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EXECUTIVE SUMMARY

The Jericho Diamond Project is situated 420 km northeast of Yellowknife in the Northwest Territories. In
anticipation of possible development of this deposit, Canamera Geological Ltd. of Vancouver initiated a baseline
environmental inventory of the area in 1995. R.L. & L. Environmental Services Ltd. was contracted to complete
the aquatic biota component of this inventory. This report summarizes the findings made during the second year

of the baseline aquatic studies program.

The Jericho study area encompasses lakes and streams in the immediate vicinity of the Jericho Diamond Project
Site. Waterbodies were chosen for investigation based on the potential for impacts caused by the development.
Four sampling zones were established. The Mine Operation Zone encompassed Carat Lake and waterbodies
situated downstream of the proposed mine site. The Borrow Extraction Zone encompassed waterbodies in a small
drainage within an esker complex situated immediately north of the proposed mine. The third zone (Tailings
Impoundment/Docking Facility Zone), which was situated to the east, encompassed waterbodies that may be used
for tailings storage and a smail bay of Contwoyto Lake that is the proposed location of the docking facility. The
fourth sampling zone included stream crossings along the proposed corridor for the all-weather route to the Lupin

Mine Site.

During summer, several of the study lakes exhibited thermal stratification. In the Mine Operation Zone, the deeper
basins (>15.5 m) of Carat Lake and Jericho Lake had thermoclines between 10.5 and 15.0 m depth. In the
Borrow Extraction Zone, lakes deeper than 10 m in depth had thermoclines (Lakes O1 and O3). In the Tailings
Impound ment/Docking Facility Zone, the smaller lakes (Lakes D4 and DS5) exhibited thermal stratification
(beginning at 8 m depth), while the bay (14 m deep at sampling site) in the much larger Contwoyto Lake exhibited
isothermal conditions. These data suggest that deeper waterbodies throughout the Jericho study area stratify during
the summer, and therefore, can be classified as dimictic (thoroughly mix twice a year). The shallower basins that

do not stratify can be classified as monomictic (continuous mixing).

Dissolved oxygen concentrations during summer were similar among most lakes in the three zones
(8.5 to 10 mg/L). Contwoyto Lake was unique in that it had the highest dissolved oxygen concentration
(11.4 mg/L). This difference was due principally to lower water temperatures, which allow higher saturation
levels. The water transparency levels were high in all waterbodies, which was indicative of low suspended

materials and low biological productivity.

The phytoplankton communities were similar among the three zones. They were typical of communities found in

subarctic lakes and were indicative of oligotrophic conditions. In general, golden-brown algae (Chrysophyta) and
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diatoms (Bacillariophyta) had the greatest biovolumes, while species of cyanobacteria (Cyanophyta) had the

greatest densities.

The zooplankton communities in the Jericho study area lakes were also typical of subarctic systems, however,
there were differences among the three zones. In general, the zooplankton communities in the Mine Operation and
the Borrow Extraction Zones were dominated by water fleas (Cladocera), which accounted for the majority of the
community biomass. The zooplankton community of the lakes within the Tailings Impoundment/Docking Facility

Zone were dominated by copepods.

Periphyton were sampled from streams in the Mine Operation Zone and the Borrow Extraction Zone. The most
abundant periphytic algae in the Mine Operation Zone streams were the cyanobacteria (Cyanophyta) Lyngbya
limnetica and Gomphosphaerianaegelianum. The most abundant periphytic algae in the Borrow Extraction Zone
stream were the cyanobacterium Microcystis flos-aquae and the diatom Tabellaria flocculosa. The density of
periphytic algae in the Borrow Exaction Zone was lower than in the streams in the Mine Operation Zone. The
reasons for these differences are unclear, however, the results from both zones are indicative of oligotrophic

nutrient conditions.

Benthic macroinvertebrates were sampled from study area lakes and streams. In lakes, mean densities and mean
number of taxonomic groups were greater in the littoral zones than in the profundal zones, which was a reflection
of the higher productivity of shallow-water habitats. Communities within the three study area zones were similar.
Dominant taxa in lakes were chironomids (midges), oligochaetes (aquatic earthworms), and nematodes
(roundworms). The benthic macroinvertebratecommunity in streams were dominated by nematodes (roundworms),
oligochaetes (aquatic earthworms), and chironomids (midges). These results were indicative of oligotrophic

systems with low productivity and short growing seasons.

Fish communities in lakes differed between the three study area zones. Species recorded in lakes in the Mine
Operation Zone included lake trout, Arctic char, round whitefish, burbot, and slimy sculpin, but lake trout was
the numerically dominant species in all lakes. Round whitefish and Arctic char were generally the second most
abundant species, although they were much less numerous. In the Borrow Extraction Zone, seven species of fish
were recorded in sampled lakes. They included lake trout, Arctic char, round whitefish, burbot, Arctic grayling,
ninespine stickleback, and slimy sculpin. Of these species, only lake trout, Arctic char and round whitefish were
numerous. Lake trout dominated fish communities in Lakes O3 and OS. Arctic char was numerically dominant
in Lake Ol. In Lakes O2 and O4, round whitefish was the most numerous fish. Lakes in the Tailings
Impoundment/Docking Facility Zone supported simple species communities; only lake trout and Arctic char were
present. Lake trout was the dominant species in Contwoyto Lake, while Arctic char predominated in Lake D5,

and both species were equally important in Lake D4.
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Seven species of fish were recorded in sampled streams within the Jericho study area. Arctic grayling, Arctic char,
ninespine stickleback, and slimy sculpin were the dominant species, followed by lower numbers of lake trout,
round whitefish, and burbot. Most fish recorded in streams (all except ninespine stickleback and slimy sculpin)
represented younger age classes that utilized the watercourses for rearing purposes. Fish numbers were generally
low in streams, although notable exceptions occurred. In the Carat Lake area, Stream C1 supported a diverse
assemblage of species and it contained the highest number of Arctic char recorded in the Mine Operation Zone.
Likewise, Stream C6 supported the highest density of Arctic grayling in the zone. In the Jericho River area, Arctic
grayling numbers were high in both the upper and lower sections of the main river, as well as in Streams O1, 024,
and 025. One species, ninespine stickleback, was also numerous in the Mine Operation Zone, but its distribution
was restricted to the Jericho River and its tributaries. Arctic grayling, Arctic char, and slimy sculpin tended to
be the most widespread and numerous species in Borrow Extraction Zone streams. Fish numbers were highest in
Stream O18 in the Lake O1 area, Stream O5 in the Lake O6 area, and Stream OS5 in the Lake OS5 area. The
highest number of Arctic char were recorded in Stream O18, while Arctic grayling were most numerous in
Streams 06 and O5. Few fish were recorded in streams in the Tailings Impoundment/DockingFacility Zone. Lake

trout, Arctic char, and slimy sculpin were the only species identified.

Fish populations in the three zones of the Jericho study area exhibited similar biological characteristics.
Length-frequency distributions for lake populations typically were bimodal with larger individuals dominating the
sample. Fish were slow growing and exhibited large variations in length at a given age. Fish populations in the
Jericho study area also matured at a late age. Arctic char and lake trout also exhibited evidence of alternate year
spawning (i.e., nonfecund individuals); between 15% and 30% of mature fish that were examined would not have
spawned in 1996. These biological characteristics were typical of unexploited fish populations residing in subarctic

lakes that have low primary productivity.

Feeding habits of fish in all three zones of the Jericho study area were typical of the species examined and was
dependant on food availability. The most prevalent food groups consumed by all fish species in each zone were
zooplankton and chironomids. Other items consumed were fish, trichopterans, molluscs, and eubranchiopods. The
feeding habits of fish were also dependent on species specific food preferences. Lake trout and Arctic char from
the larger waterbodies (Carat, Jericho and Contwoyto Lakes) consumed fish as part of their diet. Trichopterans,
which are benthic macroinvertebrates, accounted for a large proportion of food items consumed by round

whitefish.

Lakes and streams were evaluated to assess their value as habitat for fish populations. This involved surveys of
lake shoreline and stream channel characteristics and attempts to document fish use of these areas. Lakes in the
Mine Operation Zone tended to be dominated by cobble-boulder substrates. These characteristics provided an
abundance of potential spawning areas for species such as lake trout, Arctic char, and round whitefish. Several

high quality spawning sites were identified and the presence of high concentrations of lake trout at one of these
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locations (north-east corner of Carat Lake) confirmed that it was used for this purpose. The same shoreline
characteristics that provided an abundance of spawning habitat also limited the availability of rearing habitat.
Shoreline areas of waterbodies in the Borrow Extraction Zone were dominated by smaller substrates consisting
of sands and gravels. These characteristics also provided an abundance of potential spawning areas, however, there
was a paucity of lake shore rearing habitat. The shoreline areas of lakes in the Tailings Impoundment/Docking
Facility Zone were dominated by large substrates consisting of cobbles and boulders; bedrock areas were also
identified in some of these lakes. Although not confirmed by concentrations of spawning fish, a shoal situated in
the proposed docking facility bay exhibited characteristics of a high quality lake trout spawning site. Overall, the
characteristics of lakes in the Jericho study area provided the necessary habitat to support self-sustaining fish
populations. Deep-water areas were available as overwintering habitat. Spawning habitat characterized by clean
gravel to boulder-sized substrates was widely distributed in areas sufficiently deep enough to avoid freezing. In

contrast to the availability of potential spawning areas, rearing habitat was limited in distribution and abundance.

Streams in the Jericho study area generally were small, ephemeral watercourses dominated by ill-defined channels
and large substrates. Those that maintained water flow during the entire summer period freeze to the bottom during
winter. As a consequence of these characteristics, fish utilized the habitat provided by these systems on an
opportunistic basis and use was generally restricted to the lower sections. Spawning, rearing, and feeding habitats
were present in varying amounts and were used by fish originating from study area lakes. In the Mine Operation
Zone, Stream C1 in the Carat Lake area was used extensively by Arctic char for rearing. Stream C6 provided
good quality spawning and rearing habit for Arctic grayling. One larger system in the Interbasin area (Stream
C15), was used for rearing and/or feeding purposes by Arctic grayling and lake trout. The Jericho River (both
upper and lower sections) contained good habitat. Its large size, well-defined channel, and abundance of smaller
substrates created a diverse assemblage of habitats. Deep-water areas in the upper Jericho River may also provide
overwintering habitat for fish. A significant feature of the Jericho River was the presence of a cascade area
approximately 15 m in height that was located near the outlet of Jericho Lake. Although not an absolute barrier,
this area created a significant impediment to fish passage between the Jericho River system and lakes situated
farther upstream. Tributary streams associated with the Jericho River were small, but several provided good
quality spawning and rearing habitat for Arctic grayling. Tributaries exhibiting these characteristics were Streams

01, 08, 024, 025, and O27.

Streams in the Borrow Extraction Zone provided limited habitat for fish. The primary reasons were their small
size and intermittent flow during the summer. Some streams did have good quality habitat. One watercourse in
the Lake O1 area (Stream O18) provided high quality spawning habitat for Arctic grayling and rearing habitat for
Arctic char. Stream O6, which was the drainage system for Lake O4, was one of the larger watercourses in the
Borrow Extraction Zone. It contained good quality spawning and rearing habitat, as well as feeding habitat for
adult Arctic grayling. Similarly, Stream OS5 in the Lake OS5 area provided good quality spawning and rearing
habitat.
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Habitat surveys of 12 streams within the Tailings Impoundment/Docking Facility Zone documented the absence
of fish habitat. The primary reasons for severely limited fish habitat in these streams were their small size,

intermittent flow during the summer, poorly defined channels, and steep slopes.

A preliminary survey of stream crossings along the proposed all-weather route between the Jericho Diamond
Project and the Lupin Mine site identified 36 watercourses that could potentially be traversed by this road. Of these

watercourses, 13 contained habitat and were utilized by fish.
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1.0 INTRODUCTION

1.1 BACKGROUND AND PURPOSE

The Jericho Diamond Project was initiated by Lytton Minerals Ltd. in 1995 based on the discovery of a kimberlite
pipe adjacent to the southern shore of an unnamed lake (locally known as Carat Lake), which is situated 420 km
northeast of Yellowknife in the Northwest Territories. Canamera Geological Ltd. of Vancouver is responsible for

coordinating the environmental baseline studies for the Jericho Diamond Project.

In anticipation of possible development of this deposit, Canamera initiated a baseline inventory program in 1995.
The program involved collection of data on regional meteorological conditions, water quality, hydrology, wildlife,
and aquatic biota. R.L. & L. Environmental Services Ltd. was contracted to complete the aquatic biota component
of the baseline inventory program. This component investigated the aquatic community within the Carat Lake
drainage in the immediate vicinity of the deposit. The information from the 1995 aquatic baseline inventory was

presented in a comprehensive report entitled "Jericho Diamond Project Aquatic Studies, 1995".

In early 1996, the Jericho Diamond Project progressed to the bulk sampling phase. At the same time, plans were
formulated for two development options. These included a stand alone facility (extraction and on-site milling) or
an extraction facility (extraction and transportation of ore off-site for milling). This second option involved two
transportation scenarios. The first was the transport of ore by barge/winter road to the Lupin mine (i.e., Echo Bay
Mines Ltd.) via Contwoyto Lake, while the second required a permanent road to Lupin (approximately 50 km in

length).

As part of the continuing baseline inventory program for the Jericho Diamond Project, R.L. & L. Environmental
Services Ltd. was contracted to complete the aquatic biota component of the study. The purpose of the 1996
program was fourfold:

e to address data gaps associated with baseline information collected in the Carat Lake drainage during

1995;

¢ to collect baseline information from aquatic biological communities in other drainages that may be
directly or indirectly impacted by the proposed development;

¢ to collect preliminary baseline fisheries information at stream crossings along the proposed
all-weather route to Lupin; and,

e to summarize this information in a comprehensive report to be used as the basis for an
Environmental Impact Assessment.
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1.2 STUDY OBJECTIVES

The specific objectives of the 1996 program were as follows:

e to describe the seasonal abundance, distribution, and biological characteristics of nonvertebrate
communities (benthic macroinvertebrates, zooplankton, phytoplankton, and periphyton) found in
waterbodies in the project area;

+  to describe the seasonal abundance, distribution, and biological characteristics of fish species found
in waterbodies in the project area, as well as the habitat used by these fish;

«  to document background concentrations of metals occurring in fish tissues collected from selected
waterbodies in the project area, and;

» to assess the importance of waterbodies that may be impacted by development to fish populations
residing within, immediately downstream, and upstream of the development.

1.3 STUDY AREA

The Jericho Diamond Project is located adjacent to the northwest arm of Contwoyto Lake, Northwest Territories,

approximately 420 km northeast of Yellowknife at 65° 59' north latitude and 111° 28" west longitude (Figure 1.1).

The study area (hereafter referred to as Jericho study area) encompassed lakes and streams in the immediate
vicinity of the Jericho Diamond Project Site (Figure 1.2 and Appendix G3). Waterbodies were chosen for
investigation based on the potential for impacts caused by development. Four sampling zones were established.
The Mine Operation Zone encompassed Carat Lake and waterbodies situated downstream of the proposed mine
site. The Borrow Extraction Zone encompassed waterbodies in a small drainage within an esker complex situated
immediately north of the proposed mine. The esker material in this area may be used for construction purposes
during project development. The third zone (Tailings Impoundment/Docking Facility Zone), which was situated
to the east, encompassed waterbodies that may be used for tailings storage and a small bay of Contwoyto Lake
that is the proposed location of the docking facility. The fourth sampling zone included stream crossings along the

proposed corridor for the all-weather route to the Lupin Mine Site (Figure 1.3 and Appendix I1).

One additional lake was included in Jericho study area. Fish collections were undertaken at a control lake, located
outside of the proposed development area (i.e., 6 km west). This waterbody was used for collections of fish for

assessment of background metal concentrations in tissues.
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1.4 SITE SELECTION, TIMING, AND LOGISTICS

Site selection was based two criteria: the characteristics of the site should be representative of the area and where

appropriate, sites previously sampled in 1995 were resampled in 1996.

The 1996 aquatic biota field sampling program was conducted during three periods. The spring session was
completed between 11 and 25 June. This study component was designed to investigate fish use of streams for

spawning and rearing, and to establish sampling sites for the summer and fall sessions.

The second field period commenced on 22 July and was completed on 6 August. The sampling program during
this period involved several components. Tributary investigations included collection of fish and habitat data from
streams previously sampled in the spring, as well as collection of periphyton and benthic macroinvertebrate
samples from selected stream locations. The lake sampling program involved collection of limnological data, and
samples of phytoplankton, zooplankton, and benthic macroinvertebrates. Fish species distribution and abundance
were investigated and a tagging program was undertaken in an attempt to assess fish movements between
waterbodies. Tagged fish were also used to develop estimates of fish population size in selected lakes. In addition
to these programs, tissue samples were collected from fish in selected lakes within the study area to document

background concentrations of trace metals.

The third field period (3-10 September) involved documentation of fall fish distribution and abundance in lakes,
and identification of potential spawning areas. Fish tissue samples were also collected in waterbodies where
adequate sample sizes were not obtained during summer. Limnological data and plankton samples were also

collected during this period.

Access to the site was by fixed-wing aircraft from Yellowknife. Accommodations were at the Canamera
Geological Ltd. exploration camp located on the east shore of Carat Lake. Transportation of personnel and

equipment to sampling sites was provided by helicopter.
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2.0 METHODOLOGY

2.1 FIELD SAMPLING
2.1.1 Limnology

Temperature and dissolved oxygen were measured using an Oxyguard Handy Mark II dissolved
oxygen-temp erature meter. Measurements were taken at 0.5 m intervals to within 0.5 m of the lake bottom
(to avoid contamination of the probe with sediment). Water transparency was measured to the nearest 0.1 m using

a standard Secchi disk (20 cm diameter).

At each site, two additional measurements were taken from the water surface. Conductivity was measured using

a Hanna HI 8033 conductivity meter and pH was measured using a Fisher Accumet 1001 pH meter.

2.1.2 Plankton
2.1.2.1 Phytoplankton

Phytoplankton were collected during the summer and fall periods. Samples were taken from the euphotic zone of
the lake. This zone is equal to the depth of 1% light penetration (approximately two times the Secchi depth).
Vertical collections were made using a weighted plastic tube. A sample consisted of a composite of three discrete
vertical collections within this zone. In lakes that were shallower than two times the Secchi depth, phytoplankton
hauls encompassed the entire water column to 1 m above the lake bottom (to avoid contamination of the sample
with sediment). Samples were placed in labelled 500 ml glass containers, preserved with 5% acid-Lugol's solution,
and stored in the dark. Three drops of 100% formalin were added to each sample to prevent growth of bacteria

and fungi during storage.

2.1.2.2 Zooplankton

Zooplankton samples were collected during summer and fall periods. A sample consisted of a composite of three
vertical hauls at a particular site. The depth of each haul was equal to two times the Secchi depth. In lakes that
were shallower than two times the Secchi depth, zooplankton hauls encompassed the entire water column to 1 m
above the lake bottom (to avoid contaminationof the sample with sediment). Zooplankton collections were made
with a Wisconsin plankton net constructed with Nitex® mesh (net mouth diameter 13.34 cm). Two zooplankton
nets with differing mesh sizes were used during the study; one employed a 0.064 x 0.064 mm mesh, while the
other used a 0.355 x 0.355 mm mesh. To account for differences in sampling efficiency (i.e., smaller organisms
escaping through the larger mesh size), correction factors were used (see Section 2.2.1.2). To prevent predation
by cyclopoid copepods, each sample was immediately preserved in 5% formalin and stored in labelled 500 ml

polyethylene bottles. Equipment was thoroughly rinsed after sampling at each site to prevent contamination.
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2.1.3 Stream Periphyton

The periphytic community in streams was sampled during the summer period to assess the algal community
composition and to measure chlorophyll a and ash-free dry mass (AFDM). At each site, three replicates were
collected following the methods described in Charlton et al. (1981) and Hickman et al. (1982). Each replicate
consisted of scrapings from the surface (5 cm?) of three stones, selected at random, from the stream bottom.
Samples used for algal identification and enumeration were placed in individually labelled 250 ml opaque
containers and preserved with acid-Lugol’s solution. Shortly after collection, two drops of 100% formalin were
added to each of these samples to prevent growth of bacteria and fungi. Samples destined for chlorophyll a analysis
were filtered onto Whatman GF/C filter paper, covered with anhydrous MgCO;, and frozen. Samples for AFDM

were subsampled in the laboratory, from the acid-Lugol’s preserved samples.

2.1.4 Benthic Macroinvertebrates
2.1.4.1 Lakes

Benthic macroinvertebrates were sampled from sites located in littoral (<5.0 m depth) and profundal (>5.0 m
depth) zones of selected lakes during summer. Three replicate samples were collected at each site using an Ekman
grab sampler (area equal to 0.023 m?). Samples were then sieved through a 0.243 mm mesh to remove excess
sediments, placed in labelled polyethylene sample bags, and preserved in 10% formalin. Water depth and substrate

type were recorded for each sample location.

2.1.4.2 Streams

Benthic macroinvertebrates were collected from stream sites during summer. Three replicate samples were
collected at each site. The apparatus used for this purpose was a modified (0.243 mm mesh) Surber sampler
(area equal to 0.093 m?). The substrate within the area enclosed by the sampler was thoroughly stirred by hand
to a 5 cm depth to dislodge the invertebrates (larger stones were individually cleaned and rinsed). The sample was

then preserved with 10% formalin and stored in a labelled bottle. Substrate type was recorded at each site.

2.1.5 Fish
2.1.5.1 Lakes

Fish sampling in lakes focussed on determining species composition and relative abundance, as well as providing
samples for analyses of background concentrations of metals in the tissues of selected fish species. In addition,
captured fish of selected species not required for other aspects of the program were tagged using numbered Floy

anchor tags.

Fish sampling in lakes was undertaken during summer and fall. The primary fish capture method used was
standard gang gillnetting. Each gang consisted of six panels (15.2 m x 2.4 m each) of sinking monofilament nylon

netting of the following mesh sizes (stretched measure): 1.9 cm, 3.8 cm, 6.4 cm, 8.9 cm, 10.2 cm, and 12.7 cm.
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In summer, a variety of habitats were sampled using bottom and surface sets. During fall, sampling sites were
chosen based on their potential as spawning habitat for species such as lake trout and Arctic char. This approach
was taken in an attempt to identify important spawning sites. Pertinent data recorded at each gill net site included
set/pull time, set location/orientation, water depth, and substrate type. Catch rates were assessed by using a net-
unit approach (i.e., 100 m? surface area of net fished for the equivalent of a 12-hour period constitutes one net-unit

of effort). Catch-per-unit-effort (CPUE) was expressed as the number of fish (by species) per net-unit.

Additional capture techniques were employed during lake sampling. For larger size-classes of fish angling with
lures was used. To capture smaller size-classes of fish in habitats not effectively sampled by gillnetting, standard
gee traps were used in rocky shoreline areas. Deepwater areas were sampled using jumbo gee traps. Dimensions
of standard gee traps were 0.4 m length x 0.2 m diameter with an aperture of 0.02 m. Dimensions of the jumbo
gee traps were 1.0 m length x 0.5 m diameter with an aperture of 0.06 m. Both types of traps were baited

(i.e., cheese or meat).

Attempts were made to document population size (for the larger size-classes) of lake trout and Arctic char in
selected waterbodies. This involved marking fish (using numbered Floy anchor tags) during summer and early fall
and then returning in late fall to obtain a cohort of marked fish. An estimate of fish population size was estimated

using standard mark-recapture methodology (Petersons Single Census Model; Ricker 1975).

2.1.5.2 Streams

During spring and summer sessions, survey level fish sampling was conducted in representative sections of streams
to assess fish species composition, relative abundance, and habitat utilization (spawning, rearing, feeding, and
movements). During spring, surveys were undertaken on all streams that were associated with study area lakes.
During summer, surveys were limited to streams that contained flowing water and that were deemed to have fish
habitat. A variety of sampling methods were used to document the presence of fish in streams; these included
visual observations, snorkelling, backpack electrofishing, and angling. The specific methods utilized depended on
habitat conditions and stream discharge at the time of sampling. The backpack electrofisher employed during

sampling was a Smith-Root Type XII, which is specifically designed for use in low conductivity water.

Estimates of population size were generated for streams containing high densities of fish. A multi-pass
removal-depletion method described by Zippin (1958) was utilized to develop these population estimates. Sampling
methodology involved placement of block nets (0.5 cm stretched measure mesh) across the channel at upstream
and downstream ends of the site to prevent fish movement into or out of the area. A backpack electrofisher was
then used to thoroughly sample the enclosed area. The multi-pass removal-depletion method requires a minimum
of three removal runs to generate an accurate population estimate. Each removal run consisted of an upstream pass

through the enclosed area. Captured fish were placed in a holding tank located at the downstream end of the
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enclosed section. All fish were identified, enumerated and measured prior to their release downstream of the lower

block net.

2.1.5.3 All-weather Route Stream Crossings

During spring and summer sessions, surveys were completed on sections of streams that were crossed by the
proposed all-weather route to Lupin. During spring, visual surveys were undertaken at all potential crossings to
assess their value as fish habitat. No fish sampling was undertaken during the spring session. During summer,
surveys were limited to stream crossings that contained flowing water and that were deemed to have fish habitat.

Sampling methods employed included those described in Section 2.1.5.2.

2.1.5.3 Biological Characteristics

All captured fish were identified to species. Data recorded for each fish included fork length (to the nearest 1 mm),
weight (to the nearest 5 g), sex, and maturity. An appropriate ageing structure was also collected (Mackay et al.
1990) from a representative sample of captured fish. Data were recorded on standardized record sheets to facilitate

data analyses in the laboratory.

To determine feeding habits, stomach contents of fish that succumbed during sampling were analysed in the field
using the method described by Thompson (1959), which is a modification of the numerical method used by Hynes
(1950). Each stomach was examined and evaluated for fullness and allotted a designated number of fullness points
(i.e., 20 points for a full stomach and O points for an empty stomach). After points were allocated for the degree
of fullness, the stomach was opened and the points allotted to individual food categories based on their volume.

To account for the presence of empty stomachs, values of zero were incorporated into the analysis.

2.1.6 Habitat
2.1.6.1 Lakes

The shoreline habitat characteristics of major lakes in the study area were described using a standardized habitat
classification system developed by R.L. & L. Environmental Services Ltd. (Appendix Al). The classification
system categorized shoreline habitat into discrete habitat types based on two variables: slope and substrate type.
Lake habitat assessments were accomplished by circumnavigating each lake by boat. In addition to categorizing
lake shoreline into habitat types, important features such as high quality rearing and spawning areas were

identified.

2.1.6.2 Streams
The physical habitat available to fish in study area streams was documented during spring and summer. During
spring, a reconnaissance level survey was undertaken on the ground to identify streams that provided habitat for

fish populations residing in study area waterbodies. Streams containing barriers to fish passage at their confluence,
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or those that were ephemeral (water flow only during spring snow melt or high rainfall events), were characterized

as having no value to fish and were excluded from more detailed surveys.

Detailed surveys were undertaken during summer using a variety of methods. The physical habitat provided by
streams was described using a classification system specifically developed for this purpose by R.L. & L.
Environment al Services Ltd. (Appendix A2). The classification system categorizes stream habitat into discrete
habitat types (e.g., Run, Pool, Riffle). Once the stream was described using this system, several parameters were
quantified within representative sections. Cross-sectional transects across the stream channel were used to measure
water depth, water velocity, substrate type, and stream width. For discharge calculations, mean column velocity
and depth were measured at %, ', and % of the wetted channel width. Substrate characteristics were recorded

according to the Modified Wentworth Classification System (Appendix A3).

2.1.6.3 All-weather Route Stream Crossings

The habitat available at each stream crossing was assessed during spring and summer. The methods employed

included those described in Section 2.1.6.2.

2.1.7 Fish Tissues

To document background metal concentrations, fish tissues (i.e., muscle, liver, and kidney) were collected from
lake trout and round whitefish in selected lakes in the study area. The tissue sampling procedures included
safeguards to prevent contamination. They included the following:

» use of sterile stainless steel instruments;
»  tissue cups rinsed in 5% nitric acid solution; and,
»  covering the work area in plastic.

Dorsal musculature (50 to 100 g) was dissected from each fish and sealed in 120 ml sterile, acid-washed specimen
containers. Livers and kidneys were dissected from the fish and stored individually in labelled tissue cups. All

tissue samples were kept frozen until the time of analysis.

To allow comparison of metal concentrations in fish tissue from the study area waterbodies to those from lakes
unaffected by future development, tissue samples also were collected from fish in a control lake located 6 km west

of the study area (outside of the influence of the project development).
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2.2 LABORATORY ANALYSES

2.2.1 Plankton
2.2.1.1 Phytoplankton

Prior to laboratory analysis, the phytoplankton samples were inverted gently, and 10 to 100 ml subsamples were
dispensed into sedimentation chambers (Lund et al. 1958). After a 24 h sedimentation period, samples were
processed. To obtain a comprehensive species list, the entire basal area of the chamber was scanned qualitatively
with an inverted microscope (Wild M-40). Taxonomic keys used for identification included Prescott (1970), Taft

and Taft (1971), and Webber (1971).

Once a comprehensive species list was formed, cell density was assessed. To calculate cell density (cells/ml),
individual cells were enumerated within a specified area of the sedimentation chamber. This was accomplished
by counting the number of cells along horizontal transects placed across the specified area. To calculate the cell
density of each species in the sample, the number of cells within the specified area was extrapolated to the

subsample, and then to the entire sample.

Cell biovolume (um?/m®) was calculated by first measuring the physical dimensions (length, width, and depth) of
between 10 and 30 cells of each species in the sample. Estimates of cell biovolume were then generated by
multiplying the mean dimension of cells belonging to a particular species by the number of cells enumerated for
that species. The mean cell biovolume estimate for the subsample was then extrapolated to the entire sample.
Species that were enumerated during the qualitative assessment, but not enumerated (i.e., very low numbers or

located outside the enumeration transects), were recorded as present.

For diatom identificationand enumeration, a separate subsample was concentrated, dried onto a coverslip, ashed

in a muffle furnace to remove organic matter, and mounted in Storax.

2.2.1.2 Zooplankton

Zooplankton counts were conducted using a dissecting stereo-microscope (Wild M-5); identifications were made
using a compound microscope equipped with a phase-contrast condenser (Wild M-20). Taxonomic keys used for
crustacean plankton were Brooks, Wilson and Yeatman (in Edmondson 1959), supplemented by the keys of Brooks
(1957), Smirnov (1971), Brandlova et al. (1972), Flossner (1972), and Kiefer (1978). The taxonomic key used
for identification of rotifers was the Voigt revision by Koste (1978), supplemented by keys of Ahlstrom (1943)
and Ruttner-Kolisko (1974). Chaoboridae were identified using the keys of Cook (1956) and Saether (1970).

Specimens were identified to the lowest taxonomic level possible.

Enumeration of zooplankton in each sample involved different techniques that were dependent on taxonomic group.

Cladocerans and copepods (all stages) were enumerated either from three 15 ml subsamples or from the entire
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sample using a dissecting microscope at magnifications of 12-50 X . Subsampling was performed on samples that
were subjectively assessed to have large numbers of specimens. Rotifers were enumerated from a subsample: a
modified Folsom-style splitter was used to create subsamples. Each 15 ml subsample was allowed to settle for 24 h
before processing. An inverted microscope (100 or 200x) was used to enumerate rotifers by counting either
6 fields (1 field = 0.02625 cm?) or the entire counting chamber (4.907 cm?). Subsamples were continually
removed from the original sample until approximately 200 mature or identifiable rotifer organisms were processed.

Species encountered, but not enumerated due to low numbers, were recorded as present.

Once numbers of organisms within each sample were established, these values were converted to densities per
cubic metre. This was accomplished by determining the total volume filtered (i.e., net mouth area x depth of
haul x number of hauls) and multiplying by the number of organisms enumerated. To standardize the density data
collected using zooplankton nets equipped with different mesh sizes, correction factors were employed. Samples
collected with a 0.355 x 0.355 mm bucket mesh were corrected by multiplying density values for
macrozooplankton (cladocerans, calanoids, and cyclopoids) by 6 and densities for microzooplankton (rotifers and

copepod nauplii) by 10.

Biomass of major taxonomic groups in each sample was also calculated. To calculate biomass, lengths were
measured from the first 30 individuals observed in a sample. Lengths of larger zooplankton were measured directly
with a microscope equipped with a calibrated Sigma Scan digitizing tablet. Smaller zooplankton, such as rotifers,
were measured using an eyepiece graticule and corrected for magnification. Lengths were measured from the first
10-30 individuals of each species observed in each sample. Using length measurements from individual organisms,
weights were calculated from published length-weight regression equations (Table 2.1). For each sample, a mean
individual weight was calculated by averaging the estimated weights generated from the length-weight regression
equation (it is important to average weights and not lengths; Bird and Prairie (1985)). Biomass for each taxonomic

group was calculated by multiplying the number enumerated for that sample by the mean individual weight.

Table 2.1 Length-weight regression equations used to calculate zooplankton weights, Jericho study area,
1996.
Organism Equation Reference
Copepods (N1-adults) InW(ug) = 1.9526 + 2.399-InL(mm) Bottrell et al. (1976)
Daphnia spp. InW(ug) = 1.6 + 2.84-InL.{mm) Bottrell et al. (1976)
Holopedium spp. InW(ug) = 6.4957 + 3.052-InL(mm) Downing (1984)
Rotifers InW(ug) = -10.3815 + 1.574-InL(u.g) Stemberger and Gilbert (1987)
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Zooplankton hauls cannot be considered adequately quantitative for sampling rotifers because coarser mesh sizes,
especially those >0.065 mm, may allow small forms to escape, or because clogging of the net may occur.
Consequently, numbers derived from zooplankton hauls should be considered as a relative comparison of

abundance (Green 1977).

2.2.2 Stream Periphyton

In the laboratory, the periphytic algal samples were processed as outlined in Lund et al. (1958). Samples were first
mixed and then subjected to serial dilutions (generally O to 1000 fold dilutions depending on algal and organic
debris in original sample). Subsequently 1 to 10 ml subsamples were dispensed into sedimentation chambers. After
a 12-hour sedimentation period, the basal area of each chamber was scanned qualitatively with an inverted Lietz
microscope to identify the best dilution for subsequent quantitative analyses and to obtain a comprehensive species
list. Once the appropriate dilution was established, taxonomic groups within the sample were identified and

enumerated.

Cell biovolume was not used as for phytoplankton (see Section 2.2.1) because such data were difficult to obtain
and most periphyton communities were dominated by a few species of filamentous green algae (Chlorophyta),
cyanobacteria (Cyanophyta), or diatoms (Bacillariophyta). Chlorophyll a (an estimate of the amount of live algae)
and ash-free-dry-mass (AFDM) (an estimate of organic mass) provided estimates of the amount of periphytic

material in lieu of biovolume.

Taxonomic keys of Smith (1950), Prescott (1970), and Webber (1971) were used for species identification. Counts
were made at a magnification of approximately 450 along horizontal transects across the diameter of the
chamber; a minimum of 200 algal units were examined. Species that were encountered, but not enumerated during

routine transect counts, were recorded as present.

To identify and enumerate diatoms, subsamples were treated with a mixture of concentrated sulphuric acid,
potassium dichromate and hydrogen peroxide followed by repeated washes in distilled water. The cleaned frustules

were then dried on cover glasses and mounted in Storax.

Chlorophyll a analysis was conducted using the spectrophotometric acetone extraction method described by Moss
(1967a, 1967b). The AFDM subsamples were removed from the acid-Lugol’s preserved samples and filtered onto
prewashed and preweighed Whatman GF/C filters. They were subsequently dried (at 105°C for 24 h) and
weighed. The dried samples were then ashed in a muffle furnace (at 550°C for 1 h) and cooled in a desiccator.

The difference between dry mass and ash mass is ash-free dry mass (APHA 1993).
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2.2.3 Benthic Macroinvertebrates
2.2.3.1 Lakes

In the laboratory, samples were first processed to remove all extraneous substrate and organic matter. Individual
samples were washed to remove the preservative and repeatedly elutriated to remove silt, sand, and gravel
(i.e., inorganic materials). This procedure was continued until invertebrates were no longer observed in the
elutriated water. The remaining organic and inorganic material was scanned (without a microscope) in an
enamelled tray, and large animals (greater than 0.5 cm) were removed. The sample was then fractionated for ease
of sorting (using a series of nested sieves) into: a large fraction containing filamentous algae, macrophyte pieces,
and plant material (greater than 4 mm;), a coarse fraction (1 - 4 mm); a medium fraction (0.5 - 1 mm); and, a

fine fraction (0.25 - 0.5 mm).

Using a dissecting microscope (6 to 42 X magnification), invertebrates were then sorted by major taxonomic group
and identified to the lowest practical taxonomic level (genus or species where possible). More difficult groups,
such as nematodes, were identified to a higher taxonomic level. Keys used for identification included
Baumann et al. (1977), Wiggins (1977), Wiederholm (1983), Merritt and Cummins (1984), Brinkhurst (1936),
and Clifford (1991).

2.2.3.2 Streams

Laboratory analyses of benthic macroinvertebrate samples collected from streams were conducted in the same

manner as described in Section 2.2.3.1 for the lake samples.

