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ABSTRACT

A baseline inventory of water chemistry, sediment and
biological conditions was undertaken by the Environmental Protection
Service on the Beaufort Sea coast of the Yukon in August 1982. Inves-
tigations were conducted in two areas of potential development at King
Point and Stokes Point with samples being collected from lake, lagoon
and nearshore marine habitats.

The nearshore marine stations were predominated by the Arctic
water mass with localized mixing occurring. Sediment metal levels and
0oils and grease levels were found to be typical of other Beaufort Sea
sediments. Twenty three species of benthic invertebrates were
identified. Four species not previously recognized in other Beaufort
Sea literature were identified in the Stokes Point nearshore marine
samples.

The lagoons have brackish water characteristics reflecting
recent closure and separation from marine water. King Point lagoon
exhibits lower salinity and conductivity than Stokes Point lagoon. One
station at Stokes Point Lagoon showed excessively high oils and grease
levels.

Water chemistry data from the freshwater 1lake sample
indicated low nitrite, nitrate levels.

Tissue samples were obtained from two fish species and one
isopod species and analyzed for extractable metals.
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RESUME

Le Service de Protection de 1'Environnement a procede a une
etude de base sur les caracteristiques physico-chimiques de 1'eau, des
sédiments et conditions biologiques de 1a mer de Beaufort sur la cote
du Yukon en aout 1982. Les investigations ont portees sur deux regions
susceptibles d'etre dévéloppées; King Point et Stokes Point.  Des
echantillons provenant de lacs, lagunes, et habitats marins ont ete
reécoltes.

Les stations marines refletent les caractéristiques des eaux
arctiques bien que parfois 1'on note 1'influence des eaux douces dans
la zone de brassage. Les quantites de métaux, huiles et graisses
contenues dans les sédiments sont typiques des résultats obtenus des
sédiments de la mer de Beaufort provenant de différentes éetudes.
Vingt-deux espéces d'intertébrés benthiques ont ete idenfiées. Quatre
nouvelles espéces, jamais rencontré dans les précédentes études de la
mer de Beaufort, ont été identifiédes dans les échantillons des stations
marines prés de Stokes Point.

Les lagunes contiennent des eaux saumatres réfletant 1la
récente fermeture du bras de mer. La lagune a King Point présente une
salinité et conductivité plus faible que 1a lagune a Stokes Point. Une
des stations de la lagune de Stokes Point indique un présence excessive
d'huile et graisse.

Les données chimiques de 1'eau des lacs indiquent un faible
taux de nitrate et nitrite.

Les échantillons de tissus pour 1'analyse des métaux extrac-
tables, furent obtenus de deux espéces de poisson et une espéce

d'ispode.
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1 INTRODUCTION

Two areas on the Yukon's north coast have been proposed as
potential locations for deep water port and associated land facilities
by companies involved in Beaufort Sea hydrocarbon exploration and
production. Stokes Point, favored by Gulf Canada Resources Incorpor-
ated, and King Point, favored by Dome Petroleum Limited, are located
225 km and 200 km, respectively, west of Tuktoyaktuk, Northwest
Territories, the present centre of activity for hydrocarbon activities
in the Beaufort Sea (Figure 1). Gulf Canada Resources have proposed a
deep water port and shore based staging area to support deep water
drilling platforms and as an overwintering maintenance facility during
exploration and production phases. Dome Petroleum has identified King
Point as a potential deep water port and land based facility for the
production phase of hydrocarbon development in the area. The present
use of the areas is largely by Inuit hunters from the Mackenzie Delta
who establish temporary camps along the coast during whaling trips.
Stokes Point has remnants of an abandoned DEW Line development,
consisting of fuel tanks, a building and a landing strip.

Relatively little site specific information exists regarding
water and sediment characteristics for these areas. There is also a
scarcity of information on benthic invertebrates for the nearshore
habitats in these specific locations and the area in general. The
information that is available comes from reports done in the 1970's in
support of the Arctic Gas proposal and more recently from the Environ-
mental Impact Statement prepared by Dome, Esso and Gulf in support of
Beaufort Sea activities.

The Environmental Protection Service (EPS) Yukon Branch in
August 1982 undertook a baseline inventory study to obtain additional
site specific data which could subsequently be used for proposed
project review and impact assessments. Measurements of water quality
(salinity, temperature, dissolved oxygen) and sediment characteristics
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(particle size, heavy metals, oils and greases) were made. Species
composition of benthic invertebrate communities 1in the nearshore
marine, lagoon and freshwater lake habitats were determined by benthic

grab samples.



