophyli
maximum throughout the offshore area of Hudson Bay were felt to support this =

position.

Perhaps one of the most surprising features of Hudson Bay noted by Anderson and
Roff (1980a) was that despite the enormous freshwater runoff, the biomass sup-
ported is lTow. This may relate at least in part to the Bay's intense stratifi-
cation, and the probability that the deepwater layer is only partially mixed
with the surface layer each year (see section 4).

Periods of peak production probably occur earlier in Hudson Bay (Anderson and
Roff 1980 a) relative to other Arctic waters where peak production occurs in
late July to August (Grainger 1959, Bursa 1961). Chlorophyll a never approached
bloom conditions and there was no evidence of seasonal changes in biomass from
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July to the end of September. The authors felt that peak pfdduction in Hudson
Bay probably occurs between May in the south and June in the north when the
region is ice-covered. A seasonal chlorophyll a maximum may possibly develop
within or just below the ice (Grainger 1977, Horner 1977), but biomass or
production measurements of ice flora do not appear to have been made in Hudson
Bay except for cursory investigations of diatoms that grow in sez ice (Dunbar

~and Acreman 1980).

While some primary production data are generally available, the exact nature
of nutrient cycles and resulting productivity in Hudson Bay are still open
questions. Most measurements are available for the open water (drilling)

season, but winter measurements are sparse.

5.4 ZOOPLANKTON

Grainger (1968) reported about 50 zooplanktonic species for Hudson Bay,
excluding the minute single celled Protozoa, of which several were considered
Arctic indicator species, such as the medusa Aeginopsis laurenti, the copepods

Calanus glacialis and €. hyperboreus and the amphipods Gammarus wilkitzi and
Parathemisto libellula. He concluded that Hudson Bay is primarily Arctic in

its invertebrate fauna, that a minor Atlantic element reaches at least into

the northeast part of the Bay, and that the region showing the greatest
concentration of species with apparent Atlantic (and Pacific) affinities, the
southeast, remains as a refuge reflecting former rather than direct contemporary
connection with the present fauna of those oceans.

Estimates of zooplankton quantity cited by Grainger (1968) indicated summer
valués ranging from 100 mg m'3 in the northeast, down to about 50 mg m'3 in
southeast Hudson Bay and still 1owernin'tﬁe shallow waters of the southwest.
These can be compared with rich areas of the North Atlantic (500 mg m_3), the
south Barcents Sea (>200 mg m-3), the Laptev Sea (25 to 75 mg m_3) and the
central Arctic Ocean (<25 mg m™3 in the upper 100 m).
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Dunbar (1975) summarized findings of Grainger (1959) which demonsirated the
extreme annual oscillation in standing crop of Arctic zooplankton, (Foxe

Basin),the very late seasonal development of blooms and the lack of a second
(autumn} peak of production which is .characteristic of temperate regions.

More recent evidence provided by Grainger (1982) reported that ciliates

occurred in surprisingly large numbers at the Belcher Islands, reaching

4 3, -1

L-
over the open water period. Free living ciliates are nearly all holozoic and

concentrations at Teast as high as 2 x 10 L'1 and averaging about 6 x 10
are known to feed on bacteria, detritus, diatoms and small flagellates. In
turn, they provide prey for a variety of ilarger zooplankters. Grainger (1982)
concluded that the role of ciliates at the Belcher Islands appears to be a
much more important one than has previcusly been recognized in northern marine
waters, They are abundant and potentially important grazers on the primary
producers as well as prey for the large zooplankton.

Among the planktonic invertebrates which are known to be important dietary
components of Hudson Bay fish and mammals are Parathemisto 1ibella and Pseuda-

Tibrotus littoralis (amphipods) which are among the principal food of the

Arctic char and the Greenland cod, Mysis oculata (mysid) and Thysanoessa

raschi (euphausiid) fed upon by the polar cod and a number of amphipods,

euphausiids and shrimp which are dietary items of the ringed seal (Grainger
1959).

5.5 BENTHIC INVERTEBRATES

Bottom-dwelling invertebrate animals provide an important source of food for a
number of Arctic fish, bird, and mammal species, largely in shallower areas.
As well, the distribution,diversity and abundance of various worms, mollusks
and other invertebrates are often good indicators of environmental conditions
and sensitivity to disturbance. The make-up of the benthic community is
generally controlled to a great extent by the substrate conditions and the
availability of food.
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~_.data for central Hudson Bay do not ‘appear.to be available.

G?ainger (1968) surveyed available information on Hudson Bay invertebrates
and found records of abcut 210 species of benthic invertebrates, including

59 from James Bay, 67 from Richmonu Gulf and 202 from the main body of Hudson
Bay. Table 5-1 summarizes these major invertebrate animal groups and the
number of species in each.

In Grainger's view, the data in Table 5-1 reflect to some extent the uneven
effort so far made in the study of the various animal groups of the Bay.
Some, like the polychaetes and echinoderms were felt to be fairly well sur-
veyed, along with the hydroids and bryozoans. Others, such as the sponges,
medusae, molluscs and decapod crustaceans were less well known.

Although no quantitative benthic data were available to Grainger (1968) he
estimated that Hudson Bay would be shown to support a benthic fauna in the
order of diversity of the Laptev Sea (about 300 species, excluding protozoans).

Wacasey et al. (1976) reported zoobenthos data from samples collected through-
out James Bay in 1959 and 1974. These are summarized in Table 5-2? and include
204 species. A considerable degree of agreement might be expected between the
Hudson and James Bay benthic faunal lists, but some differences, particularly
in relative abundances and overall standing crops would be expected due to
differences in substrate, temperature, nutrient status and deptn Comparable

Little growth or production information is available for benthic inverte-

brates. Dunbar (1982)_fe1t that the growth of Sagitta elegans (Dunbar 1962)
and particularly Mytilus edulis (Lubinsky 1958) reflected Bursa's (1961)
findings from phytoplankton studies that found western Hudson Strait to be
considerably richer, fn terms of standing crop, than ncrthern Hudson Bay.

A few species of benthic invertebrates present in Hudson Bay are of commercial
value elsewhere in North America, although numbers are not known. Grainger
(1968) surmised that at least Timited Tocal use could be made of such forms as
Mytilus {the mussel), Littorina (the periwinkle), M Mya (the soft shell clam)
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TABLE 5-1
MAJOR INVERTEBRATE ANIMAL GROUPS, AND THE NUMBER OF
SPECIES IN EACH, KNOWN FROM THE HUDSON BAY REGION

Group Species Remarks

Porifera 1 Sponges. Benthic animals. Several more species may be
expected in the region.

Hydrozoa 29 Small benthic plant-like bydroids and planktonic medu-
sae (jellyfishes). A few additional medusae (only § are
reported) may be expected to occur.

Actiniaria 3 Sea anenones or flower animals. Soft, radially sym-
metrical benthic forms.

Alcyonacea 2 Soft corals. Soft, branching forms. Benthic.

Cienophora t Comb jellies. Often large, jellyfish-like animals. Plank-
tonic.

Bryozoa 34 Moss animals. Hard, encrusting or branching forms,

i attached to solid objects. Benthic.

Polychaeta 27 Bristle worms. Segmented worms with lateral projections
bearing bristles. Most benthic, a few planktonic.

Priapuloida [ Stout segmented worms with large anterior spine-
covered proboscis. Benthic.

Sipunculoida I Externally smooth worms with slender anterior and
thicker posterior portions. Benthic.

Chaetognatha 1 Arrow worms. Slim, transparent, planktonic.

Pelecypoda 11 Clams, mussels, scallops, ct¢. Benthic molluses with two
more “or less equal hinged shells. Several additional
species expected.

Gastropoda 16 Snails, etc. Mostly benthic molluscs with a spiral shell. .

Copepoda 10 Small, often c¢ylindrical crustaceans, planktonic or
benthic,

Cirripedia 2 Barnacles. Sessile, shell<overed forms as adults, plank-
tonic as young.

Amphipoda 37 Usually laterally flattened crustaceans, benthic or plank-
tonice,

Isopoda 3 Usually dorso-ventrally flattened crustaceans, benthic or
rarely plankionic.

Mysidacea ! Elongate, usually slender shrimp-like crustaceans. Plank-
tonic or benthic.

Euphausiacea 3 Elongate, often more robust shrimp-like crustaceans.
Planktonic.

Decapoda 8 Shrimps, crabs, etc. Benthic or planktonic. Probably

’ several additional species may be expected,

Pycnogonida 6 Sea spiders. Spider-like, with eight long legs. Benthic.

Echinodermaia 30 Sea stars, urchins, cucurnbers, etc. Star-shaped or circular
radially symmetrical animals. Benthic.

Ascidiacea 10 Sac-like, benthic animals.

Larvacea 1 Small, transparent, planktonic animals with clearly de-

fined “head™ and “tail”.

Source: Grainger (1968)
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TABLE 5-2
SPECIES OF INVERTEBRATES COLLECTED
FROM STATIONS IN JAMES BAY, 1959, 1974

Species No.

Species No.

ANNELIDA:Polychaeta 53
Ampharete acutifrons
Amphicteis sundevalli
Antinoella badia
Antincella sarsi
Aricidea suecica
Artacama proboscidea
Asabellides sibirica
Autolytus prismaticus
Capitella capitata
Chaetozone setosa
Chaetozone sp.

Chone sp.