2.2.4 Fish Ageing

Fish ageing followed the protocol outlined in Mackay et al. (1990). Otoliths were used to age lake trout, Arctic
char, and round whitefish; scales were used to age Arctic grayling. Otoliths, which had been stored dry in labelled
envelopes, were first lightly ground and polished with emery cloth (400 grit) to allow sufficient light transmission.
Then a binocular dissecting microscope, equipped with a transmitted light source, was used to obtain an age from
each structure. Clean, nonregenerated scales were mounted on a glass slide, and a photocopy was made using a
Canon PC Printer 80 microfiche reader/printer. Scales were then aged using this photocopy. Each structure was
aged by two independent readers. When discrepancies in the assigned age occurred, the two readers conferred to
arrive at a consensus. A third independent reader conducted a random check of selected structures to ensure quality

control.

Whenever sample sizes permitted, a minimum of 20 structures were aged. When more than 20 structures were
available for analysis, a subsample was aged. To obtain a subsample, structures were first ordered sequentially

based on fork length and then random selections were made from each 10 mm length-class interval.
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2.2.5 Fish Tissues

Analyses of fish tissue samples for background metal concentrations were conducted by Elemental Research Inc.

laboratories in Vancouver (Table 2.2). The following is a description of the methods and instrumentation used.

Tissue samples were stored frozen until analyses were undertaken. Samples were prepared for analyses by first
homogenizing the tissue in plastic cups using a “Virtis” shearer equipped with stainless steel blades. Prior to
homogenization of each sample, the apparatus was cleaned with 18MQ deionized water. Approximately 1 g of
homogenized tissue was then weighed into a precleaned (triple nitric acid) teflon digestion vessel. High purity
“Seastar” nitric acid (4 ml) was added and the vessel was capped before being heated at 150°C. The resulting
solution was made up to a volume of 25 ml with 18MQ deionized water for subsequent analyses by ICPMS at a

dilution factor of five.

For each sample, a 26 element trace metal scan was performed using ICPMS (Inductively Coupled Argon
Plasma/Mass Spectrometer). The instrumentation used to perform the analysis was a Finnegan
MAT SOLA ICPMS. Nominal settings used were 1500 W forward power, <5 W reflected, 15 L/min coolant,
1.1 L/min auxiliary, and 0.96 L/min nebuliser flow. Optimization of the lens settings was carried out daily by

maximizing the signal obtained from a 100 ppb Y solution.

QA/QC procedures used included running certified reference materials (including NBS1566A-oyster tissue,
DORM-2, and DOLT-2) and sample duplicates at a minimum ratio of 1 per 20. Acceptance criteria for CRM’s
was within 30% of nominal at > 10 times the LOD. For duplicates, acceptance criteria was that the sample and

its duplicate were within + 20% of the average value at > 10 times the LOD.

Table 2.2 Detection limits for metal constituents analysed in fish tissue samples, Jericho study area, 1996.
Metal Abbreviation (/. xefzcr‘;":‘v:l‘;‘h“t‘t basis) Metal Abbreviation :l)letfic:;""::l‘g“l‘l‘t“ basis)

Aluminum Al 1 Magnesium Mg 0.05

Antimony Sb 0.1 Manganese Mn 0.05

Arsenic As 0.05 Mercury Hg 0.005

Barium Ba 0.01 Molybdenum Mo 0.1

Beryllium Be 0.05 Nickel Ni 0.1

Boron B 0.5 Phosphorus PO4 10

Cadmium Cd 0.05 Potassium K 0.5

Calcium Ca - Silver Ag 0.01

Chromium Cr 0.5 Sodium Na 0.5

Cobalt Co 0.05 Strontium Sr 0.01

Copper Cu 0.05 Tin Sn 0.1

Iron Fe 1 Vanadium \' 0.5

Lead Pb 0.05 Zinc Zn 0.05
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Moisture content was measured using 1 g of homogenized tissue. The sample was weighed into a preweighed and
tared 10 ml glass beaker. The beaker and sample were then dried overnight at 105°C. After cooling to room
temperature, the beaker and sample were transferred to a desiccator for 2 h, after which, the beaker with the

sample was re-weighed to obtain the loss in moisture.

All results were reported as micrograms per gram on a “dry weight” basis.

2.2.6 Data Processing

Data processing and summarization was completed using an IBM compatible microcomputer. Data were entered
and analysed using a variety of software programs including PC-File (Ver. 5.0), Lotus for Windows (Ver. 4.0),
SPSS for Windows (Ver. 6.0), and Microsoft Access for Windows (Ver. 7.0). Report figures and maps were

generated using Freelance for Windows (Ver. 2.0).

Quality assurance and quality control were an integral part of all phases of data processing. This involved use of
standardized formats for data record forms (used during field collections) and electronic data files (used during
data processing). Data were checked visually during all stages of data processing (data entry, summarization, and

presentation).
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3.0 MINE OPERATION ZONE

3.1 LIMNOLOGY

This section provides summary results for lake morphology, temperature and dissolved oxygen profiles, and water
transparency measurements in selected lakes of the Mine Operation Zone. Limnological data were collected from
five lakes potentially influenced by the proposed development (Lake C1, Carat Lake, Interbasin Two, Interbasin
One, and Jericho Lake): two sites were established in Carat Lake (one on each of the two basins in this
waterbody), while one site was located on each of the remaining four lakes (Figure 3.1.1). Specific sampling

locations are provided in Appendix B1.

3.1.1 Lake Morphology

The morphological characteristics of the five lakes are variable (Table 3.1.1 and Figure 3.1.1). The smallest
waterbody surveyed is Lake C1 (3 ha). This lake is situated immediately west of the Jericho Diamond Project site
along the south shore of Carat Lake. A preliminary assessment suggests that Lake C1 consists of a single basin
with a maximum water depth of 9.0 m. The low shoreline development ratio (1.19) is an indication that there is
limited potential for the presence of a littoral zone in this lake. There are no defined inlet streams to this lake,
however, it receives subsurface input from a small isolated basin located to the south. There is one outlet stream

to Lake C1, which flows through the Jericho Diamond Project site before entering Carat Lake.

Carat Lake is the largest waterbody in the Mine Operation Zone (269 ha); the Jericho Diamond Project is situated
along its southwest shore. Carat Lake consists of three basins; the largest comprises the central portion of the lake,
while two smaller basins are situated to the west (Figure 3.1.2). The mean depth of this waterbody is 10.8 m and
the maximum recorded depth is 32.0 m. Carat Lake exhibits an irregular shoreline, which contributes to a
relatively high shoreline development ratio (2.04). There is one major inlet tributary that enters Carat Lake at its
extreme western end, as well as several small ephemeral streams along its northern and southern shores. The one

outlet stream to Carat Lake exits at its northeast end before entering Interbasin Two.

Interbasin Two is a small waterbody (19 ha) that is part of the system separating Carat Lake from Jericho Lake.
A preliminary investigation indicates that it consists of a single basin with a maximum depth of 11.0 m. Similar

to findings for Lake C1, it has a low shoreline development ratio (1.18).

Interbasin One receives its water from Interbasin Two and is immediately south of Jericho Lake. This waterbody
is separated from Jericho Lake by a narrow deep channel. This waterbody consists of two smaller basins separated
by an island-shoal complex. The surface area of Interbasin One is 58 ha and a preliminary assessment indicates

that the maximum depth is 11 m.
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Jericho Lake is the second largest waterbody surveyed in the Mine Operation Zone; it has a surface area of 69 ha.
Jericho Lake is isolated from another basin situated immediately to the west by a narrow, shallow channel. An
initial survey of Jericho Lake indicates that it is comprised of a single elongated basin with a maximum depth of

15.0 m. The irregular shoreline of Jericho Lake contributes to its high shoreline development ratio (1.91).

3.1.2 Temperature and Dissolved Oxygen

Temperature and dissolved oxygen profile data from the Mine Operation Zone of the Jericho study area were
collected during summer, while surface water data were collected during the fall. Water column

oxygen-temperature profiles are depicted in Figure 3.1.3; all data are presented in Appendix Bl1.

Water depths recorded at the monitoring sites varied from 9 to 24 m. Site W1-2 of Carat Lake was the deepest
and Site W4 of Lake C1 was the shallowest. The remaining sites were 10, 11, and 15 m in depth (Sites W1-1, W35
and W6, and W2, respectively) (Figure 3.1.3; Appendix B1).

In summer (3 to 4 August), the temperature profiles of most basins that were 11 m in depth or less indicated
uniform mixing (i.e., they were isothermal); in contrast, dissolved oxygen concentrations at the same sites tended
to have greater variation. For example, Site W1-1 had water temperatures that varied between 13.5°C at the
surface and 13.9°C at the bottom, a difference of only 0.4°C (Figure 3.1.3). Dissolved oxygen concentrations at
this site were 10.0 mg/L at the surface and approximately 6.0 to 8.0 mg/L at the lake bottom. Site W4 had water
temperatures that ranged from 14.2°C at the surface to 7.4°C at the bottom, while dissolved oxygen varied little
throughout the water column (9.3 to 9.9 mg/L). It is not known why oxygen and temperature profiles exhibited
these characteristics in the shallow basins; however, the decreasing oxygen concentrations with depth may have
been the result of equipment malfunction and were not representative of actual concentrations. Dissolved oxygen
concentrations in the surface waters (i.e., 0-1 m) were at 100% saturation. However, under certain conditions
(i.e., improper membrane seal over cathode probe) associated pressure increases with depth may affect the
performance of the meter (R. Hirsch, Point Four Systems Inc., Port Moody, BC, pers. comm.). There was a
general correlation of decreasing dissolved oxygen concentrations with depth, suggesting that pressure did affect

the meter’s performance.

At the deep basin sites of Carat Lake (Site W1-2) and Jericho Lake (Site W2) thermoclines were noted between
10 to 14 m and 10 to 12 m, respectively (Figure 3.1.3). A thermocline was also recorded at Site W4 on Lake C1
but the water depth where stratification occurred was between 6 and 8 m. At these sites, water temperatures were
approximately 14.0°C above the thermocline and 6.0°C below the thermocline. Below the thermocline, dissolved
oxygen concentrationstended to increase with depth at sites W1-2 and W2. This observation was likely a reflection
of the effects of temperature on the solubility of oxygen (i.e., colder water can hold greater concentrations of

dissolved gases). Anoxic conditions were not identified in any of the Mine Operation Zone study lakes.
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The surface water temperature of each lake within the Mine Operation Zone was measured in the fall
(4 to 5 September). Temperatures at all sites were above freezing (Appendix B1) and ranged from 6.0°C at Site
W6 (Interbasin Two) to 8.0°C at Sites W2 (Jericho Lake) and W5 (Interbasin One). The surface waters in all
basins, where recordings were collected, were well oxygenated (10.7 to 11.6 mg/L). Surface temperature and

dissolved oxygen were not measured at Site W4 (Lake C1) in the fall.

3.1.3 Transparency

Water transparencies did not vary greatly in the summer (3 to 4 August) or fali (4 to 5 September). Secchi depths
ranged from 5.1 m at Site W5 (Interbasin One) to 5.5 m at Site W1-1 (Carat Lake) in the summer and from 3.5
to 4.0 m among all monitoring sites in the fall. Water transparency data (Secchi depths) are presented in
Figure 3.1.3 and Appendix B1. Based on Secchi depth readings, the euphotic zones (depth to 1 % light penetration
where algae can still subsist=2 X Secchi depth) were approximately 11 m and 8 m in the summer and fall,

respectively.

3.1.4 Summary

3.1.4.1 Lake Morphology
The five surveyed lakes in the Mine Operation Zone range in size from 3 ha (Lake C1) to 269 ha (Carat Lake)

and exhibit maximum depths of 9 m or greater. Carat Lake is the deepest waterbody in the zone; the maximum
depth is 32 m. Based on a bathymetric survey of Carat Lake, this waterbody contains three basins, with the largest
basin encompassing the central portion of the lake. Preliminary surveys of each of the other waterbodies indicates
that most consist of a single basin; only Interbasin One is composed of two separate basins. Carat, Interbasin One,
and Jericho Lakes have shoreline development ratios greater than 1.8, which is an indication of very irregular

shorelines. Lake C1 and Interbasin Two have more uniform shoreline configurations and lower ratios (<1.2).

3.1.4.2 Temperature and Dissolved Oxygen

During the 1996 aquatic studies program in the Mine Operation Zone study area, the deep basins of Carat
(Site W1-2) and Jericho lakes (Site W2) exhibited thermoclines, while in general, shallower lakes and basins
exhibited isothermal conditions. These data suggest that deeper lakes (i.e., greater than 12 m) in the study area
stratify during the summer and can be classified as dimictic (thoroughly mix twice a year). The shallower basins

can be classified as monomictic (continuous mixing) throughout the open water season.

In summer, the isothermal basins had water temperatures that ranged from 13.3 to 14°C, while those basins with
thermoclines had water temperatures that decreased to 5.2°C. In fall, surface water temperatures among the study
sites ranged from 6.0 to 8.0°C. The summer dissolved oxygen concentrations ranged from 4.4 to 10.0 mg/L,

while fall surface water concentrations varied from 10.7 to 11.6 mg/L.
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In summer, dissolved oxygen concentrations below Canadian Water Quality Guidelines for the protection of early
life stages of cold-water biota (>9.5 mg/L; Table 3.1.2) were recorded at several sites. The low dissolved oxygen
concentrations recorded at this time were likely the result of equipment malfunction and were not representative
of actual concentrations throughout the water column. Dissolved oxygen concentrations at the surface were at
100% saturation and above the 9.5 mg/L criteria. Because these lakes are nutrient poor (R.L. & L Environmental
Services Ltd. 1995; Canamera Geological Ltd., unpublished data), dissolved oxygen concentrations should have
remained constant throughout the water column, at least to the thermocline. This was not the case, at several sites
the concentration was correlated with water depth, which is an indication of equipment malfunction (R. Hirsch,
Technical Engineer, Point Four Systems Inc., Port Moody, BC, pers. comm.). As such, the dissolved oxygen

concentrations recorded during the summer should be viewed with caution.

3.4.1.3 Transparency

The water transparency levels recorded in the Mine Operation Zone lakes indicated that the euphotic zone (the
water depth to which light levels diminish to 1% and can generally sustain phytoplankton life=2 X Secchi depth;
Wetzel 1983) was about 10 to 11 m during the summer and 7 to 8 m during the fall. The amount of light
penetration is dependent upon suspended materials (i.e., sediments and other allochthonous matter) and the
biological productivity of a lake (i.e., density and biovolume of phytoplankton). The euphotic zone depths are
indicative of oligotrophic lakes (i.e., low nutrient content; Wetzel 1983). The smaller euphotic zone depths

recorded in fall are likely due to increased densities of phytoplankton compared to the summer (see Section 6.2).

3.2 PLANKTON

To provide baseline information on the plankton community, samples were collected from the Mine Operation
Zone of the Jericho study area during summer and fall of 1996. Three sites were established; Sites PL1-1 and
PL1-2 on Carat Lake, and Site PL2 on Jericho Lake (Figure 3.2.1). Relevant data are summarized in the following

sections; all data are presented in Appendices C1 to C3.

3.2.1 Phytoplankton

Phytoplankton are microscopic free-floating algae (Smith 1950). Summary results of phytoplankton biovolume
(microns cubed per metre cubed or um*/m®) and density (No. cells/ml) are both presented in this section because
density alone does not provide an accurate assessment of a taxon's importance. For example, taxa that are
extremely numerous may have a low biovolume, due principally to the small size of individual organisms.
Conversely, those taxa that have large biovolumes (due to large individual organism size), may not be numerically
abundant. These large bodied groups can contribute significantly to lake productivity. As such, their numbers can
influence the abundance and biomass of herbivores that feed on them (generally zooplankton) and they can modify

nutrient availability for competing plants or algae.
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3.2.1.1 Biovolume

In total, 135 species of algae were identified from the samples collected in the Mine Operation Zone study area
(Appendix C2). Table 3.2.1 summarizes biovolumes of major taxonomic groups encountered. In the summer,
golden-brown algae (Chrysophyta) had the greatest biovolumes. In Sites PL1-1 and PL1-2 (Carat Lake),
golden-brown algae accounted for 51% and 55% of the total biovolume, respectively. In Jericho Lake (Site PL2)
golden-brown algae contributed 65% of the total biovolume. Green algae (Chlorophyta) were the second most
dominant algal taxon in Sites PL1-1 of Carat Lake and PL2 of Jericho Lake at 22% and 12%, respectively.
Dinoflagellates (Pyrrophyta) were the second most dominant (14 %) algal group at Site PL1-2 of Carat Lake.

In fall, golden-brown algae remained dominant at all sites; this major taxonomic group accounted from 49% to
56% of the total algal biovolume. Diatoms (Bacillariophyta) were second in importance (17 to 26% of the total)
during this period (Table 3.2.1).

3.2.1.2 Density

The relative importance of the most numerous species within each of the six major taxonomic groups is depicted
in Figure 3.2.2. Cyanobacteria (Cyanophyta) were the numerically dominant taxa in all the samples that were
collected; Aphanothece clathrata densities ranged from 2648 to 6519 cells/ml. The cyanobacterium Aphanocapsa
elachista was also abundant within the sampling sites. However, cyanobacteriatypically have very small cells and

do not contribute greatly to biovolume.

In summer, the most abundant golden-brown algae were Ochromonas sp. and Stichogloea doederleinii. These two
taxa ranged in density from 63 to 132 cells/ml and 82 to 128 cell/ml, respectively, among the three monitoring
sites (Figure 3.2.2; Appendix C2). There was a change in the dominant species of golden-brown algae in the fall;
Chrysococcus sp. was the most abundant at Site PL1-1 (Carat Lake) and at Site PL2 (Jericho Lake) while
Chrysosphaerella rodhei dominated Site PL1-2 (Carat Lake) (138, 443, and 198 cells/ml, respectively).

Except for Achnanthes minutissima at Site PL1-2 (Carat Lake) in summer, the most abundant diatoms among all
monitoring sites and seasons were Cyclotella comta, C. glomerata, and C. ocellata. In general, the diatom

community was more diverse and abundant in fall than in summer (Figure 3.2.2; Appendix C2).

3.2.2 Zooplankton

Zooplankton communities are composed of microscopic animals that live in the water column (Pennak 1978;
Weitzel 1983). Information describing seasonal differences in zooplankton biomass is summarized in Table 3.2.2,
while seasonal differences in density for the dominant taxa belonging to the three major taxonomic groups
(Copepoda, Cladocera, and Rotifera) are presented in Figure 3.2.3. All raw data are presented in Appendix C3.

Summary results of zooplankton biomass (micrograms per metre cubed or pg/m’) and density (No./m’) are both
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presented in this section because, as with phytoplankton, density alone does not provide an accurate assessment
of a taxon's importance. Taxa that are extremely numerous may have a low biomass, due principally to the small
size of individual organisms. Conversely, those taxa that have large biomass (due to large individual organism
size), may not be numerically abundant. These large bodied groups can contribute a significant amount to lake
productivity. As such, their numbers can influence the abundance and biomass of predators that feed on them

(generally other zooplankton and fish) and they can modify the phytoplankton community.

3.2.2.1 Biomass

In summer, water fleas (Cladocera) contributed 95% (Site PL1-1) and 99% (Site PL1-2) of the biomass in Carat
Lake. These percentages represent 1.12 and 1.75 X 10® .g/m’, respectively. Zooplankton biomass at Jericho Lake
(Site PL2), was dominated by cyclopoid copepods (3530 g/m®) and water fleas (3311 ug/m®), which represented
37% and 40% of the total, respectively. In fall, the two Carat Lake sites were dominated by cyclopoid copepods,
while the Jericho Lake site was dominated by water fleas (73%, 55%, and 83% of the total biomass, respectively).
For example, Dicyclops bicuspidatus accounted for 47 389 ug/m’ of the zooplankton biomass at Site PL1-2 of
Carat Lake while Holopedium gibberum had a biomass of 88 358 ng/m’ at Site PL2 of Jericho Lake.

3.2.2.2 Density

In summer, two copepod species (Dicyclops bicuspidatus and Leptodiaptomus sicilis) co-dominated the zooplankton
community (Figure 3.2.3). In Site PL1-1 of Carat Lake, D. bicuspidatus (1760/m”) was slightly more abundant
than L. sicilis (1456/m?), while Site PL1-2 of Carat Lake and Site PL2 of Jericho Lake had greater densities of
L. sicilis (609 and 221/m’, respectively) than D. bicuspidatus (152 and 166/m>, respectively). In the fall, D.
bicuspidatus was the most abundant copepod in Carat Lake (1631 and 3832/m?, at Sites PL1-1 and PL1-2,
respectively), while L. sicilis was the most abundant copepod in Jericho Lake (1603/m? at Site PL2). Overall,

copepod densities were much greater in the fall than in the summer.

Among the water fleas (Cladocera), Holopedium gibberum was the dominant species in Carat Lake; up to 2437/m?
in the summer (Site PL1-2). Water fleas were not numerous in samples collected during fall (29/m> at Site PL1-2
and O/m? at Site PL1-1). Only two water flea species were collected in Jericho Lake and these were not abundant;

Daphnia middendorffiana (55/m*) during summer, and H. gibberum during fall (123/m*)(Figure 3.2.3).

In summer, wheel animal (Rotifera) communities in all three sampling sites were dominated by Conochilus
unicornis (26 824, 3136, and 1336/m? at Sites PL1-1, PL1-2, and PL2, respectively). In the fall, C. unicornis was
second or third most abundant in the two Carat Lake sites (PL1-1 and PL1-2); Keratella cochlearis was the most
abundant rotifer at these sites (8745 and 7003/m>, respectively). At Site PL2 of Jericho Lake C. unicornis
remained the dominant wheel animal, while Kellicottia longispina was second in abundance (Figure 3.2.3;

Appendix C3).
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3.2.3 Summary
3.2.3.1 Phytoplankton

The phytoplankton assemblage in lakes within the Mine Operation Zone study area during 1996 was indicative of
oligotrophic waterbodies (Wetzel 1983). Golden-brown algae (Chrysophyta) had the greatest biovolumes during
summer and fall. Green algae (Chlorophyta), dinoflagellates (Pyrrophyta), and diatoms (Bacillariophyta) were

second in importance during summer. In fall, diatoms were second in importance in terms of biovolume.

Due to their small size relative to other taxa, the cyanobacteria (Cyanophyta) Aphanothece clathrata and
Aphanocapsa elachista were the most abundant (up to 6500 and 3000 cells/ml, respectively) algal species identified
from all sites in both seasons. In summer, the most abundant golden-brown algae were Ochromonas sp. and
Stichogloea doederleinii. In fall, the dominant species of golden-brown algae changed; Chrysococcus sp. was the
most abundant taxon at two of the three monitoring sites, while Chrysosphaerella rodhei dominated the third site.

In general, the diatom community was more diverse and abundant in fall than in summer.

3.2.3.2 Zooplankton

In general, the zooplankton community in the Mine Operation Zone study area exhibited variations in community
structure among lakes and seasons. Cladocera was the dominant taxonomic group in all lakes in terms of biomass.
Within this group, Holopedium gibberum was the most important species. Other taxonomic groups, such as
cyclopoid copepods, also accounted for a considerable amount of the zooplankton biomass at some sites. For
example, Dicyclops bicuspidatus accounted for 47 389 p.g/m® of the zooplankton biomass at Site PL1-2 of Carat
Lake during the fall. Leptodiaptomus sicilis and D. bicuspidatus accounted for the majority of the calanoid and
cyclopoid copepod biomass, respectively. The wheel animals, Conochilus unicornis and Keratella cochlearis
tended to be the most abundant zooplankton species at all monitoring sites during both seasons; however, due to

the relatively small size of these animals, they did not have large contributions to the community biomass.

3.3 STREAM PERIPHYTON

Periphyton refers to the community of algae, bacteria, fungi, and their secretions that grow on substrates in
freshwater systems (Lock et al. 1984). In addition to having an important role in aquatic trophic relationships
(i.e., invertebrates and fish use it as a source of food and shelter), the periphyton community is well suited for
use as a biological indicator of environmental conditions, including those imposed by anthropogenic activities.
Summary results of periphytondensity (No. cells/ml), chlorophyll a concentration(ug/cm’), and ash-free-dry-mass

(AFDM) concentration (mg/cm?) are presented in this section.

A limited periphyton sampling program was conducted in the summer of 1996. Three replicate periphyton samples
were collected from each of three streams in the Mine Operation Zone of the Jericho study area; Site Bl in Stream

C1, Site B2 in Stream C15, and Site B4 in the Jericho River (Site O7) (Figure 3.3.1). Data are presented as means
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(n=3, +1 standard error). Relevant information are summarized in this section; all data are presented in

Appendices D1 and D2.

3.3.1 Density

In total, 130 periphytic algal species were identified in the samples collected from the three study streams. Each
of the streams tended to have a unique periphytic algal community. Stream C1 (Site B1) was dominated by the
cyanobacterium (Cyanophyta) Lyngbya limnetica (792 082+ 111 828 cells/cm®) and the diatom (Bacillariophyta)
Tabellaria flocculosa (263 649+9336 cells/cm®). Stream C15 (Site B2) had three dominant species of
cyanobacteria (Aphanocapsa elachista, Gomphosphaeria naegelianum, and Phormidium sp.) and one diatom
(Achnanthes minutissima) that were between 92 000 and 118 000 cells/cm” (mean densities). The Jericho River
(Site B4) had 428 2214217 399 cells/cm’ of G. naegelianum; no other species approached this density at this site
(Figure 3.3.2; Appendix D2).

3.3.2 Biomass

Mean chlorophylla concentrations in the three Mine Operation Zone streams (C1, C15, and Jericho River) ranged
from 0.0074+0.006 pg/cm’ at Site B2 of Stream C15 to 1.289+0.430 pg/cm’ at Site Bl of Stream Cl1
(Appendix D1). AFDM concentrations did not vary as much as chlorophyll a estimates; means ranged from 24.1

to 34.6 mg/cm?.

3.3.3 Summary
Each of the three study streams (C1, C15, and Jericho River) of the Mine Operation Zone tended to have a unique
periphytic algal community. The most abundant periphytic algae were the cyanobacteria L. limnetica and G.

naegelianum. Among the diatoms, A. minutissima and T. flocculosa tended to be the most abundant.

The chlorophylla and AFDM estimates were low at all stream sites. Stream C15 had very low levels of live algae
relative to the organic content of periphyton (i.e., live algae was almost non-existent). Stream C1 and the Jericho
River had larger amounts of chlorophyll a than did Stream C15. Stream C15 was also unique in that three species
of algae were co-dominant, while Stream C1 and the Jericho River had one or two algal species that dominated
the periphyton community. The low levels of live algae (i.e., chlorophyll a concentration) and the absence of a
single dominant species in Stream C15 indicated that some physical or chemical factor may have affected
periphyton at this site. Some variables that could account for these data include: low light penetration, low or no

flow velocities, limiting concentrations of essential nutrients, and the presence of a toxic substance.

The amount of chlorophyll 2 and AFDM found in periphytic communities is controlled primarily by light quality
and quantity, water velocity, and nutrient concentrations (Horner and Welch 1981). Moderate current velocities

(20 to 100 cm/s) and increasing phosphorus concentrations (to 50 ug/L total phosphorus) promote periphytic
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growth. The locations sampled in the present study were not shaded by riparian vegetation, exhibited current
velocities within the range reported by Horner and Welch, and were not exposed to a known toxic substance.
Therefore, it is likely that nutrient concentrations were low. Indeed, in 1995 and 1996 total phosphorus
concentrations (the nutrient most often limiting algal growth) were below 0.010 and 0.005 mg/L in Carat Lake
and the Jericho River, respectively (R.L. & L. Environmental Services Ltd. 1995). In both study years, periphytic
biomass estimates (i.e., chlorophyll @ and AFDM) in the streams of the Mine Operation Zone were also low and

characteristic of oligotrophic conditions.

3.4 BENTHIC MACROINVERTEBRATES

Benthic (bottom-dwelling) macroinvertebrates are an important link in aquatic food webs. Most benthic
invertebrates are herbivorous, detrivorous, or filter feeders and derive much of their energy from aquatic plants
and algae or organic materials. Some benthic macroinvertebrate species are predacious, generally feeding upon
other invertebrates. Many fish species, including early life history stages of piscivorus species, feed upon benthic

macroinvertebrates.

3.4.1 Lakes

The lake sampling program was designed to obtain baseline information on benthic macroinvertebrate communities
in selected lakes within the Mine Operation Zone of the Jericho study area. In the summer, three replicate samples
were collected from the littoral and profundal zones of Carat and Jericho Lakes (Figure 3.4.1). In total, 27
taxonomic groups were identified. The number of taxa in each sample ranged from 4 to 21. Summary data are

provided Table 3.4.1 and site specific sampling information is summarized in Appendices E1 and E2.

The mean (41 standard error) total number of benthic macroinvertebrates in the littoral zone ranged from
3319+ 1254/m? at Site L1-1 of Carat Lake to 12 420 + 1803/m? at Site L2 of Jericho Lake (Table 3.4.1). Nematode
(roundworms) dominated; densities ranged from 928 +331/m? to 2725+ 1243/m? (Sites L1-1 and L.1-2 of Carat
Lake, respectively). Chironomidae larvae (midges) as a group (i.e., sum of five subfamilies and tribes) and
harpacticoid copepods also dominated the littoral benthic community. Jericho Lake (Site L2) had the highest
chironomid densities, (6782+3037/m?) while Carat Lake (Site L1-1) had the lowest (767 +725/m?) ; there was
about an eight-fold difference in the total number of midges between these sites. Oligochaetes (aquatic earthworms)
had greater densities in Carat Lake (Site L1-2) than in Jericho Lake; however, Site L1-1 of Carat Lake had the
lowest densities of this taxon. Ostracods (seed shrimps) were identified in samples collected from Jericho Lake
but were not found in the Carat Lake samples. Sphaeriids (fingernail clams) were not identified in any of the

littoral zone samples.

The mean (41 standard error) total number of benthic macroinvertebrates in the profundal zone ranged from

275+4129/m? at Site P1-2 of Carat Lake to 2536+318/m? at Site P2 of Jericho Lake (Table 3.4.1). Midge larvae
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of the tribe Chironomini was the most abundant taxon of the profundal benthos; Jericho Lake had a mean of
1507/m?, while Carat Lake had O and 29/m? at Sites P1-1 and P1-2, respectively. Indeed, Jericho Lake had five-
fold more chironomid larvae than did Carat Lake. Jericho Lake also had more oligochaetes in the profundal zone
than did Carat Lake. Ostracods were only identified in the samples collected from Jericho Lake. Nematodes were

only found at Site PL1-1 of Carat Lake.

Mean overall densities of benthic macroinvertebrates were much greater in the littoral zone than in the profundal
zone (Table 3.4.1) and, the number of taxonomic groups identified in the littoral zone was greater than the number

identified in the profundal zone.

3.4.2 Streams

A benthic macroinvertebrate sampling program was conducted on three streams within the Mine Operation Zone
in the summer of 1996 (Figure 3.4.1). One sampling site was established on each of the three study streams; the
outlet stream of Lake C1 (Stream C1, Site B1), the outlet stream of Carat Lake (Stream C15, Site B2), and the
Jericho River (Site B4). In total, 36 different taxonomic groups were identified. The number of taxa in a given
sample ranged from 4 to 22. Site specific sampling information is summarized in Appendix E3, while raw data

are presented in Appendix E4.

The benthic macroinvertebrate community in the three study area streams was dominated by oligochaetes,
nematodes, chironomids, and hydroids (Coelenterata) (Table 3.4.2). These taxonomic groups tended to have
sporadic distributions within each sample site (i.e., large standard errors). The overall mean density (+1 standard
error) of benthic macroinvertebrates in the three study streams ranged from 1387 +526/m? in the Jericho River
to 2104 +1337/m? in Stream C1; these densities are low considering that stream environments can be found with

densities approaching 107/m? (Hynes 1970; Resh and Rosenberg 1984; Rosenberg and Resh 1993).

The benthic macroinvertebrate community structure differed among the three study streams (Table 3.4.2). The
mean number of taxonomic groups identified in each stream were 7, 20, and 24 taxa/m?, in Streams C1, C15, and
the Jericho River, respectively. Stream C1 had large numbers of nematodes and low numbers of chironomids
relative to Stream C15 and the Jericho River. In addition, hydroids, ostracods, and stoneflies (Plecoptera) were
not identified in samples collected from Stream C1, but were found in Stream C15 and the Jericho River. Water
mites (Hydrachnidia) were not found in Stream C15, but were in Stream Cl and the Jericho River.
Microturbellarians (microflatworms) and the caddisfly Gresnia (Trichoptera) were only found in Stream C135.
Differences in the community structure among the three study streams may be attributed, in part, to natural
variation and differences in the physical habitat that was sampled (i.e., water depth, flow velocity, substrate

composition; Appendix E3).
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3.4.3 Summary
3.4.3.1 Lakes

Overall mean densities and number of taxonomic groups of benthic macroinvertebrateswere greater in the littoral
zones than in the profundal zones of the Mine Operation Zone study lakes. This reflects the higher productivity
of shallow-water habitats because of higher water temperatures and greater light penetration. Anoxia of the
profundal zone was not recorded during the 1996 open water season (see Section 3.1) and probably was not a
factor in benthic macroinvertebrate production. Taxonomic composition was indicative of a short growing season

and a homogenous substrate dominated by fine sediments.

In terms of taxonomic composition, the benthic macroinvertebrate communities in the two study lakes were
dominated by a few taxa: chironomids, nematodes, oligochaetes, and harpacticoid copepods. Some taxa (e.g.,
nematodes) were nearly exclusive to the littoral zone, while other taxa (e.g., sphaeriids) were only found in the
profundal zone. Jericho Lake had much greater densities of benthic macroinvertebratesthan Carat Lake, suggesting

that Jericho Lake is more productive.

3.4.3.2 Streams

Three streams were sampled for benthic macroinvertebratesin the Mine Operation Zone. The benthic communities
in these systems were dominated by nematodes, oligochaetes, and chironomids. The species composition and low
densities were typical of nutrient poor systems. There were some notable differences in the benthic
macroinvertebrate community structure among the three study streams; Stream C1 differed from the other two
streams. It had the lowest number of taxonomic groups, largest number of nematodes, and the lowest numbers
of chironomids relative to Stream C15 and the Jericho River. In addition, hydroids (Coelenterata), ostracods (seed
shrimps), and stoneflies (Plecoptera) were not identified in samples collected from Stream C1, but were found in
the other two streams. Differences in physical characteristics among the sampling sites and natural variation may

account for some of these differences.

3.5 FISH

3.5.1 Species Composition and Abundance

The 1996 aquatic studies fish sampling program was designed to provide information on species composition and
abundance in the Mine Operation Zone. Sampling was conducted during spring, summer, and fall in a variety of
habitats using several inventory techniques. In lakes, these techniques included gillnetting, angling, and the use
of gee traps. In streams, fish were inventoried using backpack electrofishing and snorkelling. The following section
provides summary information for fish communities in selected lakes and streams; all raw data are presented in

Appendices F1 to F5.
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3.5.1.1 Lakes
During the 1996 fisheries program, five lakes were sampled (Figure 3.5.1). These included Lake C1, Carat Lake,

Interbasin Two, Interbasin One, and Jericho Lake. Carat Lake and Jericho Lake were previously sampled during
the 1995 program; but, one waterbody (Lake C3), was not included in the present study. This lake was located
upstream of the potential impact area and was not used extensively by fish populations residing in Carat Lake

(R.L. & L. Environmental Services Ltd. 1995).

In total, 348 fish representing five species were recorded from sampled lakes in the Mine Operation Zone
(Table 3.5.1). In order of numerical importance, they were lake trout (235), Arctic char (67), round
whitefish (42), slimy sculpin (3), and burbot (1). The relative importance of a particular species within each lake
was not constant (Table 3.5.2). In the small headwater lake adjacent to the proposed mine site (Lake C1), lake
trout was the only species encountered. In Carat Lake, lake trout dominated the sample (71%), but species such
as round whitefish (18%) and Arctic char (11%) were also present. The species composition and relative
importance of fish sampled in Interbasin One were very similar to that of Carat Lake. Lake trout dominated the
sample (53%), followed by lower numbers of round whitefish (20%) and Arctic char (23%). In Interbasin Two,
lake trout was again the most abundant species (89 %) followed by round whitefish (9%), however, no Arctic char
were captured. In contrast to these waterbodies, the Jericho Lake sample was equally represented by lake

trout (55%) and Arctic char (44 %); no round whitefish were encountered.

To assess the relative abundance of fish in each of the sampled lakes, gill net catch data were summarized. These
data were used for comparison purposes because they were based on a standardized sampling effort and the

majority of fish were captured using this technique (341 of 348 fish).

The relative abundance (catch-per-unit-effort or CPUE) values generated for fish captured in each lake
(Figure 3.5.2) were generally consistent with the percent composition information. However, the relative
abundance of fish varied between seasons and between lakes. Catch rates for most species tended to be higher in

fall than in summer (a notable exception was the absence of fish in Interbasin Two during fall).