2 STUDY AREAS

The study areas are located near Stokes Point (69°20'N,
138°43'W) and King Point (69°07'N, 137°57'W) along the Beaufort Sea

coastline of the Yukon Territory (Figuré 1).

Data was collected at eight sampling stations in each study
area. The Stokes Point sampling included five stations in the
nearshore marine zone, two in the brackish lagoon, and one in a
freshwater lake (Figure 2). The sampling at King Point consisted of
five stations in the nearshore marine zone and three in the brackish
lagoon (Figure 3).

Aerial photographs of the Stokes Point and King Point areas
are shown in Figures 4 and 5 respectively.
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FIGURE 4 AERTAL PHOTOGRAPH OF THE STOKES POINT AREA. VIEW
IS TO THE NORTH WITH THE EASTERN PORTION OF LAGOON
IN FOREGROUND.

FIGURE 5 AERTAL PHOTOGRAPH OF THE KING POINT AREA. VIEW IS
TO THE NORTH WITH LAGOON IN FOREGROUND.



3 METHODS

Field work was conducted during the period August 4-7, 1982.
Sampling was completed in the following order: Stokes Point Stations 3
to 8 on August 4, Stokes Point Stations 1 and 2 on August 5, King Point
Stations 4 to 8 on August 6, and King Point Stations 1 to 3 on August
7. MWeather conditions during this period varied from cool and windy at
Stokes Point and improved to be sunny and calm at King Point. Tides
during the survey fluctuated between 0.13 and 0.92 meters above chart
datum (F.E. Stephenson, 1983).

Each station was sampled once during the survey. Information
on water quality was collected at two depths, surface and 0.5 m above
bottom. Three sediment and five bottom fauna samples were attempted at
each station. Sample collection and preservation procedures followed
the methods described in Environment Canada (1976), Pollution Sampling
Handbook .

A summary of the data collected and analyzed is shown in
Table 1.

The marine stations were sampled from an inflatable boat,

while an existing wharf was used to access the freshwater station. The
marine stations were located along the five meter isobath {(which was
determined to be well below the extent of bottom freezing) and
established by using a sounding line from the surface. An anchor was
used to remain stationary while the data was systematically collected
in the following order: water quality parameters, sediment samples,
and bottom fauna. '

The following sections provide a more detailed account of the
methods employed.

3.1 Water Quality
The parameters measured in the field were temperature, pH

(freshwater only), conductivity and salinity. The surface water
temperature was recorded using a standard centiqrade thermometer. The
lower level temperature, as well as the salinity and conductivity, was
measured using the YSI Model 33 conductivity meter.

L]



TABLE 1 SUMMARY OF THE DATA COLLECTED AND ANALYZED

FIELD LABORATORY
COLLECTION ANALYSIS

SAMPLING
STATION

STOKES POINT

1 X - 3 5 - - X X X X
2 X 3 5 - X X X X
3 X 3 0 X X X -
4 X - 0 0 - - - -
5 X - 3 5 - - X X X X
6 X - 3 5 - - X X X X
7 X 2 3 3 X X X X X X
8 X - 3 5 - - X X X X
KING POINT
1 X - 3 5 - - X X X X
2 X - 3 5 X X X X
3 X 3 5 X X X X
4 X 2 0 X X X -
5 X - 0 0 - - - - - -
6 X - 3 3 X X X X
7 X - 3 5 - X X X X
8 X - 3 5 - - X X X -

X = samples and analysis completed.




- 10 -

Water samples were collected to determine dissolved oxygen
(DO) and non-filterable residue (NFR) content. The surface water
samples were collected directly into the appropriate container, while
the Tower level water was collected using a Kahlsisco Model 135 water
sampler. All containers were rinsed with sample water at least three
times before filling.

The non-filterable residue samples were filtered through a
preweighed, 1.5 um glass fibre filter in the field. The filter was
sealed in tin foil, placed on dry ice and subsequently analyzed at the
Environmental Protection Service laboratory in Whitehorse.

The dissolved oxygen samples were preserved in 200 ml glass
DO bottles with a solution of manganese sulfate and alkali-jodide-
oxide. The dissolved oxygen levels were done in duplicate and deter-
mined in the field within 24 hours using the modified Winkler method
described in Environment Canada (1976). Percent saturation was
calculated by the method of Strickland and Parsons (1968).

Water samples for nutrient and extractable metal analysis
were collected at the freshwater station (Stokes Point Station 7). The
sample for nutrients was collected in a two-litre polyethylene
container and kept cool. The sample for extractable metals was
collected in a 200 ml polyethylene container and preserved with
concentrated nitric acid, as described in Enviromment Canada (1976).
Both samples were shipped for analysis to the Environmental Protection
Service laboratory in West Vancouver, British Columbia.