Cossura longocirrata
Diplocirrus glaucus
Ephesiella peripatus
Eteone longa

Euchone papillosa
Exogone verugera ?
Harmothoe imbricata
Heteromastus Sp.
Lanassa venusita
Laonome kroyeri
Letochone polaris
Lumbrineris fragilis
Lumbrinerts minuta
Maldane sarsi
Melinna eristata
Micromephthys minuta
Myriochele oculata
Mystides borealis
Nephtys ciliata
Nereimyra aphroditotides
Nicolea zostericola
Notomastus latericeus
Paraconis Sp. @ ;
Paraonis sp. b
Pectinaria granulata
Pectinaria hyperborea
Pholoe minuta

Pista maculata

Polydora caeca
Praxillella prastermissa

Prionospio steenstrupti
Rhodine gracilior
Sabella crassicornis
Sabellid

Sabellides borealis
Sabellides octocirrata
Sealibregma inflatum
Seoloplos armiger
Spto filicornis
Terebellides stroemi
Tharyx acutus

ARTHROPODA : Amphipoda 41
Acanthostepheia malmgrent
Aceroides 1. latipes
Ampelisca eschrichti
Anonyz sarst

Arrhis phyllonyx

Atylus carinatus
Boeckosimus affinis
Boeckosimus edwardsi
Byblis gaimardi
Dulichia arctica
Dulichia porrecta
Dulichia spinosissima
Eriethonius tolli
Eusirus cuspidatus
Gammaracanthus loricatus
Cammearus oceanticus
Halirages fulvoecinctus
Haliragoides inermis
Haploops laevis

Haploops setosa
Hippomedon propinquus
Ischyrocerus anguipes
Ischyrocerus megalops
Melphidippa Sp.

Metopa bruzelii
Monoculodes sp.
Monoculopsis longicornis
Neohela maxima

Onisimus litoralis
Parathemisto abyssorum
Parathemisto libellula
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TABLE 5-2 (cont'd)

Species No.

Species

No.

ARTHROPODA: Amph1ipoda
Paronesimus barentst
Pleustes panopla
Pontoporeia femorata
Rhachotropis aculeata
Rozinante fragilis
Stenopleustes pulehellus
Syrrhoe crenulata
Tmetonyx cicada
Unctola leucopis
Westwoodilla megalops

ARTHROPQDA: Cirripedia 1
Balanus crenatus

ARTHROPODA: Cumacea 6
Brachydiastylis resima

Diastylis rathkei

Diastylis scorpioides

Diastylis suleata

EBudorella emarginata

Leucon nasica

ARTHROPODA: Decapoda 7
Argis dentata

Eualus fabrieii

Eualus gaimardi

Fualus maeilentus

Hyas coarctatus

Pandalus montagut

Sabinea septemcarinata

ARTHROPODA: Isopoda 2
Mesidotea sabini
Synidotea nodulosa

ARTHROPODA:Mysidacea 1
Mysis litoralis :

ARTHROPODA: Os tracoda 3
Cyprideis sorbyana

Cythereis dunelmensis

Cythereis Sp. a

ARTHROPODA: Pycnogonida
Nymphon glactale
Nymphon hirtipes
Nymphon serratium

ARTHROPODA:Tanaidacea
Leptognathia longiremis
Sphyrapus anomalus
Typhlotanais firmarchicus

ASCHELMINTHES: Nematoda
Nematode

BRACHIOPODA
Atretia gnomon
Hemithyris psittacea

CHORDATA:Ascidiacea
Boltenia echinata
Molgula griffithsi
Molgula sp.
Pelonata corrugata
Styela coriacea
Styela rustica
Ascidian

Ascidian

Ascidian

COELENTERATA:Anthozoa
Actinostola spetsbergensis
Bunodactis stella

Gersemia rubiformis

Tealia felina

Anemone

ECHINODERMATA: Asteroidea
Ctenodiscus cerispatus
Henricia eschrichti
Leptasterias groenlandica
Leptasterias polaris
Pteraster militaris
Urasterias lincki

ECHINODERMATA: Crinoidea
Heltometra glacialis

ECHINCDERMATA: Echinocidea
Strongylocentrotus droebachiensis
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TABLE 5-2 (cont'd)

Species No. Species No.
ECHINODERMATA:Holothuroidea 3 - Musculus corrugatus
Myriotrochus rinki Musculus discors
Thyonidiwn sp. Mya pseudoarenaria
Holothuroid “Mytilus edulis
Nucula belloti
ECHINODERMATA: Ophiurcidea 7 Nuculana pernula
Ophtacantha bidentata Pandora glacialis
Ophiccten sericeum Pecten groenlandicus
Ophiopholis aculeatus Portlandia arctica
Ophiopus arcticus Thyasira gouldi
Ophiura robusta Yoldia h. hyperborea
Ophiura sarsi Yoldiella lenticula
Stegophiura nodosa
NEMERTINA 3
ECTOPROCTA 5 Nemertean
Aleyonidium gelatinosum Némertean
Cystisella sacecata Nemertean
Kinetoskias arborescens
Porella smitti PORIFERA 7
Bryozoan Biemna or Tylodesma
fialichondria panicea
MOLLUSCA: Gas tropoda 11 Phakettia bowerbanki
Admete couthouyt Phakettia ventilabrum
Buceinum tenue Suberites domocula ficus
Cylichna alba Tetilla polyura
Cylichna occulta Tetilla sibirica
Littorina saxzatilis
Lunatia pallida PRIAPULIDA 1
Margarites costalis Priapulus caudatus
Margarites olivaceus _
Nudibranch STPUNCULIDA 1
Philine fimmarchia Sipunculid
Retusa obtusa
TOTAL 204
MOLLUSCA:Pelecypoda 21

dstarte borealis
Astarte crenata
Astarte montagui

- Clinoecardiwm eiliatum

Crenella faba

Hiatella arctica
Lyonsia arencsa
Macoma balthica
Macoma calcarea

Source: Wacasey et al (1976)
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~and some of the shrimps. Oysters, lcbsters and the commercially used crabs

and sponges were reported as being unknown in Hudson Bay and in Arctic waters
generally. The clam Mya truncata is the dominant food species of the walrus
(Mansfield 1958, Grainger 1968) which also feeds upon other clams, snails, sea

cucumbers, shrimps, worms and ascidians.

5.6 MARINE PLANTS

Bursa (1968) summarized the few earlier works on bottom algae, and reported
that forms found washed up on shores include Laminaria (kelp), Agarum, Chorda

filum, Fucus, and Alaria. Inshore brackish shallows may contain dwarf tufts

of Pylaieila littoralis, Sphacelaria arctica, red Po]ysinhbnia or green

Enteromorpha or Cladophora. Mud-covered flats 1ikely are occupied by many

individuals of only a few species of algae of which green Vaucheria is among
the more common. Protected shallows and bays are covered with Fucus vesiculosus

and some red algae. Deep water habitats include the Targest seaweeds of the red
and brown groups while tidal pools are avergrown by smaller red and brown algae
including Fucus and kelp.

Habitat conditions are an important limiting factor for seaweeds, since a solid
substrate is needed for attachment and the major part of central Hudson Bay has
a substrate of mud, while in many coastal areas, ice scouring greatly impov-
erishes the attached algal flora (Bursa 1968).

Lee {1973) concluded that the low order of diversity of the Arctic algal species,
the way they are distributed, and that the almost complete lack of endemics a1l
point to a low level of adaptation. The author suggested that Arctic algal
communities may indeed be relatively young in the course of eégjogica] evolution,
just as Dunbar (1968) had postulated for the Arctic ecosystemjas a whole.

Plants other than algae are rarely found in Hudson Bay (Bursa 1968) and are
represented mainly by Zostera marina, called eel grass although not a true

grass. The Tong upright leaves are densely covered by sedentary diatoms and
fine algae which are grazed by many animals.
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6. FISH AND FISHERIES

6.1 INTRODUCT 10N

The Hudson Bay regional fish fauna can be categorized as (Hunter 1968):

1. Marine fish which live in a marine habitat throughout their entire lives,
although some occasionally venture into brackish or fresh water.

2. Anadromous fish which spend a part of their Tives in the sea but return to
fresh water to spawn.

3. Freshwatervfish which are normally in fresh water throughout their 1life
cycle although some may venture into brackish of marine waters.

In general, the fish fauna is largely typical of Arctic regions and few species
are present (Hunter 1968). Low abundance, slow growth rate and depressed pro-
ductivity characterize the species in Hudson Bay and contiguoué systems. Although
Tittle is known about the offshore portion of Hudson Bay, the most diverse fish
community would be expected in the nearshore area where a wider range of habitats

occurs and nutrient concentrations are generally higher. _

6.2 OFFSHORE MARINE FISHES

Hunter {1968) summarized the marine species known to occur in Hudson Bay.
Table 6-1 provides a summary of the 11 families and 31 species then known

in Hudson and James Bays. More recent work in estuaries of the eastern James-
Hudson Bay coast (Morin et al. 1980) has raised the totals to 22 families and
bl species. Marine species appear to account for less than one third of the
species which use the inshore estuaries on the east coast.