A number of reasons may explain the higher catch rates recorded during fall. Seasonal differences existed in the
sampling strategy employed. In summer, a variety of habitats and locations were sampled to assess fish distribution
patterns. In an effort to identify spawning areas, fall sampling was restricted to sites thought to contain suitable
spawning habitat. Some of these locations contained high concentrations of fish (e.g., 35 fish/100 m? - 12 h at
Site 1 in Carat Lake; Appendix F2). Higher catch rates during fall may also have reflected greater movement by
fish, which would have increased their vulnerability to capture by gill nets (i.e., cooler water temperatures in fall
may have induced feeding and/or spawning activity). Given these factors, CPUE values recorded during fall may
not be indicative of real changes in fish abundance. As such, the following discussion will concentrate on findings

made during the summer period.
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The data suggested that overall fish numbers differed among groups of lakes; combined CPUE values during
summer were 10 fish/100 m? - 12 h in Carat, Interbasin Two and Jericho Lakes, compared to 5 fish/100 m? - 12 h.
in Lake C1 and Interbasin One. It is unclear why catch rates differed among these groups of lakes. It is possible

that they were related to differences in lake size and productivity.

Catch rates for specific species also varied among lakes. Lake trout was the dominant species in each waterbody
during summer, however, CPUE values were highest in Interbasin Two (9 fish/100 m* - 12 h), moderately high
in Lake Cl1, Carat Lake, and Jericho Lake (approximately 6 fish/100 m” - 12 h), and lowest in Interbasin One
(4 fish/100 m? - 12 h). Arctic char exhibited a similar catch rate to lake trout in Jericho Lake
(6 fish/100 m? - 12 h), but were much less abundant in other sampled waterbodies. In contrast, round whitefish

exhibited relatively low CPUE values in all lakes where they were encountered (0.1 to 3 fish/100 m’ - 12 h).

3.5.1.2 Streams

Fish were encountered in 21 of the 27 sampled streams within the Mine Operation Zone (Figure 3.5.1). These
streams were located in four general areas: Carat Lake (5), Interbasin (4), upper Jericho River (5 tributaries and
mainstem Jericho River), and lower Jericho River (5 tributaries and mainstem Jericho River). Most of these
watercourses were investigated during the 1995 fisheries program. Exceptions included the lower section of the
Jericho River and five of its tributaries. This area of the Jericho River was included in the current fisheries

program to ascertain its importance to fish populations that may also utilize upstream areas of the Jericho River.

In total, 693 fish representing seven species were enumerated (Table 3.5.3). Arctic grayling dominated the sample
(329), followed in decreasing order of abundance by, ninespine stickleback (126), Arctic char (75), slimy
sculpin (74), burbot (47), lake trout (25), and round whitefish (17). The number of fish recorded varied depending
on sampling area (Table 3.5.4). Most fish were recorded from streams in the Carat Lake area (275). In the Jericho
River area, 213 fish were encountered in the upper section, while 188 fish were recorded in the lower section.

Only seventeen fish were encountered within the Interbasin streams.

The number of species encountered varied depending on sampling area (Table 3.5.4). Highest diversity occurred
in the upper Jericho River area where seven species were recorded; four species occurred in the lower Jericho
River area. Six species were identified in the Carat Lake area streams (all except ninespine stickleback), while
five species were found within the Interbasin area (all except ninespine stickleback and round whitefish). It should
be noted that ninespine stickleback were not encountered in any waterbody upstream of the cascade on the Jericho

River (situated immediately downstream of Jericho Lake).

The relative importance of each species in the Mine Operation Zone differed among areas. In Carat Lake area
streams, Arctic grayling dominated the sample (38%), followed by Arctic char (25%) and slimy sculpin (24 %).

Species such as burbot, lake trout, and round whitefish were also present, but were much less important (< 7%).
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Although the number of fish in the Interbasin area streams was low (<15 fish), the relative importance of each
species was generally similar to that of the Carat Lake area; Arctic grayling (59%) and slimy sculpin (24 %)
accounted for most of the sample. In the upper Jericho River area, ninespine stickleback was the most numerous
fish (41%), although Arctic grayling also accounted for a large percentage of the sample (32%). In the lower
section of the Jericho River area, Arctic grayling was much more important relative to ninespine stickleback (77 %

compared to 20%, respectively).

The number of fish and species composition varied between individual streams within each area (Figure 3.5.3).
Of the five streams inventoried in the Carat Lake area, species diversity was highest in Stream C1 (4). The
majority of fish recorded in this stream were Arctic char (48). Stream C6 contained the highest number of fish
of any stream in the area and these were dominated by Arctic grayling (105). It should be noted that this high
number was related to the large amount of sampling effort expended on this particular stream (Appendix F3). Fish
numbers were lower in all other systems in the Carat Lake area. Arctic char was the dominant species in Streams

C2 and C2A (10 and 9 fish, respectively), while slimy sculpin was the dominant species in Stream C4 (23 fish).

There were a paucity of fish in most streams within the Interbasin area. Very few fish were encountered in
Streams C10, C12, and C13. The species encountered in these tributaries were Arctic char, burbot, and slimy
sculpin. Stream C15, which represented the main channel connecting Carat Lake to Interbasin Two, contained the

highest number of fish (11). Ten Arctic grayling and one lake trout were recorded in this system.

In total, 11 systems were inventoried in the Jericho River area. These included 5 tributaries situated in the upper
reach of Jericho River (Streams O1 to O4 and O8), 5 tributaries in the lower reach of Jericho River (Streams 023

to 027), and the mainstem Jericho River (Sections O7A [upper] and O7B [lower]).

In the upper reach of Jericho River the highest species diversity (5) and fish number (114) occurred in Stream O1.
Ninespine stickleback was the dominant species in this system (74 fish). Stream O7A contained the same number
of species (5) and the next highest number of fish (57); Arctic grayling dominated in this stream (40 fish). Lower

numbers of fish were recorded in all other tributaries of the upper Jericho River (<25 fish).

In the lower Jericho River, diversity was lower (between one and three species). In this area, Arctic grayling was
the numerically dominant species in most sampled tributaries. Numbers were highest in Streams O7B (54), 024
(33), 025 (40), and 026 (15). Ninespine stickleback were also relatively abundant in Stream O25 (13) and
026 (24).
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3.5.2 Biological Characteristics

An important component of the 1996 fisheries program was to describe the biological characteristicsof fish species
encountered in the Mine Operation Zone. Characteristics described in this section include: length-frequency
distributions, length-weight relationships, mean condition factors, age-at-maturity, mean length-at-age, and mean
weight-at-age. Because much of this information was collected from fish that succumbed during sampling, and
mortality rates were generally low, sample sizes were small. Unless otherwise stated, data from all sampling
sessions and sampling methods have been combined for the analyses. Raw data used for these analyses are

presented in Appendix F5.

3.5.2.1 Lake trout

Lake trout captured in the Mine Operation Zone ranged in fork length from 85 to 960 mm, however, few
individuals were less than 160 mm or greater than 660 mm in length (Figure 3.5.4). Length-frequency distributions
of fish sampled from the Carat Lake, Interbasin (data for Interbasin One and Interbasin Two combined), and
Jericho Lake systems were similar and tended to exhibit bimodal distributions. These groupings occurred between
160 and 260 mm and between 400 and 600 mm. Length data were also collected from lake trout captured in
Lake C1, however, the sample was too small to establish an accurate assessment of the length-frequency
distribution (n=12). Lengths of lake trout in this small waterbody ranged from 176 to 429 mm fork length
(Appendix F5).

Length-weight regression equations and mean condition factors for lake trout sampled from lakes within the Mine

Operation Zone during summer are presented in Table 3.5.5.

Age-at-length and age-at-weight information for a sample of lake trout captured in Carat Lake during summer are
provided in Table 3.5.6. Fish in this sample ranged in age from 1 to 29 years. Caution should be used when
interpreting this information. The sample used for ageing was small (n=21) and there was variation inherent to
this type of data (subarctic fish populations typically exhibit a great range in age for fish of a given length [Johnson
1972]). As such, this information provides only a representative cross-section of the population and should not be
interpreted as an accurate description of growth rate. As such, it should not be used for comparison of growth

curves among different fish populations.

Limited data were available to assess age-at-maturity for lake trout in the Mine Operation Zone. Information for
lake trout in Carat Lake suggested that these fish became sexually mature at approximately 15 years of age. The
smallest sexually mature lake trout encountered was 421 mm fork length. This fish was a ripe male captured from
Carat Lake. Nonfecund lake trout were identified during the present study (i.e., mature fish that did not spawn
that year). The percentage of nonfecund individuals in the sample that could be assessed for sexual maturity was

23% (n=98).
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3.5.2.2 Arctic Char

The fork length of Arctic char sampled from waterbodies in the Mine Operation Zone ranged from 34 to 639 mm
(Figure 3.5.5). However, the length-frequency distributions of fish sampled from each system differed. In the
Carat Lake system, fish less than 120 mm in length dominated the sample. These individuals represented
young-of-the- year and yearling fish captured from tributary streams. In the other two systems (Interbasin and
Jericho Lake), distributions were dominated by fish greater than 160 mm fork length; these larger individuals were
encountered in lakes. The Jericho Lake sample exhibited a bimodal length-frequency distribution that was typical
of lake dwelling fish populations in the study area. Groupings occurred between 160 and 280 mm and between 480
and 660 mm.

Length-weight regression equations and mean condition factors for Arctic char sampled from lakes within the Mine

Operation Zone during summer are presented in Table 3.5.7.

Age-at-length and age-at-weight information for a sample of Arctic char captured from the Carat Lake system
during summer are presented in Table 3.5.6. Fish in this sample ranged in age from O to 12 years. As for lake
trout, caution should be used when interpreting these data. The sample used for ageing was small (n=21) and there
was variation inherent to this type of data (subarctic fish populations typically exhibit a great range in age for fish
of a given length [Johnson 1972]). As such, this information provides only a representative cross-section of the
population and should not be interpreted as an accurate description of growth rate. As such, it should not be used

for comparison of growth curves among different fish populations.

Limited age-at-maturity data for Arctic char captured in the Mine Operation Zone suggests that fish became
sexually mature at 10 years of age. The smallest sexually mature Arctic char was 407 mm fork length. This fish
was a ripe female captured from Jericho Lake. Nonfecund Arctic char were also recorded during the study. The
percentage of nonfecund individuals in the sample of mature fish that could be assessed for sexual maturity was

27% (n=22).

3.5.2.3 Round Whitefish

The fork length of round whitefish sampled from waterbodies in the Mine Operation Zone ranged from 53 to
532 mm (Figure 3.5.6); the majority of fish were greater than 300 mm fork length. The limited number of fish
less than 100 mm in fork length were captured from study area streams. The median length of sampled fish was

424 mm.

The length-weight regression equation and mean condition for round whitefish sampled from the Mine Operation

Zone waterbodies during summer was:
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Weight (g)= 1.432 * 10° * Fork Length (mm)>®%
where: n=27 and r*=0.998; and,

Mean Condition Factor=1.195 + 0.033 (SE).

Age-at-length and age-at-weight information for a sample of round whitefish captured from the Carat Lake system
during summer and fall are presented in Table 3.5.6. Fish in this sample ranged in age from 1 to 29 years. Past
investigations of subarctic round whitefish populations have not documented the existence of fish 15 years of age
and older (Kennedy 1949 and Mackay 1989). However, several individuals in the Carat Lake sample did exceed
this age. This discrepancy can be explained by use of different ageing structures; past studies have employed
scales, whereas the present study utilized otoliths. It is now commonly accepted that otoliths allow a more accurate

assessment of fish age than scales, particularly for older fish (Jessop 1972 and Mackay et al. 1990).

Limited data were available to assess the age-at-maturity data for round whitefish captured in the Mine Operation
Zone. These data suggest that fish became sexually mature at 7 years of age. The smallest sexually mature round
whitefish encountered during the study was 316 mm in fork length. This fish was a ripe female captured from

Carat Lake. Nonfecund round whitefish were not recorded during the study.

3.5.2.4 Arctic grayling

The fork length of Arctic grayling sampled from waterbodies within the Mine Operation Zone ranged from 29 to
258 mm (Figure 3.5.6). The majority of these fish were less than 70 mm fork length (median length=49 mm).
All sampled fish were captured from study area streams and represented either young-of-the-year (modal peak of

40 mm), juvenile (modal peak of 120 mm), or adult fish (258 mm fork length).

The length-weight regression equation and mean condition factor for Arctic grayling sampled from the Mine

Operation Zone (all seasons combined) was:
Weight (g)= 1.713 * 10 * Fork Length (mm)*3*’
where: n=34 and r*=0.869; and,
Mean Condition Factor=0.996 + 0.039 (SE).
Ages were assessed for Arctic grayling sampled from the Mine Operation Zone waterbodies using summer and

fall data combined (Table 3.5.6). Fish in this sample ranged in age from O to 4 years. No age-at-maturity data

were available for this species.

3.5.3 Feeding Habits

Stomach contents of three species (lake trout, Arctic char, and round whitefish) were analysed to assess feeding

habits (all seasons combined). Data were collected from fish that succumbed during capture or that were sacrificed
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for collection of tissue samples. The information is presented as frequency of occurrence and percent composition

of food items by volume. The raw data used for these analyses can be found in Appendix F5.

3.5.3.1 Lake trout

The diet of lake trout consisted principally of zooplankton (Figure 3.5.7). This was the dominant food item in fish
stomachs from Carat, Interbasin, and Jericho Lakes, where it exceeded 50% occurrence and 60% composition by
volume. Other food items consumed were fish, chironomids (midges), trichopterans (caddis flies), pelecypods
(clams), and gastropods (snails). Only in the Jericho Lake sample did one of these food items (fish) exceed 15%

occurrence and 20% composition by volume.

3.5.3.2 Aurctic char

The diet of Arctic char was very similar to that of lake trout; it consisted primarily of zooplankton (Figure 3.5.8).
This was the dominant food item in all three lakes; it exceeded 60% occurrence and 70% composition by volume.
Other food items consumed were fish, chironomids, and pelecypods, however, none of these categories exceeded

10% occurrence or 20% composition by volume.

3.5.3.3 Round whitefish

Food habits were assessed for round whitefish sampled from Carat and Interbasin Lakes. In Carat Lake, this
species consumed a variety of food items, which included zooplankton, fish, trichopterans, chironomids, and
pelecypods (Figure 3.5.9). The dominant food consumed was trichopterans (67 % occurrence and 55 % composition
by volume). Other food items did not exceed 21% occurrence or 17% composition by volume. Similarly,
trichopterans were also an important component in the diet of round whitefish in the Interbasin Lakes sample (50%
occurrence and 57% composition by volume). In this area, zooplankton was the only other food item consumed

and was of equal importance to trichopterans (50% occurrence and 43 % composition by volume).

3.5.4 Fish Movements

The Mine Operation Zone of the Jericho study area contains several lakes that are interconnectedby large streams.
As such, the potential exists for fish to undertake movements between waterbodies. To assess movement patterns
of fish, a tagging program was initiated in 1995 and continued during the present study. Lake trout, Arctic char,
and Arctic grayling in good physical condition were tagged and released. Round whitefish were not included in

this study component because captured individuals of this species generally were in poor physical condition.

During the present study, 59 lake trout and 19 Arctic char were tagged and released in four lakes (Table 3.5.8).
These marked fish were in addition to the 57 lake trout, 15 Arctic char, and 1 Arctic grayling originally tagged
in 1995 (R.L. & L. Environmental Services Ltd. (1995). Of these tagged fish, only seven individuals were

recaptured (two lake trout and five Arctic char); three of these fish had been tagged and released in 1995. These
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results suggest that the tag return rate was low for both species (2% for lake trout and 15% for Arctic char).
Probable reasons for low recapture rates were the small number of marked fish released into the population, loss
of tags from marked fish, and removal of marked fish from the population. There is evidence that mortality caused
by predation may be a significant factor in removal of marked fish from the population. Three tags were recovered
from the stomachs of fish during assessments of feeding habits; if these tags are included in the recapture data set,
they represent 30% of all recaptures. The size of tagged fish was apparently not a deterrent to predation. Two of

these tags were placed fish greater than 320 mm in fork length; a 342 mm lake trout and a 440 mm Arctic char.

The limited recapture results suggest that there is little movement of fish between waterbodies. Only two of the
seven marked fish were recaptured outside of their waterbody of origin. The two fish that did move were Arctic
char that were originally tagged in Jericho Lake. Both fish were subsequently recaptured in Interbasin One during
the fall sampling period; a waterbody that is connected to Jericho Lake via a narrow, deep channel. These results
indicate that Arctic char do move between these two waterbodies. One possible reason for movement of Arctic
char between Jericho Lake and Interbasin One could be spawning related activity; both fish were sexually mature

and ready to spawn at the time of recapture.

These limited results make it difficult to assess movement patterns of fish in the Mine Operation Zone. However,
characteristics of the major watercourses in the area and fish enumeration data can also be used to predict whether

movements of large numbers of fish occur between waterbodies.

Two main watercourses exist in the Mine Operation Zone. Stream C15 connects Carat Lake to the Interbasin
Lakes. This watercourse is a narrowing of the basin between these two waterbodies. It is shallow and is dominated
by sand substrates. These characteristics would hamper, but not prevent, movement of large adult fish between

these waterbodies.

The second main watercourse is the outlet system to Jericho Lake (Jericho River). This stream flows from Jericho
Lake in a northward direction to connect with the Burnside River drainage system (Kathawachaga Lake). Because
Jericho River is relatively large (see Section 3.6) and is connected to the larger Burnside River system, there is
the potential for annual movements of fish into and through the study area. However, the presence of a cascade
area at the outlet of Jericho Lake, (caused by a decrease in elevation of 15 m) creates a major, but not impassable,

barrier to fish passage. The presence of this barrier severely limits movements of fish into study area lakes.

To establish whether fish attempted to move into the study area via the outlet system, snorkel surveys were
undertaken in Jericho River during spring, summer, and fall. The surveys were used to count any large fish that
may have been staging immediately downstream of the cascade area. The three surveys identified no fish
concentrations at the base of the cascade; results that are similar to findings made in 1995. As such, large numbers

of fish do not undertake annual upstream migrations from the Burnside system into the Jericho Lake area.
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3.5.5 Resource and Potential Harvest

Based on available information, waterbodies in the Mine Operation Zone were not used extensively for commercial
or domestic fisheries. However, recreational use by personnel associated with exploration activity did occur.
Personnel housed in the Canamera Geological Ltd. exploration camp actively fished Carat Lake during the 1996

study period. No anglers were observed using other lakes or any streams in the Mine Operation Zone.

The relatively small size of study area lakes and their low productivity make their sport fish populations susceptible
to over harvest. To estimate the annual sport fish harvest a waterbody can support, an equation that employs a
lake's surface area, was developed by Evans et al. (1990) for Northern Ontario. This equation has been
recommended to calculate potential annual harvest of lake trout in inland lakes (Oliver et al. 1991) and is as

follows:

log W 0.60 0.72 log A

Where: H = potential annual harvest of lake trout (kg).
A = surface area (ha) of lake (lake surface areas based on 1:50 000 scale N.T.S. maps).
Using this formula, the potential annual harvest of lake trout ranged from 8 kg in Lake C1 to 224 kg in Carat
Lake, with the larger lakes having the highest values (Table 3.5.9). This information indicates that lake trout are
susceptible to over harvest. It should also be noted that these values may be biassed upward due to a number of
environmental differences between subarctic lakes and waterbodies in northern Ontario. Lower nutrient levels,
a colder water temperature regime, and a shorter open water period in the subarctic region would significantly

lower the potential harvest available in these lakes compared to those in northern Ontario.

3.5.6 Summary

Sampled lakes in the Mine Operation Zone supported populations of lake trout, round whitefish, and Arctic char.
Lake trout was the predominant species with Arctic char and round whitefish being less numerous in most lakes.
Notable exceptions were the absence of round whitefish in Jericho Lake and the presence of only lake trout in Lake
C1. Based on abundance indices (catch rates using standardized gill net sets), overall fish densities in summer were
similar among Carat Lake, Interbasin Two and Jericho Lake (10 fish/100 m? - 12 h) and among Lake C1 and
Interbasin Two (5 fish/100 m? - 12 h). It is unclear why catch rates differed between lakes. It is possible that they

were related to differences in lake size and productivity.

Several fish species were encountered in sampled streams. Arctic grayling, Arctic char, and slimy sculpin tended
to be the most numerous species, followed by lower numbers of lake trout, round whitefish, and burbot. One
species, ninespine stickleback, was also relatively abundant, but was present only in the Jericho River system
below the cascade. With the possible exception of the Jericho River, sampled streams provided habitat to fish only

during the open water period (most likely froze to the channel bottom in winter). Therefore, the presence of
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species such as Arctic grayling and burbot in sampled streams indicated that adults of these species were present

in the lakes, even though they were not encountered during lake sampling.

Overall, low numbers of fish were recorded in sampled streams. However, in the Carat Lake area, Stream C1
supported a diverse assemblage of species and it contained the highest number of Arctic char recorded in the Mine
Operation Zone. Likewise, Stream C6 supported the highest number of Arctic grayling. With the exception of
Stream C15, which is the connecting watercourse between two lakes, streams in the Interbasin area contained very
few fish. In the Jericho River area, high fish numbers were recorded in the Sections O7A and OB, as well as in

several tributary streams. These were Streams O1, 024, and 025, which all contained high numbers of Arctic

grayling.

The biological characteristics of fish populations in the Mine Operation Zone indicated that they were slow
growing, late maturing, and dominated by older age-classes. Lake dwelling species (lake trout, Arctic char, and
round whitefish) tended to exhibit bimodal length-frequency distributions and were dominated by larger older fish.
To some extent, this reflected the sampling methodology employed (smaller size-classes were not effectively
sampled using gill nets), however, these data are typical of subarctic fish populations residing in cold, oligotrophic
waterbodies. It has been suggested that these characteristics are indicative of unexploited fish populations in a state

of equilibrium with their environment (Johnson 1976).

The feeding habits of fish in the Mine Operation Zone were related to a species feeding habits and the most
abundant food item available. Zooplankton was the dominant food group identified in lake trout and Arctic char
stomachs, although fish was also consumed. In contrast, aquatic insects (predominantly trichopterans) were present

in round whitefish stomachs. Other food items consumed by this species were pelecypods and zooplankton.

Limited recapture data for tagged fish made it difficult to assess movement patterns of fish in the Mine Operation
Zone. However, characteristics of the major watercourses in the area and fish enumerationdata indicated that large
numbers of fish did not undertake movements between waterbodies. Survey data also indicated that, annual
movements of fish into and through the study area lakes from downstream areas of the Burnside River system does
not occur. This is likely due to the presence of a cascade immediately downstream of Jericho Lake on the Jericho

River, which is a significant barrier to fish passage.

Based on available information, waterbodies in the Mine Operation Zone were not used extensively for commercial
or domestic fisheries. However, recreational use by personnel associated with exploration activity did occur. The
biological characteristics of fish populations in these waterbodies (i.e., slow growing and late maturing), the
relatively small size of these lakes, and their low productivity make their sport fish populations susceptible to over

harvest.
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3.6 HABITAT AND HABITAT USE

This study component was designed to describe aquatic habitat in lakes and streams in the Mine Operation Zone
and to assess its value to fish communities. The 1996 program was a continuation of work undertaken in 1995
(R.L. & L. Environmental Services Ltd. 1995). This section provides information for waterbodies not previously
investigated, as well as additional data for waterbodies that were surveyed in 1995. Raw data collected during

the present study are provided in Appendices G1 and G2.

3.6.1 Lakes

The shoreline habitat characteristics of five waterbodies in the Mine Operation Zone were surveyed: Carat Lake,
Jericho Lake, Interbasin One, Interbasin Two, and Lake C1 (Figure 3.6.1). Surveys were designed to provide a
general assessment of the shoreline characteristicsof each lake and to identify potential high quality spawning and

rearing habitats.

Surveys indicated that the shorelines of Carat Lake, Lake C1, and Jericho Lake were dominated by cobble-boulder
substrates (Table 3.6.1). The Carat Lake shoreline was dominated by cobble-boulder substrates of low (56%) or
moderate slopes (31%). These characteristics were also recorded for Lake C1; 100% of the shoreline was
composed of cobble-boulder substrates. Although cobble-boulder substrates were important in Jericho Lake,
bedrock substrates were equally important (50%). In Carat and Jericho Lakes, substrates consisting of fine
substrates (sand and gravels) accounted for less than 15% of the shoreline and were limited in distribution to the

eastern basins of both waterbodies.

In contrast to the aforementioned lakes, shoreline areas of Interbasin One and Interbasin Two contained extensive
areas dominated by fine substrates consisting of sands and gravels. In Interbasin One, these areas accounted for
35% (low slope) and 12% (moderate slope) of the shoreline. In Interbasin Two fine substrates and low slopes

dominated the shoreline (64%).

Potential spawning habitats were also identified during the shoreline habitat surveys. Spawning habitat required
by lake dwelling species such as lake trout, Arctic char, and round whitefish is characterized by the presence of
clean gravel to boulder-sized substrate in areas sufficiently deep to avoid freezing (Scott and Crossman 1973).
Areas with these characteristics were widely distributed in all surveyed waterbodies, which suggests that spawning

habitat was not limited in any of the lakes surveyed.

A number of sites exhibiting characteristics of high quality spawning habitat were located (i.e., contained an
abundance of clean substrates, exhibited moderate shoreline slope into deep water, and were positioned in areas
that promote water movement) (Figure 3.6.1). Concentrations of spawning lake trout recorded at one of these sites

(i.e., northeast shore of Carat Lake) confirmed these findings.
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Shoreline habitat surveys did not identify extensive areas containing potential rearing habitat. Rearing habitat
suitable for lake dwelling fish species is characterized by shallow-water zones exhibiting low slopes and fine
substrates that support the growth of aquatic macrophytes (Randall et al. 1996). These features provide shelter
(i.e., protection from predators and source of food) to younger age-classes of fish. In addition, they provide habitat
for forage fish species such as slimy sculpin and ninespine stickleback. Shallow water areas with fine substrates
were present (see preceding paragraphs), however, aquatic macrophytes were sparsely distributed. Emergent
species included sedges (Carex spp.) and aquatic grasses (Glyceria spp.). Only one area contained an extensive
zone of these plants (southwest corner of Carat Lake). Submergent vegetation that could be observed from the
water's surface was also limited in abundance. The only species encountered was coontail (Ceratophyllum

demersum), and it was restricted to the channel connecting Carat Lake to Interbasin Two.

Areas exhibiting high quality rearing habitat were sparsely distributed in surveyed lakes within the Mine Operation
Zone. Two small areas were identified in each of the western basin of Carat Lake, the Interbasins area, and the

north shore of Jericho Lake.

3.6.2 Streams

Similar to methodologiesused in 1995, investigations of streams in the study area were undertaken during spring
and summer. During spring, a reconnaissance level survey was conducted to identify streams that provided some
habitat for fish communities and to assess their potential as spawning habitat (i.e., use by spring spawning
Arctic grayling). Surveys during summer were used to provide a more detailed description of stream

characteristics and to assess their overall potential as fish habitat.

Streams chosen for investigation during the present study included most systems examined in 1995; Streams C3,
C7, C8, and C9 (R.L. & L. Environmental Services Ltd. 1995) were not sampled because they either had little
value for fish or they were outside the present study area. Several new streams were surveyed in 1996; they

included tributaries in the Interbasin area and tributaries to the lower Jericho River area.

In total, 27 watercourses were examined during the 1996 sampling program (Figure 3.6.2). Of these, six contained
no fish during spring sampling and were ephemeral (contained water only during the snow melt period or during
rainfall events). These streams were deemed to have no value to fish communities, and therefore, did not receive
more extensive investigation. The 21 streams (including two river sections) that had some potential as fish habitat
were located in four general areas: Carat Lake (5), Interbasin area (4), the upper Jericho River (5 tributaries and
mainstem river), the lower Jericho River (5 tributaries and mainstem river). The majority of these systems were
small (18) and exhibited intermittent flow during the summer sampling period. The three remaining streams were
part of the main drainage system. They were Stream C15, which was the connecting channel between Carat Lake

and Interbasin Two, and Jericho River (Sections O7A and O7B); the outlet system for the study area lakes.
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3.6.2.1 Carat Lake Streams

Stream CI

Stream C1 is a small watercourse within the Jericho Diamond Project area that drains a headwater lake situated
to the south of Carat Lake. The habitat survey during 1995 indicates that the lowermost 200 m of this stream
consists of a series of small channels, which amalgamate into a single channel further upstream. A small cascade
occurs immediately below the headwater lake; this cascade is likely a barrier to fish passage during low flow
periods. Although small, this stream maintains water flow throughout the open water period. The stream contains
varying amounts of gravel, cobble, and boulder substrates, and the channel is dominated by RIFFLE and RUN
habitat (Table 3.6.2).

A diverse assemblage of fish was recorded in Stream C1 during the 1996 sampling program (Table 3.6.3). Species
recorded were Arctic char, lake trout, round whitefish, and slimy sculpin. All of these fish were encountered in
the lowermost 200 m of the stream. The presence of young-of-the-yearand juvenile age-classes suggested that this

system provided good rearing habitat (Table 3.6.4), particularly for Arctic char.

Streams C2 and C24

Streams C2 and C2A are very small, ephemeral watercourses that have extremely limited value to fish; however,
because they are located within the Jericho Diamond Project Area they are discussed in this section. Stream C2
drains a shallow headwater lake situated immediately east of Carat Lake, while Stream C2A drains a small pond

adjacent to Carat Lake. Both streams exhibit minimal flow during dry periods.

Fish were present in both streams during 1996 sampling, but were restricted to the lowermost 20 m. Arctic char
was the dominant species, although lake trout and slimy sculpin were also present. The small size of both streams

severely limits their value as fish habitat.

Stream C4

Stream C4 is a small well-defined tributary that drains a headwater lake at the northwest corner of Carat Lake.
The stream channel exhibits a low slope for much of its surveyed length; however, the gradient increases
dramatically and the flow becomes subsurface approximately 600 m upstream from its confluence. This area is
a barrier to fish passage. The stream contains multiple POOL-RUN habitat complexes and an abundance of sand

substrate. Small pockets of gravel substrates are also present in the numerous small pools.

One Arctic char and five lake trout were recorded in this stream as well as numerous sculpin. This information

suggested that Stream C4 was used for rearing purposes by these species, although habitat quality was low.
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Stream C6
This tributary is a short watercourse that connects the north basin of Carat Lake to several headwater lakes. In its
lower section, the stream is dominated by boulder substrates and RUN habitat. As the channel approaches the

headwater lake, it becomes less well-defined and contains small patches of gravel substrate.

Three fish species were recorded in this stream during 1996 sampling; Arctic grayling, burbot, and slimy sculpin.
Of these three species young-of-the-year Arctic grayling were particularly abundant. In fact, this stream contained
the highest number of Arctic grayling in the study area. Using a density estimate sampling technique
(see Section 2.1.7) the density of young-of-the-year Arctic grayling in Stream C6 was calculated to be 135 fish
per 100 m+3.3 fish (based on 95% Confidence Intervals). In addition to a high density of fish, egg sweeps during
spring located Arctic grayling eggs in the stream. These data confirmed that Arctic grayling used Stream C6 for
spawning and rearing purposes. However, it is unclear whether these fish originated from Carat Lake or the

headwater system.

3.8.2.2 Interbasin Streams

Streams C10, C12, CI3

Due to the similarity in habitat characteristics, these streams will be discussed as a group. These tributaries are
very small watercourses that drain the terrain adjacent to the Interbasin lakes. They are dominated by dispersed

channels and silt/sand substrates. Zero flows were recorded during periods of low rainfall.

Small numbers of fish (Arctic char, burbot, and slimy sculpin) were present in these systems during spring when
water flows were sufficient to support fish. However, their value as rearing habitat was severely limited by the

lack of water during the summer period.

Stream CI15
Stream C15 is a short outlet system that connects Carat Lake to Interbasin Two. It is a large stream that has water
flow during the entire open water period. Its channel is well-defined and is dominated by RUN and FLAT habitats.

The substrate consists primarily of sand interspersed by small amounts of gravels, cobbles, and boulders.

Although very short in length, Stream C15 provides good quality fish habitat. Snorkel surveys during summer
documented the presence of a single adult lake trout and Arctic grayling indicating that it was used for feeding
purposes. Juvenile Arctic grayling also used the stream for rearing. Although Arctic grayling eggs and
young-of-the-year fish were not recorded in this system, its characteristics (i.e., gravel substrates) suggests that

it could provide spawning habitat for this species.
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3.6.2.3 Jericho River Streams

The Jericho River serves as the outlet system to waterbodies in the Jericho study area. It is unique in that it is the
largest stream in the study area and several small tributaries drain into the sections investigated. A major barrier
to fish passage exists on the Jericho River immediately downstream of Jericho Lake (Figure 3.6.2). Within this
120 m section, the stream drops approximately 15 m. The channel disperses over bedrock and boulders as it falls
through a series of cascades. Although this section is a major barrier to fish passage, it is not a complete barrier,

particularly during high flow periods.

After the Jericho River completes its descent from Jericho Lake, its channel becomes well-defined. Habitat surveys
were completed in two areas. Section O7A encompassed the upper Jericho River and included five tributaries;

Section O7B encompassed the lower Jericho River, which also included five tributaries.

Section O7A (Upper Jericho River)

Section O7A of the Jericho River is dominated by deep long FLAT habitats interspersed by short RAPID sections.
Water depth varied within this portion of the Jericho River, but observations during snorkelling suggested that
depths greater than 3.0 m are not uncommon. The substrate varies between sand in FLAT habitats, to boulder and

cobble in RAPID habitats.

Due to its large size and habitat diversity, Section O7A of the Jericho River provides good quality fish habitat.
Because of its depth, it provides feeding areas for adult fish and possibly overwintering areas. Surveys documented
the presence of adult Arctic char, Arctic grayling, and lake trout. The presence of numerous juvenile Arctic
grayling also suggested that this species reared within the Jericho River. The absence of gravel substrates in the
section investigated indicated that the watercourse was not used for spawning by Arctic grayling, however,

conditions (RAPID habitats) were suitable for spawning by species such as lake trout.

Streams 01, 02, 03, 04 (Upper Jericho River)

Due to the similarity in habitat characteristics, these streams will be discussed as a group. These tributaries to the
upper Jericho River are small and are dominated by small substrates (sand, gravel, and cobble), and have very
low water flows during periods of low rainfall. All contain an abundance of RUN habitat. The presence of smaller
substrates in these streams, in combination with moderate to low gradients, creates rearing and spawning habitat

for species such as Arctic grayling.

The streams’ value as rearing habitat was confirmed by the presence of Arctic char and Arctic grayling in all four
streams. Although adult Arctic grayling were not encountered during spring sampling, habitat conditions suggest
that these streams were also used for spawning purposes by this species. Other species encountered were burbot,

ninespine stickleback, and slimy sculpin.
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Stream O8 (Upper Jericho River)

Habitat characteristics of the surveyed section of Stream O8 are similar to characteristics in Streams O1, 02, O3
and O4. Unlike the smaller watercourses, however, it had stable flows during the summer sampling period.
Extensive areas of this stream provide fish habitat. The well-defined channel is characterized by a series of POOL,

RUN, and RIFFLE habitats and an abundance of gravel substrates.

During spring sampling, Arctic grayling eggs were collected from Stream O8 and young-of-the-year fish were
recorded in this system during summer. The presence of Arctic grayling eggs and fish, combined with an
abundance of spawning and rearing habitat strongly suggested that Stream O8 was used for spawning and rearing

purposes by this species.

Section O7B (Lower Jericho River)

The habitat characteristics of Section O7B of the lower Jericho River differed from those of the upper Jericho
River. The watercourse in this area is shallow and dominated by RUN habitat interspersed by RAPID/POOL
complexes. Although FLAT habitat is present, these areas generally exhibit shallow water depths. The substrates
in Section O7B are dominated by sand and boulders interspersed with patches of gravels. Due to the lack of deep
water areas, this section has limited value as feeding habitat for adult fish. However, these characteristics provide
good quality spawning and rearing habitat for species such as Arctic grayling. Not surprisingly, large numbers of

young-of-the-year and juvenile Arctic grayling were documented in Section O7B.

Stream 023 (Lower Jericho River)

This tributary to the lower Jericho River is small, exhibits a low slope, and is dominated by sand substrate. Zero
flow during the summer period severely limits its value as fish habitat. A small number of young-of-the-year
Arctic grayling were recorded in this stream (n=2). The absence of suitable spawning substrate suggests that these

fish originated from the Jericho River and not from Stream O23.

Streams 024, 025, 026, and 027 (Lower Jericho River)

Due to the similarity in habitat characteristics, these streams will be discussed as a group. These tributaries to the
lower Jericho River varied in size, with Stream 024 exhibiting the lowest discharge and Stream O27 the highest.
They are small, exhibit low slopes, and are dominated by sand substrates interspersed with small pockets of gravel
(Stream 027 is the exception; gravel was the dominant substrate type). All these streams contain an abundance
of RUN habitat. The presence of smaller substrates in these streams, in combination with low gradients, create

good quality spawning and rearing habitat for species such as Arctic grayling.