The preservation and analysis procedures for each water
quality paramater are listed in Appendix I, Table 1.

3.2 Sediment

Sediment samples were collected with an Ekman dredge at the
marine stations, while an aluminum scoop shovel was used at the fresh-
water lake station. Samples were placed into geochmical sample bags
and then inside plastic WhirlpackTM bags. Samples were immediately
frozen on dry ice and maintained at a cool temperature throughout
transport.

L LTl
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The sediment samples were analyzed for extractable oils and
grease, extractable metals and particle size at the Environmental
Protection Service laboratory in West Vancouver. A description of the
sediment sample preparation and analysis is shown in Appendix I, Table
2.

3.3 Bottom Fauna
Bottom fauna samples were obtained at the marine stations

using an Ekman dredge (0.023 m2). Five replicate grabs (0.115 m2)
were chosen to represent each station (P. Wainwright pers. comm.).
These samples were sieved through a screen with a mesh opening size of
0.500 mm. The freshwater station was sampled using a Surber sampler
(0.093 m2) with a mesh opening size of 0.363 mm.

A1l samples were preserved in a 10% formalin solution.
Samples were identified and enumerated by Dr. Charles J. Low, a
consulting invertebrate biologist, in Nanaimo, British Columbia. Dr.
Low conferred with Ed Bousefield of National Museum of Canada in Ottawa
for identificaton of serveral organisms.

To numerically compare the invertebrate data, diversity
indices were calculated using the following formula as described by
Pielou (1975):

9
Species Diversity (H') = -z (Pj logjg Pj)
i=1

where P; = nj/N
n; = total number of individuals in the
ith genus in one sample
N = total number of individuals identi-
fied to genus and/or species
taxonomic level in one sample
g = total number of genera in one sample
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3.4 Tissue Samples

Tissue samples were obtained from local biota caught in a
nylon mesh gill net set near King Point by a Department of Fisheries
and Oceans field crew. A 100 g tissue sample was removed from the mid
dorsal muscle area of a 30 cm long Arctic char (Salvelinus alpinus) and
a 20 cm long fourhorn sculpin (Myoxocephalus quadricornus). Also,
eight isopods, Saduria entomen (Mesidotea entomen), found feeding on
the entrapped fish were collected. Since the isopods, which are
normally detritus feeders, were engorged with fish tissue, the viscera
were extracted and analyzed separately from the body.

The tissue samples were frozen and forwarded to the
Environmental Protection Service laboratory in West Vancouver for metal
analysis. The samples were analyzed using the Inductively Coupled
Argon Plasma (ICAP) combined with Optical Emission Spectrometer as
described for sediment analysis in Appendix I, Table 2. The prepara-
tion of tissue for this analysis involved freeze drying and grinding to
obtain a homogeneous mixture. The sample was then decomposed of

organic material using low temperature ashing and dilute acid as
described in Department of Environment (1979).

L3
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4 RESULTS AND DISCUSSION

The results and discussion for the water quality, sediment
and bottom fauna data have been subdivided into the following habitat
categories: (i) nearshore marine, which includes Stokes Point Stations
3 to 8, excluding Station 7, and King Point Stations 4 to 8; (ii)
lagoons, which comprise Stokes Point Stations 1 and 2 and King Point
Stations 1 to 3; and (iii) freshwater lake, which includes Stokes Point
Station 7 only.

4.1 Water Quality

The water chemistry data collected at Stokes Point and King
Point are summarized in Appendix 1I, Tables la and 1b, respectively.
The results of the water quality analysis for nutrients and extractable
metals in the freshwater lake, Stokes Point Station 7, are presented in
Appendix II, Table 2.

4.1.1 Nearshore Marine. Stokes Point and King Point nearshore
stations were experiencing similar oceanographic conditions during the
sampling period. All samples were within a salinity range of 29.0 to
35.3 9/00 and a conductivity range of 26,400 to 31,500 umhos/cm. The

salinity values approximate those found further offshore in the Arctic

water mass by Wong et al (1975).

Mean surface water temperatures at Stokes Point and King Point
were similar being 7.1 and 7.8 C, respectively. The mean difference
between surface and near bottom levels were 0.9 C in both study areas.
Dissolved oxygen levels were consistently high; in fact, all samples
were supersaturated (102.1 to 108.9 %).