Nearly all the true marine species were described by Hunter (1968) as being
small, obscure, bottom-dwelling forms, cccurring in low abundance and devoid

of any apparent value in the economy. Greenland cod (Gadus ogac) and capelin
(Mallotus villosus) are minor exceptions in that they are fished to some extent
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TABLE 6-1
FAMILIES, GENERA AND SPECIES OF MARINE FISH OCCURRING IN

HUDSON AND JAMES BAYS

Family and specific name

Common names

Rajidae
Raja radiate Donovan

Osmeridae
Mallotus villosus {(Miiller)

Gadidae
Boreogadus saida (Lepechin)
Gadus ogac Richardson

Cottidae
Myeoxocephalus scorpioides (Fabricius)
M. scorpius {Linnaeus)
M. quadricornis {Linnaeus)
Gymunocanthus tricuspis (Reinhardt)
Icelus bicornis (Reinhardt)
{. spatula Gilbert and Burke
Triglops pingeli Reinhardt
T. murrayi Gunther

Agonidae’
Aspidophoraides olriki Liitken

Cyclopteridae {including Liparidae)
Careprocius reinhardi (Kroyer)
Cyclopterus honpus Linnacus
Eumicrotremus derjugini Popov
E, spinosus (Miiller)

Liparis cyclostigma Gilbert
L. tunicatus Reinhardt
L. koefoedi Parr

Stichaeidae
Eumesogrammus praecisus (Kroyer)
Stichaeus punctarus (Fabricius)
Lumpenus fabricii (Valenciennes)
L. medius Reinhardt

Pholidae
Pholis fasciara {Bloch and Schneider)

Zoarcidae
Gymnelis viridis (Fabricius)
Lycodes reticulatus Reinhardt
L. pallidus Collett

Ammuodytidae
Ammodytes dubius Reinhardt
A. hexapterns Pallas

Pleuronectidae
Hippoglossoides platessoides (Fabricius)

thorny skate
capelin

arctic cod
ogac, Greenland cod

false seascorpion
seascorpion
fourhorned sculpin
staghorn sculpin
twohorned sculpin
spatulate sculpin
ribbed sculpin
bartail sculpin

arctic sea poacher

seqa tadpole

lumpfish

leatherfin lumpsucker
Atlantic spiny lumpsucker
polka-dot snailfish
Greenland seasnail
gelatinous seasnail

fourlined snakeblenny
arctic shanny
Greenland bleany
stout eelblenny

tissy, banded gunnel

unernak, fish doctor
reticulated eelpout
arctic pale eelpout

northern sandiance
Pacific sandlance

plaice

Source: Hunter {1968)
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to supplement local food supplies on the Belcher Isltands and in the case of
capelin, at Churchill and south coast sett]ements where they occur.

In general, however, insufficient scientific effort has been expended to
evaluate distributions and abundances of marine species in Hudson Bay, even

in the open water season. It is possible that the Belcher Islands area, which
was identified in recent work by Anderson and Roff (1380 a) as being more pro-
ductive in terms of primary production might also attréct and support fish
capable of taking advantage of this improved food supply. There have been,
however, no field data to support this speculation. '

6.3 NEARSHORE FISH COMMUNITIEé

fhe most productive areas in Hudson Bay for fish production appear to-be in

the nearshore zone, particularly in and around estuaries. In addition to a

few marine fish observed in these environments, a number of anadromous and
freshwater species occur. Recent work on the east coasts of Hudson and James
Bays, largely encouraged by hydroelectric development, has done much to clarify
the nearshore estuarine fish communities (Hunter et al. 1976, Morin et al. 1980).

Table 6-2 provides a classification of fish collected in these estuaries of

Hudson and James Bays (Morin et al. 1980). Fifteen families and 38 species

were taken, with James Bay sites containing more families and species. Ten

species were present over the whole range (Rupert's Béy to Innuksuac), 24 in
Hudson Bay and 35 in James Bay. ' o

Morin et al. (1980) described faunal differences between coastal Hudson Bay
and James Bay as a reduction in the number of freshwater species towards the
north, favouring species that are more strongly euryhaline (able to tolerate

a wide range of salinities). Comparing the scuthern Eastmain (James Bay)

with the more northern Innuksuac {mid-Hudson Bay), the authors noted that in
the lower reaches of the Innuksuac River there are no stenohaline {having a
small range of salinity tolerence) freshwater species, although there are more
diadromous species than in the Eas%main. Predatory niches in the southern
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A CLASSIFICATION OF ESTUARINE FISHES, ADAPTED FROM McHUGH (1967).

TABLE 6-2

THE PRESENCE

OF EACH SPECIES IS INDICATED FOR THE ESTUARIES OF JAMES BAY AND HUDSON BAY

Cniivnro:

Category and species Region
L

James Bay Hudson Bay

1.

Obligate freshwater species

Hiodon tergisus
Notropis hudsonius
Noatropis atherinoides
Semotrilus corporalis
Rhinichthvs cataractae
Semotilus meargarita
Perca flavescens
Stizostedion canadense
Cottus bairdi

B T T S B A

X

Freshwater species that occasionally enter brackish waters

Esox lucius

Couesius plumbeus
Catostomus catostomus
Catostomus commersoni
Culaea inconstans
Percopsis omiscomavceus
Stizostedon vitreum
Cottus cognatus

Cottus ricei

A I

EL I A A B A

. Diadromous species

Acipenser fulvescens X
Salvelinus alpinus
Salvelinus namaycush
Salvelinus fontinalis
Salmo salar

Coregonus artedii
Coregonus clupeaformis
Prosopium cylindraceum
Lota lota

Gasterosteus aculeatus
Pungitius pungitius

-
R OM oK oM KR oK KM

?oHM o M ok X

Truly estuarine species which spend their entire lives in
the estuary

Myoxocephalus quadricornis X X

Marine species which use the estuary primarily as a nursery
ground, usually spawning and spending much of their
adult Life at sca, but often returning seasonally to the
estuary

Mallotus villosus x
Ammodytes hexapterus
Ammodytes dubius
Lumpenus fabricii

Cradus ogac
Myoxocephalus scorpius
Myoxocephalus scorpioides

®
E L T I B B

P I A

. Adventitious visitors which appear irregularly ia the

estuary

Clupea harengus X

MAawain ot a1

f1aen 1na



river and estuary are filled by the walleye (Stizostgdjon vitreum),_rep]aced

by Greenland cod (Gadus ogac) and brook trout (Salvelinus fontinalis) in the

Innuksuac estuary.

Of the marine species which use the inshore estuary (Table 6-2), the Green-
Tand cod, four-horned sculpin, Arctic sculpin, and slender eelblenny are
Arctic species (Morin et al. 1980), while the sand lance and the shorthorn
sculpin are subarctic. The capelin, a subarctic-boreal species may be present
due to its use of the warm upper water layer (Dunbar 1975). Higher water
temperatures and lower saiinities in the south of James Bay restrict the occur-
rence of arctic marine species.

The distributions of two of the most important anadromous salmonids, sea run
brook trout and Arctic char were described by Salenius {1973) (Figure 6-1).
The Arctic char is clearly the northern species and the brook trout the scuthern,
although some overlapping of range occurs along both the east and west coasts.
That author also postulates that many of the inflowing rivers currently used
for spawning by brook trout could be colonized by introduced Atlantic salmon.

The anadromous char and whitefishes are well known: for their edible qualities
and they constitute the major proportion of the fishery resources of the region
(Hunter 1968). Following ice break-up, they move down river to feed in the
coastal marine areas adjacent to the river mouth. Exodus to the sea is rapid
and distribution is widespread in this area during the summer, becoming more
concentrated into limited areas in fall when they return to fresh water. None
df the chars or whitefishes is known to remain in the sea during the winter
months.

I3

CUrrent research at the University of Western Ontario has utilized a 600 m

“f1sh weir acress the mouth of the Sutton River on the southwest shore of

Hudson Bay. Preliminary results have included some unanticipated findings
(Peter Steele, Personal Communication). Steele has found that the sea-run
brook trout in that area reach reprodutive age at 6 years at a length of
about 500 mm. Trout enter the Bay from-the Sutton River at 70 to 80 mm
length at about 11 months old, much younger than the 3 year age noted in most
previously studied populations. Trout aged 1 to 5+ re-enter the Sutton

River in August to September and remain in freshwater until ice is out in

the Bay. Trout of spawning age re-enter the river ear11er, in July, re-

maining until ice is out.
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FIGURE 6-1

PRESENT AND POSSIBLE OVERLAPPING RANGES OF ANADROMOUS SALMONIDS
IN EASTERN CANADA.

ARCTIC CHAR
BROOK TROUT
ATLANTIC SALMON
ATLANTIC SALMON -
(POSSIBLE)

W
g
4?%1/

”

Source: Salonius (1973)
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Studies in the Beaufort Sea area suggest that in coastal waters, Arctic char
feed almost exclusively on crustaceans (mostly amphipods and mysids} and fish
(particularly fourhorn sculpins) although insects (especially chironomid tarvae)
are eaten in areas where there is a strong freshwater influence {McCart 1980).

Hunter et al. (1976) reported that stomach contents of fish caught in the
La Grande estuary and from along the coast indicated a major dependence of some

species upon;thg_marine area for their food supply. For example, cisco
{Coregonus artedii) stomachs in June and July contained cape1in, sand lance,

eelblenny and Tish eggs, and in December, amphipods and euphausids. The
authors noted that the distance which adult ffeshwater species will move
offshore is not known, but probably most remain in the mixing zone of the
estuary‘outf1ow.

A number of marine species (Table 6-2) were found to use estuaries on the east
coast of Hudson Bay primarily as a nursery ground (Morin et al. 1980) usually
spawning and spending much of their adult 1ife at sea, but often returning
seasonally to the estuary. Examples include capelin, sand lances, eelblennies,
Greenland cod, and fourhorned and Arctic sculpins. Information on the compo-
sition and structure of the larval and juvenile fish community of the Eastmain
River and estuary on the east coast of James Bay was provided by Ochman and
Dodson (1982).