Their value as spawning and rearing habitat was confirmed by the presence of young-of-the-year and juvenile
Arctic grayling in all four streams. Other species encountered in these streams were ninespine stickleback (Streams

025, 026, and 027), and slimy sculpin (Stream O27).
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3.6.3 Summary

The shoreline areas of lakes in the Mine Operation Zone tended to be dominated by cobble-boulder substrates; this
was particularly true for Lake C1, Carat Lake, and Jericho Lake. The two Interbasin lakes also contained rocky
shorelines, however, fine substrates (principally sands and gravels) were also present. These shoreline
characteristics provided an abundance of potential spawning areas for species such as lake trout, Arctic char, and
round whitefish. Therefore, spawning areas were not limited in any of the surveyed lakes. Several high quality
spawning sites were identified during the study and the presence of high concentrations of lake trout at one
(north-east corner of Carat Lake) confirmed that it was used for this purpose. The same shoreline characteristics
that provided an abundance of spawning habitat also severely limited the available rearing habitat for fish. The
absence of fine substrates along much of the shoreline areas precluded the development of aquatic macrophytes,

features that facilitate development of lake shore rearing habitat.

In total, 27 streams were surveyed in the Mine Operation Zone. In general, these systems provided limited habitat
for fish populations originating from study area lakes. This was true for most streams in the Carat Lake and
Interbasin areas. The primary reasons for low quality fish habitat in most streams were small size, a preponderance
of boulder substrates, and poorly defined channels. Some streams did provide better quality habitat. These included
two tributaries in the Carat Lake area (Streams C1 and C6) and one larger system in the Interbasin area
(Stream C15). These systems contained spawning and/or rearing habitat that could be used by species such as

Arctic grayling.

The upper and lower sections of the Jericho River and several of their tributary streams also contained good quality
habitat. The Jericho River, the largest stream in the study area, exhibited a well-defined channel and contained
a mixture of slow, deep-water areas and fast shallow water areas. As such, rearing habitat was available for
juveniles and feeding habitat was present for use by adult fish. Deep-water areas in the upper Jericho River also
suggested that it may provide overwintering habitat for fish. Tributary streams associated with the Jericho River
were small, but several had well-defined channels and smaller substrates. As such, these systems provided good
quality spawning and rearing habitat for species such as Arctic grayling. Tributaries exhibiting these characteristics

were Streams O1, 08, 024, 025, and 027.

A significant feature of the Jericho River was the presence of a cascade area approximately 15 m in height that
was located near the outlet of Jericho Lake. Although not an absolute barrier, this area created a significant
impediment to fish passage between the Jericho River system and lakes situated farther upstream. This may explain
why ninespine stickleback were recorded downstream of the cascade area, but were absent from waterbodies

situated upstream.
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3.7 BACKGROUND METAL CONCENTRATIONS IN FISH TISSUE

During 1995, a monitoring program was initiated in the Mine Operation Zone to document background metal
concentrations in kidney, liver, and muscle tissues of fish (lake trout and round whitefish). Samples were collected
from two lakes. These were Jericho Lake, which is situated downstream of the Jericho Diamond Project and
Control Lake, which was outside the influence of any potential development (i.e., 6 km west of the Jericho

Diamond Project). Results of this program are presented in R.L. & L. Environmental Services Ltd. (1995).

The 1995 study design for the monitoring program included Jericho Lake and not Carat Lake as the monitoring
site, because initial development plans of the Jericho Diamond Project required removal of Carat Lake from the
aquatic biological system (i.e., drainage of the basin to gain access to the deposit). As such, the waterbody would
not have been available for future monitoring. These plans were subsequently modified; it was no longer required
to drain Carat Lake for development of the deposit. To account for the changes in the development plan, the

monitoring program was modified to include Carat Lake as the monitoring site.

In 1996, fish tissues were collected from lake trout and round whitefish in Carat Lake to document background
metal concentrations in kidney, liver, and muscle tissues of fish. To ensure quality control (i.e., remove biases

associated with between year sampling) samples were again collected from the Control Lake.

In total, 21 lake trout and 20 round whitefish were sampled for tissue analysis from each of Carat Lake and
Control Lake (Table 3.7.1). The size range of fish collected for tissue samples is also provided in Table 3 7.1.
The concentrations of 26 metal elements were analysed. Liver and muscle tissue samples were analysed; kidney
tissue samples have been stored (frozen at -17°C) pending future analyses. Results of the analyses for all elements
are presented in Appendices H1 and H2. For analytical purposes, values below the detection limits were coded

as one half the detection limit.

The average concentrations of some of the potentially toxic metals (aluminum, arsenic, cadmium, mercury, lead,
nickel, copper, and zinc) in the tissues of study area fish are presented in Tables 3.7.2 to 3.7.3. The results are

discussed separately for each of the metals.

3.7.1 Aluminum

The availability of aluminum to aquatic organisms has been correlated with the pH of the aquatic environment
(Holtze and Hutchinson 1989); however, it is unclear at what pH threshold, or at what concentration, aluminum
becomes toxic to fish. Aluminum can be acutely toxic at high exposure levels, but it does not bicaccumulate in

aquatic organisms (Neville 1985).
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Detectable concentrations of aluminum (> 1 pg/g) were recorded in 100% of the lake trout liver samples from
both lakes (Table 3.7.2). For muscle tissue, however, aluminum concentrations did not exceed the detection limit
in either lake. Mean aluminum levels in liver tissue samples were similar in both lakes (21 pg/g and 20 pg/g from
each of Carat and Control Lakes, respectively). The maximum recorded aluminum concentration was 72 ug/g

(Carat Lake).

Aluminum concentrations in round whitefish tissues were lower than those recorded for lake trout tissues.
Detectable concentrations of aluminum were detected in 95% of round whitefish liver samples (Table 3.7.3), but
concentrations in muscle tissue did not exceed the detection limit. The mean aluminum level in liver tissue samples
from Carat Lake was 9 pg/g; in Control Lake it was 8 pg/g. The maximum recorded aluminum concentration in

round whitefish from the Mine Operation Zone was 31 ug/g (Carat Lake).

3.7.2 Arsenic

Arsenic is more common in the earth's crust than mercury or cadmium, and it is more toxic to plants than to
animals (Demayo et al. 1979). It does not appear to biomagnify through different trophic levels, and demersal
species are more likely to accumulate arsenic than pelagic fish (Demayo et al. 1979). Arsenic concentrates mainly

in the liver and is a cumulative toxin (Falk et al. 1973).

Detectable concentrationsof arsenic (>0.05 pg/g) were recorded in 91 % of lake trout liver samples, but only 43 %
of lake trout muscle samples. Mean concentrations of arsenic in liver tissue samples were higher in the
Control Lake (0.38 pg/g and 1.76 pg/g in Carat Lake and Control Lake, respectively). Arsenic levels in muscle
tissue samples were lower than those in livers; mean concentrations were 0.09 pg/g in the Carat Lake sample and
0.07 pg/g in the Control Lake sample. The maximum arsenic concentration was recorded from a liver tissue

sample collected in Control Lake (7.50 pg/g).

Arsenic concentrations recorded in round whitefish tissues were also low. Detectable concentrations of arsenic
were recorded in 88% of round whitefish liver samples, and in muscle tissues, 31% of samples exceeded the
detection limit. Mean arsenic levels in liver tissue samples were highest in Control Lake (2.46 ug/g versus
0.28 pg/g). Mean values in muscle tissues were 0.09 pg/g and 0.03 pg/g in Carat and Control Lake samples,
respectively. The maximum arsenic concentration was recorded in a round whitefish liver tissue sample from

Control Lake (8.25 pg/g).

3.7.3 Cadmium

Cadmium does not bioaccumulate in the food web (Reeder et al. 1979a). The rate of cadmium uptake is generally

faster in hard waters, although cadmium toxicity decreases in hard water (Reeder et al. 1979a).
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Detectable concentrations of cadmium (greater than 0.05 ug/g) were recorded in all lake trout liver samples, but
were detected in only 6% of lake trout muscle samples. Mean cadmium levels in liver samples were similar among
lakes (2.61 pg/g and 2.65 pg/g from Carat and Control Lakes, respectively). In muscle samples mean
concentrations did not exceed 0.03 pg/g. The maximum recorded cadmium concentration in lake trout liver

samples was 5.99 pg/g (Carat Lake).

Cadmium concentrations in round whitefish were low. Detectable concentrations of cadmium were recorded in
all round whitefish liver samples; detectable levels were not recorded in muscle tissue samples. The mean
cadmium level in liver tissue samples were similar in Carat and Control Lakes (0.66 pg/g and 0.69 ug/g,

respectively). The maximum recorded concentration in round whitefish liver tissue was 2.06 pg/g (Carat Lake).

3.7.4 Copper

In contrast to the nonessential trace metals (e.g., arsenic, cadmium, mercury, lead), copper is important for
biochemical functions; however, excess amounts of copper are toxic to freshwater fish (Forstner and
Wittman 1979). The toxicity of copper varies with the species of fish and with ambient water characteristics
(e.g., pH and alkalinity). Copper is not considered to be a cumulative systematic poison as most of it is excreted
from the body (Falk et al. 1973). The main areas of the body where it concentrates are the liver, muscle, and brain

tissues (Demayo and Taylor 1981).

Detectable concentrations of copper (>0.05 pg/g) were recorded in all of lake trout liver and muscle samples.
Mean copper levels in liver tissue samples were highest from Control Lake (89.76 ug/g versus 81.50 ug/g),
whereas mean copper levels in lake trout muscle tissues were highest in Carat Lake (0.93 pg/g versus 0.78 ug/g).
The maximum recorded copper concentrations in lake trout tissue were 232.00 ug/g (liver sample from Control

Lake) and 3.78 ug/g (muscle sample from Control Lake).

Detectable concentrations of copper were recorded in all round whitefish samples. Mean copper levels in liver
samples were 7.97 ug/g (Carat Lake) and 9.89 ug/g (Control Lake). For muscle tissues, levels were 1.06 pg/g
in the Carat Lake sample and 0.99 pg/g in the Control Lake sample. Maximum recorded copper concentrations
in round whitefish were 25.40 pg/g (liver sample from Control Lake) and 1.56 pg/g (muscle sample from
Carat Lake).

3.7.5 Lead

Lead tends to deposit in bone as a cumulative toxin (Falk et al. 1973). It is more toxic in soft water than in hard

water (Demayo et al. 1980).
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Lead concentrations in the lake trout tissue samples were low. Detectable concentrations of lead (>0.05 pug/g)
were recorded in only 31% of lake trout liver samples, and in 24 % of the muscle samples. Mean lead levels in
liver samples were 0.04 pg/g in Carat Lake and 0.07 ug/g in Control Lake. The mean lead level in the Control
Lake muscle sample was 0.10 pg/g; detectable concentrations of lead were not recorded from the Carat Lake
muscle tissue sample. The maximum recorded lead concentration in lake trout tissue was 0.41 pg/g (liver sample

from Control Lake).

Detectable concentrations of lead were recorded in 23 % of round whitefish liver samples and in 33 % of the muscle
tissue samples. Highest mean lead levels in liver tissue samples occurred in fish from Control Lake ( 0.12 pg/g
versus 0.04 ug/g). Detectable concentrations of lead were not recorded in round whitefish muscle tissues collected
from Carat Lake. The mean concentration recorded in Control Lake was 0.14 pg/g. The maximum recorded lead
concentrations in round whitefish tissues were 0.71 pg/g (liver sample from Control Lake) and 0.26 pg/g (muscle

sample from Control Lake).

3.7.6 Mercury

Mercury in fish tissue is most commonly present in the form of methyl mercury. Because there are several types
of mercury potentially present in the environment, total mercury is the form recommended for setting guidelines
(Reeder et al. 1979b). The maximum allowable level of mercury in muscle tissue of fish sold in Canada for human
consumptionis 0.5 pg/g (wet weight), which is comparable to approximately 2.5 pg/g when expressed on a "dry

weight” basis (assuming 80% moisture content).

Mercury concentrations were above the detection limit (>0.005 ug/g) in all lake trout tissue samples. The mean
mercury levels in lake trout liver tissues were 2.803 ug/g in Carat Lake and 0.501 pg/g in Control Lake. Mean
mercury values in muscle tissue samples were similar (1.074 pg/g in Carat Lake and 0.925 pg/g in Control Lake).
None of the 42 lake trout muscle samples had mercury levels equal to or higher than allowed for human
consumption (2.5 pg/g). The maximum mercury concentrations documented in individual fish were 4.760 pug/g

in a Carat Lake liver sample and 2.140 ug/g in a Control Lake muscle sample.

In round whitefish, most tissues contained detectable levels of mercury (95% of liver and 92 % of muscle samples),
however, concentrations were considerably lower. In liver tissue, mean values were (0.843 ug/g in Carat Lake
and 0.248 ug/g in Control Lake). Concentrations in muscle tissue were similar (0.501 pg/g in Carat Lake and
0.278 pg/g in Control Lake). The highest mercury levels recorded in round whitefish tissues were 1.720 ug/g
(liver sample from Carat Lake) and 0.891 ug/g (muscle sample from Carat Lake).
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3.7.7 Nickel

The toxicity of nickel rises with decreasing water hardness and increasing acidity (CCREM 1987); it also increases
when nickel is present with copper, which is likely a result of synergism (Taylor et al. 1979). Nickel has the
greatest effect on the early life stages of fish, including fertilized eggs, but it does not biomagnify in the food web
(Taylor et al. 1979). Hutchinson et al. (1975) reported that nickel concentrations were highest in plants and lowest

in predators situated in the upper levels of the food chain.

The level of nickel in lake trout tissues generally was low. Detectable concentrations of nickel (>0.1 pg/g) were
recorded in 38% of liver samples and 12 % of the muscle samples; however, levels were at or near detection limits
in both Carat Lake and Control Lake samples. Maximum nickel concentrations in lake trout tissues were 3.2 pg/g

(liver sample from Carat Lake), and 0.6 ug/g (muscle sample from Carat Lake).

Detectable concentrations of nickel were recorded in 45% of round whitefish liver samples and 3% of muscle
tissue samples. Similar to findings for lake trout, mean levels for both lakes and were at detection limits (0.1 pg/g
for liver and muscle tissues). Maximum nickel concentrations in round whitefish tissues were 0.4 pg/g (liver

sample from Carat Lake), and 0.2 pg/g (muscle sample from Carat Lake).

3.7.8 Zinc

Zinc primarily affects gill epithelial tissues. In excessive amounts, it can cause immediate mortality or it can
induce delayed mortality by stressing the animal (Falk et al. 1973). However, zinc is essential for plant and animal
health. The toxicity of zinc rises with increasing pH and decreasing water hardness. Zinc concentrations are
usually greater in omnivorous than in piscivorus species, and greater in benthic invertebrates than in fish

(CCREM 1987).

Zinc concentrationsin lake trout tissues were similar among the study lakes. Mean levels in the liver tissues were
152.62 pg/g in Carat Lake and 151.57 pg/g in Control Lake samples; mean levels in the muscle tissues were
14.47 pg/g and 12.15 pg/g, respectively. Maximum recorded zinc concentrations in lake trout tissues were

226.00 pg/g (liver sample from Carat Lake), and 19.60 ug/g (muscle sample from Carat Lake).

Zinc concentrations in round whitefish tissues were lower than levels recorded in lake trout samples. Mean levels
in the liver tissues were 82.36 ug/g in Carat Lake and 95.34 ug/g in Control Lake; mean levels in muscle tissues
were 14.31 pg/g and 13.17 pg/g. Maximum recorded zinc concentrations in round whitefish from the Mine
Operation Zone were 162.00 pg/g (liver sample from Contro} Lake), and 17.50 ug/g (muscle sample from Carat
Lake).
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Table 3.1.1 Morphometric characteristics® of surveyed lakes within the Mine Operation Zone, Jericho study
area, 1996.
Surface Lake Mean Maximum Shoreline Shoreline
Lake Area Volume Depth Depth Length Development

(ha) (m) (m) (m) (m) Ratio
Lake C1 2.77 - - 9.0 700 1.19
Carat Lake” 268.99 2.894 x 10’ 10.8 32.0 11850 2.04
Interbasin Two 19.44 - - 11.0 1850 1.18
Interbasin One 58.33 - - 11.0 4900 1.81
Jericho Lake 69.44 - - 15.0 5650 1.91

2 Unless otherwise stated, morphometric characteristics are based on measurements from a 1:50 000 NTS map and field observations.
o Morphometric characteristics (with the exception of shoreline length) provided by Canamera Geological Ltd.

Table 3.1.2 Canadian Water Quality dissolved oxygen guidelines for the protection of freshwater fish.
Fish Type® Life Stage” Criteria (mg/ml)
Cold Water early life stage 9.5
all other life stages 6.5
Warm Water early life stage 6.0
all other life stages 5.0

& Cold-water fish are defined as those species that prefer summer water temperatures ranging from 10 to 18°C and Warm-water fish are those
species that prefer summer water temperatures of 18 to 26°C (Nelson and Paetz 1992).

b Early life stage encompasses the period from spawning to 30 days after hatching.
Source: CCME (1996).

Table 3.2.1 Phytoplankton biovolume in sampled lakes during summer and fall within the Mine Operation
Zone, Jericho study area, 1996.

Carat Lake (Site PL1-1) Carat Lake (Site PL1-2) Jericho Lake (Site PL2)
. Summer Fall Summer Fall Summer Fall
Taxonomic Group
Biovolume % Biovolume % Biovolume % Biovolume % Biovolume % Biovolume P
@e’m’) 7 | eem®) 7 | @mdim®) | umtm?) @mtm?) 7 | m¥m?) 7
Baclllariophyta | 19890 69 | 117420 26.4| 14395 55| 105650 17.7| 22220 102] 127329 174
(diatoms)
Cryptophyta
17 989 6.2 24 488 5.5 32362 125} 33761 5.7 233 0.1 27 605 3.8
(cryptomonads)
Chrysophyta
(golden-brown 147820 51.2] 225758 50.8| 142723 55.0] 291937 49.0| 140136 64.6| 405499 555
algae)
Pyrrophyta 20247 70| 4197 09| 37363 144 92247 155 368 17| 29015 4.0
(dinoflagellates)
Euglenophyta 5262 0.9
(euglenoid)
Chlorophyta

64627 2241 51908 11.7} 22023 8.5 51 403 8.6 25307 11.7] 114375 157
(green algae)

Cyanophyta
(cyanobacteria)

Total Biovolume | 283919 100 | 444248 100 | 259619 100 | 595793 100 | 216837 100 | 730798 100

18 346 6.3 20477 4.6 10753 4.1 15 533 2.6 25257  11.6 | 26975 3.7
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Table 3.2.2 Zooplankton biomass in sampled lakes during summer and fall within the Mine Operation Zone,
Jericho study area, 1996.
Carat Lake (Site PL1-1) Carat Lake (Site PL1-2) Jericho Lake (Site PL2)
Taxonomic Summer Fall Summer Fall Summer Fall
Group Biomass Biomass Biomass Biomass Biomass Biomass
wgm) P | Gemy  ® | ey % | e % | wemd P | Gemy  *
Copepoda | 33915 29| 6436 223| 15715 09| 17911 197| 1995 208 17348 162
Calanoida
Cyclopoida| 20 788 1.8 21179 733 1800 0.1 50309 55.3 3530 36.9 1017 1.0
Cladocera 1116251 95.0 1751438 99.0| 21430 23.6| 3311 346| 88358 827
Rotifera 3480 0.3 1278 4.4 697 <0.1| 1317 1.4 734 7.7 147 0.1
Total Biomass | 1174432 100 28 892 100 | 1769649 100 90 966 100 9570 100 | 106 869 100
Table 3.4.1 Meanbdensitya (%1 standard error) of benthic macroinvertebrates in the littoral and profundal
zones® of selected lakes within the Mine Operation Zone, Jericho study area, 1996.
Carat Lake Jericho Lake
Taxonomic Group Littoral Profundal Littoral Profundal Littoral Profundal
(Site L1-1) (Site P1-1) (Site L1-2) (Site P1-2) (Site L2) (Site P2)
ANNELIDA
OLIGOCHAETA 478 (419) 29 (29) 1232 (653) 638 (583) 348 (326)
ARTHROPODA
HYDRACHNIDIA 14 (14) 14 (14) 14 (14) 130 (25) 14 (14)
CRUSTACEA
COPEPODA
Harpacticoida 1058 (906) 29 (29) 188 (72) 14 (14) 522 (219) 29 (29)
OSTRACODA 377 (210) 130 (109)
INSECTA
DIPTERA
Chironomidae® 767 (725) 391 (262) 855 (698) 216 (196) | 6782 (3037) | 1912 (605)
Chironomini 14 (14) 29 (29) 1058 (1036) | 1507 (348)
Diamesinae 14 (14)
Orthocladiinae 565 (523) 348 (219) 319 (304) 145 (125) | 3072 (1448) | 217 (110)
Tanypodinae 14 (14) 14 (14) 14 (14)
Tanytarsini 188 (188) 29 (29) 522 (380) 14 (14) 2652 (553) 188 (147)
TRICHOPTERA
Limnephilidae
Gresnia 14 (14)
MICROTURBELLARIA 29 (29)
MOLLUSCA
PELECYPODA
Sphaeriidae 174 (115) 29 (29) 58 (58)
NEMATODA 928 (331) 43 (25) 2725 (1243) 2391 (489)
Total No. Benthic Taxa/m’ 9@2) 71 92 51 19 (D) 9(2)
Total No. of Benthic Invertebrates/m* 3319 (1254) 710 (258) 5101 (2080) 275 (129) |12 420 (1803)| 2536 (318)

€Sum of all subfamilies and tribes.

#Mean density (No./m?) value and standard error generated using three replicate samples.
PFor definition of littoral and profundal zones see Section 2.2.5.
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Table 3.4.2 Mean density® (+1 standard error) of dominant benthic macroinvertebrates in selected streams

within the Mine Operation Zone, Jericho study area, 1996.

Taxonomic Group Str.eam C1 Stre.am C15 J eric.ho River
(Site B1) (Site B2) (Site B4)
COELENTERATA 487 (138) 14 (7)
Hydridae
Hydra
ANNELIDA
OLIGOCHAETA 573 (377) 602 (173) 222 (127)
ARTHROPODA
HYDRACHNIDIA 32 (32) 75 (39)
CRUSTACEA
COPEPODA
Harpacticoida 36 (26) 29 (7) 29 (29)
OSTRACODA 61 (29) 197 (74)
INSECTA
DIPTERA
Chironomidae® 54 (39) 215 (126) 490 (289)
Chironomini 104 (68)
Diamesinae 18 (18) 32 (32)
Orthocladiinae 54 (39) 179 (93) 125 (94)
Tanypodinae 74 118 (53)
Tanytarsini 1rQan 111 (42)
Empididae 7 7(7)
Simulidae 68 (19) 4 (4)
Tipulidae 151 (44) 29 4)
PLECOPTERA
Perlodidae 14 4)
Nemouridae 18 (13)
TRICHOPTERA
Limnephilidae
Gresnia 4 (4)
MICROTURBELLARIA 7(7)
NEMATODA 1330 (863) 219 (56) 111 (9)
Total No. Benthic Taxa/m* 7@2) 20 (2) 24.3)
Total No. of Benthic Invertebrates/m* 2104.(1337) 1821 (473) 1387 (526)

*Mean density (No./m?) value and standard error generated using three replicate samples.

Sum of all subfamilies and tribes.
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Table 3.5.1

Overall species composition of fish sampled from lakes within the Mine Operation Zone, Jericho
study area, 1996 (all sampling methods and periods combined).

Species Total
Common Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 67 19.3
Burbot Lota lota (Linnaeus) 1 0.3
Lake trout Salvelinus namaycush (Walbaum) 235 67.5
Round whitefish Prosopium cylindraceum (Pallas) 42 12.1
Slimy sculpin® Cottus cognatus Richardson 3 0.9
All Species Combined 348 100.0

Species designation based on identification of a subsample of preserved individuals (n=2).

Table 3.5.2 Species composition of fish sampled from individual lakes within the Mine Operation Zone,
Jericho study area, 1996 (all sampling methods and periods combined).
Lake C1 Carat Lake Interbasin One Interbasin Two Jericho Lake
Species
No. % No. % No. % No. % No. %
Arctic char 20 11.4 9 22.5 38 44.2
Burbot 1 1.2
Lake trout 12 100.0 124 70.9 21 52.5 31 88.6 47 54.7
Round whitefish 31 17.7 8 20.0 3 8.6
Slimy sculpin 2 5.0 1 2.9
Total 12 100.0 175 100.0 40 100.0 35 100.0 86 100.0
Table 3.5.3 Overall species composition of fish sampled from streams within the Mine Operation Zone,
Jericho study area, 1996 (all sampling methods and periods combined).
Species Total
Commeon Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 75 10.8
Arctic grayling Thymallus arcticus (Pallas) 329 47.5
Burbot Lota lota (Linnaeus) 47 6.8
Lake trout Salvelinus namaycush (Walbaum) 25 3.6
Ninespine stickleback Pungitius pungitius (Linnaeus) 126 18.2
Round whitefish Prosopium cylindraceum (Pallas) 17 2.5
Slimy sculpin® Cottus cognatus Richardson 74 10.7
All Species Combined 693 100

2Species designation based on identification of a subsample of preserved individuals (n=5).
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Table 3.5.4 Species composition of fish sampled from streams in four areas within the Mine Operation Zone,
Jericho study area, 1996 (all sampling methods and periods combined).

Jericho River Streams
Carat Lake Streams Interbasin Streams
Species Upper Lower
No. % No. % No. % No. %
Arctic char 68 24.7 1 5.9 6 2.8
Arctic grayling 105 38.2 10 58.8 68 31.9 146 71.7
Burbot 13 4.7 1 5.9 33 15.5
Lake trout 16 5.8 1 5.9 8 3.8
Ninespine stickleback 88 41.3 38 20.2
Round whitefish 8 2.9 7 33 2 1.1
Slimy sculpin 65 23.6 4 23.5 3 1.4 2 1.1
Total 275 100.0 17 100.0 213 100.0 188 100.0
Table 3.5.5 Length-weight regression equations and mean condition factors for lake trout sampled during
summer from lakes within the Mine Operation Zone, Jericho study area, 1996.
Lake Length-weight Relationship Condition Factor (+SE) Sar.nple
Regression Equation® r’ Value Size
Carat Lake Weight = 4.375 * 10 * Fork Length*'¥ 0.968 1.049 + 0.026 68
Interbasin Lakes Weight = 7.277 * 10 * Fork Length®%* 0.982 1.093 + 0.043 42
Jericho Lake Weight = 8.336 * 10 * Fork Length*®* 0.992 1.026 + 0.031 21

*Weight in g; fork length in mm.
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Table 3.5.7 Length-weight regression equations and mean condition factors for Arctic char sampled during
summer from lakes within the Mine Operation Zone, Jericho study area, 1996.
Length-weight Relationship
Lake Condition Factor (+SE) Sasrflple
Regression Equation® r? Value 1ze
Carat Lake Weight = 5.309 * 10° * Fork Length®™ 0.946 1.009 + 0.047 15
Jericho Lake Weight = 1.300 * 10" * Fork Length>*¢ 0.934 1.212 £+ 0.091 21

Weight in g; fork length in mm.

Table 3.5.8 Number of lake trout and Arctic char marked (and recaptured in 1996) in lakes within the Mine
Operation Zone, Jericho study area during 1995 and 1996.
1995 1996 Total
Waterbody
Lake trout Arctic char Lake trout Arctic char Lake trout Arctic char
Carat Lake 27 7 39 (2) 6 (0) 66 (2) 13 (0)
Jericho Lake 30 8 12 (0) 9 (3) 42 (0) 17 (3)
Interbasin One - - 7 (0) 4(2) 7 (0) 4(2)
Interbasin Two - - 1(0) 0 (0) 1(0) 0 ()
Total 57 15 59 (2) 19 (5) 116 (2) 34 (5)
Table 3.5.9 Surface areas and potential annual harvests of lake trout populations in lakes within the Mine
Operation Zone, Jericho study area, 1996.
Lake Surface Area Potential Harvest oll" Lake Trout
(ha)” (kg/yr)
Carat Lake 269.0 223.6
Jericho Lake 69.4 84.3
Interbasin One 58.3 74.4
Interbasin Two 19.4 33.7
Lake C1 2.8 8.4

#Lake surface area provided by Canamera Geological Ltd. (Carat Lake) or measured from 1:50 000 scale N.T.S. maps.
®Based on Evan's formula for harvest.
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Table 3.6.1

Operation Zone, Jericho study area, 1996.

Summary of lakeshore habitat characteristics recorded for sampled waterbodies within the Mine

Habitat Zone® Carat Lake Interbasin One Interbasin Two Jericho Lake Lake C1
Slope Substrate Length (m)| % |Length(m)| % |[Length(m)| % |Length(m)| % [Length (m) %
Low Fines 914 10.7 992 35.2 2005 64.4 430 10.9
Cobble-Boulder 4737 55.5 645 229 942 30.3 1184 30.1 137 357
Bedrock
Moderate |Fines 325 11.6 165 5.3 110 2.8
Cobble-Boulder 2652 31 485 17.2 247 64.3
Bedrock
High Fines
Cobble-Boulder 238 2.8 370 13.1 265 6.7
Bedrock 1948 49.5
Total 8540 100 2817 100 3112 100 3936 100 384 100

For definition of habitat zones see Appendix Al.
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 3.6.3 Number of fish recorded in sampled streams according to age-class within the Mine Operation
Zone, Jericho study area 1996 (all sampling methods and periods combined).
. . Age-Class”
Area Tributary Species Young-of-the-year Juvenile Adult Combined
Carat Lake C1 Arctic char 41 7 48
Lake trout 9 9
Round whitefish 8 8
Slimy sculpin 9
Cc2 Arctic char 3 7 10
Lake trout 2 2
Slimy sculpin 4
C2A Arctic char 8 1 9
Slimy sculpin 2
Cc4 Arctic char 1 1
Lake trout 5 5
Slimy sculpin 23
C6 Arctic grayling 67 38 105
Burbot 12 1 13
Slimy sculpin 27
Interbasin C10 Arctic char 1 1
Ci2 Burbot 1 1
Slimy sculpin 3
Ci3 Slimy sculpin 1
Ci15 Arctic grayling 9 1 10
Lake trout 1 1
Jericho River |O1 Arctic char 1 1
(Upper) Arctic grayling 2 7 9
Burbot 27 2 29
Ninespine stickleback 74
Slimy sculpin 1
02 Arctic grayling 3 3
Burbot 4 4
Ninespine stickleback 14
o3 Arctic char 2 2
Arctic grayling 1 1
04 Arctic char 2 2
Arctic grayling 1 6 1 8
O7A Arctic char 1 1
Arctic grayling 9 26 5 40
Lake trout 2 6 8
Round whitefish 7 7
Slimy sculpin 1
08 Arctic grayling 5 2 7
Slimy sculpin 1
Jericho River |[O7B Arctic grayling 23 30 1 54
(Lower) Round whitefish 2 2
023 Arctic grayling 2 2
024 Arctic grayling 32 1 33
025 Arctic grayling 39 1 40
Ninespine stickleback 13
026 Arctic grayling 14 1 15
Ninespine stickleback 24
027 Arctic grayling 2 2
Ninespine stickleback 1
Slimy sculpin 2

#Age-class designations based on size differences of fish for each species.
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 3.6.4 Fish habitat quality ratings for sampled streams within the Mine Operation Zone, Jericho study
area, 1996.
Rating of Habitat Quality®
Area Stream
Spawning Rearing Feeding
Carat Lake C1 Low Moderate Nil
C2 Nil Low Nil
C2A Nil Low Nil
C4 Low Low Nil
Cé6 Moderate Moderate Nil
Interbasin C10 Nil Low Nil
C12 Nil Low Nil
C13 Nil Low Nil
C15 Moderate Low Moderate
Jericho River 01 Moderate Moderate Nil
(Upper) 02 Low Moderate Low
03 Low Low Nil
04 Low Moderate Nil
07A Low Moderate High
08 Moderate Moderate Low
Jericho River O7B Moderate Moderate Low
(Lower) 023 Nil Low Nil
024 High Moderate Low
025 Moderate Moderate Low
026 Low Moderate Low
027 High Moderate Low

Rating of habitat quality based on qualitative assessment of stream habitat and fish numbers recorded during survey.

Table 3.7.1 Number, mean length, and size range of fish collected for kidney, liver, and muscle tissue
analyses within the Mine Operation Zone, Jericho study area, 1996.
Fork Length (mm)
Lake Species Sasl?zl;le Standard - .
Mean . Minimum Maximum
Deviation

Carat Lake Lake trout 21 485 52.3 410 619

Round whitefish 20 449 44.8 340 532

Control Lake Lake trout 21 427 25.7 400 486
Round whitefish 20 395 43.9 321 441
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 3.7.2 Mean concentrations of metals in lake trout tissue samples within the Mine Operation Zone,
Jericho study area, 1996.
Metal Concentrations (ug/g of dry weight)
Lake Tissue | Parameter Al As cd Cu Pb Hg Ni Zn
¢ (0.05) 0.05) (0.05) 0.05) (0.005) ©0.1) (0.05)
Carat Liver | n < D.L? 0 4 0 0 16 0 14 0
n=21 |Mean (ug/g) 21 0.38 2:61 81.50 0.04 2.803 0.4 152.62
Sd® (ug/g) 17 0.27 1.63 52.15 0.04 1.155 0.7 32.66
Min. (ug/g) 2 0.03 0.63 11.40 0.03 0.240 0.1 102.00
Max. (ug/g) 72 0.95 5.99 213.00 0.19 4.760 3.2 226.00
Muscle | n < D.L.# 21 9 19 0 21 0 17 ]
n=21 |Mean (ug/g) 1 0.09 0.03 0.93 0.03 1.074 0.1 14.47
Sd® (ug/g) 0 0.09 0.02 0.20 0.00 0.486 0.1 1.64
Min. (ug/g) 1 0.03 0.03 0.62 0.03 0.400 0.1 12.60
Max. (ug/g) 1 0.40 0.13 1.53 0.03 2.100 0.6 19.60
Control | Liver | n < D.L.? 0 0 0 0 13 0 12 0
n=21 | Mean (ug/g) 20 1.76 2.65 89.76 0.07 0.501 0.1 151.57
sd® (ug/g) 12 1.68 1.24 56.72 0.10 0.572 0.1 28.99
Min. (ug/g) 5 0.31 1.26 4.34 0.03 0.070 0.1 99.00
Max. (ug/g) 47 7.50 6.16 232.00 0.41 2.120 0.6 211.00
Muscle | n < D.L.® 21 15 21 0 11 0 20 0
n=21 | Mean (ug/g) 1 0.07 0.03 0.78 0.10 0.925 0.1 12,15
Sd® (ug/g) 0 0.10 0 1.78 0.08 0.341 0.1 1.66
Min. (ug/g) 1 0.03 0.03 2.78 0.03 0.528 0.1 8.45
Max. (ug/g) 1 0.48 0.03 3.78 0.24 2.140 0.4 15.00

#Number of samples below detection limit.
YStandard deviation.
“Detection limit.
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 3.7.3 Mean concentrations of metals in round whitefish tissue samples within the Mine Operation
Zone, Jericho study area, 1996.
Metal Concentrations (u.g/g of dry weight)
Lake Tissue | Parameter Al As cd Cu Pb Hg Ni 7n
(l)c (0.05) (0.05) (0.05) (0.05) (0.005) ©.1) 0.05)
Carat Liver | n< D.L? 2 5 0 0 18 1 13 0
n=20 |Mean (ug/g)| 9 0.28 0.66 7.97 0.04 0.843 0.1 82.36
Sd® (ug/g) 9 0.19 0.48 1.64 0.04 0.427 0.1 15.10
Min. (ug/g) 1 0.03 0.09 4.85 0.03 0.003 0.1 57.40
Max. (ug/g) 31 0.62 2.06 10.50 0.19 1.720 0.4 112.00
Muscle | n < D.L.? 15 6 16 0 16 2 15 0
n=16 | Mean (ug/g) 1 0.09 0.03 1.06 0.03 0.501 0.1 14.31
Sd® (ug/g) 0 0.06 0 0.17 0 0.266 0 1.44
Min. (ug/g) 1 0.03 0.03 0.87 0.03 0.003 0.1 12.20
Max. (ug/g) 2 0.23 0.03 1.56 0.03 0.891 0.2 17.50
Control | Liver | n < D.L.? 0 0 0 0 13 1 9 0
n=20 | Mean (.g/g) 8 2.46 0.69 9.89 0.12 0.248 0.1 95.34
sd® (ug/g) 7 2.75 0.44 4.92 0.20 0.241 0.1 24.91
Min. (ug/g) 3 0.23 0.13 6.00 0.03 0.003 0.1 68.70
Max. (ug/g) 29 8.25 1.64 25.40 0.71 0.800 0.3 162.00
Muscle | n < D.L.? 20 19 20 0 8 1 20 0
n=20 | Mean (ug/g) 1 0.03 0.03 0.99 0.14 0.278 0.1 13.17
Sd® (ug/g) 0 0.01 0 0.21 0.10 0.124 0 1.38
Min. (ug/g) 1 0.03 0.03 0.68 0.03 0.003 0.1 10.60
Max. (ug/g) 1 0.07 0.03 1.30 0.26 0.462 0.1 16.60

2Number of samples below detection limit.
bStandard deviation.
“Detection limit.
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Figure 3.5.2 Average catch-per-unit-effort values (fish/100 m? -12h) for fish captured during
gill net sampling in lakes during summer and fall within the Mine Operation
Zone, Jericho study area, 1996.
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Figure 3.5.3 Comparison of fish numbers recorded in streams within four areas of the
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periods combined).
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Figure 3.5.4 Length-frequency distribution of lake trout in waterbodies within the Mine

Operation Zone, Jericho study area, 1996 {(data for all seasons, sampling
methods, lakes and streams combined).
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Figure 3.5.5 Length-frequency distribution of Arctic char in waterbodies within the Mine
Operation Zone, Jericho study area, 1996 {(data for all seasons, sampling
methods, lakes and streams combined).
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Figure 3.5.6 Length-frequency distribution of Arctic grayling and round whitefish within the

Mine Operation Zone, Jericho study area, 1996 (data for all seasons, sampling
methods, lakes and streams combined).
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4.0 BORROW EXTRACTION ZONE

4.1 LIMNOLOGY

This section provides summary results for lake morphology, temperature and dissolved oxygen profiles, and water
transparency measurements in selected lakes of the Borrow Extraction Zone. Limnological data were collected
from five lakes potentially influenced by proposed developments (Lakes O1 to OS5). One sampling site was

established on each of the lakes (Figure 4.1.1). Specific sampling locations are provided in Appendix B1.