The salinity and temperature data showed no vertical column
structuring and the variations between stations did not occur in any
pattern.  This indicates that localized mixing is occuring which is
typical of open coastal waters. The data also suggests that the
Mackenzie River influence was not present during the sampling period due
to the consistently high salinity and low temperature measurements.
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A regional variation was evident from the non-filterable
residue measurements. Non-filterable residue or suspended solids is an
indicator of the quantity of suspended inorganic and organic material,
including plankton, in the water column. The Stokes Point stations had a
mean suspended solids value of 12.9 mg/1 (range 9 to 18 mg/1) while the
~King Point stations had a mean value of 5.3 mg/1 (range 4 to 10 mg/1).
This variation is attributed to differential suspended sediment 1loads
produced from wave action and longshore drift and the variability in the
standing stock of plankton. The similarity observed between suspended
solids concentrations in the lagoons with the adjacent nearshore marine
stations may suggest a dominant influence of plankton in the results, as
it is unlikely that suspended sediment levels in the 1lagoons would be
similar to the adjacent nearshore zone.

4.1.2 Lagoons. The lagoons near Stokes Point and King Point had
higher water temperatures and lower salinity and conductivity values
than the nearshore marine stations. The non-filterable residue concen-
trations corresponded closely to the adjacent nearshore marine stations
as previously discussed. Both lagoons were well mixed as neither showed
significant differences in temperature and salinity at the surface and
near bottom levels.

The lagoons differed considerably in water chemistry para-
meters. The Stokes Point lagoon had mean surface salinity and conduc-
tivity readings of 19.90/00 and 19,650 umhos/cm respectively, while the
King Point lagoon had a considerably lower mean surface salinity of
6.60/00 and a mean conductivity of 7,130 umhos/cm. The near bottom
mean salinity values at the Stokes Point and King Point lagoons were 20.3
and 6.6 %/00 respectively. In the summer of 1975, Kendel et al (1975)
recorded near bottom salinities of >40.00/00 at the Stokes Point lagoon
and 37.69/00 at the King Point Lagoon.

The differing salinity readings of these two studies suggests
that the lagoons exhibit considerable variations in water chemistry.
Kendel et al recorded the presence of a halocline while the current study
indicates thorough mixing of the water column.

i
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4.1.3 Freshwater Lake. The water samples from the freshwater

lake were analyzed for nutrients and extractable metals in addition to
the standard water chemistry parameters. This data is presented in
Appendix II, Table 2, along with a comparison to recommended levels for
drinking water and healthy aquatic life. The discussion that follows
is based upon the analysis of one water sample only, therefore, the
interpretations made are dependent upon the reliability of this
sample.

Turbidity exceeded the recommended level for drinking water
by 2.5 Formazin Turbidity Units (an FTU 1is comparable to the
conventional Jackson Turbidity Unit - APHA, AWWA, WPCF; 1981). This,
combined with the non-filterable residue reading of 9 mg/1, suggests
that the water has been slightly turbulent during the sampling period.
This is consistent with McCart et al (1974), who reported that "tundra
lakes tend to remain turbid throughout the open water season due to the
constant turbulence resulting from strong winds".

Concentrations of nitrite and nitrate were below the
detectable 1imits of 0.005 and 0.01 mg/1 respectively while the concen-
trations of phosphorus (0.803 mg/1) and ammonia (0.032 mg/1) exceeded
the recommended gquidelines for aquatic life (0.02 for both). This
nitrogen-phosphorus relationship 1is contrary to Wetzel's (1975)
description of oligotrophic 1lakes which this particular lake was
considered to be. Since oligotrophic lTakes typically possess nitrogen
mainly as nitrites and nitrates and relatively low levels of phos-
phorus, the results obtained seemed unusual and suggested possible
degradation of the sample during storage and transport. Three other
freshwater samples taken two days later and subjected to similar
collection, transportation and analytical procedures showed the
presence of nitrogen as nitrites and nitrates. Therefore the sample
data from the lake is considered valid and suggests that at the time of
sampling the nitrogen available to organisms as nitrites and nitrates
was assimilated by organisms and was not present in the lake waters.

Concentrations of iron (0.758 mg/1) exceeded the recommended
levels for drinking water (0.3 mg/1) and copper concentrations (0.007
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mg/1) slightly exceeded the recommended levels for aquatic life (0.005
mg/1). The elevated iron concentration would contribute to the color
reading of 15 color units.

The concentrations of aluminum (0.09 mg/1) and zinc (0.026
mg/1) were approaching the recommended levels for aquatic life (0.1 and
0.03 mg/1 respectively). A1l of the other extractable metals analyzed
were below the recommended levels obtained from the references.