[t is clear that the areas around river estuaries entering Hudson Bay represent
a very important focus of fishery production. Marine species seek such areas
because their nutrient inflows and mixing characteristics result in higher

plant productivity and food density than are available elsewhere. As well,

many marine species breed in estuarine areas. Freshwater and anadromous
predators then move downstream in the summer to take advantage of this additional
aggregated food supply.

Greendale and Hunter (1978) found, in the La Grande River estuary on eastern
James Bay (Figure 1-1), that in June and July when capelin gathered in the area
they contributed importantly to the diet of ciscoes and brook trout, as did eel-
blennies and sand lances which are common to the area. The lake whitefish, al-
though generally considered a bottom feeder, was reported to feed on the abundant
capelin in the summer, although bottom organisms such as mullusks, insect larvae

and fish egges remained the basic diet.

107



6.4 FISHERY UTILIZATION

Hunter (1968) noted that the fisheries of Hudson Bay depend upon four anadromous
species; Arctic char, brook trout, whitefish and cisco. Distribution varies
according to species but in all cases the principal catch is coastal. The
author reported that Arctic char are seldom taken in appreciable numbers south
of Churchill on the west coast and Cape Jones on the east coast. It is the
dominant species on the Belcher Islands, where the Inuit fish the species at 34
named sites, largely depending on anadromous stocks (Freeman 1982).

Fishery exploitation to date has been minimal and concentrated along the shore-
lines, mainly near river mouths where migrating runs can be intercepted.

Atkinson's (1976) conclusions with regard to other Arctic fisheries largely apply
to Hudson Bay.

"Although regularly taken and eaten by the Eskimoes, fish have seldom
been an important item in their diet. The few studies that have been
made generally show Arctic waters to be low in the production of fish.
Except for local winter ice fishing by hand line, the fishing season
is limited to only two to three months of the year. Low temperatures
produce very slow growth in many varieties of fish, which in turn af-
fects the processing and marketing of fish in that even the largest
and oldest specimens may be below market size. The very heavy preda-
tion by birds and marine mammals alone would be sufficient to keep
the stocks of fish at low levels of production. Finally, slow growth
and poor recruitment together would make the Arctic fisheries diffi-
cult to maintain and sensitive to manage"({Atkinson 1976).

Dunbar (1975) in his major status review of biological oceanography in Canadian
Arctic and sub-Arctic waters concluded that "it has been fairly satisfactorily
established that exploitable commercial fishéry resources of any practical size
do not exist, and that fish as a group are not successful in Arctic water. This
includes Hudson Bay."

Barber (1978} noted that several typically Arctic species, such as the Arctic
cisco (Coregonus autumnalis) are not present in Hudson Bay even though conditions

appear to be suitable for them. The high salinity in and adjacent to Hudson
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‘Strait‘may be acting as a barrier to the entry of these species to prevent re-

population of Hudson Bay in post-glacial times.

Satonius (1973} similarly postulated that Atlantic salmon (Salmo salar) might

at one time have been present in Hudson Bay prior to glaciation. Present habi-
tat conditions suggest that Atlantic salmon could probably harvest the abundance
of small marine forms more efficiently than Arctic char and brook trout (Sal-
velinus fontinalis) do now. In short, the present fish fauna of Hudson Bay

may have been serfously depleted during glacial times, with subsequent events
1imiting the opportunities of some lost species to recolonize from their present
ranges. The current fish community therefore may be consfdered somewhat impover-
ished even by Arctic standards in that some of the species best able to take ad-
vantage of avaiiable habitats and food supplies are not present.

Exp]ditation of fishery resources of Hudson Bay and tributary waters is princi-
pally for subsistence of the native populations (Buck and Dubnie 1968). The
authors reported that even where a surplus over domestic needs may be available,
production for "export" is Tikely to be uneconomic except for products such as
Arctic char and sea run brook trout fillets. Limited quantities of Greenland

cod and of whitefish, lake trout and ciscoes may be soid locally and in northern
mining centres, but high transportation costs, distance to market, and high costs
of limited and seasonal production are competative disadvantages to similar
products produced elsewhere. The small scale of the available resource, which
comprises top predators, makes the prospects for a commercial fishery unattractive.

Buck and Dubnie {1968) also provided a concise description of the nature of the
Eskimo fishery. Fish are taken with nets, spears, lines and stone weirs, and
camps are usually sited near to good fishing locations. The largest catches are
made in coastal fisheries for the anadromous species when these are concentrated
for spring and fall migration, Harvests of Arctic char, brook trout, whitefish
and cisco for food, dog food and fox bait are largely in the fall season. Green-
land cod is caught, chiefly for dog food, with nets and by hand-jigging, usually
through Teads or holes in the ice. Another marine species, the capelin, is taken
with dip nets when it comes inshore to spawn in late July. Although more effi-
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cient methods could be used for taking more capelin, drying and storing facili-

ties are largely lacking.

Sprules (1952) undertook early studies of the Arctic char of the west coast of

Hudson Bay in the'vicinity of Term Point and found that the species was of

primary importance in the economy of the Eskimoes and was used in quantities
as food for themselves and for their dogs. His studies concluded that char
were not present in sufficient quantities to warrent the establishment of a

commercial fishery in the area.

Nevertheless, a commercial fishery evolved on the west coast. Carder and

Peet (1983) reported that following the closing of the nickel mine at Rankin
Inlet in 1962, a commercial fishery for fish and marine mammals was initiated
to alleviate economic distress. The project was supported by the federal
Department of Indian and Northern Affairs and later by the Government of the
Northwest Territories. One of the initial products of a cannery established
at Daly Bay was canned Arctic char. Since fish populations of Daly Bay could
not support the cannery, it was moved to Rankin Inlet in 1966 where fish re-
sources appeared adequate to have a diverse, year round operation. When the
market for marine mammal products declined in the 1960's, the cannery relied
solely on fish processing. Canned products were shipped by air to w1hnipeg
for distribution until, in the 1970's, transportation costs created financial
problems. The authors noted that transportation costs are a major constraint
for the effective inter-settlement utilization of fish products. In 1976, the
canning of fish was discontinued at Rankin Inlet and the export fishery has
concentrated on supplying Arctic char, the species of primary interest, solely
as a frozen product to southern markets.

Figure 6-2 shows commercial fish%ng areas for char on the west coast of Hudson
Bay. The fishery occurs in August and early September when the fish return
from the sea to freshwater. Gill nets are set in estuaries and river mouths
(Carder and Peet 1983). Data for this fishery are tabulated by Carder and
Peet (1983) and Carder (1983) for the period from 1973 to 1982. Yaremchuk and
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Wong (1983) summarized commercial harvests from 1945 to 1981 for this area
(Commercial Fishing Region V - Keewatin, Table 6-3). Harvests of Arctic char
since 1968 have ranged from 3987 kg to 62586 kg, with the 1981 total being
37612 kg (round weight).

Berkes (1979) examined Cree Indian domestic or subsistence fisheries on
eastern James Bay, and found these to be characterized by Targe numbers of
participants, low catches per day and per fisherman, but high catches per
tength of net used compared with commercial fisheries. This is a gill net
fishery near the coast (3 m depth) with whitefish and cisco dominating the
harvests, although brook trout, suckers and other species'are taken.

Most stocks appeared to be lightly utilized but in the vicinity of larger
settlements, there was evidence that some stccks were overfished (Berkes
1979). The author concluded that the fish resource base of the region appears
suitable for supporting local economic deveTopment with respect to recre-
ational fisheries and native-run commercial fisheries for the local market as
well as maintaining the domestic fishery. 1In subsequent work, Berkes (1982)
described the relationships between energy subsidies and these Cree fisherjes.

He concluded that heavy dependence on energy subsidies makes northern bush
economies vulnerable to the increasing costs of gnergy.

~ Freeman (1982) has produced a thoughtful paper on the dependence of two Inuit

communities on marine resources from a man-environment perspective. That is
he includes the role of hunting and fishing for marine species in socially
important community and family activities as well as the protein or income
derived from the harvest. He examined a community which occupies the land

and waters surrounding Southampton Island, an area endowed with abundant and
diverse resources, and a second example on the Belcher Islands, which benefits
from less abundance and diversity of resources. In the latter case, with the
exception of a few small landlocked fish populations, some Arctic hare and
ptarmigan, and the important spring through summer availability of waterfowl,
anadromous or marine species are the principal food animals sought after by
Belcher Island Inuit.
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The Ontario Ministry of Natural Resources has undertaken modest efforts to
examine the feasibility of a commercial fishery in James Bay (Zalewski and

Weir undated). The authors preliminary assessment was thdat a subsistence level
of exploitation by local entrepreneurs is possible using gill nets provided sets
are accessible at all tides and.frequent checks are made to remove the catch.
These stipulations were thought to reduce the practicality of James Bay fishing
and may account for the minimal marine fishing effort by local people in
southern James Bay. It was concluded that a commercial level of exploitation
may be possible providing demand is sufficient to motivate capital intensive
effort. At present, the study concluded that this does not seem to be the case.
Cisco, lake whitefish, Arctic cod and sea run brook trout are potential target

species.