4.1.1 Lake Morphology

The largest waterbody surveyed in the Borrow Extraction Zone was Lake Ol (18.1 ha) (Table 4.1.1 and
Figure 4.1.1). This lake is situated immediately north of the Jericho Diamond Project site and is adjacent to the
air strip and fuel storage depot. A bathymetric survey of Lake O1 indicates that the waterbody is composed of two
basins; a larger, shallower, northern basin and a smaller, deeper, southwestern basin (Figure 4.1.2). This lake is
relatively shallow (mean depth=4.1 m) and it exhibits a low shoreline development ratio (1.26). Lake O1 is the
headwater lake in the Borrow Extraction Zone drainage; several small intermittent tributaries enter along its
southern shore. However, given the nature of the geological material surrounding the lake (i.e., sands and
gravels), it is possible that some of its water input originates from subsurface flow. There is one outlet stream to

Lake O1, which flows north into Lake O2.

Lake O2 is the smallest waterbody surveyed in the Borrow Extraction Zone (5.3 ha). A bathymetric survey of
Lake O2 indicates that it is a simple waterbody composed of one conical shaped basin with a maximum depth of
7.0 m (Figure 4.1.3); its shoreline development ratio is low (1.11). The only outlet stream to this waterbody flows

north to Lake O4. Lake O2 receives its surface water input from Lake O1 and Lake O3.

Lake O3 is slightly larger than Lake O2 (8.3 ha) and differs from this waterbody by being deeper (maximum

depth=11.0 m) and by exhibiting a more irregular shoreline (shoreline development ratio =1.22).

Lake O4 is larger than Lake O3 (16.7 ha), but is not as deep (maximum depth of 8.0 m). This waterbody has a
low shoreline development ratio (1.07). Lake O4 receives surface water flow from several small intermittent
streams along its south shore and from the outlet stream of Lake O2. Its only outlet stream flows north to Lake

05.

Lake O3 is situated immediately adjacent to the Jericho River and is connected to this watercourse by a short well-
defined channel. It is similar in size to Lake O4 (17 ha), but exhibits a more irregular shoreline
(shoreline development ratio=1.31). Initial surveys indicate that the lake contains a single basin and is shallow

(maximum depth=5.0 m). Two major inlet tributaries enter this lake, one from Lake O4 and another, which
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drains a series of headwater systems to the northeast. Each inlet stream exhibits continuous water flow during the

open water period.

4.1.2 Temperature and Dissolved Oxygen
Temperature and dissolved oxygen profile data were collected during summer, while only surface water data were
collected during the fall. Water column oxygen-temperature profiles are depicted in Figure 4.1.3; all data are

presented in Appendix B1.

Water depths recorded at the Borrow Extraction Zone sites varied from 5 to 12.5 m; Site W11 (Lake OS5) was the
shallowest and Site W7 (Lake O1) was the deepest. Water depth at the remaining sites ranged between 8 and
11.3 m in depth (Figure 4.1.4; Appendix B1).

Surface temperatures at sampling sites during summer (3 to 4 August) were approximately 14°C (Figure 4.1.3).
Lakes O1 and O3 were thermally stratified; the thermoclines were located between 10 m and the bottom (13 m)
and 6 m and the bottom (11 m), respectively. The remaining lakes (Lakes O2, O4, and O5) were isothermal (i.c.,

uniform temperatures throughout the water column).

Dissolved oxygen concentrations within the Borrow Extraction Zone lakes were variable (Figure 4.1.4; Appendix
B1). Site W7 on Lake O1 had the greatest change in dissolved oxygen concentration; it changed from 9.7 mg/L
to 6.6 mg/L between the surface and lake bottom. Lake O5 (Site W11) had the lowest change in oxygen
concentration with depth (9.7 mg/L at surface to 9.2 mg/L at the bottom); this was likely due to the shallow depth
of the lake at this site (5.0 m). Overall, dissolved oxygen concentrations in the five study lakes varied from 6.6

to 10.0 mg/L.

The surface water temperature in the fall for each Borrow Extraction Zone study lake (6 to 8 September) was
above freezing (Appendix B1); temperatures ranged from 4.0°C at Site W11 (Lake O5) to 6.0°C (Site W9) of
Lake O3. The surface waters in all study lakes in this zone were well oxygenated (10.1 to 10.7 mg/L) and
complied with Canadian Water Quality Guidelines (CCME 1996).

4.1.3 Transparency

In summer (3 and 4 August), water transparency (Secchi depths) did not vary greatly; it ranged from 5.2 m at Sites
W10 and W11 to 5.7 m at Site W7 (Figure 4.1.4; Appendix B1). In the fall (6 to 8 September), Secchi depths
were lower than in summer, but had a greater range (3.5 m to 5.0 m in Lakes O1 and O4, respectively). The
euphotic zone depths (depth to about 1% light penetrationand where algae can still subsist=2 X Secchidepth) were

under 12 m in the summer and 10 m or less in the fall.
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4.1.4 Summary
4.1.4.1 Lake Morphology

The five surveyed lakes in the Borrow Extraction Zone are small; they range in size from 5 ha (Lake O2) to 18
ha (Lake O1). These waterbodies have maximum depths greater than 5 m. Lake O1 is the deepest waterbody
identified in the zone (maximum depth was 14 m). Based on a bathymetric survey of Lake O1, this waterbody
contains two basins, with the larger, shallower basin encompassing the northern portion of the lake. A bathymetric
survey of Lake O2 indicates that this small waterbody is composed of a single basin. Preliminary surveys of other
waterbodies suggest that they also consist of single basins. All surveyed lakes in the Borrow Extraction Zone have

shoreline development ratios less than 1.4, which is an indication of uniform shoreline configurations.

4.1.4.2 Temperature and Dissolved Oxygen

During the 1996 aquatic studies program in the Borrow Extraction Zone study area, lakes deeper than 10 m in
depth (Lakes O1 and O3) exhibited thermal stratification, while shallower waterbodies (Lakes O2, 04, and O5)
exhibited isothermal conditions. Therefore the deeper lakes can be classified as dimictic (thoroughly mix twice

a year), while the shallower lakes can be classified as monomictic (continuous mixing).

The lakes within the Borrow Extraction Zone have shallower (approximately 2 m) thermoclines than the lakes of
the Mine Operation Zone. This was likely attributed to location (i.e., on the leeward side of an esker and protected
from wind exposure) and the smaller size of the lakes in the Borrow Extraction Zone. Lakes with small surface
areas generally have a shorter distance for wind exposure (i.e., reduced fetch distance). The amount of wind
exposure a lake receives affects the formation and depth of the thermocline; and in general, the lower the wind

exposure the shallower the thermocline (Wetzel 1983).

In summer, the isothermal lakes had water temperatures that ranged from 13.3 to 14.1°C, while those lakes that
stratified had water temperatures below the thermocline as low as 5.6°C. In fall, water temperatures among the
study sites at the surface to a 1 m depth, ranged from 4.0 to 6.0°C. The summer dissolved oxygen concentrations

varied from 6.6 to 10.0 mg/L, while fall surface water concentrations ranged from 10.1 to 10.7 mg/L.

During summer, all lakes studied within the Borrow Extraction Zone had dissolved oxygen concentrations that
were below the Canadian Water Quality Guideline for the protection of cold-water biota early life stages
(9.5 mg/L, Table 3.1.2). The low dissolved oxygen concentrations recorded at this time were likely the result of
equipment malfunction and were not representative of actual concentrations throughout the water column.
Dissolved oxygen concentrations at the surface were 100% saturation and above the 9.5 mg/L criteria. Because
these lakes are nutrient poor (R.L. & L. Environmental Services Ltd. 1995; Canamera Geological Lid.,
unpublished data), dissolved oxygen concentrations should have remained constant throughout the water column,

at least to the thermocline. This was not the case, at several sites the concentration was correlated with water
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depth, which is an indication of equipment malfunction (R. Hirsch, Technical Engineer, Point Four Systems Inc.,
Post Moody, BC, pers. comm.). As such, the dissolved oxygen concentrations recorded during the summer should

be viewed with caution.

4.1.4.3 Transparency

The water transparency levels recorded in the Borrow Extraction Zone lakes indicated that the euphotic zone was
between 10 and 12 m during the summer and between 7 and 10 m during the fall. The amount of light penetration
is dependent upon suspended materials (i.e., sediments and other allochthonous matter) and the biological
productivity of a lake (i.e., density and biovolume of phytoplankton). Transparency levels in these lakes were

similar to those measured in the Mine Operation Zone lakes; they are indicative of oligotrophic systems.

4.2 PLANKTON

To provide baseline information on the plankton community, samples were collected from the Borrow Extraction
Zone of the Jericho study area during summer and fall of 1996. One site (PL4) was established on Lake O1
(Figure 4.2.1). This site was closest to the region that is projected to have the most activity associated with borrow
extraction materials. Relevant data are summarized in the following sections; all data are presented in

Appendices C1 to C3.

4.2.1 Phytoplankton

Phytoplankton are microscopic free-floating algae (Smith 1950). Summary results of phytoplankton biovolume
(microns cubed per metre cubed [um®/m?®]) and density (No. cells/ml) are both presented in this section because
density alone does not provide an accurate assessment of importance. For example, taxa that are extremely
numerous may have a low biovolume, due to the small size of individual organisms. Conversely, those taxa that
have large biovolumes (due to large individual organism size), may not be numerically abundant. These large
bodied groups can contribute significantly to lake productivity. As such, their numbers can influence the abundance
and biomass of herbivores that feed on them (generally zooplankton) and they can modify nutrient availability for

competing plants or algae.

4.2.1.1 Biovolume

In total, 101 species of algae were identified from the samples collected in the Borrow Extraction Zone study area
(Appendix C2). Table 4.2.1 summarizes biovolumes of major taxonomic groups encountered. In the summer,
golden-brown algae (Chrysophyta) contributed 56% of total algal biovolumes, while dinoflagellates (Pyrrophyta)
accounted for 24%. In fall, golden-brown algae and diatoms (Bacillariophyta) accounted for over 85% of the

biovolume (75 and 10%, respectively).
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4.2.1.2 Density

The relative importance of the most numerous species within each of the six major taxonomic groups are depicted
in Figure 4.2.2. Cyanobacteria (Cyanophyta) were the numerically dominant taxa in all samples; Aphanothece
clathrata densities ranged from 10 334 cells/ml in summer to 12 183 cells/ml in fall. Aphanocapsa elachista had
the second highest densities (4456 and 3017 cells/ml in the summer and fall, respectively). Cyanobacteria,
however, typically have very small cells and do not contribute greatly to biovolume. Golden-brown algae
contributed the most toward total phytoplankton biovolume in each season (refer to Section 4.2.1.1); Ochromonas
sp. was the most abundant golden-brown algae during summer (572 cells/ml) and Chrysosphaerella rodhei

dominated during fall (396 cells/ml).

4.2.2 Zooplankton

Zooplankton communities are composed of microscopic animals that live in the water column. The seasonal
changes in zooplankton biomass are summarized in Table 4.2.2, while seasonal changes in density for dominant
taxa are presented in Figure 4.2.3. All raw data are presented in Appendix C3. Summary results of zooplankton
biomass (micrograms per metre cubed [ug/m’]) and density (No./m’) are presented in this section because density
alone does not provide an accurate assessment of importance. Taxa that are extremely numerous may have a low
biomass, due to the small size of individual organisms. Conversely, those taxa that have large biomass (due to
large individual organism size), may not be numerically abundant. These large bodied groups can contribute a
significant amount to lake productivity. As such, their numbers can influence the abundance and biomass of
predators that feed on them (generally other zooplankton and fish) and they can modify the phytoplankton

community.

4.2.2.1 Biomass

In summer, water fleas (Cladocera) and calanoid copepods (Calanoida) contributed 99% of total zooplankton
biomass in Lake O1 (87 and 12%, respectively). These percentages represented 235 and 31.9 X 10° pg/m’,
respectively. In fall, calanoid copepods accounted for the majority of zooplankton biomass (83 %) while cyclopoid

copepods were second in abundance (8 %) and water fleas were third (7%) (Table 4.2.2; Appendix C3).

4.2.2.2 Density

In summer, Lake O1 was dominated by the wheel animal (Rotifera) Conochilus unicornis (16 444 individuals/m®)
and the calanoid copepod Leptodiaptomus sicilis (1337 individuals/m?®). In fall, C. unicornus was replaced by
Kellicottia longispina (29 617 individuals/m®) and L. sicilis increased in abundance (6698 individuals/m®). Overall,

zooplankton densities were greater in the fall than in the summer (Figure 4.2.3; Appendix C3).
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4.2.3 Summary
4.2.3.1 Phytoplankton
The phytoplankton assemblage in Lake Ol was indicative of oligotrophic waterbodies (Wetzel 1983).

Golden-brown algae (Chrysophyta) had the greatest biovolumes in the summer and fall. Cyanobacteria

(Cyanophyta) algae had the greatest densities in both seasons, due to their small cell sizes relative to other taxa.

There was a seasonal shift in the relative importance of the major taxonomic groups. Golden-brown algae
contributed 56% to total algal biovolume, while dinoflagellates (Pyrrophyta) accounted for 24 % in the summer.
During fall, golden-brown algae increased in importance; this group accounted for over 75% of the biovolume.
Also the most abundant golden-brown algae species changed from summer to fall (Ochromonas spp. versus
Chrysosphaerella rodhei respectively), while cyanobacteria were dominated by Aphanothece clathrata and

Aphanocapsa elachista in both seasons.

4.2.3.2 Zooplankton

The zooplankton community in Lake O1 exhibited a change in community structure between summer and fall. In
general, zooplankton biomass was dominated by the water fleas (primarily Holopedium gibberum) in summer and
calanoid copepods (primarily Leptodiaptomus sicilis) in fall. The most abundant zooplankton were the wheel

animals (Conochilus unicornis and Kellicottia longispina in summer and fall, respectively).

4.3 STREAM PERIPHYTON

Periphyton refers to the community of algae, bacteria, fungi, and their secretions that grow on substrates in
freshwater systems (Lock et al. 1984). In addition to having an important role in aquatic trophic relationships
(i.e., used by invertebrates and fish as a source of food and shelter), they are well suited for use as a biological
indicator of environmental conditions, including those imposed by anthropogenic activities. Summary results of
periphyton density (No. cells/ml), chlorophyll a concentration (ug/cm?), and ash-free-dry-weight (AFDM)

concentration (mg/cm?) are presented in this section.

A limited periphyton sampling program was conducted in the summer of 1996. Three replicate samples were
collected from one stream (Stream 018, Site B3) in the Borrow Extraction Zone (Figure 4.3.1). This stream is
situated adjacent to the proposed development. Data are presented as means (n=3, +1 standard error). Relevant

information are summarized in this section; all data are presented in Appendices D1 and D2.

Jericho Diamond Project Aquatic Studies Program (1996) Page 98



R.L. & L. ENVIRONMENTAL SERVICES LTD.

4.3.1 Density
In total, 84 periphytic algal species were identified in the samples from Stream O18 (Appendix D2). The algal

community at this site was dominated by the cyanobacterium Microcystis flos-aquae (161 402 +161 402 cells/cm®)
and the diatom Tabellaria flocculosa (140 323 +47 836 cells/cm?). Other abundant periphytic algal species included

the cyanobacteria Lyngbya limnetica and Phormidium sp.(Figure 4.3.2).

4.3.2 Biomass

Stream O18 had low estimates of mean periphytic chlorophyll @ and mean AFDM (0.512+0.351 p.g/cm?* and
23.646.65 ug/cm?, respectively; Appendix D1). These estimates are indicative of oligotrophic conditions (Horner

and Welch 1981; Wetzel 1983).

4.3.3 Summary
The most abundant periphytic algae in Stream O18 of the Borrow Extraction Zone were the cyanobacterium

Microcystis flos-aquae and the diatom Tabellaria flocculosa. The overall mean density of algae in Stream O18

(623 886 +206 406 cells/cm?) was low.

The amount of chlorophyll a and AFDM (indicators of live algae and periphyton biomass, respectively) is
controlled primarily by light quality and quantity, water velocity, and nutrient concentrations (Horner and Welch
1981). Moderate current velocities (20 to 100 cm/s) and increasing phosphorus concentrations (to 50 pg/L total
phosphorus) promote periphytic growth. The sampling location on Stream O18 exhibited light and current
velocities within the range reported by Horner and Welch (1981). Therefore, it is likely that phosphorous

concentrations were low, which limited periphytic growth.

4.4 BENTHIC MACROINVERTEBRATES

Benthic (bottom-dwelling) macroinvertebrates are an important link in aquatic food webs. Most benthic
invertebrates are herbivorous, detrivorous, or filter feeders and derive much of their energy from aquatic plants
and algae or organic materials. Some benthic macroinvertebrate species are predacious, generally feeding upon
other invertebrates. Many fish species, including early life history stages of piscivorus species, feed upon benthic

macroinvertebrates.

4.4.1 Lakes

The lake sampling program was designed to obtain baseline information from benthic macroinvertebrate
communities in selected lakes within the Borrow Extraction Zone. In summer, three replicate samples were
collected from each of the littoral and profundal zones of Lake O1 (Figure 4.4.1). In total, 12 taxonomic groups

were identified. The number of taxa in each sample ranged from 3 to 15 (Appendix E2). Summary data are
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provided in Table 4.4.1; site specific sampling information is summarized in Appendix E1 and raw data are

presented in Appendix E2.

The total mean density (+1 standard error) of benthic macroinvertebrates in the littoral zone of Lake O1 was
5696+2119/m? (Table 4.4.1). The mean number of taxonomic groups was fourteen. The three most abundant taxa
were Chironomidae (midges) (2797/m?+964), Sphaeriidae (fingernail clams) (1275+394/m?), and Nematoda
(roundworms) (1203 +988/m?). Ostracods (seed shrimps), and oligochaetes (aquatic earthworms) were also present

in the littoral benthic community.

The total mean density (41 standard error) of benthic macroinvertebrates in the profundal zone of Lake O1 was
2478+199/m? (Table 4.4.1). The mean number of taxonomic groups identified was eight. The three most abundant
taxa were midges (1897 +283/m?), fingernail clams (406 +169/m?), and seed shrimps (116+96/m?). There also

were considerable numbers of nematodes, water mites (Hydrachnidia), and oligochaetes.

Mean overall densities of benthic macroinvertebrates were much greater in the littoral zone than in the profundal
zone of Lake O1; there was at least a two-fold difference in density (Table 4.4.1). Furthermore, the number of
taxonomic groups identified in the littoral zone was greater than the number identified in the profundal zone.
Taxon specific differences were also apparent; water mites were only found in profundal zone samples, while
microturbellarians (microflatworms) were only found in littoral zone samples. In addition, large differences in
densities were observed for nematodes (means of 1203 and 14/m? respectively), fingernail clams (means of 1275
and 406/m? respectively), and midges of the tribe Chironomini (means of 1522 and 130/m’ respectively). In
contrast, midges of the tribe Tanypodinae were more abundant in the profundal zone (14204 151/m?) than in the
littoral zone (478 +100/m?).

4.4.2 Streams

A benthic macroinvertebrate sampling program was conducted in Stream O18 (Site B3) of the Borrow Extraction
Zone in the summer of 1996 (Figure 4.4.1). Site specific sampling information is summarized in Appendix E3,
while raw data are presented in Appendix E4. In total, 25 different taxonomic groups were identified; the number

of taxa in each sample ranged from 20 to 28.

The benthic macroinvertebrate community in Stream O18 was dominated by oligochaetes (1301+491/m?),
ostracods (1240+399/m?), and midges (mean of 1050+355/m?). Other taxa with high densities included
nematodes, nemourid stoneflies (Plecoptera), and hydroids (Coelenterata). The total mean density of benthic
macroinver tebrates and the mean number of taxa in Stream O18 were low (5470+993/m” and 25+42/m?,

respectively) (Table 4.4.2).
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4.4.3 Summary
4.4.3.1 Lakes

Overall, mean densities and number of taxonomic groups of benthic macroinvertebrateswere greater in the littoral
zone than the profundal zone of Lake O1. This reflects the higher productivity of shallow-water habitats due to
higher water temperatures and greater light penetration. Anoxia of the profundal zone was not recorded during
the 1996 open water season (see Section 4.1) and probably was not a factor in benthic macroinvertebrate
production. Taxonomic composition was indicative of a short growing season and a homogenous substrate

dominated by fine sediments.

The mean number of taxonomic groups identified in the littoral zone (14) was greater than the number identified
in the profundal zone (8) of Lake O1. Taxon specific differences were also apparent; water mites were only
identified in samples collected from the profundal zone, while microturbellarians (microflatworms) were only
found in littoral zone samples. In addition, there were large differences in densities. Differences were observed
for nematodes, fingernail clams, and midges of the tribe Chironomini (littoral zone densities were much greater).
Midges of the tribe Tanypodinae exhibited the opposite trend; densities of this taxon were more abundant in the

profundal zone than in the littoral zone.

4.4.3.2 Streams

One stream site was sampled for benthic macroinvertebrates within the Borrow Extraction Zone. The benthic
macroinvertebrate community in Stream O18, was dominated by oligochaetes (aquatic earthworms), ostracods
(seed shrimps), and chironomids (midges). Other taxa with considerable densities included nematodes
(roundworms), nemourid stoneflies (Plecoptera), and hydroids (Coelenterata). The species composition and low
densities were typical of nutrient poor systems (Hynes 1970; Resh and Rosenberg 1984; Rosenberg and Resh
1993).

4.5 FISH

4.5.1 Species Composition and Abundance

The 1996 aquatic studies fish sampling program was designed to provide information on species composition and
abundance in the Borrow Extraction Zone. Sampling was conducted during spring, summer, and fall in a variety
of habitats using several inventory techniques. In lakes, these techniques included gillnetting, angling, and the use
of gee traps. In streams, fish were inventoried using backpack electrofishing and snorkelling. The following section
provides summary information for fish communities in selected lakes and streams; all raw data are presented in

Appendices F1 to F5.
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4.5.1.1 Lakes
Five lakes were sampled during the 1996 fisheries program (Figure 4.5.1); Lakes O1 to O5. None of these

waterbodies were examined during the 1995 investigation.

In total, 214 fish representing seven species were sampled from lakes in the Borrow Extraction Zone
(Table 4.5.1). In order of numerical importance, they were Arctic char (85), lake trout (70), round whitefish (28),
ninespine stickleback (18), Arctic grayling (10), slimy sculpin (2), and burbot (1). The relative importance of a
particular fish species within each lake was not constant (Table 4.5.2). In Lake O1, situated the farthest upstream
within the Borrow Extraction Zone drainage, Arctic char dominated the sample (75%). Lake trout was second in
importance (23 %), followed by low numbers of round whitefish and slimy sculpin (each species accounted for 1%
of the sample). In Lakes O2, O3, and O4, Arctic char was also important, but this species did not dominate the
sample (<27% in each of the lakes). The dominant species in these lakes were as follows: round whitefish in
Lakes O2 and O4 (39% and 45%, respectively) and lake trout in Lake O3 (58%). In Lake OS5, lake trout
dominated the sample (47 %), followed by ninespine stickleback (23 %) and Arctic grayling (17%). Other species,
such as round whitefish and Arctic char, were not as important as in other waterbodies (9% and 4% of sample,

respectively).

To assess the relative abundance of fish in each of the sampled lakes, gill net catch data for each lake were
summarized. These data were used for comparison purposes because they were based on a standardized sampling

effort and the majority of fish were captured using this technique (193 of 214 fish).

The relative abundance (catch-per-unit-effort or CPUE) values generated for fish captured in each lake
(Figure 4.5.2) were consistent with the percent composition information. However, the relative abundance of fish
varied between seasons and between lakes. Catch rates for most species tended to be higher during fall than during

summer.

A number of reasons may explain the higher catch rates recorded during fall. Seasonal differences existed in the
sampling strategy employed. In summer, a variety of habitats and locations were sampled to assess fish distribution
patterns. In an effort to identify spawning areas, fall sampling was restricted to sites thought to contain suitable
spawning habitat; areas where higher numbers of fish were usually present. Higher catch rates during fall may
also have reflected greater movement by fish, which would have increased their vulnerability to capture by gill
nets (i.e., cooler water temperatures in fall may have induced feeding and/or spawning activity). Given these
factors, CPUE values recorded during fall may not be indicative of real changes in fish abundance. As such, the

following discussion will concentrate on findings made during the summer period.

The data suggested that overall fish abundance indices in summer differed among lakes. CPUE values were highest

in Lake O1 (11 fish/100 m? - 12 h, respectively), followed by Lake O35 which exhibited the next highest overall
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catch rates (7 fish/100 m? - 12 h, respectively). Combined CPUE values for fish in each of the three remaining
waterbodies were lower (between 3 and 7 fish/100 m? - 12 h). Variation in catch rates among lakes likely was

related to differences in lake size and productivity.

Catch rates for specific species also varied among lakes during summer. In general, Arctic char and lake trout
exhibited the highest abundance indices. CPUE values for Arctic char were highest in Lake O1
(9 fish/100 m? - 12 h), while, CPUE values for lake trout were highest in Lakes O5 and O3 (5 and 4 fish/100 m?
- 12 h, respectively). For other species, catch rates were much lower. Although round whitefish was the most
abundant fish in Lake O2 during summer, CPUE values did not exceed 3 fish/100 m? - 12 h. Similarly, catch-per-
unit-effort values for Arctic grayling did not exceed 2 fish/100 m? - 12 h in Lake O35, the only waterbody where

this species was found.

4.5.1.2 Streams

Of the 17 streams investigated within the Borrow Extraction Zone, 14 contained fish (Figure 4.5.1). These streams
were situated within five general areas: Lake O1 (2 tributaries), Lake O2 (2 tributaries), Lake O3 (3 tributaries),
Lake O4 (4 tributaries), and Lake OS5 (3 tributaries). Two of these watercourses (Streams O5 and O6) were

investigated during the 1995 fisheries program.

In total, 687 fish representing seven species were enumerated in the Borrow Extraction Zone (Table 4.5.3). Slimy
sculpin dominated the sample (215) followed by Arctic grayling and Arctic char (155 and 151, respectively). Other
species encountered were ninespine stickleback (116), burbot (38), round whitefish (10), and lake trout (2). The
number of fish recorded varied depending on sampling area (Table 4.5.4). Most fish were recorded from streams
in the Lake O4 and Lake O1 areas (199 and 179, respectively), followed by streams located in the Lake O5 area
(135 fish). In contrast, fewer than 100 fish were encountered in each of the two remaining areas (Lakes O2 and

03).

The number of species encountered was relatively constant among sampling areas (Table 4.5.4). Seven species
were identified in Lake O1 and O2 area streams, while six species were found in the Lake O4 area (all except lake

trout), and five species were encountered in Lakes O3 and O35 areas (all except lake trout and round whitefish).

The relative importance of each species in the Borrow Extraction Zone differed among areas. Arctic char was the
dominant species in the Lake O1 area (56%) followed by slimy sculpin (24 %). In Lake O2 area streams, slimy
sculpin dominated the sample (60%), and Arctic grayling was the second most important species (34 %). Similarly,
slimy sculpin dominated in the Lake O3 area (54 %), however, Arctic char replaced Arctic grayling as the second
most important species (27%). Ninespine stickleback dominated the sample in the Lake O4 area (35%), while
Arctic grayling and slimy sculpin were equal in importance (20%). In the Lake O5 area, Arctic grayling was the

dominant species (47 %); ninespine stickleback and slimy sculpin were also important (24 %).
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The species composition and numerical abundance of fish varied between individual streams within each area
(Figure 4.5.3). Of the two streams inventoried in the Lake O1 area, Stream O18 exhibited the highest species
diversity (7) and fish number (169). The majority of fish recorded in this stream were Arctic char (95). It should
be noted that this high number was related to the increased sampling effort expended in this particular system.

Stream O19 contained fewer species (3) and much lower numbers of fish (10).

Two streams (09 and 022) were associated with Lake O2. Both systems were dominated by Arctic grayling and

slimy sculpin, however, their numbers were highest in Stream 022 (23 Arctic grayling and 47 slimy sculpin).

The three streams within the Lake O3 area differed in the fish numbers recorded. Stream O21 contained the
greatest number of fish (48) and these were dominated almost entirely by slimy sculpin. In total, 29 fish were
recorded in Stream 21, of which Arctic char were most important (23). In contrast, few fish were recorded in

Stream 016 (4).

Streams in the Lake O4 area also varied in the fish numbers recorded. Most fish were encountered in Stream 06
(119) and these were dominated by ninespine stickieback (49) and Arctic grayling (40). Stream O12 exhibited the
second highest number of fish (62), but in this system, slimy sculpin, Arctic char and ninespine stickleback were

equal in importance (21, 17, and 14 fish, respectively). The two remaining streams contained few fish (<12).

In the fifth area of the Borrow Extraction Zone (Lake O5), individual stream species assemblages were similar.
Streams O5 and O6A contained the highest numbers of fish (72 and 60, respectively). Arctic grayling, ninespine
stickleback, and slimy sculpin were also present in these watercourses. Arctic grayling dominated the sample in
Stream O5 (47). In Stream O6A, ninespine stickleback were most numerous (25), while only one Arctic char and

two Arctic grayling were recorded in Stream O14.

4.5.2 Biological Characteristics

An important component of the 1996 fisheries program was to describe the biological characteristics of fish species
encountered in the Borrow Extraction Zone of the Jericho study area. Characteristics described in this section
include: length-frequency distributions, length-weight regressions, mean condition factors, age-at-maturity, mean
length-at-age, and mean weight-at-age. Because much of this information was collected from fish that succumbed
during sampling, and mortality rates were generally low, sample sizes are small. Unless otherwise stated, data
from all sampling sessions and sampling methods have been combined for the analyses. Raw data used for these

analyses are presented in Appendix F5.
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4.5.2.1 Lake trout

The majority of lake trout captured in the Borrow Extraction Zone ranged in fork length from 104 to 620 mm,
however, few individuals were less than 160 mm or greater than 620 mm in length (Figure 4.5.4). Samples sizes
were sufficiently large enough to generate length-frequency distributions for fish sampled from Lake O1 only; data
for other waterbodies were grouped (Lakes 02, O3, 04, and O5 combined). The length-frequency distributions

were similar; the majority of fish were between 400 and 600 mm in fork length.

Length-weight regression equations and mean condition factors for lake trout sampled from selected lakes in the

Borrow Extraction Zone during summer are presented in Table 4.5.5.

Age-at-length and age-at-weight information for a sample of lake trout collected from all waterbodies during
summer and fall combined are provided in Table 4.5.6 (data from individual waterbodies were combined due to
insufficient sample sizes). Fish in this sample ranged in age from 1 to 36 years. Caution should be used when
interpreting this information. The sample used for ageing was small (n=20) and there was variation inherent to
this type of data (subarctic fish populations typically exhibit a great range in age for fish of a given length [Johnson
1972]). As such, this information provides only a representative cross-section of the population and should not be
interpreted as an accurate description of growth rate. As such, it should not be used for comparison of growth

curves among different fish populations.

Limited data were available to assess age-at-maturity for lake trout. Information collected from all sampled
waterbodies suggested that these fish became sexually mature at 10 years of age. The smallest sexually mature lake
trout encountered was 447 mm in fork length. This fish was a ripe male captured from Lake O1. Nonfecund lake
trout were also identified during the present study (i.e., mature fish that did not spawn that year). The percentage
of nonfecund individuals in the combined sample of mature fish that could be assessed for sexual maturity was

17% (n=29).

4.5.2.2 Arctic Char

The fork length of sampled Arctic char ranged from 34 to 620 mm (Figure 4.5.5). Length-frequency distributions
of fish sampled from Lake O1 and other waterbodies (data for Lakes 02, O3, O4, and O5 combined due to
insufficient sample sizes) were similar; fish less than 100 mm in length dominated the sample. These individuals
represented young-of-the-year and yearling fish captured from tributary streams. The other major grouping

consisted of fish between 280 and 640 mm fork length.

Length-weight regression equations and mean condition factors for Arctic char sampled from selected lakes within

the Borrow Extraction Zone during summer are presented in Table 4.5.7.
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Age-at-length and age-at-weight information for the sample of Arctic char captured from Lake O1 during summer
and fall combined are provided in Table 4.5.6 (insufficient data were available from other waterbodies). Fish in
this sample ranged in age from O to 12 years. As for lake trout, caution should be used when interpreting this
information. The sample used for ageing was small (#=32) and there was variation inherent to this type of data
(subarctic fish populations typically exhibit a great range in age for fish of a given length [Johnson 1972]). As
such, this information provides only a representative cross-sectionof the population and should not be interpreted
as an accurate description of growth rate. As such, it should not be used for comparison of growth curves among

different fish populations.

Limited age-at-maturity data for Arctic char suggests that fish became sexually mature at 8 years of age. The
smallest sexually mature Arctic char was a gravid male 465 mm in fork length captured from Lake O1. Nonfecund
Arctic char were also recorded during the study. The percentage of nonfecund individuals in the sample of mature

fish that could be assessed for sexual maturity was 31% (n=26).

4.5.2.3 Round Whitefish

The fork length of round whitefish sampled from waterbodies in the Borrow Extraction Zone ranged from 97 to

513 mm (Figure 4.5.6); the median length of sampled fish was 280 mm.

The length-weight regression equation and mean condition factor for round whitefish during summer was:

Weight (g)= 3.365 * 10° * Fork Length (mm)*%%
where: n=11 and r’=0.998; and,

Mean Condition Factor=1.079 4+ 0.056.

Age-at-length and age-at-weight information for a sample of round whitefish from all sampled lakes and all seasons
combined are presented in Table 4.5.6. Fish in this sample ranged in age from 1 to 23 years. Past investigations
of subarctic round whitefish populations have not documented the existence of fish 15 years of age and older
(Kennedy 1949 and Mackay 1989). However, several individuals in the sample did exceed this age. This
discrepancy can be explained by use of different ageing structures; past studies have employed scales, whereas
the present study utilized otoliths. It is now commonly accepted that otoliths allow a more accurate assessment of

fish age than scales, particularly for older aged fish (Jessop 1972 and Mackay et al. 1990).

Limited data were available to assess age-at-maturity of round whitefish. These data suggested that fish became
sexually mature at 8 years of age. The smallest sexually mature round whitefish encountered during the study was
388 mm fork length. This fish was a ripe male captured from Lake O2. Nonfecund round whitefish were not

recorded during the study.
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4.5.2.4 Arctic Grayling

The fork length of Arctic grayling sampled from waterbodies within the Borrow Extraction Zone ranged from
36 to 426 mm (Figure 4.5.6); the majority of fish were less than 180 mm fork length. The median length of
sampled fish was 119 mm. Most sampled fish were captured from study area streams and represented either
young-of-the-year (modal peak of 60 mm) or juvenile fish (modal peak of 110 mm). The smal! number of adult

fish (n=7), all of which were captured in study area lakes, ranged in fork length from 247 mm to 426 mm.

The length-weight regression equation and mean condition factor for Arctic grayling (all seasons combined) was:

Weight (g)= 2.371 * 10" * Fork Length (mm)*?%*
where: n=61 and 1=0.974; and,

Mean Condition Factor=1.054 + 0.028.

Ages were assessed for Arctic grayling using data for all lakes and seasons combined (Table 4.5.6). Fish in this
sample ranged in age from O (52 mm fork length) to 7 years (393 mm fork length). No age-at-maturity data were

available for this species.

4.5.3 Feeding Habits

Stomach contents of four species (lake trout, Arctic char, round whitefish, and Arctic grayling) were analysed to
assess feeding habits (all seasons and lakes combined). Data were collected from fish that succumbed during
capture or that were sacrificed for tissue samples. The information is presented as frequency of occurrence and

percent composition of food items by volume. The raw data used for these analyses can be found in Appendix F5.