4.2 Sediment

The results of the particle sizing of sediment samples
collected at Stokes Point and King Point are shown in Appendix III,
Tables 1a and 1b respectively. The results of the oils and grease, and
extractable metal analysis, are presented in Appendix III, Tables 2a
and 2b.

Sediment samples were not obtained from Stokes Point Station
4 and King Point Station 5 due to the gravelly substrate interferring
with the operation of the Ekman dredge. As well, only two sediment
samples were collected from King Point Station 4.

4.2.1 Nearshore Marine. The percent composition of particle
size fractions varied considerably between stations indicating a
heterogeneous or patchy distribution of sediment types. However, there
was good correlation among the samples representing a particular

station.

The substrate at Stokes Point ranged from gravel, at Stations
3 and 4, to fine sand at Stations 5, 6 and 8. At King Point, a mixture
of gravels and silts were found at Stations 5 to 8 and coarse sand at
Station 4. There was a considerable difference in the mean percent
composition of particles less than 0.15 mm ranging from 15.1% at King
Point Station 4 to 96.8% at Stokes Point Station 6. This is important
because the extractable metal analysis is based upon this particle size
fraction.

The term o0ils and grease is a collective group of natural
oils, fats and hydrocarbons and the readings represent the concentra-
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tion of those which are soluble in petroleum ether solvent. The oils
and grease content at the Stokes Point nearshore stations had a mean
concentration of 142 mg/kg (range <56 to 553 mg/kq), compared to a mean
of 206 mg/ka (range 69 to 343 mg/ka) at the King Point nearshore
stations. Results from a similar study done in MacKinley Bay (Fenton
and Wainwright, 1982) using the hexane extraction method found concen-
trations up to 257 mg/kg and confirmed these to be normal background
values through gas chromatrographic analysis.

Table 2 shows the mean concentrations of selected extractable
metals. The results from each of the nearshore zones fall within the
same order of magnitude. The Stokes Point nearshore zone was consist-
ently lower than the King Point nearshore zone in levels of arsenic,
chromium, copper, iron, manganese, nickel and zinc. Both nearshore
zones had similar concentrations of silver, mercury, lead, and cadmium.

Figure 6 shows the level for arsenic, chromium, copper, iron,
lead, mercury and zinc compared to data derived from Dome, Esso and
Gulf (1982). Direct comparison to the Beaufort Sea data must be made
with caution because the current study analysed the metal concentra-
tions in the particle size fraction less than .15 mm while the Beaufort
Sea studies analysed the whole sediment sample. Since there is an
inverse relationship between grain size and extractable metal concen-
trations, our mean values should be invariably higher. However, since
there are substrates with a predominance of particle sizes less than
.15 mm (very fine sand, silt, and clay), the range of values should
overlap and comparisons can be drawn.

The sediment metal concentrations presented in Figure 6 show
no significant variation from the ranges reported at other Beaufort Sea
locations except for mercury. The higher mercury concentrations
expressed in the current study could be due to the above mentioned

reasons.

4.2.2 Lagoons. The substrate in the two lagoons were similar in
being fine textured and lacking gravel. The mean percent composition
of particle size fractions less than 0.15 mm was 71.5% at Stokes Point
and 68.6% at Kina Point.
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Figure @ Comparison of selected extractable metal concentrations in
sediment samples to other Beaufort Sea studies.
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Figure 6 Comparison of selected extractable metal concentrations in
sediment samples to other Beaufort Sea studies (continued).
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Figure 7 shows the mean oils and grease content in sediment
at all stations. The levels of o0ils and grease were generally higher
in the lagoons (mean 726 mg/kg) compared with the nearshore stations
(mean <177 mg/kg). In particular, Stokes Point Station 1 had the
highest oils and grease mean content of 1,890 mg/kg (range 1,190 to
2,340 mg/kg). This significantly higher concentration indicates the
presence of a localized source of oils and grease. However, the source
cannot be identified due to the broad range of compounds measured by
the analytical procedure.

The sediment metal analysis showed no significant difference
between the two lagoons. The concentrations also compared closely to
the results from the King Point nearshore stations but were consist-
ently higher than the Stokes Point nearshores stations in all of the
selected elements except arsenic (Table 2). The sediment mercury
levels in the lagoons (mean 0.32 mg/kg) were slightly higher than the
nearshore stations (mean 0.25 wmg/kg). Considerable variation was
observed in the sediment cadmium levels for Stokes Point Stations 1-2,
1-3 and 2-2 and King Point Stations 1-2 and 2-3 (Appendix III, Tables
2a and 2b). In replicate grab samples, sediment cadmium ranged from
below detection limit of 0.3 mg/kg to 6.3 and even 43.1 mg/kg. This
wide variation, combined with no correlation to other metal elements,

suggests that these readings are unreasonable. The most probable
explanation would be contamination of the sample after collection.