The Ontario Ministry of Natural Resources notes that native fisheries (Cree)
in the vicinity of Moosonee are starting to show some signs of exploitation
(personal communication) and there is some interest in attempting to harvest
stocks in James Bay away from the Moose River estuary. Provincial mdnagers
are not convinced that stocks are present to support a fishery of this nature,
and may prefer to maintain brook trout runs to support a higher doliar game
fishery. Existing recreational fisheries along the James Bay coast are based
on anglers flying from Cochrane, Timmins, Kapuskasing, Big Trout Lake and
Pickle Lake.

There are currently no commercial fisheries in the Manitoba pbrtidﬁ-of Hudson
Bay (Manitoba Dept. of Natural Resources, J. 0'Connor and G. Nelson, pers.
comm.) although sport char fishing, based out of Winnipeg, takes place on the
Knife and Seal Rivers and at Eskimo Point. Brook trout are also taken by
sportsmen in conjunction with the goose hunt.

6.5 FISHERIES SENSITIVITIES

The present state of knowledge permits some generalizations about sensitive
areas and times for fish populations. Estuaries, river mouths and adjacent
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coastal areas are the major sites of marine productivity in Hudson and James
Bays. Nutrients from the rivers mix with marine waters in a zone of more varied

habitat, resulting in & relative abundance of prey organisms.

Anadromous salmonids, including Arctic char and whitefish are present in the near-
shore areas during summer. In the case of char, the most prized species, in-
dividuals will range fairly widely along the coast, perhaps reducing the chance
that localized disturbances will have a major effect on any individual population
(McCart 1980). However, since these char remain very close to shore when at sea,
a widespread disturbance, such as an 0il spill, affecting nearshore habitats along
long stretches of the coast, could adversely affect Arctic char populations on an
extensive scale.

A similar situation exists for other estuarine fish which appear to have a major
dependence on the marine area for their food supply. An example is the cisco
(Hunter et al. 1976) which feeds on capelin and sand lances. These estuarine

and freshwater species do not likely range much beyond the mixing zone of the
estuary outflow. In contrast, many of the Hudson Bay marine fish species appear
to use estuaries primarily as a nursery ground, usually spawning and spending much
of their adult 1ife at sea, but often returning seasonally to the estuary (Morin
et al. 1980).

Other than estuaries and associated coastal environments, the only area of poten-
tial interest would be an apparent zone of higher marine productivity west of the
Belcher Island (Anderson and Roff 1970 a) which may attract higher than average
concentrations of fish. This has not been documented, but in any case the Belcher
Islands are populated by Inuit and Arctic char are fished at 34 named fishing
sites, with the majority of cases being anadromous stocks that are exploited
{Freeman 1982). Therefore the Belcher Island area can be considered quite sen-

sitive with respect to fish populations.

Fish populations in the offshore portion of Hudson Bay are relatively insensitive
‘to disturbance in the open water (drilling) season since all habitats are widely
distributed and there is little potential for disruption of any unigue aspect

of the environment.
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7. MARINE BIRDS, WATERFOWL AND SHOREBIRDS

7.1 INTRCDUCTION

Hudson and James Bay coastal enQironments provide critical nesting, staging and
migration habitat for large numbers of arctic and subarctic marine birds, water-
fowl and shorebirds. Of particular note are colonies of Lesser Snow Geese, Canada
Geese and Thick-billed Murres, and migration - staging areas associated with CQéSf;:
al marshes and tidal flats of the Hudson and James Bay Lowlands. These latter areas

support numerous transient geese, waterfowl and shorebirds,which for Lesser Snow Geese,
Canada Geese, Atlantic Brant, Thick-billed Murres, and for Hudsonian and Marbled
Godwits, represent significant proportions of their respective North American pop-
ulations. Also of interest are Commen Eiders and Black Guillemots which are unigue

to the region in that they overwinter in open leads existing between landfast and

pack ice.

1ine habitats, and the fact that region coastlines provide a direct Tink between
southern wintering areas and breeding areas in the Canadian arctic. Regional
habitat structure is shown in Figure 7-1. Three principle habitat types are dis-
tinquished: tidal flats; associated coastal marshes, muskegs and pools; and cliff
zones and headlands. Intervening areas are generally characterized by rugged coast-

lines supporting numerous shallow bays and offshore islands.

Brown and Nettleship (1975) have discussed the vulnerability of marine birds and
related species to major oil spills and undersea blow outs. In this particular
circumstance, however, it is important to stress that drilling locations would be
positioned in the center of Hudson Bay. As such, the likelihood of contamination
of shoreline areas is remote. This is particularly true of the potentially more
sensitive avian environments associated with the west Hudson and James Bay lowlands,

" 7 and Southampton Island at the north end of Hudson Bay. Both locations are on the

" Teeward side of the Bay. o

Il Among the notable physical features of the region are its great diversity of shore-
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7.2 SPECIES GROUPS AND SENSITIVITIES

Breeding distributions, habitat pfeferences, relevant behavioral characteristics
and sensitivities of marine birds, waterfowl and shorebirds inhabiting the study
region are proﬁidedir1Tab1e 7-1. Maps showing species concentrations, breeding
colonies, etc. are also provided. These materials were derived from a variety of
sources which are Tisted with the referencés. In the interests of portraying in-
formation in a concise manner, references haVe;bégq_gjpgg;gtmthg_end,of Table 7-1.

Murres and Guillemots

Two species are included in this group, the Thick-billed Murre which is a cliff
nesting colonial species, and the Black Guillemot which also inhabits cliff zones
as well as rocky shoreline areas. Black Guillemots may be found in colonies, but
breeding birds are more 1ikely to occur as scattered individuals or small groups.,
Both of these species spend considerable time sitting on the water and they are
accomplished divers. Fish and various invertebrates are fed on by both species.

Thick-billed Murres nest at two Tocations in the study region, the Cape Wolstenholme-
Digges Island area where approximafe1y 1 million pairs nest, and at the north end of
Coats 1Island whi;h supports some 15,000 breeding pairs (Figure 1-1). Individuals

are known to forage up to 150 km from colony sites {Gaston 1982). The Thick-billed
Murre colony at Cape onstenho1me~Digges Island 1is the targest such colony in Canada
(Nettleship and Smith 1975), and it represents approximately 40 percent of the
Canadian population of this species {Brown et al 1975). OVerwintering occures in

the waters off Newfoundland, with Hudson Strait being the route of migration.

Murres arrive in the region later than most species, i.e. the peak spring migration is

in early July.
most other marine birds, waterfowl and shorebirds (Table 7-2). Some individuals
overwinter in open leads between Southampton and Coats Islands.

Fall migration is in mid to 1 ate September, coinciding with that of



Black Guillemots, because they nest as scattered individuals and groups, are less

well known in terms of population size and areas of concentration. However, Walrus
Island, lying between Southampton and Coates Island, has been cited by Bray (1943)

as an important concentration area. Also of significance with respect to this species
is the fact that it overwinters in coastal leads near breeding grounds. The Common

Eider is the only other species which normally overwinters in the region. Leads are
narrow open sections of water which parallel the coastline of most sections of Hudson

and James Bay. They deQe]op between the landfast ice and the offshore pack ice which

is in a free-float state., Leads widen and close depending largely on protracted wind
conditions and temperatures.

The Cape Wolstenholme-Digges Island area, and the Coats Island area are
regarded here as being sensitive environments for avian species. Black
Guillemots, aTthough sensitive as a species, occur in low concentrations
and are too widely distributed to Justify defining specific sensitive

areas, with the possible exception of the Walrus Island area between
Coats and Southampton Islands.

Jaegers, Gulls and Terns

Members of this group breeding in the study region include the Pomarine, Parasitic
and Long-tailed Jaegers; Glaucous, Iceland, Herring, Thayer's and Sabine's Gulls;
and the Arctic Tern (Table 7-1). The greatest diversity of species occurs in the
northeastern section of the region (Figure 7-3). Comparatively little use is made
by this group of the James Bay area, Eeak spring and fall migrations are

in late May to early June, and mid-September, respectivley, coinciding with

that of most other species (Table 7-2).

- it i . o

Rocky shores and cliff coasts are attractive to the majority of the gull species
(Table 7-1), with Sabine's Gull being a notable exception. Arctic Terns also

utilize rocky coastal areas, as well as a variety of other habitats. Breeding
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habitats utilized by jaegers are associated with tundra landscapes including inland
and coastal areas. Of the species discussed, the Iceland, Thayer's and Sabine's
Gulls show the most restricted distributions within the region. Al1 three species
occur only in northern areas, especially in the vicinity of Southampton and Coats
Islands, and the west end of Hudson Strait. The Iceland Gull breeds at only a few
Canadian locations. Its presence in the Cape Wolstemholme area is undoubledly re-
lated to the Thick-billed Murre colony.

Jaegers and gulls are for the most part opportunists adapted at stealing food from
other avian species, as well as eggs and chicks. As such they are freguently as-
sociated with sea bird colonies, and with goose colonies. Jaegers prey heavily on
Temmings during the breeding seasen, they also take fish, and harass gulls into:

giving up fish.

The nests of all species although frequently close to the water are normally suf-
ficiently well back from the high tide 1ine to avoid direct contamination from oil.
However, foraging adults and juVeni]es would be susceptible to contact with surface
0i1 while feeding on fish, as would migrating members of this group. Only the
Thayer's Gull is regarded as having no sensitiVity to accidental oil spills on
Hudson Bay. Its activities in the region are largely confined to the north side

of Southampton Island.