4.5.3.1 Lake trout

The diet of lake trout was diverse (Figure 4.5.7). Items consumed included zooplankton, fish, trichopterans,
chironomids, pelecypods, and eubranchiopods. The most important food groups in the lake trout diet were fish
(33% occurrence and 41% composition by volume) and eubranchiopods (tadpole shrimp) (37% occurrence and
37% compositionby volume). Zooplankton, which was an important food item for other fish species in the Borrow
Extraction Zone, was not a major component of the lake trout diet (22% occurrence and 18% composition by

volume).

4.5.3.2 Arctic char

The diet of Arctic char consisted principally of zooplankton. This food item exceeded 23% occurrence and 61%
composition by volume. The only other food item of importance was eubranchiopods (7% occurrence and 12%

composition by volume). A large percentage of Arctic char stomachs in the sample were empty (70%).

Jericho Diamond Project Aquatic Studies Program (1996) Page 107



R.L. & L. ENVIRONMENTAL SERVICES LTD.

4.5.3.3 Round whitefish

This species consumed a limited variety of food items; these were zooplankton, trichopterans, and pelecypods.
The dominant food item consumed was trichopterans (62 % occurrence and 52 % compositionby volume). The only

other food item of importance was zooplankton (46% occurrence and 36% composition by volume).

4.5.3.4 Arctic grayling

Similar to findings for other species, the diet of Arctic grayling consisted primarily of zooplankton (83%
occurrence and 62 % compositionby volume). Other food items consumed were chironomids, and eubranchiopods,
but these occurred in less than 18% of the stomachs and accounted for less than 28% of the food consumed by

volume.

4.5.4 Fish Movements

The Borrow Extraction Zone of the Jericho study area contains several lakes that are interconnected by small
streams. Although these streams are small, the potential exists for fish to undertake movements between
waterbodies. To assess movement patterns of fish in this area, a tagging program was initiated in 1996. Lake trout,
Arctic char, and Arctic grayling in good physical condition were tagged and released. Round whitefish were not
included in this study component because captured individuals of this species generally were in poor physical

condition.

During the present study, 35 lake trout, 39 Arctic char and 3 Arctic grayling were tagged and released in five lakes
(Table 4.5.8). Of these tagged fish, only one individual was recaptured (lake trout in Lake O4). This fish was
marked and released on 2 August and subsequently recaptured in the same waterbody on 8 September. These
limited results make it difficult to assess movement patterns of fish in the Borrow Extraction Zone. However,
characteristics of watercourses in the area can be used to indicate whether movements of fish occur between

waterbodies.

Four watercourses provided potential movement corridors for fish in the study area (Streams O6A, 06, 09, and
018). Stream O6A is a small system that allows free movement between Lake OS5 and the Jericho River during
the open water period. Fish that utilize the shallow Jericho River during summer may move into the deeper Lake
OS5 to overwinter. Also, species such as Arctic grayling may move from the Jericho River into Lake O5 area

streams for spawning purposes.

Stream O6 connects Lake O5 to Lake O4. This small stream has a well-defined channel that would allow
unrestricted fish movements during the open water period. Similar to Stream O6A, spawning Arctic grayling may

also move from the Jericho River into the Borrow Extraction Zone drainage via Stream 06.
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The two remaining watercourses (Stream O9 and O18) are both small, shallow, and at times, poorly-defined
channels dominated by boulder substrates. These characteristics would hamper, but not prevent, movement of fish
farther upstream into the Borrow Extraction Zone drainage. As such, it is unlikely that large numbers of fish

undertake annual movements through these two streams.

4.5.5 Resource and Potential Harvest

Based on available information, waterbodies in the Borrow Extraction Zone were not used extensively for
commercial or domestic fisheries. However, recreational use by personnel associated with exploration activity did
occur. Personnel housed in the Canamera Geological Ltd. exploration camp fished Lake O1 during the 1996 study

period. No anglers were observed using other lakes or any streams in the Borrow Extraction Zone.

The small size of study area lakes and their low productivity make their sport fish populations susceptible to over
harvest. To estimate the annual sport fish harvest a waterbody can support, an equation that employs a lake's
surface area, was developed by Evans et al. (1990) for Northern Ontario. This equation has been recommended

to calculate potential annual harvest of lake trout in inland lakes (Oliver et al. 1991) and is as follows:

log,,H 0.60 0.72 log,, A

Where: H = potential annual harvest of lake trout (kg).
A = surface area (ha) of lake (lake surface areas based on 1:50 000 scale N.T.S. maps).

Using this formula, the potential annual harvest of lake trout from lakes in the Borrow Extraction Zone ranged
between 13 kg in Lake O2 and 32 kg in Lake O1, with the larger lakes having the highest values (Table 4.5.9).
This information indicates that trout species residing in the Borrow Extraction Zone waterbodies are susceptible
to over harvest. Also, these values may be biassed upward due to a number of environmental differences between
subarctic lakes and waterbodies in northern Ontario. Lower nutrient levels, a colder water temperature regime,
and a shorter open water period in the subarctic region would significantly lower the potential harvest available

in these subarctic lakes compared to those in northern Ontario.

4.5.6 Summary

Sampled lakes in the Borrow Extraction Zone supported populations of lake trout, Arctic char, round whitefish,
and Arctic grayling. Arctic char was the dominant species numerically, followed closely by lake trout. All other
species were not as numerous. Based on abundance indices (catch rates using standardized gill net sets), overall
fish densities were highest in Lake O1 (11 fish/100 m? - 12 h in summer) followed by Lake O5 (7 fish/100 m? -
12 h in summer). CPUE values recorded in the three remaining lakes did not exceed 7 fish/100 m* - 12 h. It is
unclear why catch rates differed among lakes. It is possible that they were related to differences in lake size and

productivity.
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In terms of the species captured, Arctic char was the dominant fish in Lake O1. Lake trout dominated in Lakes O3
and O5. Although, round whitefish were not numerous, it was the most important species in Lakes O2 and O4.

Arctic grayling, was captured only in Lake O5.

Several fish species were encountered in sampled streams. Arctic grayling, ninespine stickleback, and slimy
sculpin tended to be the most widespread and numerous species; although high numbers of Arctic char were
recorded in some streams. Other species, such as lake trout, round whitefish, and burbot were not numerous in

any of the Borrow Extraction Zone streams.

Overall, low numbers of fish were recorded in sampled streams. However, Stream O18 in the Lake O1 area
supported a diverse assemblage of species and it contained the highest number of Arctic char recorded in the
Borrow Extraction Zone. This stream is likely the principal rearing area for the Arctic char populationin Lake O1.
Likewise, Streams O5 and O6 supported high numbers of Arctic grayling. Both systems are probably spawning

and rearing areas for the Arctic grayling population that resides in Lake O5.

The biological characteristics of fish populations indicated that they were slow growing, late maturing, and
dominated by older age-classes. Lake dwelling species (lake trout and Arctic char) tended to exhibit bimodal
length-frequency distributions and lake samples were dominated by larger, older individuals. To some extent, this
reflected the sampling methodology employed (smaller size-classes were not effectively sampled using gill nets),
however, these data are typical of subarctic fish populations residing in cold, oligotrophic waterbodies. It has been
suggested that these characteristicsare indicative of unexploited fish populations in a state of equilibrium with their

environment (Johnson 1976).

The feeding habits of fish were related to a species feeding habits and the most abundant food item available. Fish
was the dominant food item identified in lake trout stomachs, although nonvertebrates, such as zooplankton and
eubranchiopods, were also important. Zooplankton was an important food group identified in Arctic char, round
whitefish, and Arctic grayling stomachs. It was the dominant food of Arctic char and Arctic grayling. In contrast,
trichopterans (an aquatic insect) was most important in round whitefish stomachs. One other food item consumed

by all species were pelecypods.

Limited recapture data from tagged fish made it difficult to assess movement patterns of fish in the Borrow
Extraction Zone. However, some watercourses could be used as movement corridors between waterbodies. Two
watercourses provided potential movement corridors for fish in the study area (Streams O6A and O6). Stream O6A
allows free movement of fish between Lake O5 and the Jericho River, while Stream O6 connects Lake O5 to

Lake O4.
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Based on available information, waterbodies in the Borrow Extraction Zone were not used extensively for
commercial or domestic fisheries. However, recreational use by personnel associated with exploration activity did
occur. The biological characteristics of fish populations in these waterbodies (i.e., slow growing and late
maturing), the small size of these lakes, and their low productivity make their sport fish populations susceptible

to over harvest.

4.6 HABITAT AND HABITAT USE

This study component was designed to describe aquatic habitat in lakes and streams in the Borrow Extraction Zone
and to assess its value to fish communities. This section provides information for waterbodies not previously
investigated, as well as new data for waterbodies that were surveyed in 1995. All raw data collected during the

present study are provided in Appendices G1 and G2.

4.6.1 Lakes

The shoreline habitat characteristics of five waterbodies in the Borrow Extraction Zone were surveyed: Lakes O1
to O5 (Figure 4.6.1). Surveys were designed to provide a general assessment of the shoreline characteristics of
each lake and to identify high quality habitats. These high quality habitats were: sheltered shallow-water areas
containing aquatic macrophytes (submergent and emergent vegetation) suitable for fish rearing and submerged

cobble, gravel, and boulder areas suitable for spawning by lake trout, Arctic char, and round whitefish.

Shoreline characteristics in each of the five lakes were uniform; all contained large amounts of fine substrates,
which consisted primarily of sands and gravels (Table 4.6.1). In fact, Lake O3 was the only waterbody with areas
consisting of larger substrates; cobble-boulder substrates (47 %) and bedrock substrates (7 %). Low shoreline slopes
also predominated in most of the lakes. One exception included Lake O2 where 51% of the shoreline exhibited
a high slope. As well, large sections of the Lake O4 shoreline exhibited moderate or high slopes (38% and 33%,

respectively).

Potential spawning and rearing habitats were also identified during the lake surveys. Spawning habitat required
by lake dwelling species such as lake trout, Arctic char, and round whitefish is characterized by the presence of
clean gravel to boulder-sized substrate in areas sufficiently deep to avoid freezing (Scott and Crossman 1973).
Areas with these characteristics were widely distributed in all surveyed waterbodies, therefore, spawning habitat
does not appear to be limited in any of these lakes. Two potential high quality spawning sites were identified; one

in Lake O3 and one in Lake O1 (Figure 4.6.1).

Rearing habitat suitable for lake dwelling fish species is characterized by shallow-water zones exhibiting low slopes
and fine substrates that support the growth of aquatic macrophytes (Randall et al. 1996). These features provide

shelter (i.e., protection from predators and source of food) to younger age-classes of lake trout, Arctic char, and
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round whitefish. In addition, they provide habitat for forage fish species, such as slimy sculpin and ninespine
stickleback . Shoreline areas exhibiting these characteristics were limited in the surveyed waterbodies. Shallow
water areas with fine substrates were present, however, aquatic macrophytes were restricted to protected shoreline
margins. Aquatic macrophytes in these zones consisted of emergent species (Carex spp.) and aquatic grasses
(Glyceria spp.); no submergent species were recorded during the habitat surveys. Few high quality rearing areas

were present in any of these lakes (Figure 4.6.1).

4.6.2 Streams

Investigations of streams in the study area were undertaken during spring and summer. During spring, a
reconnaiss ance level survey was conducted to identify streams that provided some habitat for fish communities
and to assess their potential as spawning habitat (i.e., use by spring spawning Arctic grayling). Surveys during
summer were used to provide a more detailed description of stream characteristics and to assess their overall

potential as fish habitat.

Streams chosen for investigationduring the present study included two watercourses examined in 1995; these were

Streams O5 and O6 (R.L. & L. Environmental Services Ltd. 1995).

In total, 17 watercourses were examined during the 1996 sampling program (Figure 4.6.2). Of these, three
contained no fish during spring sampling and were ephemeral (contained water only during the snow melt period
or during rainfall events). These streams were deemed to have no value to fish communities, and therefore, did
not receive more extensive investigation. The 14 streams that had some potential as fish habitat were associated
with each of the five sampled lakes: Lake O1 (2), Lake O2 (2), Lake O3 (3), Lake O4 (4), and Lake O5 (3). Most

of these streams were small and exhibited intermittent flow during the summer sampling period.

4.6.2.1 Lake O1 Streams
Stream 018

Stream O18 is a small watercourse that connects Lake O1 to Lake O2. This stream provides good quality fish
habitat. It exhibits a well-defined channel with an abundance of RUN habitat interspersed with POOL, RIFFLE,
and FLAT complexes (Table 4.6.2). The substrate in this watercourse is equally represented by sand, gravel,

cobble, and boulder substrates.

A diverse assemblage of fish were recorded in Stream O18 and included Arctic char, Arctic grayling, burbot, lake
trout, ninespine stickleback, round whitefish, and slimy sculpin (Table 4.6.3). Based on the presence of young-of-
the-year fish and its habitat characteristics, Stream O18 provided high quality spawning habitat for Arctic grayling
(Table 4.6.4). This stream also provided an abundance of rearing habitat for fish, particularly for Arctic char and

Arctic grayling. In fact, this watercourse contained the highest number of Arctic char encountered during the 1996
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program. Using a density estimate sampling technique (see Section 2.1.5) the density of Arctic char in Stream O18

during summer was 40 fish per 100 m+3.3 (young-of-the-year) and 9 fish per 100 m+0.6 (juveniles).

Stream 019

Stream 019 is an ephemeral watercourse that drains into Lake O1 along its southeast shore. This stream provides
limited fish habitat due to the absence of water flow during summer. It exhibits an ill-defined channel that is
dominated by RUN habitat and sand substrates. The few fish recorded in this stream (Arctic char, Arctic grayling,

and slimy sculpin) were restricted to the lower reach.

4.6.2.2 Lake O2 Streams
Streams 09 and 022

Streams 09 and 022 form the outlet system to Lake O2. During the spring high water period, each stream drains
directly in Lake O4, however, during low flow, Stream 022 connects with Stream O9 before entering the lake.
These watercourses exhibit similar characteristics. They are both relatively small streams that have well-defined
channels over much of their lengths. Stream O9 is dominated by RUN and FLAT habitats, whereas Stream 022
contains principally RUN habitat. Substrates in both systems consist mostly of sand, with smaller amounts of

gravels and cobbles. Stream O9 also contains large amounts of boulder substrates “45%).

Species recorded in these streams were Arctic char, Arctic grayling, burbot, lake trout, ninespine stickleback,
round whitefish, and slimy sculpin. Of these species, only juvenile Arctic grayling and slimy sculpin were
numerous. Both streams contained good quality spawning and rearing habitat. During spring, Arctic grayling eggs
were recorded in Stream 022, which suggests that it may be an important spawning area for this species.
However, the absence of young-of-the-year Arctic grayling, indicates that factors other than habitat may limit its

value as spawning habitat.

4.6.2.3 Lake O3 Streams

Stream 016

Streams O16 is a small, ephemeral stream that drains into Lake O3 along its southeast shore. This stream provides
limited fish habitat due to minimal water flow during summer. It exhibits a well-defined channel that is dominated
by FLAT habitat and sand substrates. Few fish were recorded in this stream; Arctic char, Arctic grayling, and

slimy sculpins were restricted to the lower reach.

Stream 017
Stream O17 is a small watercourse that drains a small headwater lake situated to the southeast of Lake O3. Unlike

Stream 016, this watercourse provides good quality fish habitat. It exhibits a well-defined channel with an
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abundance of RUN habitat interspersed with POOL, RIFFLE, and FLAT complexes. The substrate in this

watercourse is dominated by sand, which is interspersed by pockets of gravel and cobble substrates.

Species recorded in this stream were Arctic char, ninespine stickleback, and slimy sculpin. The characteristics of
this stream suggested that it provided good quality spawning habitat, however, spring spawning species such as
Arctic grayling were not recorded. Stream O17 provided an abundance of good quality rearing habitat for fish,

particularly for Arctic char.

Stream 021

Stream O21 is a very short, shallow watercourse that connects Lake O3 to Lake O2. It exhibits an ill-defined
channel that contains an abundance of emergent vegetation. Given the abundance of cover provided by the
vegetation, this stream contains good quality rearing habitat, however, its short length limits its value to fish.

Species recorded in this stream were Arctic grayling, burbot, ninespine stickleback, and slimy sculpin.

4.6.2.4 Lake O4 Streams
Stream 06

Stream O6 is the drainage system for Lake O4 and connects that waterbody to Lake OS. This stream is one of the
larger watercourses in the Borrow Extraction Zone. It exhibits a well-defined channel over its entire length, and
its substrates are composed of sands, gravels, cobbles, and boulders. The principle habitat types are RUN and
RIFFLE. These characteristics create high quality spawning and rearing habitat. Stream O6 also has sufficient

depth to be used as feeding habitat by adult fish.

Six species of fish were recorded in Stream O6: Arctic char, Arctic grayling, burbot, ninespine stickleback, round
whitefish, and slimy sculpin; Arctic grayling and ninespine sticklebacks were the most numerous. Both
young-of-the-year and juvenile Arctic grayling were present in this stream, which suggests that it is used for

spawning and rearing purposes by this species.

Streams 010, O11, 012

Due to the similarity in habitat characteristics, these streams will be discussed as a group. These tributaries are
very small watercourses that drain the terrain adjacent to Lake O4. They exhibit low slopes in their lower reaches
and are dominated by well-defined channels and sand substrates. The habitat in each stream consists mainly of
RUN, althoughin Stream O11, FLAT habitat type is also important. All exhibited low flows during the summer

sampling period. Of the three watercourses, Stream O12 is the largest.

Few fish were encountered in Streams O10 and O11. Small numbers of Arctic char, burbot, ninespine stickleback,
and slimy sculpin were present in these systems only during spring, the only time when water flows were sufficient

to support fish. As such, their value as rearing habitat was severely limited.
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Stream O12 contained more species and higher numbers of fish than the other two streams; Arctic char, Arctic
grayling, burbot, ninespine stickleback, and slimy sculpin were present. Due to the lack of suitable substrates, this

watercourse provided only limited amounts of spawning habitat, however, good quality rearing habitat was present.

4.6.2.5 Lake O5 Streams
Stream O5

Stream OS5 drains several headwater lakes located south of Lake O5. This stream is relatively large and maintains
water flows during the entire open water period. This watercourse exhibits a well-defined channel over much of
its length, and its substrates are composed of sands, gravels, cobbles, and boulders. The principle habitat types
are RUN and RIFFLE. These characteristics provide good quality spawning and rearing habitat and makes this

system one of the better streams in the Borrow Extraction Zone for species such as Arctic grayling.

Five species of fish were recorded in Stream O5: Arctic char, Arctic grayling, burbot, ninespine stickleback, and
slimy sculpin. Arctic grayling were the most numerous fish and were represented by young-of-the-year and
juvenile Arctic grayling. As such, this stream is likely used for both spawning and rearing purposes by this

species.

Stream O6A
Stream O6A is a short outlet system that connects Lake O35 to the Jericho River. It is a relatively large stream that
has water flow during the entire open water period. Its channel is well-defined and is dominated by RUN and

FLAT habitats. The substrate consists primarily of sand interspersed by small amounts of cobbles and boulders.

The absence of suitable substrates limits the potential of Stream O6A as spawning habitat. It is likely that the
young-of-the-year Arctic grayling recorded in this stream originated from the Jericho River and not Stream O6A.
Although very short in length, Stream O6A provided good quality rearing habitat. Surveys documented the
presence of Arctic grayling, burbot, ninespine stickleback, and slimy sculpin. Deep-water areas near its confluence

with the Jericho River also created good quality feeding habitat for adult fish.

Streams O14
This watercourse is a small outlet stream in the headwater area of the Stream OS5 drainage system. Stream O14
is ephemeral and contained flowing water only during spring. It is characterized by a well-defined channel and

cobble substrates. The habitat in this stream consisted mainly of RIFFLE.

Very few fish were encountered in Stream O14 (1 Arctic char and 2 Arctic grayling). Given its small size, its
value to fish is severely limited. It should be noted, however, that the presence of fish in a small headwater system

such as Stream O14, strongly indicates that the headwater lakes in this area are capable of supporting fish.
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4.6.3 Summary

The shoreline areas of lakes in the Borrow Extraction Zone were dominated by fine substrates consisting of sands
and gravels. These shoreline characteristics provided an abundance of potential spawning areas for species such
as lake trout, Arctic char, and round whitefish. Therefore, spawning areas were not limited in any of the surveyed
lakes. In contrast, a paucity of aquatic macrophytes in these lakes severely limited the availability of rearing

habitat.

Habitat surveys were undertaken in 17 streams within the Borrow Extraction Zone. In general they provided
limited habitat for fish populations originating from study area lakes. The primary reasons for low quality fish
habitat in these streams were their small size and intermittent flow during the summer. Some streams did provide

better quality habitat.

One watercourse in the Lake O1 area (Stream O18) provided high quality spawning habitat for Arctic grayling
and an abundance of rearing habitat for Arctic char. Stream O6 is the drainage system for Lake O4. This stream
is one of the larger watercourses in the Borrow Extraction Zone and exhibits a well-defined channel over its entire
length. These characteristics created good quality spawning and rearing habitat for Arctic grayling, as well as
feeding habitat for adult fish. Similarly, Stream O35 in the Lake O5 area provided good quality spawning and

rearing habitat and makes this system one of the better streams in the Borrow Extraction Zone.

Jericho Diamond Project Aquatic Studies Program (1996) Page 116




SECTION 4 - TABLES






R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 4.1.1 Morphometric characteristics® of surveyed lakes within the Borrow Extraction Zone, Jericho
study area, 1996.

Surface Lake Mean Maximum Shoreline Shoreline
Lake Area Volume Depth Depth Length Development

(ha) (m) (m) (m) (m) Ratio
Lake O1° 18.1 7.345 x 105 4.1 14 1900 1.26
Lake 02° 53 1.130 x 10° 2.5 7 900 1.11
Lake O3 8.3 - - 11 1250 1.22
Lake O4 16.7 - - 8 1550 1.07
Lake O5 16.7 - - 5 1900 1.31

#Unless otherwise stated, morphometric characteristics are based on measurements from a 1:50 000 NTS map and field observations.
bMorphometric characteristics (with the exception of shoreline length) provided by Canamera Geological Ltd.

Table 4.2.1 Phytoplankton biovolume in sampled lakes during summer and fall within the Borrow Extraction
Zone, Jericho study area, 1996.

Lake O1 (Site PL4)

Taxonomic Group Summer Fall
Biovolume (um3/m®) % Biovolume (pm3/m?) %
Bacillariophyta 26 914 4.1 91 525 10.2
(diatoms)
Cryptophyta 17 576 2.7 28 391 32
(cryptomonads)
Chrysophyta 368 138 56.0 677 155 75.2
(golden-brown algae)
Pyrrophyta
(dinoflagellates) 154 248 23.5 20 145 2.2
Euglenophyta
(euglenoid)
Chiorophyta 64 931 9.9 64 959 72
(green algae)
Cyanophyta 25429 3.9 18 080 2.0
(cyanobacteria)
Total Biovolume 657 236 100 900 255 100

Table 4.2.2  Zooplankton biomass in sampled lakes during
summer and fall within the Borrow Extraction
Zone, Jericho study area, 1996.

Lake O1 (Site PL4)
Taxonomic Group S er Fall
Biomags % Biomags %
(pg/m’) (pg/m”)
Copepoda 1 31 79 11.9 88 901 83.0
Calanoida

Cyclopoida 8132 7.6
Cladocera 234 919 87.2 7386 6.9
Rotifera 2477 0.9 2751 2.6
Total Biomass 269 366 100 107 170 100
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Table 4.4.1 Mean density® (+1 standard error) of benthic macroinvertebrates
in the littoral and profundal zones® of Lake O1 within the Borrow
Extraction Zone, Jericho study area, 1996.

Lake O1
Taxonomic Group Littoral Profundal
(Site L4) (Site P4)
ANNELIDA
OLIGOCHAETA 101 (38) 29 (29)
ARTHROPODA
HYDRACHNIDIA 14 (14)
CRUSTACEA
COPEPODA
Harpacticoida 43 (43)
OSTRACODA 159 (58) 116 (96)
INSECTA
DIPTERA
Chironomidae® 2797 (965) 1897(283)
Chironomini 1522 (634) 130 (66)
Diamesinae 217 (116) 14 (14)
Orthocladiinae 580 (115) 333 (52)
Tanypodinae 478 (100) 1420 (151)
Tanytarsini
TRICHOPTERA
Limnephilidae
Gresnia 14 (14)
MICROTURBELLARIA 14 (14)
MOLLUSCA
PELECYPODA
Sphaeriidae 1275 (394) 406 (169)
NEMATODA 1203 (988) 14 (14)
Total No. Benthic Taxa/m’ 14 (1) 822
Total No. of Benthic Invertebrates/m* 5696 (2119) 2478 (199)

aMean density (No./mz) value and standard error generated using three replicate samples.
PFor definition of littoral and profundal zones see Section 2.2.5.
°Sum of all subfamilies and tribes.
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Table 4.4.2 Mean density® (41 standard error) of benthic
macroinvertebrates in Stream O18 within the Borrow
Extraction Zone, Jericho study area, 1996.
Taxonomic Group Strgam 018
(Site B3)
COELENTERATA
Hydridae
Hydra 179 (64)
ANNELIDA
OLIGOCHAETA 1301 (491)
ARTHROPODA
HYDRACHNIDIA 54 (25)
CRUSTACEA
COPEPODA
Harpacticoida 43 (0)
OSTRACODA 1240 (399)
INSECTA
DIPTERA
Chironomidae” 1050 (355)
Chironomini 72 (36)
Diamesinae
Orthocladiinae 480 (169)
Tanypodinae 276 (106)
Tanytarsini 222 (44)
Empididae 25 (25)
Simulidae 22 (6)
Tipulidae 394 (79)
PLECOPTERA
Perlodidae
Nemouridae 366 (188)
TRICHOPTERA
Limnephilidae
Gresnia 129 (22)
MICROTURBELLARIA 72 (38)
NEMATODA 566 (332)
Total No. Aquatic Taxa/m’ 25 (2)
Total No. of Aquatic Invertebrates/m? 5470 (993)
*Mean density (No./mz) value and standard error generated using three replicate samples.
®Sum of all subfamilies and tribes.
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Table 4.5.1

Overall species composition of fish sampled from lakes within the Borrow Extraction Zone,
Jericho study area, 1996 (all sampling methods and periods combined).

Species Total
Common Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 85 39.7
Arctic grayling Thymallus arcticus (Pallas) 10 4.7
Burbot Lota lota (Linnaeus) 1 0.5
Lake trout Salvelinus namaycush (Walbaum) 70 32.7
Ninespine stickleback Pungitius pungitius (Linnaeus) 18 8.4
Round whitefish Prosopium cylindraceum (Pallas) 28 13.1
Slimy sculpin® Cottus cognatus Richardson 2 0.9
All Species Combined 214 100.0

Species designation based on identification of a subsample of preserved individuals (n=1).

Table 4.5.2  Species composition of fish sampled from lakes within the Borrow Extraction Zone, Jericho study
area, 1996 (all sampling methods and periods combined).
Lake O1 Lake O2 Lake O3 Lake O4 Lake O5
Species
No. % No. % No. % No. % No. %

Arctic char 66 75.0 4 22.2 5 20.8 8 25.8 2 3.8
Arctic grayling 1 42 9 17.0
Burbot 1 42

Lake trout 20 22.7 3 16.7 14 58.3 8 25.8 25 47.2
Ninespine stickleback 3 16.7 2 8.3 1 3.2 12 22.6
Round whitefish 1 1.1 7 38.9 1 42 14 452 5 9.4
Slimy sculpin 1 1.1 1 5.6

Total 88 100.0 18 100.0 24 100.0 31 100.0 53 100.0
Table 4.5.3 Overall species composition of fish sampled from streams within the Borrow Extraction Zone,

Jericho study area, 1996 (all sampling methods and periods combined).

Species Total
Common Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 151 22.0
Arctic grayling Thymallus arcticus (Pallas) 155 22.6
Burbot Lota lota (Linnaeus) 38 5.5
Lake trout Salvelinus namaycush (Walbaum) 2 0.3
Ninespine stickleback Pungitius pungitius (Linnaeus) 116 16.9
Round whitefish Prosopium cylindraceum (Pallas) 10 1.5
Slimy sculpin® Cortus cognatus Richardson 215 31.3
All Species Combined 687 100

Species designation based on identification of a subsample of preserved individuals (n=5).
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Table 4.5.4  Species composition of fish sampled from streams in five areas within the Borrow Extraction
Zone, Jericho study area, 1996 (all sampling methods and periods combined).

Lake O1 Lake O2 Lake O3 Lake O4 Lake O5
Species

No. % No. % No. % No. % No. %
Arctic char 101 56.4 1 1.1 22 272 25 12.6 2 1.5
Arctic grayling 13 7.3 32 34.4 6 7.4 41 20.6 63 46.7
Burbot 9 5.0 1 1.1 1 1.2 21 10.6 6 4.4
Lake trout 1 0.6 1 1.1
Ninespine stickleback 5 2.8 1 1.1 8 9.9 70 35.2 32 23.7
Round whitefish 7 3.9 1 1.1 2 1.0
Slimy sculpin 43 24.0 56 60.2 44 54.3 40 20.1 32 23.7
Total 179 100.0 93 100.0 81 100.0 199 100.0 135 100.0

Table 4.5.5 Length-weight regression equations and mean condition factors for lake trout sampled during
summer from selected lakes within the Borrow Extraction Zone, Jericho study area, 1996.

Length-weight Relationship Sample
Lake Condition Factor (+SE) Si
Regression Equation® r? Value 1ze
Lake O1 Weight = 5.080 * 1077 * Fork Length®*’ 0.998 1.105 + 0.169 6
Lakes 02, 03, 04, and 05° Weight = 9.705 * 10 * Fork Length®%? 0.984 1.264 + 0.038 25

Weight in g; fork length in mm.
Data are combined due to insufficient samples sizes from individual lakes.
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Table 4.5.7  Length-weight regression equations and mean condition factors for Arctic char sampled during
summer from selected lakes within the Borrow Extraction Zone, Jericho study area, 1996.

Length-weight Relationship Sample
Lake Condition Factor (+SE) Si
Regression Equation® r? Value 1ze
Lake Ol Weight = 2.495 * 10° * Fork Length>® 0.981 0.963 + 0.021 37
Lakes 02, O3, 04, and os° Weight = 3.614 * 10° * Fork Length®*" 0.953 1.048 + 0.038 10

*Weight in g; fork length in mm.
®Data are combined due to insufficient sample sizes from individual lakes.

Table 4.5.8  Number of lake trout, Arctic char, and Arctic grayling marked (and recaptured) in lakes within
the Borrow Extraction Zone, Jericho study area, 1996.

Waterbody Lake Trout Arctic char Arctic grayling Total
Lake O1 15 30 - 45 (0)
Lake 02 1 4 - 500
Lake O3 7 3 - 10 (0)
Lake O4 4(1) 2 - 6(1)
Lake O5 8 - 3 11 (0)

Total 35@1) 39 (0) 30 77 (1)

Table 4.5.9  Surface areas and potential annual harvests of lake trout populations in lakes within the Borrow
Extraction Zone, Jericho study area, 1996.

Lake Surface 2{Area Potential Harvest olt)’ Lake Trout
(ha) (kglyr)
Lake O1 18.1 32.0
Lake O2 5.3 13.2
Lake O3 8.3 18.3
Lake 04 16.7 30.2
Lake O5 16.7 30.2

Lake surface area provided by Canamera Geological Ltd. (Lakes O1 and O2) or measured from 1:50 000 scale N.T.S. maps.
®Based on Evan's formula for harvest.
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Table 4.6.1 Summary of lakeshore habitat characteristicsrecorded for sampled waterbodies within the Borrow
Extraction Zone, Jericho study area, 1996.

Habitat Zone® Lake O1 Lake O2 Lake O3 Lake O4 Lake O5
Slope Substrate Length (m) % |Length(m)] % |Length (m) % |Length (m) % |Length (m) %
Low Fines 1426 100 229 49 279 45.2 260 29.2 1079 78.4

Cobble-Boulder
Bedrock
Moderate |Fines 340 38.2
Cobble-Boulder 293 47.4 297 21.6
Bedrock
High Fines 238 51 290 32.6
Cobble-Boulder
Bedrock 46 7.4
Total 1426 100 466 100 617 100 890 100 1376 100

*For definition of habitat zones see Appendix Al.
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Table 4.6.3  Number of fish recorded in sampled streams according to age-class within the Borrow Extraction
Zone, Jericho study area, 1996 (all sampling methods and periods combined).
. . Age-Class”
Area Tributary Species Young-of-the-year Juvenile Adult Combined

Lake O1 018 Arctic char 61 33 1 95
Arctic grayling 12 12

Burbot 8 1 9

Lake trout 1 1

Ninespine stickleback 5

Round whitefish 7 7

Slimy sculpin 40

019 Arctic char 2 4 6

Arctic grayling 1 1

Slimy sculpin 3

Lake O2 09 Arctic char 1 1
Arctic grayling 9 9

Lake trout 1 1

Slimy sculpin 9

022 Arctic grayling 23 23

Burbot 1 1

Ninespine stickleback 1

Round whitefish 1 1

Slimy sculpin 47

Lake O3 016 Arctic char 2 2
Arctic grayling 1 1

Slimy sculpin 1

017 Arctic char 13 7 20

Ninespine stickleback 2

Slimy sculpin 7

021 Arctic grayling 5 5

Burbot 1 1

Ninespine stickleback 6

Slimy sculpin 36

Lake O4 06 Arctic char 1 3 4
Arctic grayling 27 13 40

Burbot 8 8

Ninespine stickleback 49

Round whitefish 2 2

Slimy sculpin 16

010 Arctic char 2 2 4

Burbot 4 4

Slimy sculpin 3

011 Ninespine stickleback 7

012 Arctic char 15 2 17

Arctic grayling 1 1

Burbot 9 9
Ninespine stickleback 14

Slimy sculpin 21

Lake O5 05} Arctic char 1 1
Arctic grayling 12 34 1 47

Burbot 4 1 5

Ninespine stickleback 9
Slimy sculpin 10
0O6A Arctic grayling 3 11 14

Burbot 1 1

Ninespine stickleback 23

Slimy sculpin 22

014 Arctic char 1 1

Arctic grayling 2 2

2Age-class designations based on size differences of fish for each species.
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Table 4.6.4  Fish habitat quality ratings for sampled streams within the Borrow Extraction Zone, Jericho study

area, 1996.
Rating of Habitat Quality”
Area Stream
Spawning Rearing Feeding
Lake O1 018 High High Low
019 Low Low Nil
Lake O2 09 Moderate High Low
022 High High Low
Lake O3 (6219) Nil Low Nil
017 Moderate High Low
021 Moderate Moderate Nil
Lake O4 06 High High Moderate
010 Low Low Nit
Ol11 Nil Low Nil
012 Nil Moderate Nil
Lake O5 05 Moderate High Moderate
O6A Low High High
014 Low Low Nil

2Rating of habitat quality based on qualitative assessment of habitat and fish numbers recorded during survey.

Jericho Diamond Project Aquatic Studies Program (1996)

Page 129






SECTION 4 - FIGURES






‘9661 ‘BaIy ApniS oyoLaf

‘auoZ uopoeIX3 Mmoliog
sa)g Bundweg ABojouwin
R AETLIE

(onewsyog) ajeas sewixoiddy
1

l

P17 SO3IAISS |_eJUBWIUCIIAUT 1R T

’

pd

Klepunog auoz uoipelx3 moliog

Nao?

ays Bujdwes ABojouws 6Me

aN3O3a1




‘9661 ‘Ba1y Apnig oyousr ‘P eo1Boj08S) BlBWERURY AQ pOpIACld de|y

‘su0z uoloelx3 moliog SaJjowW Ul [BAIS)UI JNOJUOY)
L O oxeT _ I ]
Z'V'y @inbiy w 002 001 0

‘P17 S80IAISS [RIUSWIUOIAUT 1R TY

p




‘9661 ‘ealy Apmg oyouer
‘auoz uondelX3 mouog
20 &eT
€1t 8nbiy

‘P17 |e21Boj099) eraweue) AQ papirold depw
S8JjeW Ul [BAIS)UI INOJUOT)

‘P17 S80IAISS [BJUSWUOCIIALT "9 T°Y

I
0

P4




Dissolved Oxygen (mg/L) Dissolved Oxygen (mg/L)

2 4 6 8 10 12 14 2 4 6 8 10 12 14
surface 0 i ) el R 0 ™ ‘ ‘ ol ‘
Lake O oA & [ake O2 | -
5 (Sitewry | ': x (Site W8) | S
1 | . ‘ ! I 2 B C ol , I SO S
3 T TR —
= !
(a] 56 | o
6 b T L B e T E ,,,,,,,,,,,,,
8 b o . ,,,,,,,,,,,,,,
u
bottom : ; j i - 10 ; ; ‘ i
4 6 8 10 12 14 167y 6 8 10 12 14 16
Temperature ("C) Temperature (*C)
Dissolved Oxygen (mg/L) Dissolved Oxygen (mg/L)
2 4 6 8 10 2 4 6 8 10 12 14
surface 0 I ! ; ! s 0 I ‘ ! Ll
Lake O3 | | L Lake O4 T |
(Site W9) : i (Site W10) ‘ * :
2 : IR R Ry : ! ! H :
) e
4 :
Dol
£ b
= 6 R S .- i 77777777
el '
Q. i
@ !
o 2_4 : [
6 Lol e Lo
‘ I
10 i i
12 ‘ ! ! : | 8 ! | | | |
bottom 6 8 10 12 14 16 4 6 8 10 12 14 16
Temperature (°C) Temperature ("C)
—— Temperature -=- Dissolved Oxygen

Figure 4.1.4 Dissolved oxygen and temperature profiles, and Secchi depths in lakes within the
Borrow Extraction Zone, Jericho study area, 3 to 4 August 1996.
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Figure 4.2.2 Density of major phytoplankton species in each of six taxonomic groups during summer

and fall in Lake O1 within the Borrow Extraction Zone, Jericho study area, 1996 (note

difference in scale for Cyanophyta).
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Figure 4.2.3 Density of major zooplankton species in each of three taxonomic groups during summer
and fall in Lake O1 within the Borrow Extraction Zone, Jericho study area, 1996 (note
difference in scale for Rotifera).
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Figure 4.3.2 Mean density (n=3) of the most numerous periphytic algal species among the four major

taxonomic groups in Stream O18 within the Borrow Extraction Zone, Jericho study area,

summer 1996.
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Borrow Extraction Zone, Jericho study area, 1996 (all methods and

sampling periods combined).
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Figure 4.5.4 Length-frequency distribution of lake trout in waterbodies within the Borrow Extraction
Zone, Jericho study area, 1996 (data for all seasons, and sampling methods, lakes and
streams combined).
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Figure 4.5.5 Length-frequency distribution of Arctic char in waterbodies within the Borrow
Extraction Zone, Jericho study area, 1996 (data for all seasons, sampling methods,
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Figure 4.5.6 Length-frequency distribution of Arctic grayling and round whitefish within the

Borrow Extraction Zone, Jericho study area, 1996 (data for all seasons, sampling
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5.0 TAILINGS IMPOUNDMENT/DOCKING FACILITY

5.1 LIMNOLOGY

This section provides summary results for lake morphology, temperature and dissolved oxygen profiles, and water
transparency measurements of selected lakes within the Tailings Impoundment/Docking Facility Zone.
Limnological data were collected from three lakes potentially influenced by the proposed development (Lake D4,
Lake D5, and Contwoyto Lake). One sampling site was established on each of the lakes (Figure 5.1.1). The
monitoring site on Contwoyto Lake was located in a small bay where the proposed docking facility is to be

established. Specific locations of each sampling site are provided in Appendix B1.