4.2.3 Freshwater Lake. The substrate in the lake was gravel with

a very low proportion of particles less than 0.15 mm (mean 0.6%). This
resulted in having insufficient quantity to complete the extractable
mercury analysis on samples 7-1 and 7-2.

The results from the analysis for oils and grease and
extractable metals generally fall within the ranges established at the
nearshore marine stations.
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4.3 Bottom Fauna

A taxonomic 1list which outlines the benthic organisms
collected is presented in Appendix IV, Table 1. Results of the
analysis of bottom fauna samples are provided in Appendix IV, Tables 2a
and 2b. Organisms for which the identification is tentative are shown
in parentheses. A summary of the data collected in each grab sample is

shown in Tables 3a and 3b.

A total of 51 bottom fauna samples were analyzed from 11
sampling stations. Samples were not obtained from Stokes Point
Stations 3 and 4 and King Point Stations 4 and 5 due to the gravelly
substrate. As well, only three samples were collected at Stokes Point
Station 7 and King Point Station 6. The samples from King Point
Station 8 were lost during transit.

4.3.1 Nearshore Marine. Fifteen samples (0.345 m2 sample area)
were collected from the three stations comprising the Stokes Point
nearshore marine zone. Eight samples (0.184 m2 sample area) were
analyzed from the two stations representing the nearshore zone at King

Point.

Twenty-three species were identified in the nearshore
samples. The most abundant groups were the pelecypods (bivalves) and
polychaetes representing 54% and 36%, respectively, of the total number
of individuals collected. Kendel et al (1975) and Broad et al (1979)
agree with this generalization, but they also recognize amphipods as a
common inhabitant of the nearshore zone. The low number of amphipods
recorded in our data is probably due to their ability to avoid
entrapment in the Ekman dredge (Griffiths and Dillinger, 1981).

Eight species of polychaetes and five species of pelecypods
were found in the nearshore zone. Species most frequently represented
were Malacoceros fulginosus and Boreacola vadosa. Several species

identified only in the Stokes Point nearshore samples had not been
previously recognized in other Beaufort Sea literature (P. Wainwright,
pers. comm.). These included an amphipod, Priscillina monocuspis (new
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TABLE 3a  SUMMARY OF THE BOTTOM FAUNA DATA COLLECTED AT STOKES POINT

STATION- NUMBER OF DIVERSITY DENSITY
SAMPLE SPECIES PRESENT (H') (no./m2)
1-1 5 0.39 4520
1-2 3 0.41 2520
1-3 4 0.31 4040
1-4 5 0.39 3910
1-5 5 0.35 6170
2-1 7 0.40 5090
2-2 6 0.36 4610
2-3 7 0.42 3700
2-4 6 0.45 3740
2-5 5 0.35 4430
5-1 8 0.67 2000
5-2 8 0.66 1570
5-3 8 0.75 830
5-4 9 0.77 1220
5-5 9 0.76 1090
6-1 5 0.57 570
6-2 9 0.68 1000
6-3 12 0.86 1130
6-4 10 0.70 1390
6-5 7 0.59 700
7-1 2 0.30 90
7-2 2 0.0 130
7-3 0 0.0 0
8-1 3 0.30 130
8-2 8 0.83 350
8-3 10 0.96 740
8-4 5 0.68 260
8-5 7 0.71 430
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TABLE 3b  SUMMARY OF THE BOTTOM FAUNA DATA COLLECTED AT KING POINT

STATION- NUMBER OF DIVERSITY DENSIT

SAMPLE SPECIES PRESENT (H") (no./m)
1-1 4 0.41 1000
1-2 3 0.38 780
1-3 5 0.47 830
1-4 5 0.51 1040
1-5 3 0.29 740
2-1 5 0.45 870
2-2 3 0.41 220
2-3 4 0.35 1740
2-4 4 0.52 910
2-5 0 0.0 0
3-1 5 0.50 1650
3-2 5 0.51 2170
3-3 4 0.46 1350
3-4 3 0.35 1910
3-5 5 0.53 2650
6-1 3 0.38 260
6-2 1 0.0 90
6-3 2 0.22 220
7-1 2 0.30 170
7-2 0 0.0 0
7-3 3 0.0 300
7-4 0 0.0 0
7-5 2 0.0 90
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species identified by Ed Bousefield, National Museum of Canada,
Ottawa), two bivalves, Boreacola vadosa and Portlandia intermedia and a

polychaete worm, Hobsonia florida.
The average number of species per station was 14 at Stokes

Point and 4 at King Point. In a similar study, Kendel et al (1975)

found 4 species per station at the 2.5 m depth and 25 species per
station at the 12.5 m depth at Stokes Point, and 9 species per station
at the 13 and 16 m depths at King Point. Wacasey (1975) stated that in
water depths less than 15 m, diversities were normally less than 20
species per station and that diversities increased in zones greater
than 15 m din depth. Wacasey also reported that invertebrate
populations in the nearshore zone fluctuate considerably due to the
inability of many species to tolerate the low salinities and unstable
conditions.