Most of the jaeger and gull species are sufficiently widespread and abundant so as
fo‘preclude the defining of specific sensitive areas. Moreover, most members of
this group are sufficiently opportunistic that the relocation of nesting sites and
colonies poses 1ittle problem. The only possible exceptions are the Iceland and
Sabine's Gulls which have restricted distributions. The distribution of the Ice-
land Gull in the region coincides, as stated, with that of the Thick-billed Murre,
and is therefore contained within the sensitive area described in connection with
that species. Sabine's Gull although more widespread, still exhibits a restricted
Canadian distribution. Its range within the study region is included in the
sensitive area described for the Thick-billed Murre, and that described below for
the Tesser Snow Goose on Southampton Island. There is some evidence to suggest
that gulls and terns are better able to avoid o0il slick contamination than are
other marine birds (Easton 1972).



Waterfowl

The impertance of this group derives from their abundance in the region; marked
aggregations during breeding, staging and migration; and from their importance

as game birds. A considerable volume of literature is available on geese of the
region (Hanson et al. 1972; Kerbes 1975, 1982; Curtis 1976; Bellrose 1976; Raveling
and Lumsden 1977, Thomas and Prevett 1982, etc).

Of the greatest note are the large Lesser Snow Goose colonies at McConnel River
(130,000 nesting pairs), the Boas River on Southampton Island (70;000 n.p.), and
at Cape Henrietta Maria (55,000 n.p.), and the smaller colony of 5000 n.p. at Cape
Churchill (Figure 7-4). Of ‘equal note are the extensive breeding areas of the
Canada  Goose (Figure 7-5), and staging areas for both species along the south
coast of Hudson Bay and more importantly in James Bay. Staging areas for the
Atlantic Brant in James Bay are also important.

Lesser Snow Goose nesting colonies are associated with low tundra hummocks and
ridges of coastal plain marshes, and with islands in braided river estuaries. The
McConnel and Boas River colonies are of the latter type. Most nests are Tocated
sufficiently far back from the high tide water line to precltude contamination in
the event of an o0il spill. Moveover, adults and young fed primarily on sedges,
grasses and other vegetation above the high tide water line. The nesting grounds
of Canada Geese are more removed from the coastal environment, with nests being
scattered through the interior of coastal muskegs and tundra pond areas (Table
7-1). The nests of Atlantic Brant are closer to the waters edge and are there-
fore more susceptible to oil contamination. Only a small breeding colony of this
species occurs in the region (Figure 7-6).

The principie sensitivity of geese in the reg%on to 0il is during migration

and staging. At this time birds congregate along the coastal Towland marshes
of James and southern Hudson Bays (Figures 7-4 to 7-6). The concentration and
number of birds at this time is staggering, 3.3 million Lesser Snow Geese, from
300,000 - 600,000 Canada Geese and 100,000 Altantic Brants.
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During migration and staging, Lesser Snow Geese feed on emergent plants and sedges,
primarily above the mean tide levél. Canada Geese feed on similar plant materials
both above and below the mean tide leve, and Atlantic Brant most commonly feed on the
eelgrass below the mean tide Tevel. The potential for direct 0il contact for the
latter two species is greater than that for the Lesser Snow Goose. Ross' Goose

also occurs in the region at two Tocations (Figure 7-6), but numbers are too small

to render this species of any real importance,

Breeding distributions of duck species in the study region are shown in Figure

7-7 and 7-6.  Species descriptions are proVided in Table 7-1. Surface feeding
ducks, consisting of the Black Duck, Pintail, Green-winged Teal, Mallard and the
American Widgeon, are associated with southern portions of Hudson'Bay and with James
Bay. The Hudson and James Bay lowlands, and associated coastal marshes and tidal
flats, are particularly important to these species.

The nesting of all five species is generally sufficiently far removed from coastal
marine waters to preclude the potential for o0il contact at this time. The major

sensitivity to oil contact is during molting, staging and migration, essentially

~in May-early June and again in September, when extensive use is made of low
m-utoastal marshes, tidal mud flats, and associated shallow waters. The Black Duck
and the Green-Winged Teal are potentially the most sensitive of this group be-
cause of their heavy use of tidal mud flats.

The diving ducks, i.e. the Greater Scaup, Common Goldenye and the Red-breasted
Merganser, also nest mostly in the interior in association with lakes, rivers,
ponds etc., with Tittle use of salt marsh areas. However, like the above species,
extensive use of coastal waters occurs during molting, staging and migration
(Table 7-2). The diving and surface resting habitat of these species makes them
more vulnerable to 0il contact than.are the surface feeding ducks.

Sea ducks, including the Common and King Eiders, the 0ldsquaw, and the scoters,
are potentially the most sensitive of the duck species to oil contact. They are
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intimately associated with coastal marine waters and rarely come ashore except

to nest. Moreover, even during the nesting period some possibly of oil contact
is present for thé eiders and oldsquaw during feeding. The Common Eider is also
of note because this species overwinters in open leads off the Belcher Islands.

With respect to potentially sensitive areas, consideration should be given to
the Lesser Snow Goose colonies shown in Figure 7-4, as well as to the whole of
the James Bay coastline, and to the Hudson Bay coastline south and east from
Cape Churchill with importance increasing towards James Bay. Molting, staging

. and migration areas along the James Bay and southern Hudson Bay coasts are

critical to virtually all of the Region's geese and duck populations, as well

as to a vast number of other waterfowl, particulariy geese, which breed in

other parts of the eastern arctic. Peak spring ‘and fall migrations for waterfowl
oeccur in May-early June, and in September-early October, respectively (Table
7-2}. Also considered to be sensitive is the Belcher Islands area because of its
importance to Common Eider during winter. Contamination of water by 0il off the
Belcher IsTands in Tate summer could havé a devasting impact to this segment

of the Common Eider population, numbering an estimated 35,000 birds (Freeman
1980, Nettleship and Smith 1975, Manning 1976). The Common Eider in Hudson Bay
is nominally referred to as the Hudson Bay Eider, and is considered to be a
separate population of the species endemic to the Hudson Bay Region,.

Shorebirds

Included in this group are 17 species of the Sandpiper group, and a lesser number of
plovers, turnstones and phalaropes (Table 7-1). Breeding distributions of these
species are shown in Figures 7-9 and 7-10. Sandpipers as a group are primarily
associated with the Hudson Bay Lowlands and, in migration, with the James Bay. South-
ampton Island contains representation of several species, although many of these

are uncommon to rare (Bray 1943). The spring migration of shorebirds coincides

with that of most other species, but the fall migration is earlier, peaking in

early to late August.
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Certain members of the Sandiper group ~such as the Common Snipe, Spotted Sandpiper,
the Purple Sandpiper, Baird's Sandpiper,and the Stilt Sandpiper are regarded here as
not being sensitive to potential o0il spills for reasons provided in Table 7-1.
Virtually all of the remaining species are regarded as being sensitive only during
staging and migration. Breeding grounds are by and large removed from the immediate
salt water zones. During staging and migration, most of the 12 remaining species
are found in association with mud flats, tidal pools, coastal marshes and beaches.

The sensitivity of this group to potential oil spills is generally much less than

that of other groups discussed because individuals wade in shallow waters, but generally
do not swim. Direct contact of feathered body parts with oil is therefore less likely
than with marine birds and waterfowl. Direct contact could, nevertheless, still pose

a potential problem. It is the feeding grounds and the potential for ingesting o1l
contaminated animal foods that is of the most concern. Population estimates for the
number of shorebirds using the coastal zones of south Hudson Bay and James Bay (par-
ticularly the west and south coastline) are not available, but the number of birds is
known to number in the millions, again with significant proportions of total populations
of many of the species involved. |

Two species are of specific importance, these are the Hudsonian and Marbled Godwits.

The Hudsonian Godwit is only known to breed in three isolated and small locations,

two of which are in the study region. These are the Nelson River to Cape Churchill
area, and the Sutton River mouth area, both in the Hudson Bay Lowlands coastal region.

Breeding grounds for this species are removed from the potential of oil spil? threat;
but the majority of the total population of this species is potentially sensitive
during fall staging and migration when tidal mud flats are used for foraging (Table
7-1). Curtis and Allen (1976) reported concentrations of 10,000 Hudsonia Godwits
along the west James Bay coast opposite the Akimiski Island area.

Marbled Godwits also occur in this ared, with confirmation of breeding for this
species in James Bay being established in 1975 by Morrison et al. (1976). This is

a disjunct population, well removed from the main breeding range of the southern
Canadian Prairies and adjacent prairies of the United States. The species occurs

in the region in considerable numbers and occupies much the same habitats in migra-
tion and staging as does the Hudsonian Godwit. Marbled Godwits have been noted from
the entire west and south coasts of James Bay including Akimiski Island, with con--
centrations occuring in the vicinity of Akimiski Island and the adjacent mainland.
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PTovers, turnstones and phalaropes show breeding distributions concentrated toward
the north end of the study region (Figure 7-10). During migration and staging
plovers and turnstones are most abundant in the Towland coastal environments of
southern Hudson Bay and James Bay. Sensitivity of this group to oil spills is also
mainly during migration (Table 7-1), especially mud flat areas. Phalaropes are
potentially the most sensitive of this group because they sit on offshore waters,
frequently in large flocks and often well removed from the coastline. Red and
Northern Phalaropes are among the few birds of the region that utilize the open
seas during migration. |

Concerning potential sensitive areas, all shorelines and coastal environments of

the study region are heavily used by shorebirds, but the main areas of potential
concern are the extensive tidal mud fiats and coastal marshes of southern Hudson
Bay and James Bay used during staging and migration. These correspond, by and
large, to areas used by waterfowl for staging and migration. If one area were to
be singled out as being the most important for shorebirds it would be the west and
south coasts of James Bay incTuding the Akimiski Island area.