5.1.1 Lake Morphology

In general, the morphological characteristics of Lakes D4 and D5 and the bay of Contwoyto Lake are similar
(Table 5.1.1). Lake D5, which is the smaller of the two lakes (8.6 ha) is situated the farthest upstream in the
drainage (Figure 5.1.2). A bathymetric survey of Lake D35 indicates that the waterbody is composed of two basins;
the larger, deeper, western basin and the smailer, shallower, eastern basin. This lake is relatively shallow
(maximum depth=12 m and mean depth=2.7 m) and it exhibits a high shoreline developmentratio (1.67). A small
number of intermittent tributaries enter this waterbody along its southern and eastern shores. There is one outlet

stream that flows into Lake D4.

Lake D4 (16 ha) is entrenched between two steep rock outcrops and is oriented in an east-west direction. The lake
is relatively deep (maximum depth=20 m and mean depth=6.9 m) and it exhibits a high shoreline development
ratio (1.93). A bathymetric survey of Lake D4 shows that has a single basin with three deep-water depressions
(maximum depth=20.0 m) (Figure 5.1.3). There are no defined outlet streams associated with Lake D4. Excess

water exists at the eastern end of the lake and connects with Contwoyto Lake via a boulder strewn channel.

Contwoyto Lake is a large waterbody (95752 ha) associated with the Burnside drainage system (Environment
Canada 1973). The bay in which the proposed docking facility will be located is situated along the western shore
of the northern arm of Contwoyto Lake and is small (67 ha). The area surveyed is deep (maximum depth=20 m)
and the shoreline exhibited steep slopes (Figure 5.1.4). The survey also identified a rock shoal situated

immediately west of the proposed docking facility.

5.1.2 Temperature and Dissolved Oxygen
Temperature and dissolved oxygen profile data were collected during summer while surface water data were
collected during the fall. Water column oxygen-temperature profiles are depicted in Figure 5.1.5; all data are

presented in Appendix B1.
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Water depths recorded at the sampling sites varied from 10.5 (Site W13 on Lake D5) to 14.5 m (Site W12 on Lake
D4). The Contwoyto Lake monitoring site (W14) was 14.2 m in depth.

With the exception of Contwoyto Lake, surface temperatures during summer (3 August) ranged from 14.5 to
14.8°C (Figure 5.1.5). Contwoyto Lake had surface temperatures of about 9.0°C, which were considerably cooler
than those recorded in the other lakes. Thermal stratification was evident in Lakes D4 and D5, but not in
Contwoyto Lake; the thermoclines were located at 7 m in Lake D4 and 8 m in Lake D5. Contwoyto Lake at Site
W14 was isothermal. Contwoyto Lake’s large size relative to Lakes D4 and D5 likely accounted for the cooler

temperatures and isothermal conditions.

Dissolved oxygen profiles indicated that lakes with lower temperatures had higher oxygen concentrations
(Figure 5.1.5). For example, Site W12 on Lake D4 had a dissolved oxygen concentrationof 9.0 mg/L at the water
surface, which was 14.8°C. In contrast, Contwoyto Lake had a dissolved oxygen concentration of 11.3 mg/L and
a surface water temperature of 9.1°C. An increase in dissolved oxygen concentration with lowered water
temperature likely reflects the effects of temperature dependent solubility (i.e., colder water can hold greater

concentrations of dissolved gases; Wetzel 1983).

Above the thermoclines, Lakes D4 and D5 exhibited decreased dissolved oxygen concentrations with depth. For
example, both lakes had a dissolved oxygen concentration of 9.7 mg/L at the surface (O m). At a depth of 7.0 m
oxygen concentrations were 8.9 and 7.8 mg/L, respectively. This correlation with depth, suggested that pressure
affected the meter’s performance. Under certain conditions, pressure may affect the performance of the meter (R.

Hirsch, pers. comm.) and was likely the main reason for these observations (see also Sections 3.1 and 4.1).

In fall (3 to 9 September), surface water temperatures in the lakes ranged from 6.0°C in Lake D5 (Site W13) and
Contwoyto Lake (Site W14) to 8.0°C in Lake D4 (Site W12) (Appendix B1). The surface waters within these
study lakes were well oxygenated (10.3 to 11.3 mg/L).

5.1.3 Transparency

In summer, water transparencies (Secchi depths) in the smaller waterbodies (Lakes D4 and D5) were low (5.1 and
5.3 m, respectively) relative to the larger Contwoyto Lake (9.3 m). Secchi depths were lower in fall than in
summer; 3.8, 3.0, and 4.0 m in Lakes D4, D5, and Contwoyto Lake, respectively. Based on these data, the
summer euphotic zone depths (depth to 1% light penetration where phytoplanktoncan generally subsist =2 X Secchi
depth) were less than 12 m in Lakes D4 and D5 and approximately 18 m in Contwoyto Lake; the fall euphotic

zones were less than 8 m in all lakes.
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5.1.4 Summary

5.1.4.1 Lake Morphology

The three waterbodies in the Tailings Impoundment/Docking Facility Zone range in size from 67 ha (bay of
Contwoyto Lake) to 16 ha (Lake D4) and exhibit maximum depths between 12 and 20 m . Lake D4 is the deepest
waterbody identified in the zone; the maximum depth is 20 m. However, basins of Contwoyto Lake that are
outside the surveyed area likely are deeper. Based on a bathymetric survey of Lake D5, this waterbody contains
two basins, the largest basin encompassing the western portion of the lake. Bathymetric surveys of the other two
waterbodies indicate that each is composed of a single basin. The shoreline development ratios of Lakes D4 and
D5 are greater than 1.6, which is an indication of very irregular shorelines. No ratio was calculated for Contwoyto

Lake, however, the shoreline in the bay area is relatively uniform.

5.1.4.2 Temperature and Dissolved Oxygen

During the 1996 aquatic studies program, the smaller lakes (i.e., Lakes D4 and D5) exhibited thermal
stratification, while the much larger Contwoyto Lake exhibited isothermal conditions. These data indicate that
small lakes in this study area can stratify during the summer (beginning at about 8 m in depth), and therefore, are
dimictic (thoroughly mix twice a year). Contwoyto Lake also stratifies (Moore 1978b), but at depths greater than
the 14 m recorded at the site in the present study. Lake size, location, exposure to wind, and depth are all factors

that affect the presence and depth of thermoclines (Wetzel 1983).

In the summer, Contwoyto Lake exhibited water temperatures of 8.1 to 9.1°C, while Lakes D4 and D5 had water
temperatures that ranged from 6.1 to 14.8°C. In the fall, surface (i.e., 0 - 1 m) water temperatures in the study
lakes ranged from 6.0 to 8.0°C. The summer dissolved oxygen concentrations in the lakes ranged from 7.6 to

11.4 mg/L., while fall concentrations varied from 10.3 to 11.3 mg/L.

During summer, Lakes D4 and D5 had dissolved oxygen concentrations that were below the Canadian Water
Quality Guideline for the protection of cold-water biota early life stages (9.5 mg/L; Table 3.1.2).The low
dissolved oxygen concentrations recorded at this time were likely the result of equipment malfunction and were
not representative of actual concentrations throughout the water column. Dissolved oxygen concentrations at the
surface were at 100% saturation and above the 9.5 mg/L criteria. Because these lakes are nutrient poor (R.L. & L
Environmental Services Ltd. 1995; Canamera Geological Ltd., unpublished data), dissolved oxygen concentrations
should have remained constant throughout the water column, at least to the thermocline. This was not the case,
at several sites the concentration was correlated with water depth, which is an indication of equipment malfunction
(R. Hirsch, Technical Engineer, Point Four Systems Inc., Port Moody, BC, pers. comm.). As such, the dissolved

oxygen concentrations recorded during the summer should be viewed with caution.
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5.1.4.3 Transparency
The water transparency levels recorded in Lakes D4 and D5 indicated that the euphotic zone depths ranged
between 10 to 11 m in the summer and 6 to 8 m in the fall. In Contwoyto Lake the euphotic zone was 19 m in

summer and 8 m in fall.

5.2 PLANKTON

To provide baseline information on the plankton community, samples were collected from lakes during summer
and fall of 1996. Three sites were established and monitored; Site PL5 (Lake D4), PL6 (Lake DS), and PL7
(Contwoyto Lake) (Figure 5.2.1). Relevant data are summarized in the following sections; site specific sampling

data are presented in Appendices C1 to C3.

5.2.1 Phytoplankton

Phytoplankton are microscopic free-floating algae (Smith 1950). Summary results of phytoplankton biovolume
(microns cubed per metre cubed or [pm’/m’]) and density (No. cells/ml) are both presented in this section because
density alone does not provide an accurate assessment of importance. For example, taxa that are extremely
numerous may have a low biovolume, due to the small size of individual organisms. Conversely, those taxa that
have large biovolumes (due to large individual organism size), may not be numerically abundant. These large
bodied groups can contribute significantly to lake productivity. As such, their numbers can influence the abundance
and biomass of herbivores that feed on them (generally zooplankton) and they can modify nutrient availability for

competing plants or algae. Raw phytoplankton data are summarized in Appendix C2.

5.2.1.1 Biovolume

In total, 136 species of algae were identified from the samples collected in the Tailings Impoundment/Docking
Facility Zone study area (Appendix C2). Table 5.2.1 summarizes biovolumes of major taxonomic groups
encountered. In summer, diatoms (Bacillariophyta) and golden-brown algae (Chrysophyta) dominated total algal
biovolume (27 and 25%, respectively) in Lake D4. Golden-brown algae accounted for the majority of algal
biovolume in Lake D5 (62%) and green algae (Chlorophyta) dominated in Contwoyto Lake (48%).

In fall, golden-brown algae and diatoms continued to account for the majority of algal biovolumes (46 and 31%,
respectively) in Lake D4. In Lake D5, the fall phytoplankton community shifted to diatoms as the major taxonomic
group (46%); golden-brown algae were second (32%). The fall phytoplankton community of Contwoyto Lake was

dominated by golden-brown algae (41%), while green algae accounted for only 11%.

5.2.1.2 Density

The relative importance of the most numerous species within each of the six major taxonomic groups are depicted

in Figure 5.2.2. In summer, cyanobacteria (Cyanophyta) were the numerically dominant taxa in Lakes D4 and D5;
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Aphanothece clathrata accounted for most of the cyanobacteriaat each site (7554 and 5200 cells/ml, respectively).
Aphanocapsa elachista was the second most abundant cyanobacterium (2238 and 1823 cells/ml, respectively). The
fall phytoplankton community of Lake D4 continued to be dominated by the cyanobacterium A. clathrata
(2430 cells/ml), while at Lake DS the diatom Cyclotella ocellata (924 cells/ml) replaced A. clathrata as the

numerically dominant species.

The summer phytoplankton community of Contwoyto Lake was dominated by the diatom Rhizosolenia longiseta
(6778 cells/ml), while the fall community was dominated by the cyanobacterium A. clathrata (609 cells/ml). In
fall, the density of R. longiseta fell to 5 cells/ml. Among the green algae, Sphaerocystis schroeteri was the

dominant species during summer and fall (354 and 94 cells/ml, respectively).

Chrysosphaerella rodhei and Chrysococcus sp. were the dominant golden-brown algae species during the two

sampling seasons (Figure 5.2.2; Appendix C2).

5.2.2 Zooplankton

Zooplankton communities are composed of microscopic animals that live in the water column. Information
describing seasonal differences in zooplankton biomass and density are presented in Table 5.2.2 and Figure 5.2.3,
respectively. All raw data are presented in Appendix C3. Results of zooplankton biomass (pg/m’) and density
(No./m?) are both presented in this section because, density alone does not provide an accurate assessment of
importance. Taxa that are extremely numerous may have a low biomass, due to the small size of individual
organisms. Conversely, those taxa that have large biomass (due to large individual organism size), may not be
numerically abundant. These large bodied groups can contribute a significant amount to lake productivity. As such,
their numbers can influence the abundance and biomass of predators that feed on them (generally other zooplankton

and fish) and they can modify the phytoplankton community.

5.2.2.1 Biomass

In summer and fall, calanoid copepods accounted for most of the biomass in Lakes D4 and DS; summer estimates
were 74 and 81%, respectively, while fall estimates were 75 and 49%, respectively (Table 5.2.2; Appendix C3).
Zooplankton biomass at Contwoyto Lake, was dominated by cyclopoid copepods in both summer (51 %) and fall
(55%).

5.2.2.2 Density

Two species (Dicyclops bicuspidatus and Leptodiaptomus sicilis) co-dominated the copepod community in all three
study lakes (Figure 5.2.3; Appendix C3). In the summer, densities of D. bicuspidatus ranged from 295 (Lake D4)
to 2031/m> (Contwoyto Lake). In fall, this species had a much greater range in density, 90/m® in Lake D4 and

9553/m® in Contwoyto Lake. In summer, L. sicilis densities ranged from 1625/m’? in Contwoyto Lake to 4003/m?
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in Lake D4. In fall L. sicilis densities ranged from 2125 to 4021/m?. Overall, copepod densities were greater in

fall than in summer although some exceptions occurred in Lake D4.

Among the water fleas (Cladocera), Bosmina longirostris was the most abundant species (Figure 5.2.3; Appendix
C3). This species dominated in Contwoyto Lake in summer and fall (1066 and 2997/m’ respectively). Water flea

densities in Lakes D4 and D5 were one order of magnitude lower than in Contwoyto Lake.

The wheel animal (Rotifera) communities tended to be dominated by four species (Conochilus unicornis, Kellicottia
longispina, Keratella cochlearis, and Polyantha dolichoptera). In the summer, Lakes D4 and D5 were dominated
by C. unicornis (16 391 and 40 296/m’, respectively) while in Contwoyto Lake C. unicornis, K. longispina, and
P. dolichoptera were equal in abundance (169/m®). In fall, C. unicornis, K. longispina, and K. cochlearis were

the most abundant wheel animals in all three lakes (Figure 5.2.3; Appendix C3).

5.2.3 Summary
5.2.3.1 Phytoplankton

The phytoplankton assemblages were indicative of oligotrophic waterbodies (Wetzel 1983). In general, golden-
brown algae (Chrysophyta) and diatoms (Bacillariophyta) had the greatest biovolumes. Certain species of
cyanobacteria (Cyanophyta; Aphanothece clathrata and Aphanocapsa elachista) and diatoms (Cyclotella ocellata
and Rhizosolenia longiseta) had the greatest densities. Biovolumes and density estimates varied between summer
and fall. For example, Contwoyto Lake’s phytoplankton biovolume was dominated by green algae (Chlorophyta)
in the summer and by golden-brown algae in the fall. The diatom R. longiseta was the most abundant species in
the summer, while the cyanobacterium A. clathrata was the most abundant species in the fall. The other study
lakes followed a similar pattern. This was likely due to physical-chemical differences between lakes as well as

seasonal differences in community composition.

5.2.3.2 Zooplankton

The zooplankton community in the Tailings Impoundment/Docking Facility Zone varied between lakes and
between seasons. In general, copepods dominated zooplankton biomass in all three lakes during summer and fall.
Within this taxonomic group, Leptodiaptomus sicilis was the predominant copepod in Lakes D4 and D35, while
Dicyclops bicuspidatus was the most abundant copepod in Contwoyto Lake. Copepod densities in Lake D5 and
Contwoyto Lake were much greater in the fall than in the summer; the reverse was true for Lake D4. Contwoyto
Lake had the highest densities of water fleas (Cladocera). In both summer and fall, Bosmina longirostris densities
were one or two orders of magnitude greater in Contwoyto Lake than in Lakes D4 and D5. Overall, the wheel
animals Conochilus unicornis, Kellicottia longispina, Keratella cochlearis, and Polyantha dolichoptera tended to

be the most abundant zooplankton species in study area lakes.
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5.3 STREAM PERIPHYTON

Due to a preponderance of large boulder substrates and subsurface water flow suitable sampling sites were not

available to sample periphyton in the Tailings Impoundment/Docking Facility Zone.

5.4 BENTHIC MACROINVERTEBRATES

Benthic (bottom-dwelling) macroinvertebrates are an important link in aquatic food webs. Most benthic
invertebrates are herbivorous, detrivorous, or filter feeders and derive much of their energy from aquatic plants
and algae or organic materials. Some benthic macroinvertebrate species are predacious, generally feeding upon
other invertebrates. Many fish species, including early life history stages of piscivorus species, feed upon benthic

macroinvertebrates.

5.4.1 Lakes

The lake sampling program was designed to obtain baseline information from benthic macroinvertebrates
communities on selected lakes within the Tailings Impoundment/Docking Facility Zone. During summer, three
replicate samples were collected from the littoral and profundal zones of Lakes D4 and D5, and Contwoyto Lake
(Figure 5.4.1). Summary data are provided Table 5.4.1. Site specific sampling information is summarized in

Appendix E1 and raw data presented in Appendix E2.

In total, 34 taxonomic groups were identified; the number of taxa identified in each sample ranged from 7 to 25.

The mean (+1 standard error) total number of benthic macroinvertebrates in the littoral zone ranged from
9957 +3246/m” in Lake D5 to 15 435 +8276/m? in Contwoyto Lake; mean number of taxa ranged from 1142 to
21+3/m? (Table 5.4.1). Overall, chironomid larvae (midges) were the most abundant taxon in the littoral zone;
mean densities were 3405+ 1218/m?, 8275+3675/m?, and 4985+3797/m’ in Lakes D5, D4, and Contwoyto Lake,
respectively. Oligochaetes (aquatic earthworms), nematodes (roundworms), and ostracods (seed shrimps) were
also present in the littoral benthic community. Contwoyto Lake had higher densities of oligochaetes and nematodes

than did Lakes D4 and D5. Ostracods were more abundant in Lake D5 than in Lake D4 and Contwoyto Lake.

The mean (+1 standard error) total number of benthic macroinvertebrates in the profundal zone ranged from
2000+617/m? in Lake D5 to 4391+1931/m? in Contwoyto Lake; mean number of taxa ranged from 1041 to
14+3/m? (Table 5.4.1). Midge larvae as a whole were the most abundant taxonomic group in the profundal
benthos, Contwoyto Lake had a mean of 2811+42006/m?, while Lakes D5 and D4 had 11314656 and
1594+ 658/m?, respectively. Lake D4 had more ostracods in the profundal zone than did Lake D5 and Contwoyto
Lake.
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Mean overall densities of benthic macroinvertebrates were much greater in the littoral zone than in the profundal
zone; there was at least a three-fold difference in total density (Table 5.4.1). For Lakes D4 and D5, the number
of taxonomic groups were greater in the littoral zone than in the profundal zone. The opposite trend was true in
Contwoyto Lake; the littoral zone had a mean of 1142 taxa/m?, while the profundal zone had a mean of
1443 taxa/m’. In general, nematodes were more numerous in the littoral zones of each lake. In Contwoyto Lake,

sphaeriids were only found in the profundal zone.

5.4.2 Streams

Due to a preponderance of large boulder substrates and subsurface water flow, suitable sites were not available

to sample benthic macroinvertebrates in the Tailings Impoundment/Docking Facility Zone.

5.4.3 Summary

In general, total mean densities and mean number of taxonomic groups of benthic macroinvertebrateswere greater
in the littoral zone than in the profundal zone of lakes in the Tailing Impoundment/Docking Facility Zone.
Contwoyto Lake was the only exception, the profundal zone had more taxa than the littoral zone. These results
reflect the higher productivity of shallow-water habitats (e.g., higher water temperatures and greater light
penetration). Taxonomic composition and abundance was indicative of a short growing season and a homogenous

substrate mainly composed of fine sediments.

In terms of taxonomic composition, the benthic macroinvertebrate communities in the three study lakes were
dominated by a few taxa: chironomids, oligochaetes, nematodes, and ostracods. The majority of nematodes were
found in the littoral zone. The sphaeriids (fingernail clams) of Contwoyto Lake were only identified in samples
collected from the profundal zone, while sphaeriids were common to both the littoral and profundal zones of Lakes
D4 and D5. Contwoyto Lake had greater densities of benthic macroinvertebrates, in both the littoral and profundal

zones, than did Lakes D4 and D5, suggesting that Contwoyto Lake was more productive.

5.5 FISH

5.5.1 Species Composition and Abundance

The 1996 aquatic studies fish sampling program was designed to provide information on species composition and
abundance in the Tailings Impoundment/DockingFacility Zone. As for the other zones in the study area, sampling
was conducted during spring, summer, and fall in a variety of habitats using several inventory techniques. In lakes,
these techniques included gillnetting, angling, and the use of gee traps. In streams, fish were inventoried using
backpack electrofishing. The following section provides summary information for fish communities in selected
lakes and streams in the Tailings Impoundment/Docking Facility Zone of the Jericho study area. All raw data are

presented in Appendices F1 to F5.
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5.5.1.1 Lakes
During the 1996 fisheries program, three lakes were sampled in the Tailings Impoundment/DockingFacility Zone

(Figure 5.5.1). These were Lake D4, Lake D5, and a small bay of Contwoyto Lake.

In total, 204 fish representing two species were recorded from sampled lakes in the Tailings

Impoundment/Docking Facility Zone (Table 5.5.1); these were lake trout (114) and Arctic char (90).

Lake trout and Arctic char were recorded in each of the three sampled lakes, but the relative importance of these
species was not constant (Table 5.5.2). In Lake D4, Arctic char and lake trout were equally represented (53 % and
47%, respectively). In Lake D5, Arctic char was the predominant species in the sample (69%). In contrast, lake

trout clearly dominated the sample in Contwoyto Lake (93 %).

The gill net catch data were used to assess the relative abundance of fish species in the sampled lakes. These data
were used for comparison purposes because they were based on a standardized sampling effort and the majority

of fish were captured using this technique (194 of 204 fish).

The relative abundance (catch-per-unit-effort or CPUE) values generated for fish captured in each lake
(Figure 5.5.2) were consistent with the percent composition information. Highest CPUE values were recorded in
Lakes D4 and D5 during summer (11 fish/100 m? - 12 h). Catch rates were much lower in Contwoyto Lake
(5 fish/100 m? - 12 h during summer). The relative abundance of fish species also varied among seasons; catch
rates during summer were higher. CPUE values recorded for lake trout were greater than 3 fish/100 m* - 12 h in
summer compared to less than 2 fish/100 m? - 12 h during fall. The same pattern was evident for Arctic char.
Catch rates during summer were greater than 7 fish/100 m? - 12 h in Lakes D4 and D5, but they did not exceed
5 fish/100 m? - 12 h in either lake during fall.

Abundance indices for each species also differed among lakes. For Arctic char, catch rates were highest in
Lakes D4 and D5 (9 and 8 fish/100 m? - 12 h in summer, respectively). CPUE values for lake trout did not exceed
5 fish/100 m? - 12 h in any of the sampled waterbodies.

5.5.1.2 Streams

Of the 12 streams inventoried within the Tailings Impoundment/Docking Facility Zone, 7 contained fish

(Figure 5.5.1). These streams were situated in three areas: Lake D4 (2), Lake D5 (2), Contwoyto Lake (3).

In general, limited numbers of fish were encountered in streams within the Tailings Impoundment/DockingFacility
Zone. In total, 52 fish representing three species were enumerated (Table 5.5.3). These were slimy sculpin, which

dominated the sample (35), lake trout (8), and Arctic char (9). The number of fish recorded varied depending on
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sampling area (Table 5.5.4). Most fish were recorded from streams in the Lake D4 and Lake D5 areas (21 and

20, respectively). Fewer fish were encountered in Contwoyto Lake streams (11).

The importance of each species varied between areas (Table 5.5.4). Slimy sculpin dominated numerically in all
areas (ranged from 60% to 76% of the sample). However, Arctic char was the only other species recorded in Lake
D4 area streams, and lake trout was the only other species encountered in Contwoyto Lake area streams. In Lake

D5 area streams, lake trout and Arctic char were equally represented.

The number of fish recorded in individual streams also differed (Figure 5.5.3). In the Lake D4 area, Stream D2
contained many more fish than Stream D1 (20 versus 1). Streams D4 and D6 in the Lake DS area exhibited a
similar pattern; more fish were recorded in Stream D6 than D4 (18 versus 2). Streams in the Contwoyto Lake area
also contained few fish. Most were recorded in Stream E1 (7); fewer than three fish were encountered in each of

Streams Bl and F1.

5.5.2 Biological Characteristics

An important component of the 1996 fisheries program was to describe the biological characteristics of fish species
recorded in the Tailings Impoundment/Docking Facility Zone. Characteristics described in this section include:
length-frequency distributions, length-weight regressions, mean condition factors, age-at-maturity, mean length-at-
age, and mean weight-at-age. Because much of this information was collected from fish that succumbed during
sampling, and mortality rates were generally low, sample sizes are small. Unless otherwise stated, data from all
sampling sessions and sampling methods have been combined for the analyses. Raw data used for these analyses

are presented in Appendix F5.

5.5.2.1 Lake trout
Lake trout ranged in fork length from 96 to 684 mm (Figure 5.5.4). Lake trout captured from Contwoyto Lake

exhibited a bimodal distribution with modal peaks occurring at 160 and 480 mm. Lake trout in the other two
sampled waterbodies (Lakes D4 and D5) exhibited a similar range in size, although the majority of fish were
smaller (<380 mm fork length). The length-frequency distribution for the Lake D4 sample also was bimodal;
peaks occurred at 240 and 320 mm.

Length-weight regression equations and mean condition factors for lake trout sampled from each lake during

summer are presented in Table 5.5.5.

Age-at-length and age-at-weight information for samples of lake trout captured from each lake during summer is
provided in Table 5.5.6. Fish in this sample ranged in age from 1 to 36 years. Caution should be used when

interpreting this information. The samples used for ageing were small (n<31) and there was variation inherent to
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this type of data (subarctic fish populations typically exhibit a great range in age for fish of a given length [Johnson
1972]). As such, this information provides only a representative cross-section of these populations and should not
be interpreted as an accurate description of growth rates. As such, it should not be used for comparison of growth

curves among different fish populations.

Limited data were available to assess age-at-maturity for lake trout. Information collected from Lake D4 suggested
that these fish became sexually mature at 12 years of age. The smallest sexually mature lake trout encountered in
Lake D4 was a ripe male 352 mm in fork length. In Lake D5, the smallest sexually mature lake trout was a ripe
female with a fork length of 333 mm. The minimum fork length of sexually mature lake trout appeared to be
greater in Contwoyto Lake. A gravid male 495 mm in length was recorded from this waterbody. Nonfecund lake
trout were also recorded in each of the sampled lakes (i.e., mature fish that did not spawn that year). The
percentage of nonfecund individuals in samples that could be assessed for sexual maturity were 78%
(Contwoyto Lake; n=18) and 38% (Lake D4; n=18). Sample sizes were insufficient to assess the percentage of

nonfecund mature lake trout in Lake D5.

5.5.2.2 Arctic char

The fork length of Arctic char sampled from waterbodies ranged from 54 to 416 mm (Figure 5.5.5).
Length-frequency distributionsof fish sampled from Lakes D4 and D5 were similar; fish between 280 and 420 mm
in length dominated both samples. Few Arctic char less than 280 mm fork length were encountered in either

waterbody.

Length-weight regression equations and mean condition factors for Arctic char sampled from lakes during summer

are presented in Table 5.5.7.

Age-at-length and age-at-weight information for samples of Arctic Char captured from Lakes D4 and D5 during
summer and fall are provided in Table 5.5.8. Fish in these samples ranged in age from 5 to 12 years. Caution
should be used when interpreting this information. The samples used for ageing were small (n<8) and there was
variation inherent to this type of data (subarctic fish populations typically exhibit a great range in age for fish of
a given length [Johnson 1972]). As such, this information provides only a representative cross-section of these
populations and should not be interpreted as an accurate description of growth rates. As such, it should not be used

for comparison of growth curves among different fish populations.

Limited age-at-maturity data were available for sampled Arctic char. Data from Lake D4 suggested that fish
became sexually mature at 10 years of age (ripe male 380 mm fork length), while in Lake D5, Arctic char became
sexually mature by age 8 (ripe male 332 mm fork length). Nonfecund Arctic char were not recorded in sampled
lakes during the study. This finding was not typical when compared to other Arctic char populations in the study

area (see Sections 3.5.2 and 4.5.2). Small sample sizes may explain this discrepancy.
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5.5.3 Feeding Habits

Stomach contents of Arctic char and lake trout were analysed to assess feeding habits (all seasons combined). Data
were collected from fish that succumbed during capture or that were sacrificed for tissue samples. The information
is presented as frequency of occurrence and percent composition of food items by volume. The raw data used for

these analyses can be found in Appendix F5.

5.5.3.1 Lake trout
The diet of lake trout in all three lakes was dominated by zooplankton (Figure 5.5.6). In Lakes D4 and D5, the

diet consisted almost exclusively of zooplankton. In Contwoyto Lake, the diet was more varied; foods consumed
were zooplankton, fish, trichopterans, and chironomids. Zooplankton was the most important foot item
(46% occurrence and 48% composition by volume); chironomids and fish were next in importance

(12 to 17% occurrence and 16 to 19% composition by volume, respectively).

5.5.3.2 Arctic char

Similar to findings for lake trout, the diet of Arctic char consisted primarily of zooplankton (Figure 5.5.7). This
food item exceeded 75 % occurrence and 50% composition by volume in samples from each of the three sampled
lakes. In Contwoyto Lake, chironomids were equal in importance to zooplankton (based on a sample of 1
stomach). Chironomids were also an important food item in Lake D5 (38% occurrence and 43% composition by
volume). In Lake D4, trichopterans and pelecypods were most important (10 to 20% occurrence and 9 to 17%

composition by volume).

5.5.4 Fish Movements

Streams in the Tailings Impoundment/Docking Facility Zone are small and have dispersed channels, therefore

there is no potential for fish to undertake movements between waterbodies.

5.5.5 Population Estimates

During the 1996 field program, attempts were made to estimate the size of fish populations inhabiting Lakes D4
and D5, two waterbodies that could potentially be affected by development of a tailings impoundment. Because
lake trout and Arctic char were the most numerous fish encountered and they were easily captured by the sampling
techniques employed, these species were targeted for population estimates. Fish in good physical condition were
marked with a numbered Floy tag during summer and fall sampling. It was hoped that a sufficient number of the

fish would be subsequently recaptured to generate useful population estimates.

Effort was expended to capture and mark as many fish as possible during the summer session (27 July to 4
August), as well as the early part of the fall session (3 September). During the marking sessions, 18 lake trout and

17 Arctic char were marked and released in Lake D4, while 7 lake trout and 23 Arctic char were marked and
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released in Lake D5 (Table 5.5.9). On 9 September, crews returned to both lakes to obtain the recapture cohort

required to generate the population estimates.

Given the small size of the two lakes (surface areas of Lake D4 and D5 are 16 ha and 9 ha, respectively), the
number of marked fish released into these systems was sufficient to ensure an adequate recapture rate of tagged
fish (one exception was lake trout in Lake D5 where only seven fish were marked). Recapture rates for marked
Arctic char were 23% in Lake D4 and 22% in Lake D5. However, no marked lake trout were recaptured in either

lake; this was likely due to the low number of fish encountered during the recapture session.

Population estimates for Arctic char in each lake were 51 fish4-36 fish (Lake D4) and 32 fish+ 13 fish (Lake D5).
These values correspond to the relative sizes of these lakes; Lake D4 has twice the surface area of Lake D5. Both
estimates have wide 95% confidence intervals, which is an indication of low precision (Seber 1982). This problem
is an artifact of two factors: a limited number of marked fish were recaptured and the total number of fish
collected during the recapture session was low (12 Arctic char in Lake D4 and 7 Arctic char in Lake D5). If
attempts are made to generate estimates for fish populations in the future, more sampling effort should be

expended to allow development of more precise population estimates.

5.5.6 Resource and Potential Harvest

Based on available information, waterbodies in the Tailings Impoundment/Docking Facility Zone were not used
extensively for commercial or domestic fisheries. Nor was there recreational use of Lakes D4 and D5. Contwoyto
Lake is used extensively for recreational angling during the open water period. Personnel from the Echo Bay
Mines Ltd. Lupin Mine routinely harvest fish from Contwoyto Lake and are known to angle in the north arm of
the lake (David Hohnstein, Echo Bay Mines Ltd. pers. comm.). In fact, a lake trout tagged during the present

study was harvested by an angler from the Lupin mine in the vicinity of the proposed docking facility.

The small sizes of Lakes D4 and D5 and their low productivity, make sport fish populations susceptible to over
harvest. To estimate the annual sport fish harvest a waterbody can support, an equation that employs a lake's
surface area, was developed by Evans et al. (1990) for Northern Ontario. This equation has been recommended

to calculate potential annual harvest of lake trout in inland lakes (Oliver et al. 1991) and is as follows:

log,,H 0.60 0.72 log,, A

Where: H = potential annual harvest of lake trout (kg).
A = surface area (ha) of lake (lake surface areas based on 1:50 000 scale N.T.S. maps).

Using this formula, the potential annual harvest of lake trout from each of the small lakes was calculated. The
potential harvest for Lakes D4 and D5 were 29 kg and 18 kg, respectively (Table 5.5.10). This information

indicates that trout species are susceptible to over harvest. Also, these values may be biassed upward due to a
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number of environmental differences between subarctic lakes and waterbodies in northern Ontario. Lower nutrient
levels, a colder water temperature regime, and a shorter open water period in the subarctic region would
significantly lower the potential harvest available in these subarctic lakes compared to those in northern Ontario.
The potential harvest of lake trout in the small bay of Contwoyto Lake could not be estimated, but given the size

of this waterbody, the potential annual harvest is large.

5.5.7 Summary

Sampled lakes in the Tailings Impoundment/Docking Facility Zone supported populations of lake trout and
Arctic char. Two separate systems were represented in this zone: a small bay of Contwoyto Lake and two small
headwater lakes that drain into Contwoyto Lake (Lakes D4 and D5). Based on abundance indices (catch rates using
standardized gill net sets), overall fish densities during summer were highest in Lakes D4 and D5
(11 fish/100 m? - 12 h in summer). CPUE values recorded in Contwoyto Lake did not exceed 5 fish/100 m* - 12 h.
Arctic char was the numerically dominant fish in Lake D5; lake trout dominated in Contwoyto Lake. In Lake D4,

lake trout and Arctic char were equally represented.

Few fish were encountered in sampled streams. Lake trout, Arctic char, and slimy sculpin were the only species

recorded. The low numbers of fish was due to the very poor habitat available in these streams.

The biological characteristics of fish populations indicated that they were slow growing, late maturing, and
dominated by older age-classes. Lake dwelling species (lake trout and Arctic char) tended to exhibit bimodal
length-frequency distributions and were dominated by larger older fish. To some extent, this reflected the sampling
methodology employed (smaller size-classes were not effectively sampled using gill nets), however, these data are
typical of subarctic fish populations residing in cold, oligotrophic waterbodies. It has been suggested that these
characteristics are indicative of unexploited fish populations in a state of equilibrium with their environment

(Johnson 1976).