Stokes Point and King Point nearshore ‘samp1es had wmean
diversity index values of 0.70 (range 0.30 to 0.96) and 0.11 (range 0.0
to 0.38) respectively.

The population densities also differed greatly with a mean
density of 890 individuals per meter squared (range 130 to 2,000/m2)
at Stokes Point and a mean density of 140 individuals/m2 (range 0 to
300/m2) at King Point. Kendel et al (1975) reported considerably
Tower densities at Stokes Point (439/m2 at 12.5 depth) and similar
densities at King Point (168/m2 at 13.0 m depth).

In summary, the Stokes Point nearshore samples revealed
consistently higher values in density, species diversity, and diversity
index, as well as having the presence of several unique species.
Further study 1is necessary in the Stokes Point nearshore zone to
qualify whether the benthic community is different from other Beaufort
Sea nearshore habitats. It should be noted that the comparatively
lower values observed at King Point were partially attributed to the
Tower sample size and does not necessarily reflect a substantially
lower bottom fauna population.
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4.3.2 Lagoons

Ten bottom fauna samples were collected from the Stokes Point
lagoon and 15 samples from the King Point lagoon. This represents a
sampling area of 0.23 me and 0.345 m2, respectively, in the Stokes
Point and King Point lagoons.

Seventeen species were found in the lagoon habitats. of
these, polychaetes, amphipods and pelecypods were the most represented
taxonomic groups with 4, 2 and 4 species, respectively. However, in
terms of abundance, the polychaetes and amphipods comprised 61% and 34%
respectively of the total number of individuals sampled. Species
frequently represented were Nephtys brachycephé]a, Laonice sp. and
Byblis sp. The polychaete worm, Nephtys brachycephala, which was well
represented in both lagoons, has not been recognized in other Beaufort
Sea studies (P. Wainwright, pers. comm.). Species more characteristic
of freshwater, such as the two bivalves Yoldia myalis and Macoma

insconspicua and the mysid, Mysis occulata, were found in very low
numbers at the King Point lagoon and absent in the Stokes Point lagoon
samples. C. Low (pers. comm.) expressed some uncertainty with the
identification of the latter three organisms. Although their presence
would confirm the lower salinity observed in the King Point lagoon and
may reflect a trend of decreasing sa]inity.

Eleven species were identified in the Stokes Point 1lagoon

with an average of eight species per station. In the King Point
lagoon, ten species were recordedlaveraging seven species per station.
In comparison to the midsummer survey conducted by Kendel et al (1975),
which recorded three and eight species per station respectively in the
Stokes Point and King Point lagoons, the results of the present study
show more diversity in the Stokes Point lagoon. ‘

The two lagoons had similar diversity indices. The mean
diversity index for samples from Stokes Point lagoon was 0.38 (range
0.31 to 0.45), and 0.41 (range 0.0 to 0.53) at King Point lagoon.

The Tlagoons differed considerably when comparing the
population densities. Stokes Point lagoon had a mean density of 4,270
individuals/m¢ (range 2,520 to 6,170/m2) and the King Point lagoon
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had 1,190 individuals/m2 (range 0 to 2,650/m2). In a similar
study, Kendel et al (1975) found significantly lower densities of
13/m2 and 168/m2 at Stokes Point and King Point lagoons, respec-
tively. Griffiths et al (1975) reported a range of 650-4,161 individ-
uals/m in a summer survey at the Nunalak Lagoon, also on the Yukon
Beaufort coast.

4.3.3 Freshwater Lake

The sampling of the freshwater 1lake consisted of three
samples collected from one station (0.279 m2 sampling area) at 0.2 m
depth. The resulting data was sparse from which no firm conclusions

can be drawn.
A total of five organisms were collected with a calculated

mean density of 70 individuals/m2 (range O to 130/m2). In a survey
of a similar lake located 5 km east of the sample site, de Graaf (1974,
as cited in Gulf Canada, 1982), reported a mean density of 180
individuals/m2 in six samples from depths of 1.0 and 1.25 m.
However, in the 2 m and 3 m depths, de Graaf found substantial
increases in densities to 1,000/m2 and 4,870/m2, respectively.