7.3 RESOURCE UTILIZATION

Waterfowl of the region are a noted resource of Tocal and international importance.
Large numbers of geese and ducks are taken annually by native hunters of the reg1on
particularly in the James Bay area but also at other locations. As well, ducks and
geese of the region, but particularly the latter, form an integral part of the
waterfowl hunting resource throughout eastern and central North America.

Although there are no definitivevexpenditure figures, economic benefits derived
from the utilization and support of waterfowl hunting in North America can be
measured in the m1111ons of dollars (Mr. P. Rekowski, Director of Wildlife
Branch, Canadian w11d11fe service, Prairie Region, personal communicationy.

Boyd et al (1982), for examp1e, estimated that the annual kill of Lesser Snow
Geese from theeastern Canadian Arctic between 1964 and 1979 averaged 356,000
birds in the United States, 47,000 by non-Native Canadians, and 51,000 by Native
Canadians, for a grand total of 454,000 geese,
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Data from Coachand Raible (1975) show that for Manitoba, Ontario and Quebec
combined, the kill of _Canada Geese is normally 2-3 times greater than that

of Lesser Snow Geese, and that the annual duck ki1l for the three provinceé
normally exceeds that of Lesser Snow Geese by a factor of about 35-40. Nearly
all of the Canada and Lesser Snow Geese taken by hunters in the three provinces
would be from popuations utilizing the Hudsan-James Bay area for breeding and/or
migration. The majority of ducks taken, on.the other hand, wouid be from pop-
utations based outside of the Region (Bellrose 1976).

Recent figures for Ontario show that about $50,000,000 - $55,000,000 dollars is
spent by small game hunters in Ontario (Ontario Ministry of Natural Resources
1982 Statistics)}. A minimum of about 1/3 of this amount involves expenditures
for waterfowl hunting. Extrapolation beyond this point is not warrented, but
the magnitude of the expenditure by waterfowl hunters is clear,
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References used in preparing Table ?-l.f

General:

Bray 1943

Brown et al 1975

Bull and Farrand 1977
Curtis and Allen 1976
E11is and Evans 1960
Freeman 1970b

MacPherson and Mclaren 1559
Manning 1952, 1976

‘Nettleship 1977
‘Nettleship and Gaston 1978

Nettleship and Smith 1975
Peck 1972

Sutton 1932
Todd 1963

Godfrey 1966
Jeh1l and Smith 1970

Murres and Guillemots:

Gaston 1982, a,b
Lumsden 1959
Tuck 1961

Jaegers, Gulls and Terns:

l Blomquist and Elander 1981
l Waterfowl:
Bellrose 1976
Blokpoel 1974
l Boyd et al. 1982
Curtis 1976
Freeman 1970 a
l Hanson et al 1972
Kerbes 1975, 1982
Raveling and Lumsden 1977
l Ross 1976

Ryder 1967
Thomas and Prevett 1982

Sandpipers, Plovers and Phalaropes:

Hope and Shortt 1944
Morrison et al 1976

* these same references were used in compiling Table 7-2
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8. SENSITIVE AREAS AND CONTINGENCY PLANNING

Areas of biological interest, or sensitivity, described herein relate primarily
to bird distributions with some consideration given to fish species. Areas im-
portant to marine mammals are also included for completeness. For clarity,
separate areas are shown for birds and mammals. There is, nevertheless, con-

‘siderable overlap in areas important to the two groups.

Marine Birds

With respect to sensitivity to oil contamination, marine birds, waterfowl and
shorebirds are.colléctively viewed Here'as being the most sensitive biological
element in the Hudson Bay region. Certain of the marine mammals constitute the
only other group of comparable sensitivity. This sensitivity relates largely

to the extensive use of inshore and coastal waters, and to the use of tidal
marshes, mud flats and beaches. The nature of feathered insulation and the
structure of flight features is such that once birds become oiled, their chances

of survival, especially in cold climates, are extremely lTow. Feeding areas
for the majority of species, particularly the tidal marshes and mud flats, are

also sensitive to o0il contamination. Under certain circumstances some such
areas could take up to 10 years to recover their productivity following heavy

0il contamination.

Seven areas of noted biological importance tc marine birds and related species
are described and shown in Figure 8-1. A1l of these locations define areas of
high concentrations of either several species, or large aggregations of indivi-
duals of one or a few species. Lesser Snow Goose colonies of the Boas River
delta and the McConnell River area, and Thick-billed Murre colonies of the Cape
Wolstenholme-Digges Island area are the best examples of the latter type. Areas
1 through € are specific in nature and are comparatively well defined. Area 7
differs from these in that it is considerably more extensive and has importance
to a greater number of individual birds and species. Also, although considered
as a single unit, there are sections of Area 7 that are more important than

others.,
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Area 1

Area 2

Area 3

Area 4

Thick-bt1led Murre Colony at Cape Wolstenholme-Digges Island

sustains the largest breeding colony of this species in Canada with
approximately 1,000,000 breeding pairs (i.e. approximately 40% of
the Canadian population)

the murre is a diving species which also rests on the water and is
therefore among the species of birds most likely to be physically
contacted by oil slick

the Iceland Gull which also breeds in colonies and has a restricted
Canadian Breeding distribution occurs in this area

this site has been recognized as an International Biological Pro-
gramme Site with recommendations for protection (Nettleship and
Smith 1975}

Thick-billed Murre Colony on Coats Island; Black Guillemot Breeding
and Wintering Area on Walrus Island '

the northern tip of Coats Island supports a breeding colony of
15,000 pairs of Thick-billed Murres, one of two such colonies in
the study region

Walrus Island is a known concentration area for the Black Guillemot,
another seabird very sensitive to oil spills, and one of the only
two avian species that overwinters in the region

Glaucous Gulls, Herring Gulls, and the rare and endangered Peregrin
Falcon also breed on cliffs of Coats Island

walrus and polar bear are abundant at both Coats Island and in the
case of Walrus Island some 3,000 walrus use this area

the north end of Coats Island has been recognized as an International
Biological Programme Site with recommendations for protection (Net-
tleship and Smith 1975).

Lesser Snow Goose Colony of the Boas River Delta Area

an estimated 70,000 pairs of Lesser Snow Geese breed in this area
along with Altantic Brant

although much of the breeding ground is immediately removed from
the potential influence of o0l spills, significant portions of the
area could become impaired if o0il slicks were to be accompanied by
storms

this site is one of the major Snow Goose colonies in the arctic
and has international biclogical importance, it is recognized as
an International Biological Programme Site, and the main breeding
ground is contained within the Federal Henry Gibbons Migratory
Bird Sanctuary

Lesser Snow Goose Colony at East Bay
an estimated 10,000 pairs of Lesser Sﬁow Geese breed in coastal
marsh zones surrounding the Bay

sensitivity to 0il spills from Hudson Bay is minor because of geo-
graphical location
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Area 5

Area 6

Area 7

Lesser Snow Goose Colony of the McConnell River Area

three separate colonies in this area totalling ~130,000 breeding
pairs with all colonies being associated with river deltas
general sensitivity is similar to that of Area 3, above

this site is alsc one of the major Snow Goose colonies in the
arctic and has international biological importance, it is recog-
nized as an International Biological Programme Site; and the main
breeding ground is contained within the Federal McConnell River
Migratory Bird Sanctuary

The Belcher Islands Common Eider Wintering Area

approximately 35,000 Common Eiders, virtually the whole of the
Hudson Bay population of this species, overwinter in open leads
off the Belcher Islands

Black Guillemots are also likely to concentrate in this area
during winter

waters off the Belcher Islands are also of critical importance
to several species of marine mammals including numbers of polar
bear, walrus and seals

this site has been recognized as an International Biological Pro-
gramme Site with recommendations for protection (Nettleship and
Smith 1975)

Coastal Marshes and Tidal Flats of the Hudson Bay Lowlands and
James Bay

coastal marshes and tidal mud flats of from 1-10 km in width extend
more or less continuously for over 2,000 km between Rupert Bay in
Quebec to Cape Churchiil

several smaller bays, estuaries and mud flat zones occur along the
remainder of the Quebec coast of James Bay

the major importance of this region is as a moulting, staging and
migration area for millions of geese, ducks and shorebirds

south and west coasts of James Bay, including Akimiski Island are
utilized most heavily, but all areas are of importance

specific areas of note within Area 7 include the following:

- the Lesser Snow Goose colonies of Cape Henrietta Maria and
Cape Churchill {55,000 and 5,000 breeding pairs)

- staging areas for Lesser Snow Goose along the west and south
coasts of James Bay.

- staging areas for Canada Geese along the whole of the James
Bay coast )

- staging areas for Atlantic Brant in the vicinity of Akimiski
Istand, and the south and northeast coasts of James Bay

- shorebird staging and breeding areas associated with Akimiski
Island and adjacent coastal areas of James Bay, with particu-
lar reference to the Hudsonian and Marbled Godwits

- the Nelson River estuary
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Marine Mammals

A Titerature review of marine mammals of the Hudson Bay-James Bay region was
undertaken for Canadian Occidental Petroleum Limited by LGL (1983). Also in-

gramme for 1982. The programme entailed a recording of direct sightings by

Tocal Inuit observers on board of the Western Wind, a 200 ft, seismic explora-

tion ship utilized by Canadian Occidental Petroleum Limited. A similar pro-

gramme run in 1983 will proVide additional information.