The feeding habits of fish were related to the most abundant food item available. Zooplankton was the dominant
food item identified in lake trout and Arctic char stomachs in all sampled waterbodies. Fish and chironomids were
also important food groups consumed by lake trout in Contwoyto Lake. Chironomids were the predominant food

of Arctic char in Lake D5 and Contwoyto Lake.

The physical characteristics of streams in the Tailings Impoundment/Docking Facility Zone, such as insufficient
water depth, intermittent water flow, and ill-defined channels prevented any movements of fish between

waterbodies.

Based on available information, waterbodies in the Tailings Impoundment/Docking Facility Zone were not used

extensively for commercial and domestic fisheries. Recreational angling was observed on Contwoyto Lake near
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the proposed docking facility. The biological characteristics of fish populations in these waterbodies (i.e., slow
growing and late maturing), the small size of some of these lakes (Lakes D4 and DS5), and their low productivity,

make their sport fish populations susceptible to over harvest.

5.6 HABITAT AND HABITAT USE

This study component was designed to describe aquatic habitat in lakes and streams in the Tailings
Impoundment/Docking Facility Zone and to assess its value to fish communities. This section provides

information; raw data are presented in Appendices G1 and G2.

5.6.1 Lakes

The shoreline habitat characteristics of three waterbodies were surveyed. These included complete assessments
of Lake D4 and Lake D5, and a survey of the small bay of Contwoyto Lake (Figure 5.6.1). Surveys were designed
to provide a general assessment of the shoreline characteristics of each lake and to identify high quality habitats.
These high quality habitats included: sheltered shallow-water areas containing aquatic macrophytes (submergent
and emergent vegetation) suitable for fish rearing and submerged cobble-boulder areas suitable for spawning by

lake trout, Arctic char, and round whitefish.

Shorelines in all three lakes were dominated by cobble-boulder substrates (range from 64% to 100%)
(Table 5.6.1). The only other shoreline type recorded during the surveys was bedrock; this accounted for 36 %
of the Lake D4 shoreline. No fine substrates were encountered in any of the lakes. In Contwoyto Lake and
Lake D4, a large percentage of the shorelines ( >56%) exhibited moderate to high slopes. The shoreline of Lake

D5 was characterized as having a low slope (70%).

Potential spawning and rearing habitats were identified during the shoreline habitat surveys. Spawning habitat
required by lake dwelling species such as lake trout, Arctic char, and round whitefish is characterized by the
presence of clean gravel to boulder-sized substrate in areas sufficiently deep to avoid freezing (Scott and
Crossman 1973). Areas with these characteristics were widely distributed in all surveyed waterbodies. A number
of sites that provided high quality spawning habitat (i.e., contained an abundance of clean substrates, exhibited
moderate slopes to deep water, and were positioned on the windward side of the lake which promotes water
movement) are illustrated in Figure 5.6.1. Fisheries surveys during fall did not locate concentrations of spawning

fish at any of these sites, therefore, their use as spawning areas was not confirmed.

High quality rearing habitat suitable for lake dwelling fish species is characterized by shallow-water zones
exhibiting low slopes and fine substrates that support the growth of aquatic macrophytes (Randall et al. 1996).

These features provide shelter (i.e., protection from predators and source of food) to younger age-classes of lake
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trout, Arctic char, and round whitefish. In addition, they provide habitat for forage fish species such as slimy

sculpin.

Shoreline areas exhibiting these characteristics were severely limited in all surveyed waterbodies. Shallow-water
areas with low slopes and fine substrates were not present and aquatic macrophytes were restricted to a few
protected shoreline margins. Aquatic macrophytes consisted of emergent species (Carex spp.) and aquatic grasses
(Glyceria spp.); no submergent species were recorded during the habitat surveys. Only one high quality rearing

area was identified; this area was located in Lake D4 (Figure 5.6.1).

5.6.2 Streams

Investigations of streams in the Tailings Impoundment/Docking Facility Zone were undertaken during spring and
summer. During spring, a reconnaissance level survey was conducted to identify streams that provided some
habitat for fish communities and to assess their potential as spawning habitat (i.e., use by spring spawning
Arctic grayling). Surveys during summer were used to provide a more detailed description of stream

characteristics and to assess their overall potential as fish habitat.

In total, 12 watercourses were examined during the 1996 sampling program (Figure 5.6.2). Of these, five
contained no fish during spring sampling and were ephemeral (contained water only during the snow melt period
or during rainfall events). These streams were deemed to have no value to fish communities, and therefore, did
not receive more extensive investigation. The seven streams that had some potential as fish habitat were located
in three general areas: Contwoyto Lake (3), Lake D4 (2), and Lake D5 (2). All of these systems were small and

the majority exhibited intermittent flow during the summer sampling period.

5.6.2.1 Contwoyto Lake Streams

Stream Bl

Stream B1 is a small watercourse that drains a headwater lake situated immediately north of the Docking Facility
bay. This stream exhibits a very high slope (7%) and is dominated by cobble substrates (Table 5.6.2). Due to these
characteristics, much of the channel is a barrier to fish passage; all fish were encountered in the lowermost 20 m
of the stream. The low numbers of lake trout and slimy sculpin encountered in this system (Table 5.6.3) indicates

that its value as fish habitat is severely limited (Table 5.6.4).

Streams EI and F1
Streams E1 and F1 are very small, ephemeral watercourses located along the southern shore of the Docking
Facility bay of Contwoyto Lake. The high slopes (>6%) and dispersed channels of these streams severely limit

their value to fish. The few fish that were present were restricted to the lowermost 20 m.
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5.6.2.2 Lake D4 Streams

Stream D1

Stream D1 is the outlet system to Lake D4 that drains into Contwoyto Lake. This watercourse contains no defined
stream channel. Substrates are dominated by boulders and much of the water flow is subsurface. As such, this
stream contains no useful fish habitat. The single Arctic char encountered during the fisheries survey was captured

at the confluence of Stream D1 and Contwoyto Lake.

Stream D2

Stream D2 is the connecting watercourse between Lakes D4 and D5. It has an ill-defined channel over much of
its length; RUN habitat and boulder substrates dominated (77%). Although small, water flow was maintained in
this stream during the summer period. It did provide habitat to fish originating from Lake D4 or Lake DS5.

However, these characteristics severely limits movement of fish between these two waterbodies.

Slimy sculpin and Arctic char were recorded in this stream. These fish were confined to the outlet area of Lake

D4 and the inlet area of Lake DS5.

5.6.2.3 Lake D5 Streams

Stream D4

This tributary is a small watercourse that drains the terrain at the west end Lake DS. It exhibits a well-defined
channel dominated by RUN habitat and sand substrates. A prominent feature of this stream is a cascade at its
confluence with Lake D5. This feature is a barrier to fish passage during low flow and severely limits its value

as fish habitat. Two juvenile Arctic char were encountered in this stream during the spring survey.

Stream D6

Stream D6 drains a series of small headwater lakes situated to the southeast of Lake D5. Although this stream
maintained water flow during the summer period, much of its channel is ill-defined and is dispersed through
boulder fields. Approximately 300 m upstream of its confluence with Lake D3, its flow is subsurface. A such, all
fish habitat is restricted to the lowermost section of stream. Three species of fish were encountered in this stream

(Arctic char, lake trout, and slimy sculpin); none were abundant.

5.6.3 Summary

The shoreline areas of lakes in the Tailings Impoundment/Docking Facility Zone were uniformly dominated by
large substrates consisting of cobbles and boulders. These shoreline characteristics provide an abundance of
potential spawning areas for species such as lake trout. Although not confirmed as a spawning area, a shoal

situated in the proposed docking facility bay exhibited characteristics of a high quality lake trout spawning area.
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In contrast to the abundance of potential spawning sites, a paucity of aquatic macrophytes in these lakes severely

limited the availability of lake shore rearing habitat.

Habitat surveys were undertaken in 12 streams. In general they provided little habitat for fish populations
originating from study area lakes. The primary reasons for low quality fish habitat in these streams were their
small size, intermittent flow during the summer, and poorly defined channels. Good quality fish habitat was not

identified in any of the surveyed streams.

5.7 BACKGROUND METAL CONCENTRATIONS IN FISH TISSUE

In 1996, a monitoring program was initiated in the Tailings Impoundment/Docking Facility Zone to document
background metal concentrations in kidney, liver, and muscle tissues of fish (lake trout and round whitefish).
Samples were collected from two lakes: Contwoyto Lake, which is situated downstream of the proposed tailings
area and a Control Lake, which was outside the influence of any potential development (i.e., 6 km west of the

Jericho Diamond Project).

In total, 21 lake trout were sampled for tissue analysis from each of Contwoyto Lake and Control Lake
(Table 5.7.1); no round whitefish were collected from Contwoyto Lake. The size range of fish collected for tissue
samples is also provided in Table 5.7.1. The concentrations of 26 metal elements were analysed. Liver and
muscle, but not kidney tissue samples were analysed; kidney tissue samples have been stored (frozen at -17°C)
pending future analyses. Results of the analyses for all elements are presented in Appendices H2 and H3. For

analytical purposes, values below the detection limits were coded as one half the detection limit.

The average concentrations of some of the potentially toxic metals (aluminum, arsenic, cadmium, mercury, lead,
nickel, copper, and zinc) in the tissues of study area fish are presented in Table 5.7.2. The results are discussed

separately for each of the metals.

5.7.1 Aluminum

The availability of aluminum to aquatic organisms has been correlated with the pH of the aquatic environment
(Holtze and Hutchinson 1989); however, it is unclear at what pH threshold, or at what concentration, aluminum
becomes toxic to fish. Aluminum can be acutely toxic at high exposure levels, but it does not bioaccumulate in

aquatic organisms (Neville 1985).

Detectable concentrations of aluminum (> 1 ug/g) were recorded in 100% of the lake trout liver samples from
both lakes (Table 5.7.2). For muscle tissue, however, aluminum concentrations exceeded the detection limit only

once (3 pg/g in Contwoyto Lake). Mean aluminum levels in liver tissue samples were similar (16 pg/g and 20 pg/g
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from each of Contwoyto and Control Lakes, respectively). The maximum recorded aluminum concentration was

47 pg/g (Control Lake).

5.7.2 Arsenic

Arsenic is more common in the earth's crust than mercury or cadmium, and it is more toxic to plants than to
animals (Demayo et al. 1979). It does not appear to biomagnify through different trophic levels, and demersal
species are more likely to accumulate arsenic than pelagic fish (Demayo et al. 1979). Arsenic concentrates mainly

in the liver and is a cumulative toxin (Falk et al. 1973).

Detectable concentrations of arsenic (>0.05 ug/g) were recorded in all lake trout liver samples, but only 64 %
of lake trout muscle samples. Mean concentrations of arsenic in liver tissue samples were higher in Contwoyto
Lake (4.89 ug/g and 1.76 pg/g in Contwoyto Lake and Control Lake, respectively). Arsenic levels in muscle tissue
samples were lower than those in livers; mean concentrations were 0.14 pg/g in the Contwoyto Lake sample and
0.07 ug/g in the Control Lake sample. The maximum arsenic concentration was recorded from a liver tissue

sample collected in Contwoyto Lake (11.80 ug/g).

The high mean arsenic concentration recorded in Contwoyto Lake was representative of the sample and was not
caused by a single extreme value that could have biassed the mean of the sample. The reason for the high value
relative to the Control Lake sample is unclear. There was a significant difference between lakes in the size of lake
trout collected for tissue analyses (P=0.001, one-tailed #-test [Sokal and Rohlf 1981]). Contwoyto Lake fish were
larger than Control Lake fish (490 mm versus 427 mm), therefore, the effects of bioaccumulation may explain
the difference. The larger, and presumably older, fish may contain higher concentrations of arsenic. Regardless
of the reason for the high mean arsenic value for lake trout collected from Contwoyto Lake, future monitoring

programs should take this into account.

5.7.3 Cadmium

Cadmium does not bioaccumulate in the food web (Reeder et al. 1979a). The rate of cadmium uptake is generally

faster in hard waters, although cadmium toxicity decreases in hard water (Reeder et al. 1979a).

Detectable concentrations of cadmium (greater than 0.05 pg/g) were recorded in all lake trout liver samples, but
were not detected in any of lake trout muscle samples. Mean cadmium levels in liver samples were similar among
lakes (2.03 pg/g and 2.65 pg/g from Contwoyto and Control Lakes, respectively). The maximum recorded

cadmium concentration in lake trout liver samples was 6.17 pug/g (Contwoyto Lake).
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5.7.4 Copper

In contrast to the nonessential trace metals (e.g., arsenic, cadmium, mercury, lead), copper is important for
biochemical functions; however, excess amounts of copper are toxic to freshwater fish (Forstner and
Wittman 1979). The toxicity of copper varies with the species of fish and with ambient water characteristics
(e.g., pH and alkalinity). Copper is not considered to be a cumulative systematic poison as most of it is excreted
from the body (Falk et al. 1973). The main areas of the body where it concentrates are the liver, muscle, and brain

tissues (Demayo and Taylor 1981).

Detectable concentrations of copper (>0.05 ug/g) were recorded in all of lake trout liver and muscle samples.
Mean copper levels in liver tissue samples were highest from Control Lake (89.76 ug/g versus 42.36 pug/g), and
mean copper levels in lake trout muscle tissues were also highest in Control Lake (0.78 ug/g versus 0.68 ug/g).
The maximum recorded copper concentrations in lake trout tissue were 232.00 ug/g (liver sample from Control

Lake) and 3.78 pg/g (muscle sample from Control Lake).

5.7.5 Lead

Lead tends to deposit in bone as a cumulative toxin (Falk et al. 1973). It is more toxic in soft water than in hard

water (Demayo et al. 1980).

Lead concentrations in the lake trout tissue samples were low. Detectable concentrations of lead (>0.05 pg/g)
were recorded in 69% of lake trout liver samples and in 24 % of the muscle samples. Mean lead levels in liver
samples were 0.37 pg/g in Contwoyto Lake and 0.07 pg/g in Control Lake. The mean lead level in the Control
Lake muscle sample was 0.10 ug/g; detectable concentrations of lead were not recorded in the Contwoyto Lake
muscle tissue sample. The maximum recorded lead concentration in lake trout tissue was 0.86 pg/g (liver sample

from Contwoyto Lake).

5.7.6 Mercury

Mercury in fish tissue is most commonly present in the form of methyl mercury. Because there are several types
of mercury potentially present in the environment, total mercury is the form recommended for setting guidelines
(Reeder et al. 1979b). The maximum allowable level of mercury in muscle tissue of fish sold in Canada for human
consumptionis 0.5 ug/g (wet weight), which is comparable to approximately 2.5 ug/g when expressed on a "dry

weight" basis (assuming 80% moisture content).

Mercury concentrations were above the detection limit (>0.005 pg/g) in all lake trout tissue samples. The mean
mercury levels in lake trout liver tissues were 1.610 ug/g in Contwoyto Lake and 0.501 ug/g in Control Lake.
Mean mercury values in muscle tissue samples were similar (0.909 ug/g in Contwoyto Lake and 0.925 pg/g in

Control Lake). None of the 42 lake trout muscle samples had mercury levels equal to or higher than allowed for
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human consumption (2.5 pg/g). The maximum mercury concentrations documented in individual fish were

4.750 pg/g in a Contwoyto Lake liver sample and 2.140 pg/g in a Control Lake muscle sample.

5.7.7 Nickel

The toxicity of nickel rises with decreasing water hardness and increasing acidity (CCREM 1987); it also increases
when nickel is present with copper, which is likely a result of synergism (Taylor et al. 1979). Nickel has the
greatest effect on the early life stages of fish, including fertilized eggs, but it does not biomagnify in the food web
(Taylor et al. 1979). Hutchinson et al. (1975) reported that nickel concentrations were highest in plants and lowest

in predators situated in the upper levels of the food chain.

The level of nickel in lake trout tissues generally was low. Detectable concentrations of nickel (>0.1 pg/g) were
recorded in only 29% of liver samples and 12% of the muscle samples, and levels were at or near detection limits
in both Contwoyto Lake and Control Lake samples. Maximum nickel concentrations in lake trout tissues were

8.6 ug/g (liver sample from Contwoyto Lake), and 0.4 ug/g (muscle sample from Control Lake).

5.7.8 Zinc

Zinc primarily affects gill epithelial tissues. In excessive amounts, it can cause immediate mortality or it can
induce delayed mortality by stressing the animal (Falk et al. 1973). However, zinc is essential for plant and animal
health. The toxicity of zinc rises with increasing pH and decreasing water hardness. Zinc concentrations are
usually greater in omnivorous than in piscivorus species, and greater in benthic invertebrates than in fish

(CCREM 1987).

Zinc concentrations in lake trout tissues were similar among the study lakes. Mean levels in the liver tissues were
155.43 pg/g in Contwoyto Lake and 151.57 pg/g in Control Lake samples; mean levels in the muscle tissues were
11.89 ug/g and 12.15 pg/g, respectively. Maximum recorded zinc concentrations in lake trout tissues were

232.00 ug/g (liver sample from Contwoyto Lake), and 15.30 pg/g (muscle sample from Contwoyto Lake).
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Table 5.1.1 Morphometric characteristics® of surveyed lakes within the Borrow Extraction Zone, Jericho study

area, 1996.
Surface Lake Mean Maximum Shoreline Shoreline
Lake Area Volume Depth Depth Length Development
(ha) (m) (m) (m) (m) Ratio
Lake D4 15.58 1.070 x 10° 6.9 20 2700 1.93
Lake D5 8.55 2.250 x 10° 2.7 12 1700 1.67
Contwoyto Lake 67.45 n/a n/a 20 n/a n/a

#Morphometric characteristics (with the exception of shoreline length) provided by Canamera Geological Ltd.
n/a Not applicable.

Table 5.2.1 Phytoplankton biovolume in sampled lakes during summer and fall within the Tailings
Impoundment/Docking Facility Zone, Jericho study area, 1996.

Lake D4 (Site PL5) Lake D5 (Site PL6) Contwoyto Lake (Site PL7)
. Summer Fall Summer Fall Summer Fall
Taxonomic Group
Biovolume % Biovolume % Biovolume % Biovolume % Biovolume % Biovolume %
(zm’>/m®) (pm>/m®) erdm® 7 | @mPm®  ° | em’m®) | @mPmd)
Bacillariophyta | 155904 571 | 104512 313| 5263 27| 111931 464 48188 7.6 | 45017 144
(diatoms)
Cryptophyta
31354 8.0 | 30466 9.1 | 13226 6.8 | 35552 14.7| 23375 37| 13234 42
(cryptomonads)
Chrysophyta
(golden-brown 98208 25.2| 151950 45.5| 119295 61.6| 76241 31.6| 189393 29.9| 126824 40.6
algae)
Pyrrophyta 68890 17.7] 3799 1.1 | 24514 126 5359 22| 56781 9.0 | 62365 200

(dinoflagellates)

Euglenophyta

(euglenoid) 9949 1.6

Chlorophyta

48203 124 32047 9.6 25293  13.1 11 523 4.8 | 303252 47.8) 34239 11.0
(green algae)

Cyanophyta

. 37273 9.6 11116 3.3 6199 3.2 740 0.3 2929 0.5 30 558 9.8
(cyanobacteria)

Total Biovolume | 389722 100 | 333890 100 { 193790 100 | 241346 100 | 633867 100 | 312237 100

Table 5.2.2  Zooplankton biomass in sampled lakes during summer and fall within the Tailings
Impoundment/Docking Facility Zone, Jericho study area, 1996.

Lake D4 (Site PL5) Lake D5 (Site PL6) Contwoyto Lake (Site PL7)
Taxonomic Summer Fall Summer Fall Summer Fall
Group Biomass Biomass Biomass Biomass Biomass Biomass
wemy | Ggm) P | wgmd) P | gmd % | Ggmd) P | Gegm)  ®
Copepoda | 47080 742 28851 747 42105 05| 85802 493| 18805 351 | 34602 157
Calanoida
Cyclopoida 8501 13.2 1077 2.8 3503 6.7 63434 36.4| 27552 514 120754 547
Cladocera 5699 8.8 8124 21.0 1810 35 24665 14.2 7094 132 64824 29.4
Rotifera 2450 3.8 548 1.4 4863 9.3 179 0.1 145 0.3 616 0.3
Total Biomass | 64630 100 | 38600 100 | 52281 100 | 174080 100 | 53595 100 | 220796 100
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Table 5.4.1  Mean density® (+1 standard error) of benthic macroinvertebrates in the littoral and profundat
zones® of selected lakes within the Tailings Impoundment/Docking Facility Zone, Jericho study
area, 1996.
Lake D5 Lake D4 Contwoyto Lake
Taxonomic Group Littoral Profundal Littoral Profundal Littoral Profundal
(Site L6) (Site P6) (Site LS) (Site P5) (Site L7) (Site P7)
ANNELIDA
OLIGOCHAETA 739 (396) 130 (91) 928 (705) 29 29 4290 (3895) 188 (110)
ARTHROPODA
HYDRACHNIDIA 101 (63) 43 (25) 406 (147) 29 (29) 72 (72) 130 (75)
CRUSTACEA
COPEPODA
Harpacticoida 87 (66) 43 (25) 275 (195)
OSTRACODA 5217 (2091) 203 (102) 2058 (1238) | 1739 (1449) 464 (464) 145 (92)
INSECTA
DIPTERA
Chironomidae® 3405 (1218) 1131 (656) | 8275 (3675) 1594 (658) | 4985 (3797) | 2811 (2006)
Chironomini 362 (198) 899 (584) 768 (750) 667 (282) 14 (14)
Diamesinae 159 (119)
Orthocladiinae 2290 (635) 58 (43) 5609 (2139) 174 (87) 4362 (3387) | 2609 (1909)
Tanypodinae 275 (124) 174 (29) 1014 (590) 72 (14) 43 (43) 58 (40)
Tanytarsini 319 (142) 884 (196) 681 (275) 580 (367) 130 (43)
TRICHOPTERA
Limnephilidae
Gresnia 43 (43) 58 (38) 14 (14) 58 (58)
MICROTURBELLARIA 188 (95) 72 (72)
MOLLUSCA
PELECYPODA
Sphaeriidae 130 (53) 449 (354) 435 (348) 391 (165) 232 (124)

NEMATODA 159 (52) 14 (14) 1145 (722) 87 (66) 5000 (1501) 667 (153)

Total No. Benthic Taxa/m’ 21(3) 10 16 4) 13 (1) 11Q2) 14 (3)

Total No. of Benthic Invertebrates/m> 9957 (3246) | 2000 (617) |13 638 (1309) | 4333 (1230) |15 435 (8276) | 4391 (1931)

*Mean density (No./mz) value and standard error generated using three replicate samples.

®For definition of littoral and profundal zones see Section 2.2.5.

°Sum of all subfamilies and tribes.

Table 5.5.1 Overall species composition of fish sampled from lakes within the Tailings
Impoundment/DockingFacility Zone lakes, Jericho study area, 1996 (all sampling methods and
periods combined).

Species Total
Commeon Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 90 44.1
Lake trout Salvelinus namaycush (Walbaum) 114 559
All Species Combined 204 100.0
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Table 5.5.2

Species composition of fish sampled from lakes within the Tailings Impoundment/Docking
Facility Zone, Jericho study area, 1996 (all sampling methods and periods combined).

Lake D4 Lake DS Contwoyto Lake
Species
No. % No. To No. %
Arctic char 42 53.2 44 68.8 4 6.6
Lake trout 37 46.8 20 31.2 57 93.4
Total 79 100.0 64 100.0 61 100.0
Table 5.5.3 Overall species composition of fish sampled from streams within the Tailings

Impoundme nt/Docking Facility Zone, Jericho study area, 1996 (all sampling methods and

periods combined).

Species Total
Common Name Scientific Name Number Percent
Arctic char Salvelinus alpinus (Linnaeus) 17.3
Lake trout Salvelinus namaycush (Walbaum) 15.4
Slimy sculpin Cottus cognatus Richardson 67.3
All Species Combined 100

Table 5.5.4

periods combined).

Species composition of fish sampled from streams in three areas within the Tailings
Impoundme nt/Docking Facility Zone, Jericho study area, 1996 (all sampling methods and

Lake D4 Lake D5 Contwoyto Lake
Species
No. % No. % No. %
Arctic char 5 23.8 4 20.0
Lake trout 4 20.0 4 36.4
Slimy sculpin 16 76.2 12 60.0 7 63.6
Total 21 100.0 20 100.0 11 100.0
Table 5.5.5 Length-weight regression equations for lake trout sampled during summer from lakes within the

Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996.

Length-weight Relationship Sample
Lake Condition Factor (+SE) Si
Regression Equation® r* Value nze
Lake D4 Weight = 7.161 * 10 * Fork Length®%* 0.922 1.062 + 0.052 30
Lake D5 Weight = 2.056 * 10~ * Fork Length®3% 0.989 0.945 + 0.020 13
Contwoyto Lake Weight = 4.864 * 10 * Fork Length®'* 0.99 1.051 + 0.026 50

*Weight in g; fork length in mm.
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Table 5.5.6 Age-length relationships for lake trout within the Tailings Impoundment/DockingFacility Zone,
Jericho study area, 1996.
Lake D4 Lake D5” Contwoyto Lake®
Age F°r'(‘ml;$‘gth weight @ | F“i‘mlg;‘gth Weight @ | F"rt‘nf;z;‘g‘h Weight @ |
Mean Range | Mean Range Mean Range | Mean Range Mean Range | Mean Range
0
1 96 1
2 121 116-129] 19 16-22 | 3] 108 10 1
3 265 185 1
4 168 40 1
5 162 45 1
6 232 125 1 184 175-193} 60 55-70 3
7 218 95 1] 235 110 1
8 243 135 1} 249 135 1] 236 120 1
9 274 185 1| 288 220 1
10 187 1] 219 115 1
11 314 300 1
12 | 331 360 1] 229 1
13 | 346 320-372f 413 2
14 | 365 465 1 405 374 -436] 810 560 -1060 | 2
15| 375 470 1 366 337-395| 618 435-800 |2
16 | 357 495 1 456 427 -484| 1030 850-1210]2
17 | 420 745 1 475 454 -495| 1225 1040 - 1500 4
18 436 770 1
19 461 1100 1
20 446 725 725-725|1} 568 461 -684| 1998 960 -3150 | 4
21 495 1350 1
22
23
24 | 450 845 1 519 510-528] 1475 1400 -1550{ 2
25
26
27
28
29
30
31
32 490 1400
33 569 525-612] 2130 1900 - 2360] 2
34
35
36 | 522 1560 1
aAges generated using fish sampled during summer and fall.
bAges generated using fish sampled during summer.
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Table 5.5.7 Length-weight regression equations for Arctic char sampled during summer from two lakes
within the Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996.

Length-weight Relationship . Sample
Lake Condition Factor (4 SE) Si
Regression Equation® r’ Value 1ze
Lake D4 Weight = 5.081 * 10°® * Fork Length*'*! 0.926 0.925 + 0.017 25
Lake D5 Weight = 2.999 * 10* * Fork Length>*® 0.901 0.962 + 0.023 24
*Weight in g; fork length in mm.
Table 5.5.8 Age-length relationships for Arctic char within the Tailings Impoundment/Docking Facility

Zone, Jericho study area, 1996.

Lake D4° Lake D5?
Age Fork Length (mm) Weight (g) Fork Length (mm) Weight (g)

Mean Range Mean Range " Mean Range Mean Range "
0
1
2
3
4
5 283 225 1 288 255 1
6 266 240 1
7
8 305 300 - 310 267 253 - 280 2 341 332 -350 2
9 393 386 - 400 545 500 - 590
10 355 315 - 385 486 280 - 672 3 328 385 1
i1
12 388 368 - 407 550 380 - 720 2
13
14

2Ages generated using fish sampled during summer and fall.

Table 5.5.9 Number of lake trout and Arctic char marked and recaptured in Lake D4 and Lake D5 within
the Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996.

Lake D4 Lake D5
Parameter
Lake trout Arctic char Lake trout Arctic char
Number of Fish Marked 18 17 7 23
Number of Recaptured Fish with Marks 0 4 0 5
Total Number of Fish Recaptured 2 12 0
Population Estimate” (+ 95% C.1.) - 51436 - 32+13

#Population estimate based on Peterson's Single Census Model (see Section 2.2.8); 95% Confidence Intervals = 2 x standard error.
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Table 5.5.10 Surface areas and potential annual harvests of lake trout populations in lakes within the Borrow
Extraction Zone, Jericho study area, 1996.
Lake Surface Area Potential Harvest og Lake Trout
(ha)” (kg/yr)
Lake D4 15.6 28.8
Lake D5 8.2 18.1

"Based on Evan's formula for harvest.

Table 5.6.1

*Lake surface area provided by Canamera Geological Ltd.

Summary of lakeshore habitat characteristics recorded for sampled waterbodies within the
Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996.

Habitat Zone® Contwoyto Lake® Lake D4 Lake D5
Slope Substrate Length (m) % Length (m) % Length (m) %
Low Fines
Cobble-Boulder 219 16.8 366 444 1253 69.7
Bedrock
Moderate Fines
Cobble-Boulder 704 53.8 165 20 544 30.3
Bedrock
High Fines
Cobble-Boulder 384 29.4
Bedrock 293 35.6
Total 1308 100 823 100 1797 100

For definition of habitat zones see Appendix Al.
bSurvcy restricted to proposed Docking Facility bay.
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 5.6.3 Number of fish recorded in sampled streams according to age-class within the Tailings
Impoundme nt/Docking Facility Zone, Jericho study area, 1996 (all sampling methods and
periods combined).

Age-Class®
Area Tributary Species
Young-of-the-year Juvenile Adult Combined
Contwoyto Bl Lake trout 2 21
Lake . .
Slimy sculpin
El Slimy sculpin 6
F1 Lake trout 2 2
Lake D4 D1 Arctic char 1 1
D2 Arctic char 1 3 4
Slimy sculpin 16
Lake D5 D4 Arctic char 2 2
D6 Arctic char 2 2
Lake trout 4 4
Slimy sculpin 12

#Age-class designations based on size differences of fish for each species.

Table 5.6.4 Fish habitat quality ratings for sampled streams within the Tailings Impoundment/Docking
Facility Zone, Jericho study area, 1996.
Rating of Habitat Qualitya
Area Stream Spawning Rearing Feeding

Contwoyto Lake Bl Nil Low Nil
El Nil Low Nil

F1 Nil Low Nil

Lake D4 D1 Nil Nil Nil
D2 Low Low Nil

Lake D5 D4 Nil Low Nil
D6 Nil Low Nil

#Rating of habitat quality based on qualitative assessment of stream habitat and fish numbers recorded during survey.

Table 5.7.1 Number, mean length, and size range of fish collected for kidney, liver, and muscle tissue
analyses within the Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996.
Fork Length (mm)
Lake Sample
Size Mean Standard Minimum Maximum
Deviation
Contwoyto Lake 21 490 76.9 330 684
Control Lake 21 427 25.7 400 486

Jericho Diamond Preject Aquatic Studies Program (1996)
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R.L. & L. ENVIRONMENTAL SERVICES LTD.

Table 5.7.2 Mean concentrations of metals in lake trout tissue samples within the Tailings
Impoundment/Docking Facility Zone, Jericho study area, 1996.
Metal Concentrations (ug/g of dry weight)
Lake Tissue | Parameter Al As cd Cu Pb Hg Ni Zn
¢ (0.05) (0.05) (0.05) 0.05) (0.005) ©.1) (0.05)
Contwoyto | Liver | n < D.L.? 0 0 0 0 0 0 18 0
n=21 |Mean (ug/g) 16 4.89 2.03 42.36 0.37 1.610 0.6 155.43
Sd® (ug/g) 13 2.72 1.09 17.83 0.20 1.132 1.9 29.27
Min. (ug/g) 5 1.72 1.11 20.20 0.12 0.483 0.1 118.00
Max. (ug/g) 45 11.80 6.17 78.00 0.86 4.750 8.6 232.00
Muscle | n < D.L? 20 0 21 0 21 0 17 0
n=21 |Mean (ug/g) 1 0.14 0.03 0.68 0.03 0.909 0.1 11.89
Sd° (1g/g) 1 0.08 0 0.38 0 0.498 0.1 1.67
Min. (ug/g) 1 0.07 0.03 0.38 0.03 0.299 0.1 8.93
Max. (ug/g) 3 0.41 0.03 2.18 0.03 2.070 0.3 15.30
Control Liver { n < D.L.? 0 0 0 0 13 0 12 0
n=21 |Mean (ug/g) 20 1.76 2.65 89.76 0.07 0.501 0.1 151.57
sd® (ug/g) 12 1.68 1.24 56.72 0.10 0.572 0.1 28.99
Min. (ug/g) 5 0.31 1.26 4.34 0.03 0.070 0.1 99.00
Max. (ug/g) 47 7.50 6.16 232.00 0.41 2.120 0.6 211.00
Muscle | n < D.L? 21 15 21 0 11 0 20 0
n=21 |Mean (ug/g) 1 0.07 0.03 0.78 0.10 0.925 0.1 12.15
Sd? (ug/g) 0 0.10 0 1.78 0.08 0.341 0.1 1.66
Min. (ug/g) 1 0.03 0.03 2.78 0.03 0.528 0.1 8.45
Max. (ug/g) 1 0.48 0.03 3.78 0.24 2.140 0.4 15.00
2Number of samples below detection limit.
SStandard deviation.
“Detection limit.
Jericho Diamond Preject Aquatic Studies Program (1996) Page 185
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Figure 5.1.5 Dissolved oxygen and temperature profiles, and Secchi depths in lakes within the
Tailings Impoundment/Docking Facility Zone, Jericho study area, 3 August 1996.
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Figure 5.2.2 Density of major phytoplankton species in each of six taxonomic groups during summer

and fall in lakes within the Tailings Impoundment/Docking Facility Zone, Jericho study

area, 1996 (note difference in scale for Cyanophyta).
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Figure 5.2.3 Density of major zooplankton species in each of three taxonomic groups during summer
and fall in lakes within theTailings Impoundment/Docking Facility Zone, Jericho study area,
1996 (note difference in scale for Rotifera).
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Figure 5.5.2 Average catch-per-unit-effort values (fish/100 m? -12h) for fish captured during gill net
sampling in lakes during summer and fall within the Tailings Impoundment/Docking
Facility Zone, Jericho study area, 1996.
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Figure 5.5.3  Comparison of fish numbers recorded in streams within three areas of the
Tailings Impoundment/Docking Facility Zone, Jericho study area, 1996 (all
methods and sampling periods combined).
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Figure 5.5.4 Length-frequency distribution of lake trout in areas within the Tailings
Impoundment/Docking Facility Zone, Jericho study area, 1996 (data
for all seasons, sampling methods, lakes and streams combined)(note
difference in scales between Lakes D4, D5, and Contwoyto Lake).
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Figure 5.5.5 Length-frequency distribution of Arctic char in areas within the Tailings
Impoundment/Docking Facility Zone, Jericho study area, 1996 (data for
all seasons, sampling methods, lakes and streams combined).
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Figure 5.5.6 Frequency of occurrence (bars) and percent composition (pies) of food items encountered
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Zone, Jericho study area, 1996 (all seasons combined).



ARCTIC CHAR

100 |- Contwoyto Lake
n=1
80 - Mean Fullness = 10.0%
:\‘; Zooplankton 50%
= 60f
[b]
&
3
g 40 |
L
20
0 0 4] o 0
o 3 & 3 x4
-(\eé“\se;o‘? “0‘;\0‘?(.’; e\\@ngo\’ ¥
{\\ée““ w Chironomids  50%
100 ¢ Lake D4
80 n=10
80 Mean Fullness = 8.1%

Frequency (%)

Zooplankton  73%

17%

R P e i
6\‘\5 c\a‘\ ) a y o o R O <« g
o€ 2% w0 @7 & v TehopteSengEds 1%
100 Lake D5
n=8
8o Mean Fullness = 9.6%
;\? Zooplankton 54%
Z 60}
Q
&
3
g 40|
iC
20 Pelecypods 3%
0 0 0 0 0 [
o & o N g & & o o o
(\(\eé“\ 1009\,,v «\G‘@Q\e ox'\\“)‘\o‘“\?e\ A Gps“ov w‘\c“\\o?‘; 20 &
& e Chironomids  43%
Figure 5.5.7 Frequency of occurrence (bars) and percent composition (pies) of food items encountered

in stomachs of Arctic char captured from lakes in the Tailings Impoundment/Docking
Facility Zone, Jericho study area, 1996 (all seasons combined).



‘9661 ‘eai1y Apnig oyopier
‘auoz Aljioe4 Buoogauswpunodw sbuljie]
soye] pajdwes ul jejiqeH ysi4

1'9'G @nbi4

‘P17 SOOIAJSS |BJUSWILCIIAUT 19Ty

=z

(onewsyog) ajess ajewixoiddy

Alepunogq auoz Ajjioe .
Bupjoogauswpunodw) sBuijre] I

(se10ads jle) jenqey Buueay o
{(reyo onouy B 1noy) axe|) yeligey Buiumeds O

aN3aoat




(onewsysg) sjeoss ajewixoiddy

‘966 ‘ea1y Apmg oyoLier
‘auoz Ayijoe4 Buppogauswpunodw sbulie] : ,. e,
sweasng psjdwes urjeygeq 