4.4 Tissue Analysis

The results of extractable metal analysis in tissue samples
are presented in Appendix V, Table 1. The data is calculated on a dry
weight basis.

In Figure 8, the results for cadmium, copper, chromium,
mercury, lead and zinc are plotted against data derived from Dome,
Esso, and Gulf (1982). The purpose of this is to determine how our
single samples fit within the ranges established in more extensive
studies. Caution is advised when drawing direct comparisons because
our data is reported as extractable metals compared to total metals in
the other studies.

1
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Figure 8 Comparison of selected extractable metal concentrations in

tissue samples to other Beaufort Sea studies.
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Figure 8 Comparison of selected extractable metal concentrations in

tissue samples to other Beaufort Sea studies (continued).
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APPENDIX I

COLLECTION, PREPARATION AND ANALYSIS
OF WATER AND SEDIMENT SAMPLES
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APPENDIX IV

BOTTOM FAUNA DATA
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TABLE 1 A TAXONOMIC LIST OF THE BENTHIC ORGANISMS
COLLECTED AT STOKES POINT AND KING POINT
(the numbers correspond to the organism
referenced in Appendix IV, Table 2)

(o2&, ]
. .

10.
11.

12.
13.

Phylum
Class
Order
Family
Genus species

Nemertea
Anopla
Paleonemertea
Carinoma mutabilis

Nemathelmia
Nematoda

Annelida
Chaetopoda
Polychaeta
Suborder: Nereidiformia
Phyllodocidae
Eteone longa
Eteone sp.

Nephthydidae
Nephtys brachycephala

Aricidae
Scoloplus sp.

Suborder: Spioniformia
Spionidae
Laonice sp.
MaTacoceros fulginosus

Suborder: Terebelliformia
Cirratulidae
Cirratulus sp.

Terebellidae
Terebellides stroemi




- 6] -

APPENDIX IV TABLE 1 A TAXONOMIC LIST OF THE BENTHIC ORGANISMS
COLLECTED AT STOKES POINT AND KING POINT
(the numbers correspond to the organism
referenced in Appendix IV, Table 2)(continued)

Ampharetidae
14. Hobsonia florida
Suborder: Capitelliformia
Capitellidae
15. Capitella capitata
16. O0ligochaeta
17. Enchytraeidae
Gephyrea
Priapulida
18. Priapulus sp.
Arthropoda
Crustacea
19. Subclass: Ostracada
Subclass: Copepoda
Calanoida
Centropagidae
20. Limnocalanus macrurus
21. Subclass: Cirripedia
Subclass: Malacostraca
Mysidacea
Mysidae
22. Mysis occulata
Cumacea
Diastylidae
23. Diastylis alaskensis
24, Diastylis sp.
Isopoda
Idoteidae
25. Saduria entomen (Mesidotea entomen)
Amphipoda
Suborder: Gammaridea
Ampeliscidae
26. Byblis sp.
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APPENDIX IV TABLE 1 A TAXONOMIC LIST OF THE BENTHIC ORGANISMS
COLLECTED AT STOKES POINT AND KING POINT
(The numbers correspond to the organism
referenced in Appendix 1V, Table 2)(continued)

Oedocerotidae
27. Paroediceros lynceus*
Pontoporeidae
28. Priscillina monocuspis*
Gammaridae
29. Gammarus lacustris
30. Gamaracanthus lToricatus
Insecta
Plecoptera
Perlodidae
31. Kogotus sp.
Tricoptera
Limnephilidae
32. Clostoeca sp.
Mollusca
Pelecypoda
Prionodesmacea
Nuculidae
33. Yoldia myalis
Nuculanidae
34. Portlandia artica
35. P. intermedia
Teleodesmacea
Tellinidae
36. Macoma balthica
37. M. moesta
38. M. inconspicua
Saxicavidae
39. Cyrtodaria kurriana
Montacutidae
40. Boreacola vadosa
* Taxonomic identification by E. Bousefield, National
Museum of Canada, Ottawa.
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TABLE 1 A TAXONOMIC LIST OF THE BENTHIC ORGANISMS
COLLECTED AT STOKES POINT AND KING POINT
(the numbers correspond to the organism
referenced in Appendix IV, Table 2)(continued)

41.

Gastrapoda
Subclass: Opisthobranchia
Tectibranchia
Scaphandridae
Cylichna alba
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APPENDIX V

TISSUE ANALYSIS
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