Based on data provided by LGL, and a further review of the literature, 6 areas

are identified as being of noted biological importance to marine mammals. These

are described below and are shown in Figure 8-2.

Area 1

Area 2

Areag 3

1

Roes Welcome Sound and Fisher Strait

one of the major open water areas of the Canadian Arctic during the
winter months (Smith and Rigby 1981) which is used..extensively by
beluga whales, walrus and a number of seal species

- thought to be the major wintering area of the 10,000 or so popu-

lation of beluga whales that congregate in summers in the Nelson-
Churchil1-Seal Rivers area of the west coast of Hudson Bay
also likely to be the major wintering area of walrus herds based
in the Walrus-Coats-Nottingham Islands area

also apparently serves as the only Tocation in Hudson Bay where
narwhals and bowhead whales are regularly encountered

Walrus-Coats-Nottingham Islands Area

one of a handful of major walrus concentration areas in the

Canadian Arctic, with estimates of abundance ranging between
2,000-3,000 individuals {Reeves 1978)

by far the most significant walrus concentration area in the
Hudson-James Bay region

year round habitat is provided by this area, with winter use
extending to Roes Welcome Sound

Belcher Islands-Richmond Gulf Area
this area is important because of the complexity and variety of
ice conditions which prevail throughout the winter months; ex-

tensive areas of land fast ice, open leads and pack ice are all
present
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- walrus, harp, ringed and bearded seals occur in reasonable
abundance; the area is also used extensively by polar bears and
provides limited wintering habitat for beluga whales

- the Belcher Islands have been recognized as an International
Biological Programme Site with recommendations for orotection
{Nettleship and Smith 1975)

Area 4 - Akimiski and the Twin Islands

- ice conditions are similar to those described for the Belcher
Islands area

- most noted as a high concentration area for polar bears, includes
several known denning sites

- Twin Islands are recognized as an International Biological Pro-
gramme Site and have been designated as the N.W.T. Twin Islands
Game Sanctuary (Nettleship and Smith 1975)

Area 5 - Cape Henrietta Maria Polar Bear Denning Area
- one of the more important polar bear denning areas in the Hudson
Bay area, also contains a small walrus hauling out area associ-

ated with Manchuinagush Island and Neskamagige Cape
- contained within Ontario's Polar Bear Provincial Park

Nelson River-Cape Churchill Area

Area 6

beluga whales concentrate in summer in estuarine areas of the
Nelson {7,000 individuals), Seal (1,000 individuals), and the
Churchill Rivers (500 individuals)

also a major polar bear denning area

this area has no formal or proposed protection status

!

Other minor areas have been identified by the Federal Department of the En-
vironment and the Department of Fisheries and Oceans (1980). These include
the Hopewell Islands and the Ottawa Islands. Both areas have some 1mportance
to marine mammals, but to a lesser exXtent than the areas Tisted above.

Fisheries

With respect to fish and other marine resources, the present state of know-
ledge permits some generalizations. Estuaries, river mouths and adjacent
coastal areas are the major sites of marine productivity in Hudson and James
Bays. Nutrients from the rivers mix with marine waters in a zone of more
varied habitat, resulting in a relative abundance of prey organisms.
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Anadromous salmonids, including Arctic char and whitefishes are present in
the nearshore areas during summer., In the case of char, the most prized
species, fish will range fairly widely along the coast, perhaps reducing the
chance that localized disturbances will havera major effect on any individual
population {McCart 1980). However, since these char remain very close to
shore when at sea, a widespread disturbance, such as an oil spill, affecting
nearshore habitats along long stretches of the coast, could adversely affect

Arctic char populations on an extensive scale.

A similar situation exists for other estuarine fish which appear to have a
major dependance on the marine area for their food supply. An example is
the cisco (Hunter et al. 1976) which feeds on capelin and sand lances.
These estuarine and freshwater species do not likely range much beyond the
mixing zone of the estuary outflow. In contrast, many of the Hudson Bay

marine fish species appear to use estuaries primarily as a nursery ground,

returning seasonally to the estuary (Morin et al. 1980).

Only one sfgnificant, well defined fisheries area has been identified in

the region comprising rivers in the vicinity of Chesterfield Inlet, Rankin =~ =7
Inlet, Whale Cove ' and Eskimo Point. This area is important as a commer-

cial fishery for Arctic char.

Other than estuaries and associated coastal environments, the only area of
potential interest would be an apparent zone of higher marine productivity

west of the Belcher Island (Anderson and Roff 1970a) which may attract higher
than average concentrations of fish. This has not been documented, but in

any case the Belcher Islands are populated by Inuit and Arctic char are fished
at 34 named fishing sites, with the majority of cases being anadromous stocks
that are exploited (Freeman 1982). Therefore the Belcher Island area should

~ be considered sensitive with respect to fish populations.”

' usually spawning and spending much of their adult life at sea, but often
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Endangered Species

None of the species listed or discussed in the preceding sections have been
identified as rare or endangered species on official Canadian or provincial
lists. The Eskimo Curlew is an endangered species, Federally and provincially,
but the species has no importance in the Hudson Bay-James Bay area. A minor
migration route of this species once followed the west coasts of Hudson and
James Bay. However, the only recent sighting in the area was of two indivi-
duals on the west coast of James Bay in 1976 (Gollop and Shier 1978). Breeding
of the Eskimo Curlew is thought to take place in the western arctic, and the
main migration route follows the Atlantic coastline. The present world popu-
Tation is estimated at about 20 individuals. '

Many authorities would consider the Hudsonian Godwit and the James Bay popula-
tion of the Marbled Godwit to be at the very least, extremely sensitive, be-
cause of greatly restricted breeding ranges. A strong case could also be made
concerning the-sensitivity of walrus (Reeves 1978), .and the polar bear {Stir-
ling et a1.1980).

Comparative Risk

It is important to stress that the areas of biological interest described re-
late to the inherent importance of these areas to the organisms themselves. The
choice of these areas does not take into consideration the probability of their
contamination by oil spills. Indicated drilling locations are all in the cen-
tral portion of Hudson Bay, and are well removed from all areas of bioiogical
interest (Figure 1-1). The closest distance to shore is around 250 km to Cape
Churchill. The Churchill-Eskimo Point-Whale Cove area is approximately 300 km
from the exploration area. Proximity of the exploration area to the eastern
shore varies from 541 km to Inoucdjuac, to 580 km to the Belcher Islands, and -
700 km to Cape Jones at the entrance to James Bay.

ShouTld an o011 spill occur, contingency plans are designed to quick]y
contain the spill in the immediate vicinity of the rig. In the remote event
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of a major and prolonged oil spill, .available wind and current data suggest
that on average the spill would move towards the southeast. PreVai1ing winds
during the open-water season are from the northwesterly sector with a most
frequent speed of 5-10 m/sec. Extreme geostrophic wind speeds may aVerage
over 25 m/sec for periods over 4 days {see Section 2). Drifter buoy measure-
ments indicate daily passages of up to 20 km per day during storm passages
(see Section 3). As a first order estimate, based on available data and o1l
spill trajectory analysis off the Hibernia oil field (EAG, 1983), the spill
could travel from 10 to 50 km per day. Thus for the minimum 250 kilometre
distance, it appears that the shortest time for an 0il spill to reach shore
would be in the Qicinity of 5 days and on aVerage probably Tonger than 10 to
15 days. Over this period of time, the spill is Tikely to be highly degraded
and emulsified with over 90 percent of the volatiles evaporated.

0i1 Spill Contingency Planning

The Atmospheric Environment Service developed an 0i1 spill trajectory model for real
time usage (Sahota and VenKatesh 1978). Real time models are intended for appli-
cation at the time of the actual spill event and require as input into the model
the most up-to-date information on winds, currents, and sea state. These same
parameters have to be.provided as forecasted quantities to predict the spill be-

havior over the following period of hours or days.

Scenario type oil spill models are required for the contingency plan to as-

sess the potential spill behaviour prior to any actual accident occurring.

In order to predict responses to mean and extreme situations, scenario

models require, as input, data representative of the events to be synthesized.
Meteorological and oceanographic data would be supplied on a time-series basis and
the accuracy of predictions by a given model would depend on the representativeness

of data chosen for testing.
There are two fundamental types of scenario models. There is the deterministic model

which utilizes measured data to produce model results which would be identical when-
ever the model is run with the same input fields. Interpretation of the results
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would result from analysis of a number of model runs on a time—averaged'basfs. Sta-
tistical scenario models on the other hand utilize synthetic data as generated by a
statistical process from basic paraméteks‘to provide the input fields to the model.
Fach model run would have a different predicted output. The model would then have

to be run repeatedly for a significant analysis of the results on a statistical basis.

The AES real time model was deﬁe1oped in a deterministic mode and later converted to
scenario use by Hydrospace Marine Services {1981) with specific applications in the
Hibernia - Ben Nevis 0il fields. In thejr study, constant geostrophic winds as de-
rived from gridded pressure data were used as input data. The Environmental Appli-

cations Group (1983) subsequently modified the model o incluce spatially varying
wind input data.

Analysis of the available data {Section 2 and 3) indicates sufficient data exist
for Hudson Bay to run an 0il spill trajectory model for contingency planning.
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